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KYMOGRAPH CAMERA MODEL C4-A 


Apphcatton Altbaagh designed pn- 
manly for Electrophjsiology, the use of 
the Kymograph Camera is by no means 
lunited to this field In the applications 
listed above, its synchronizing and con- 
trolling circuits determine automatically 
the sequential operation of associated 
devices such as stimulus, cathode-ray 
sweep, stroboscopic flash, film advance, 
shutter opening, etc 

Frame Advance Control by manual 
switch or external circuit givmg single 
frame advance or repetitive frame advances 
at rates from l/min to 4/sec 

Continuously Moving Film Speeds 

Twelve fixed speeds from 0 25 to 1000 
mm /sec ± 05%, all in convenient di- 
visible numbers (1000, 500, 250 etc ) 
Film attains full speed and comes to a 
stop Within 20 milliseconds (about 20 mm 
of film at maximum speed), thus avoiding 
film wastage The duration of film 


A COMPLETELY AUTOMATIC 
UNIVERSAL OPTICAL RECORDER 

FOR PHOTOGRAPHING 
MOTION STROBOSCOPICALLY 
CELL OR PLANT GROWTH 
CATHODE-RAY 
and/or 

MOVING LIGHT BEAM 


exposure can 6e controlled intemaffy up to 
Vx sec and externally for longer tunes 

Recording Materials 35 mm film or 
paper, preferably unperforated for oscillo- 
graphic work, thus giving 60% more 
image area for full frame exposures 

Optica! System 50 mm WoUensak f-2 
lens m self-cocking Synchro-shutter Pnsm 
allows viewing image mthout loss of fflm, 
and recording by moving light beam from 
the side (such as a mechamcal myograph) 
simultaneously mth conventional photo- 
graphic recording from the front lens ^ 

Magasanes 200 ft capacity Indepen- 
dently removable with automatically 
closing gates, allomng take-up magazine 
to be removed for developing partial 
spools n ithout exposure of remaimng film. 

Mounting Film may be run vertically 
or horizontally by using quickly inter- 
changeable mount 


WRITE FOR FULL INFORMATION, PRICES AND DELIVERY 


MAKERS OF ELECTROENCEPHALOGRAPHS AND 
ELECTROPHYSIOLOGICAL INSTRUMENTS SINCE 1038 


A H T CO SPECIFICATION 


BARCROFT-WARBURG APPARATUS 

Operating constancy ± 0 03° C, suitable for continuous service 


Double Clutch At- 
tachment, now avail- 
able, for independent 
operation of one set 
of 7 manometers on 
one side of a 14-unit 
outfit, thereby per- 
mitting reading of 
one set without in- 
terruption of shaking 
of opposite set 

Can be attached in 
the laboratory to 
A H T Co Baths now 
in use 


Price 


$80 00 



3604-A 

BARCROFT-WARBURG APPARATUS, AHT Co Soecifirolmn t 

gestions of Dr Eric G Ball, nhile in the Laboratory of PhjwoIoEicnl Chemist^^ Tnl'nF 
^ns School of Medicine For the measurement of cXeSSSd s.mTar ^ceSs n^^h 
depend on reactions wherein a gas is either absorbed or evolved under pareLilhr f 5 

Set' ri -“'o ” P='r„T“ 

Consisting of sets of se\en or fourteen Barcroft-Warbure ManomBtom b 1 „« , . 

ground jomts mounted on impro\ed type aluminum supmrte with whi?i interchangeable 

with nickel plated clamp for convenient remo™l of the ^^ometCT^rhout rte eraduations and 

24H inches long X 16 mches mde X 10 mches deep, with mercu^ m rIbm tvL^BrL*°°^’ 

and sensitive to changes of 0 03’ C equipped with electric shakmglnd sbSnr 37° d 
mometer 36 to 40’ C m 1/20’ diiusipns, readmg lamp on ert^iolcoA a^8^ouJd'^i,S°^'°"f*’““®‘'' 
m^ometers m vertiral position when not m use IfanometeiB are shaken In L Bupportmg seven 

The speed of the shaking dence is controlled by a rheostat, as ^also the speed of the atvm^ um^" bearmg rollers 

Barcroft-Warbnrg Apparatus, A,H T Co SpeclScaUnn ‘le.^en nnu r . 

^ includmg Mien manometers on improved alummu'iS^UDTO'm ‘^“cnbed adjusted 

shaking and stimng device, immersion heater, thermo *®“Perature bath with 

readmg lamp, one slotted base for seien manometers, c^l^d ^ding to 1/20’ C, 

a.c, r wiu oou ptug, ftna directions for use For 116 volte 

Not^an be converted mto a fourteen-unit assembly by addition of accessories offered separately 

®‘f 0 ? se^‘"r^;Ymete4“nTi^lt^^^ manometers and two slotted wooden bases each 

883 00 


3603 


3604-A 


Afore detailed information sent upon request 


ARTHUR H. THOMAS COMPANY 

f^^AI L— WHOLESALE — EXPORT 

LABORATORY APPARATUS AND REAGENTS 

WEST WASH I NGTON,., SQUARE I O 
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become 

T^nk back to the time when you were completely dependent on 
manual methods for histologic processing Tissue preparation that 
frequently took days to do then is now done in a matter t 

of hours Everybody's time is saved ■ \ 

technician's, pathologist's, surgeon’s, patient's, 
and hospital's Tissues come through faster 
and better — diagnosis is prompter The working E 
day becomes more productive m Jail * 

This IS why thousands of hospitals all over the 
world depend, with justified confidence, on their ■ I ’J||H| 

Autotechnicons for unfailing, day-in, day-out service ■ I Sj 


THE TECHNICON CO 215 E 149TH ST NEW YORK 51, N Y 

^ automatic histologic preparation 









supenor 

microscope 

slide 


with the 

diamond-processed beaded edge 

SAF-T-QRIP 

• Smooth, diamond-processed headed edge — 
prevents slipping or sliding from fingers — 
eliminates cuts from sharp edges 

• Made from the finest water-clear glass with 
no greenish tint — entirely free from flaws, 
non-fogging, corrosion-proof 

• Available in two types — plain or with frosted 
end for easy marking 

Economical — even as compared with ordi- 
nary sharp-edged slides 

Write for samplei, prices and further mformatton 

PROPPER MANUFACTURING COMPANY • INC 

10-34 44TH DRIVE, LONG ISLAND CITY 1, N Y 


J BEEBER 

New York Philadelphia 


NEW MIKMRK ILLUMINATOR 


Using Zirconium Arc Lamp 

p 



for 

MICRO-PROJECTION 

for 

PHOTO-MICROGRAPHY 


Mikrark Illuminators provide an Intense, cool 
point source of light through the use of the new 
100 watt Zirconium bulb This steady light source 
Is ideal for microscopy and photo micrography 
It IS the correct color temperature for full color 
pictures MODEL C 100 with Improved cooling 
system Illuslrafed 

Write for further details or demonstration to 


]. BEEBER 


CO., INC. 


838 Broadway, NYC AL 4-3510 
1109 Walnut Street, Philadelphia 


NEW PRICE SCHEDULE 


Federation Proceedings 


Effective with Volume 11 (1952) the subscnption price for Federation 

Proceedings will be $6 00 per year 


The new price schedule is as follows 


Subscnpuon prices 


United States and Countries of the Postal Union 

$6 00 

Canada 

6 25 

Other Countries 

6 50 

Single issues, when available, may be ordered as follows 
Vol 11, No 1, Part I, March (Abstracts) 

$3 00 

Vol 11, No 1, Part 11, March (Program) 

1 00 

Vol 11, No 2, June 

2 00 

Vol 11, No 3, September 

2 00 

Vol 11, No 4, December 

3 00 

Orders are payable m advance Please address inquiries to Federation 

Proceedings, 2101 Constitution Avenue, Washmgton 25, D C 
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Notice 

To Subscribers 


— Vn/rffook 

kJ 

i. 

Now Available 


RESERVE STOCKS of the fol- 
lowing back issues of Federation 
Proceedings are very low or ex- 
hausted 


^’OL^JME 1, No 
Volume 1, No 
^''OLUME 4, No 
Volume 5, No 
Volume 5, No 
Volume 5, No 


3, September 1942 

4, December 1942 
4, December 1945 

1, Part I, March 1946 
2j June 1946 
3, September 1946 




Requests for complete sets of Federa- 
tion Proceedings from new subscribers 
and libraries abroad are received con- 
tmually Members and subscribers who 
have copies of any of the above issues 
and who do not wish to retam them will 
render a distmct service to the Federa- 
tion and to their scientific colleagues by 
sendmg such issues by mail or express to 
Federation Proceedings, 2101 Con- 
stitution Avenue, Washmgton 25, D C 


Volume 7, No 1 (both Program and 
Abstracts for 1948), which has been out 
of stock for the past two years, is now 
available and may be ordered from the 
Washmgton Office of Federation Pro- 
ceedings 
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NEW VOLUME 4 


METHODS 
IN MEDICAL 
RESEARCH 


Edited by Maurice B Visscher, M D 

Professor and Head, Department of Ph>5ioloRj Unuersitj of 
Jlinnesota 

4 LARGE SECTIONS ON 

1 Histochemical Staining Methods 

Edited by Gcorec Gomort, M D 

2 Fluid and Electrolyte Distribution 

Edited by L B Elexiier, MD 

3 Studies on Gastrointestinal Pressures 

Innervauon and Secretions ’ 

Edited by J P Qmgley, MD 

4 Tissue Culture Methods 

Edited by C M Poiiierat, Ph D 


OTHER AVAILABLE 
VOLUMES IN THIS SERIES 


¥i rsiiuuioucs, uirculaUon Blood 

Flow Measurement, Selected Methods m Gastro- 
enterologic Research, Cellular RespiraUon 

Volume 2 —Study of Bactenal Viruses, Pulmonarv 
Function Tests, Assay of Hormone Secretions 


Volume 3 -Genebes of Micro-organisms, Assay of 
Neurohumors, Selected Psychomotor Measurement 
Methods, Study of Pepbde Structure 


lwEr^ monthly payment plan available 

No earning charge, minimum payment, $5 00 


I 


The Year Book Pubhshers, Inc , 

200 East Illinois Street, Chicago 11 lUinoii 
Please send books checked, postpaid 
□ Remittance Enclosed □ Payment Plan 

Desired 

Methods in Medical Research 

□ Volume 1 $8 00 □ Volume 3 $7 00 

□ Volume 2 $6 50 □ Volume 4 $7 00 

Name Street 

Zone State 

FP9-61 
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SedimentaHon Rates Valuable Adjunct in Diagnosis 


Blood sedimentation tests are well-established 
laboratory procedures As long ago as 1797, it 
was first noted that inflammatory processes m- 
creased the sedimentation rate of red blood 
cells Explanations of this phenomenon vary, 
but there is little doubt that sedimentation rates 
can provide an excellent clue to the presence or 
absence of an mflammatory process In some 
cases, the sedimentation rate is an accurate m- 
dication of the severity of the infection 

Generally, changes m sedimentation rate are 
a more sensitive mdicator than body tempera- 
ture, and many investigators have published 
detailed studies on these changes m various m- 
fectious conditions The sedimentation rate is a 
particularly valuable indicator in tuberculosis, 
pelvic inflammatory disease, rheumatic fever, 
infectious arthritis, pneumonia, Hodgkm’s dis- 
ease and acute coronary thrombosis 

In general practice, the sedimentation rate 
has three important practical apphcations 

1— Indicates the presence of inflammatory 
process 

2— Indicates the activity and progress of the 
condition 

3— Aids in differential diagnosis Studies have 
shown characteristic sedimentation rates for 
conditions whose mitial symptoms are non- 
specific 

Methods now available for determmmg sed- 
imentation rates mclude macromethods, the 
most popular of these bemg Wmtrobe, Wester- 
gren. Cutler and Linzenmeier, m which blood is 
withdrawn by venipuncture In the Landau- 


SPECIAL LITERATURE AVAILABLE 

Detailed descriptions on the following may be ob 
tamed from Clay Adams on request by number 

Polyethylene Tubing FormNo 447B 

Blood Sedimentation Apparatus Form No 448 

Gastrectomy Tube Form No 119/104 

GOLD SEAL Slides and Cover 
Glasses Price List Form No 42PL 



Landati-Adams Microsedxmentatxon Apparatus 

Adams, which is a micromethod, only a drop or 
two of blood, which may be taken from the 
fingertip, is required The latter is particularly 
suited for corpulent adults and children, where 
it IS often difficult to do a vempuncture, or m 
any case where repeated blood withdrawals are 
contemplated 

A leaflet describing the various apparatus 
and methods for blood sedimentation is avail- 
able on request 

Experimental Procedures 
Utilize Polj/ctlii/lcnc 

Biologists attendmg the recent Cleveland meet- 
ing of the Federation of American Societies for 
Experimental Biology showed great mterest m 
the adaptabihty of polyethylene tubmg to vari- 
ous experimental procedures m physiology and 
surgery Clay-Adams animal-tested Polyethyl- 
ene Tubmg IS available m 23 sizes rangmg from 
inside diameters of Oil" to 500" — small enough 
to cannulize a vem m a bat’s wmg, or large 
enough to replace a dog’s aorta Because it is 
free from tissue reaction, Clay-Adams polyeth- 
ylene tubmg may be left m the body without 
side reactions 
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Newsletter 


FOR THE MEDICAL 
AND BIOLOGICAL 
SCIENCES 
Number 5 of a Series 


MICRO SLIDES AND COVER GLASSES 

Special Glass, Picciswn Methods 
Insmc Gold Seal Qiiality 

Careful, accurate and uniform manufacturmg 
processes make Clay-Adams GOLD SEAL 
Slides and Cover Glasses leaders m their fields 
GOLD SEAL Microscope Cover Glasses are 
made of special hand-blo\vn glass of extreme 
hardness The glass blanks from which the cover 
glasses are cut come m large, thm sheets of 
varying thickness Tramed technicians care- 
fully gauge each section of the glass and mark 
off pieces of uniform thickness The glass sheets 
are also inspected for irregularities such as 
bubbles, striae and cracks A surprismgly large 



UNRetouched photo shows effect of time on an 
ordinary (L ) and a gold seal cover glass 


percentage of glass per pound is rejected as im- 
fit This careful processmg guarantees that, 
withm a given thickness, the user gets more 
cover glasses per ounce 

GOLD SE^ Micro Shdes are made to simi- 
lar rigid specifications F or years they have been 
the standard for comparison among the coun- 
try’s leading histologists Each shde is carefully 
inspected to detect all defects and mperfec- 
tions Edges are carefully groimd and polished 
Even after years of use, GOLD SEAL Shdes 
and Cover Glasses will not corrode or fog (see 
illustration) 

GOLD SEAL Slides and Cover Glasses are 
available m various sizes of squares, rectangles 
and circles 


Simple Gastrectomy Tube 

for Feeding and Drainage 


The Einhorn Simulta- GfutneJ^ing lAGodricDratTwof 


neous Bilumen Gas- 
trectomy Tube affords a 
simple method for si- 
multaneous or inde- 
pendent jejunal feeding 
or drainage and gastric 
drainage The tube is 
simple to insert or with- 
draw, smee it IS bucket- 
less It IS introduced 
through the nose prior 
to the operation, and 



slipped mto the jejunum after anastomosis 


The Emhom Gastrectomy Tube is 48" long 
bisected by a center wall to give a double semi- 
curcular lumen Each lumen can be used sepa- 
rately smee they have separate operungs at both 
ends The shorter lumen opens mto the stomach 
14 above the end of the tube The tip of the 
tube IS weighted for smooth and easy passage 


I HERE IS A PARTIAL LIST 1 

* OF OUR PRODUCTS S 

J Adams Centrifuges 

Clinical Laboratory : 

[ Uterine Cancer Detection 

Supplies < 

► Kits 

Gastro Duodenal Tubes i 

i Blood Analysis Instruments 

Polyethylene Tubing 

s GOLD SEAL Slides & Cover 

GOLD SEAL Syringes & > 

? Glasses 

Needles < 

> Supplies for Microscopy 

Adims Stethoscopes < 

> Dissecting Kits 

JUSTRITE Wound Clips 1 

S Surgical & Dissecting 

Obstetrical Manikins ? 

J Instruments 

Skulls & Skeletons J 

? Surgical Rubber Goods 

MEDlCHR0MES-2x2" j 

5 Anatomical Charts & 

< Atlases 

Kodachromes ( 


Clay-Adams Company, Inc. i4i east 25TH street, new york lo. n y 

ClAY-ADAMS PRODUCTS ARE AVAILABLE FROM LOCAL SURGICAL AND SCIENTIFIC SUPPLY DEALERS 
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Radioactive Chemicals 

NUCLEAR radioactive chemicals, now available to 
A E C.— authorized users, represent another step 
toward the NUCLEAR aim of complete service in 
nucleonics for science and industry. As the only 
commercial producer of biosynthetically labeled com- 
pounds, NUCLEAR is prepared to fill the needs of 
those experimenting or contemplatmg work m this 
vast new research field 

BIOSYNTHESIZED LABELED COMPOUNDS 
NOW AVAILABLE FROM STOCK 

Glucose • Sucrose • Fructose • Starch 

Characteristics 
• Chemically pure 
• Uniformly labeled with C’^ 

• Specific activity 

Normally, 0 6 microcunes/milhgram 
(Higher specific activities by special request) 

Nuclear is also making chemically 
synthesized compounds such as 
carboxyl labeled Sodium Acetate 
— other special compounds to be 
announced Write to NUCLEAR for 
details on radioactive compounds 


Complete service 
for both new and 
established labora- 
tones— help on iso- 
tope procurement, 
authorizations, lab- 
oratory layout, and 
equipment faalities 


.<^nuclear 

■ / %SfC MINf • 

^ aucosE !_ 

-utfmrr— 

*■1 c. wmioeiATiOH i 

J 5£ 



>VCJ!C6E tUMIroV• * *** 

t- -OIWIAIO" 

, — •'J 

tj^_Lt'ja 5 


*'^^CTTrTTT 

ejL_ 


SHIVecki 


CKEHICIU ■ 




nuclear instrument & chemical corporation 

241 Wo»l EJb Sfroel • Chicogo 10, llllnoli • Cable Addreisi Arlab New York 


\ail 


• Scaling Unite for Every Type of RadioHon Counting • Glaee Wall, Mica Window and Windowless Coonleri 

• Compute ^Packaged" Counting Syetems • Portoble Count Rote Metere 

• HeolthMonllorlnglnetrumenteforPereonnelProlBCtlon • Radioactive Chemicals 

• Complete Uno of Aceossoriee for the Nucleor Laboratory ^ 

i “ ~ 

nuclear •PRECISION INSTRUMENTATION FOR NUCLEAR MEASUREMENTS' 
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de Fonbrune 

micromanipwlator 

Has Smooth, Untform 
Pneumatic Movement 




Affords new simplicity and flexibility for micro~studies in biological or chemical technics 



Improved de Fonbrune Micro- 
Forge Wilh Binocular Body 

Specifically developed for 
use in the fabneation of simple 
and intricate micro-tools of glass 
or metal under controlled con- 
diuons Use ofthede Fonbrune 
micro-forge is recommended 
with any type rmcromampula- 
tor The forge is now built 
with binocular stereoscopic 
microscope With this modifi- 
cation, the image is observed 
erect — not inverted — m three 
dimensions, an important fac- 
tor in rapid, accurate v.ork 


The de Fonbrune nucromanipulator, incorporating a pneu- 
matic pump system, has proved exceptionally satisfactory for 
micro-studies m many fields In the biological sciences the 
de Fonbrune mstrument is used m cell dissection and isolation 
micro-mjection and operation on the protozoa pH 
studies on hvmg cells isolation and transfer of smgle bac- 
tena, etc This flexible mstrument has proved equally service- 
able m study of fibers and yeast cells, m mvestigatmg oils, 
rust deposits, colloidal, and other materials 

Manufactured under exclusive hcense of the French patents, 
the de Fonbrune rmcromampulator consists of a mampulator 
and receiver These umts may be used with any type of 
imcroscope arranged for right or left hand operation In 
use, the micro-tool is mounted on the receiver Impulses finm 
the pneumatic pumps of the mampulator are transmitted to 
the tool through sensitive metaUic membranes Withm a range 
of 3 mm, the micro-mstniment may be moved m any plane or 
angle by a smgle control Ratio of displacement of control 
lever and imero-tool may be adjusted &om i 50 to i 2,500 
dependmg on range desired 

IFhte for prices and descriptive bulletin T114, 


aloe scientific 

DIVISION OF A S ALOE COMPANY 
5655 Kingsbury • St Louis 12, Missouri 
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Federation 
Placement Service 


ANNOUNCING a new instrument 

for research and routine 


POLAROGRAPHV 





a Instrument 


Designed to fill the growing need for 
a precise, reliable and stable manual 
polarographic instrument will 
measure all the fundamental charac- 
teristics of a dropping mercury 
electrode system (such as half-wave 
potentials and diffusion currents) m 
absolute terms and with high preci- 
sion Such a cahbrated mstrument 
IS of utmost importance in rouUne 
work when complete waves are not 
obtamed It may also be used as an 
accurate potentiometer wherever an 
electrometer is not necessary ONLY 
instrument with all these features 

• 25 turn helical piotentiomcter ac- 
curate to 0 1%, readmg to one 
millivolt with a span voltage of 
2 5 V — and to double this value 
at a span voltage of 5 0 v 

• Self-contained standard cell and 
standard resistors for calibratmg 

• Low resistance galvanometer with 
sensitivity approxunatmg 0 005 
microamperes per millimeter 
Multiple shunt from 1 x to 300 x 
Scale length 320 mm 


{ USES 

\ 

’ Mefah 
C Alloyi 
I Of«$ 

Plortna 

I »chftlont 
I Bofler wat«r 
[ Corrosion 
f ih)dl«s 
Paints 
Exptotly#* 
PetroUvret 
Ootolln* 

^ OfU and ioapt 
Sugar produdt 
I P)rftStuffs 
( Albumint 
f Amino adds 
' Alcolwli 
t K«ton«j 
I Serums 
proteins 
I Alkaloids 
f Blood 
t Urine 
( Hormones 
Cofloldt 
^ Ktrwtics 
t Reaction rotes , 
t Equilibria 
r CotolysU 
I Diffusion 


Write for Bulletin 551 


General Scientific Equipment Co. 

Hamden 14 Connecticut 


To MEET THE NEEDS 
of employers and of individuals seek- 
ing positions in the fields of the Fed- 
erated Societies, the Placement Service 
maintains the following activities 

I Listing positions, fellowships and 
exchanges 

1 Listing applications for positions 
from qualified individuals 

3 Publishing, quarterly, lists of ap- 
plicants, semiannually, lists of 
available positions, and, annu- 
ally, a list of fellowship and 
exchange positions 

4 Providing registration and inter- 
view services at the annual meet- 
ing 

In order to maintain and expand these 
activities so that they may give maxi- 
mum service to members of the Fed- 
eration, It has become necessary to 
take steps towards increasing the in- 
come of the Placement Service The 
Executive Committee at the 1951 
nual meeting authorized the following 
scale of charges 

Annual subscription to all 

lists of the Service $1000 

Single copy of any one list 

published ^ 

Annual applicant registra- 

^ e loo 

tion lee 

To obtain registration cards or enter 
subscriptions, address 

FEDERATION PLACEMENT SERVICE 
2101 CONSTITUTION AVENUE 
WASHINGTON 25, D C 


FEDERATION PROCEEDINGS 


Volume to 




International Congress 
of Physical Medicine 

London, July 14-19, 1952 

Oigamzed by the Buttsh Boatd of 
Management of the International 
Federation of Physical Medicine 

* 

President Loud Houdeh 
Vice-Presidents 

Du Fuank Howitt {Treasurer) \ 

Du Fuaxk S Cooksey 

Du Philippe Bauwens 

{Chairman of the Executive Committee) 

Honorary Secretary Du A C ^^BoiiiE 

* 

In accordance vnth the regulations of 
the International Federation of Physical 
Medicine, the meetings of the Congress will 
be reserved for matters dealmg with the 
chnical, remedial, prophylactic and educa- 
tional aspects of Physical Medicine and with 
the diagnostic and therapeutic methods em- 
ployed in Physical Medicine and Rehabilita- 
tion 

Techmeal, scientific and histoncal e\- 
liibitions also wdl be arranged 

Appheattons for the Provtstonal Programme 
should be addressed to 
HONORARY SECRETARY 
Internauonal Congress of Physical Medicine 
45, Lincoln’s Inn Fields, London, W C 2 


for rapid quantitative determination 
of SODiUM and POTASSIUM 

t» BARCLAY 


FLAME PHOTOMETEil I 



PATWIN 


Instrument 


Combinci operating simplicitj loth 
\'anable sensitivity and a very high 
order of accuracy over a wide range 
of concentrations Features include 
Ouhtondinp performance requires 
only 10 0 ml sample, detects down to 
01 ppm (21110 3 Meq/L.) of potas 
Slum, even lower for sodium 
Precision Design eliminates build up 
of salts and inside of burner surface, 
stainless steel atomiter needles pro 
vide uraform onfice for stable opera 
lion Built in air pressure regulators 
with indicating gauges for positive 
and accurate control 
Sloping Panel — easy to read dur 
able all metal case with gray hammer- 
tone finish 28" X 18" X 16" high 
Convenience of operation all com 
ponents within easy reach Atomizer 
accessible for manipulation and 
cleaiung Easily connected to air and 
gas services 

low maintenance simple internal 
DC circuit — only external connec- 
tion required is for galvanometer 
Wide application m the fields of — 
Agricultural chemistry 
Chemical industry and education 
Food technology & water treatment 
Cluneal and medical routine 
testing and research- 
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STERLING AUTOMATIC 
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HAND PIPETTES 

Dispense accurately, at a set speed, pre- 
determined amount of 0 1 cc to 10 0 cc 
Easy to Operate — ^Time Saving 
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N ever before has a textbook so fully out- 
lined the principles of physical and or- 
ganic chemistry upon which biochemistry is 
based, and then presented the essentials with 
climcal application m view Here, nutrition 
in all Its important aspects is covered, and 
isotopic methodology and results obtamed 
therefrom are mcluded This text is hberally 
provided with summaries, charts, and dia- 


The Macmillan Company 
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grams enabling the student to obtain infor- 
mation qmckly The subject matter through- 
out IB so developed that the student ivnll 
have a reliable gmde through the vastly com- 
plex and grooving science that is biochemis- 
try, and he iviU clearly see what roads are 
open for fmther research 

To he published in Sept prob $11 00 


j The Macmillan Company 
j 60 Fifth Avenue, New York 11 
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here’s help for you . . . 

T his fireless servanf in your laboralory will aulomafically 
collect any number (up to 200) of rigidly controlled samples 
of predetermined fluid volumes Each collected sample may 
comprise any number of drops from one to four hundred As 
each separate sampling is completed, the carnage automat- 
ically advances to repeat identical collections consecutively 
until the whole fractionation has been made 

All you have to do is to set it up for the conditions of the 
chosen experiment, short or long, and then leave if alone 
The machine will plod along without attention hour after hour, 
all day (and night) long When the job’s done, it will shut 
itself off 

The Technicon Fraction Collector has been thoroughly 
tested in actual laboratory installations, where it has proven 
invaluable to busy research staffs We shall be happy to send 
you details 


Ref Chrorootogrophy of Ammo Acids on S|orch Columns— 
W H Stem and S Moore, JrnI Btol Chem 1^, 337,(1948) 







Complete Epileptic Seizure-control, 
First Step in Rehabilitation 


In the drug thenpy of the epileptic, nothing short of 
comf’lclc suppression of seizures cm riglitl) be cillcd full 
success Complete seizure control is n prerequisite to the 
patients return to n normally active life Carter' states 
Basically all efforts should be directed toward prevent 
ing seizures and the tendenc)' to chronic invalidism 

The management regimen should include ' 

I Good physical and mental hygiene 

a) Wholesome diet. Regular bowel habifs. Avoid 
noMOus materials, eg alcoholics. Moderate 
physical activity 

b) Help overcome feeling that epilepsy is shame 
ful. Encourage normal work and recreation. 
Regular sleep without overprotection 

II Anticonvulsant medication selected on the basis of 
Exact Diagnosis 

'Certain drugs are more effective in one type of 
seizure than they are m another, and it is necessary 
to use proper drugs The dosage must be individu 
alized for each case ‘ 

Thus, the best guide in selecting medication for a patient 
IS the type of seizures present (Frequently several drugs 
in combination is most effective ) 

The table shows which drugs arc indicated for each type 


of seizure It will be noted tint the new'er hydantoin, 
Mesmtoin, is effective for grand mat, Jacksonian and 
focal seizures 

MESANTOIN DOSAGE is adjusted to the lowest level 
adequate to attain freedom from seizures Start with Vz 
or 1 tablet daily during the first week, increase the daily 
intake by '/: or 1 tablet during the next week Continue 
this up to optimal dosage When another drug has not 
given good results, Mcsantoin is added by the same pro 
cedurc, then the old drug is gradually reduced 

SIDE ErrECTS — Mcsantoin produces side effects in 
some cases Skin and blood changes arc signs of scnsi 
tivitj — the drug should be discontinued Drowsiness 
develops upon rcacliing maximum dosage 
PRECAUTIONS — Certain precautions are necessary 
to minimize untoward effects 

a close check on patient — repeated visits and 
blood counts 

b No Mcsantoin, if white cell count below 4000 
c caution if (l) rash or blood changes 
(2) History of drug sensitivity 
d discontinue drug if (l) bleeding of gums or 
vagina 

(2) Sore throat 


TVTE OF 
EPILEPS\ 

PRIMARV CLINICAL 
MANIFESTATIONS 

MEDICATION 

AVERAGE ADULT 
DAILV DOSE* 

LIMITING SIDE 
EFFECTS 

SIGNS OF 
sENsmvm 

GRAND 

Aura followed by loss of 
consciousness tonic clonic 
convulsions and autonomic 
disturbance e g, in bladder 
function. 

'Phenobarbital 

IV4 grs ht Usual 
max 3 grs per da> 

Sleepiness 


MAL 

-5,5 dipben>l h}dantom 

I’A grs lid pc 
Usual mar 6 grs per 
da) 

Diplopia staggering 
(ma> increase petit 
mal) 

Os ergross th of 
gums bod) hairs 
Itching rash on ex 
tremi ties, gastric 
irritation 

JACKSON 

G)nvulsions bepm in one 
area and spread oui^'ards 
(Jacksodun march ) No loss 
of consciousness ^ 


Adults 2 to 6 tabs 
Children 1 to 4 tabs 

Sleepiness 

For full details see 
Psychomotor cross 
column below 

IAN 


2 Gms per da) 

Max dose 6 Gms per 
da) 3 

Dronsmess 

Central nervous 
tern affected nausea 
vomiting and ab- 
dominal pain*^ 

PSYCHO 

MOTOR 

Period of amnesia aaions 
apparently purposeful but 
mechanical incoordination 
Mild tonic spasms In chil 
dren 'behavior problems ® 

3 methjl 5 5 phenyleth)! 
hj'danioin^ (mesaniom) 

Adults 2-C tabs 
Children M tabs 

Pharyngitis mucous membrane bleeding 
l)Tnphadcnopaih), measles like rash ^ith 
Itching and fe\er in severe reaction blood 
dj’scrasia 


-phed) lacet) lurea- 

See phen)lacet)lurea — abo^e 

PETIT 

MAL 

TRIAD 

Attacks in series (rapid sue 
cession), abrupt onset few 
sec. duration no aura nor 

3 5 5 trimcthjl 
'oxazolidine 2,4 dtone 

0 9 to 12 Gms 

Inabilit) to sec in a 
bright light DroNNSi 
ness 

Hiccough acneform 
rash leukopenia 

impairment of conscious 
ness Rhjthmic twitching 
(e g ejelids) 

N rneth}! demativc of 
"phenobarbital 

6 grs 

Sleepiness 



★Although an average dailj dose can be staled for each of these drugs, to obtain best results it is necessarj that the phj-sician determine the 
dose required bj each individual pauent for maximum control of his seizures ~ 

Sandoz 
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Twelve outlets Used with “Teledeltos” papers No 70- 
155 through 70-159, for making permanent records of phys- 
iological and pharmacological experiments Density of line 
IS set manually, then automatically controlled by the power 
supply 

The electronic power unit has twelve separate electric cir- 
cuits Each circuit has its own manual and automatic con- 
trol, and an off-and-on switch Instantaneous and per- 
ceptible shock automatically limited to safe value This in- 
strument cannot be damaged by shorting output leads 
Any conventional kymograph may be adapted to this form 
of writing 


WRITE 


MANUFACTURERS 


INC 


RICHMOND 

VIRGINIA 


DISTRIBUTORS 



o 



CARBO-RESIN 

(SODIUM REMOVING RESINS LILLY) 

begins a new era of edema control 


Ordinary table salt, so necessary to the acceptability of food, may now 
be permitted more liberally to patients with acute congestive heart 
failure and to others whose retention of sodium is excessive 

The two cation exchange resins in ‘Carbo-Resin’ capture and effec- 
tively remove undesired sodium One of them also prevents the depletion 
of potassium by making a supply available for absorption An addi- 
tional ingredient, a special anion exchange resin, helps the other resins 
to remove more sodium Moreover, it is especially important because 
it lessens the hazard of acidosis that may occur when cation resins are 
used alone 

Edema may be controlled by ‘Carbo-Resin’ with only moderate re- 
striction of sodium This new regimen makes it possible for injections 
of diuretics to be given less frequently or often eliminated In those 
cases in which mercurials are contraindicated, ‘Carbo-ReSin’ can pro- 
vide an alternate treatment 

Details on dosage and other important information on ‘Carbo-Resin 
may be obtained from your Lilly medical service representative or 
by writing to 

ELI LILLY AND COMPANY • INDIANAPOLIS 6, INDIANA, USA 


The American Chemical Society, like Eh Lilly and Company, 
IS now celebrating its seventy fifth anniversary , and we pause to 
pay It tribute Our own industry, as well as all of American 
progress and humanity, is deeply indebted to this esteemed group 
of scientists 
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MECHANISMS OF BIOLOGICAL EFFECTS OF 
PENETRATING RADIATIONS 

Cornelius A Tobias' 

From the Banner Lahoi alary, Division of Medical Physics, University of California, Berkeley 


•s. 

0 THE bioph} sicist, the studj' of the biological 
effects of penetrating radiation is a particular!}’- 
interesting field because of the intimate connec- 
tion of the radiation effect with the problem of 
growth I wish to mention a few of the unique 
properties of radiations 

First, some radiations can penetrate the cell 
wall and interact unth mtemal components of 
cells The cell nail prondes protection against 
many chemical agents 

Secondly, radiation seems to inhibit the mecha- 
msms controlhng growth before it senously mter- 
feres -with other cell functions Radiation thus 
becomes a suitable tool for study of cell diiosion 

Thudly, the amount of energy which the ceU 
must absorb if cell division is to be inhibited is 
extremely small compared to the energy turn- 
over of the cell as a machme, or compared to 
the amount of energ}^ needed from other sources 
to cause lethal effect For example, many cells 
are inactivated by an amount of penetratmg 
radiation which, as heat, would be only sufficient 
to raise cell temperature by a few thousandths 
of a degree In contrast, thermal death due to 
raised temperature would take 10,000 times as 
much absorbed energy as radiation death In 
fact, for some cells it is kno-wn, smee the pioneer 
work of Dessauer (1, 2), that production of a 
smgle ion pair can cause lethal effect m the ceU 
In these cases, at least, lethal effect must be due 
to a chain of reactions 

Fourthly, as is generally known, a smgle mter- 

^ The author’s vork was supported by the 
Atomic Energy Commission 


action tilth lomzing radiation is able to make an 
inheritable cliange, or mutation, m the gene 
complement of cells Radiation mduced muta- 
tions are usuall} unfavorable, occasional!}’- they 
can make cell metabohsm more efficient Thus 
radiation may Iiave an important role in both 
destruction and evolution of hfe 

In order to comprehend at least a few of the 
complex phenomena involved in radiation effects 
on ammals, it is useful -to look at the e-vplanation 
of the effects on imicellular organisms, and m 
order to understand these, one should study the 
physicochemical effects of radiation m inert 
chenneal systems The field is so large that all 
I can hope to give you is a hst of some of the 
recent ex-penmental approaches, then to de- 
scribe, m a httle more detail, some experimental 
findmgs of special in-terest to me Excellent re-view 
articles by Bacq and by Curtis are available 

INTERACTION OF RADIATION WITH MATTER 

Penetratmg radiations either produce lomza- 
tion directly m then passage through matter, as 
beta rays, alpha rays and protons, or they 
produce lomzing secondary particles as x-rays, 
gamma rays or neutrons In the process of lom- 
zation, a negative electron is knocked out of an 
atom, leavmg it positively charged The negative 
electron attaches itself to a molecule, so that 
withm 10“'^ seconds a positive-negative ion pair 
is formed The ions of the ion pair m hquid media 
often dissociate or mteract with neutral molecules 
and form radicals or more stable chemical com- 
pounds In addition, a number of atoms also 
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become ‘excited’ due to the passage of an lomzmg 
ray, that is, one of the orbital elections absorbs 
enei-gy and is elevated to an excited state The 
molecule in which the excited atom is located 
then might dissociate, emit a light quantum, 
interact with anothei molecule, oi degiadc the 
excitation energy by colhsions with othei mole- 
cules into vibrational and rotational energy 
Dose maj”^ be defined, foi the pui poses of this 
discussion, as the eneigy absorbed m foim of 
lomzation and excitation pei giam tissue The 
radiochemical and radiobiological action of the 
ionizing radiation depends not only on dose, but 
on the geometiical distiibution of ion paii-s along 
each tiack The numbei of ion pans along a unit 
length of track is the ‘specific ionization ’ Among 
radiations available to expeiimentation, the spe 
cific lomzation vanes ovei a mnge of 100,000 

DIRECTT ACTION 

As to the mode of biological action of ladia- 
tions, many eaily studies indicated that direct 
mteraction of the ions with biological matenal 
occurs m some instances, causing splitting oi 
fragmentation of laige biological molecules Clas- 
sical example of such a piocess is the splitting of 
hemocyanm molecules as demonstrated by Sved- 
bei-g and Brohult (3) 

Experimentally, breakdown of maciomolecules 
can be accomphshed with diffeient radiations 
neutions fiom the cham leacting pile, x.-rays, 
electrons, deuteions and alpha pai tides fiom the 
cyclotron, it can be perfoimed on diy, biolog- 
icalljr active molecules m the ciystallmc state, oi 
in liquid suspensions Some intriguing insults to 
date include the following findings 

a) Bieakdown of maciomolecules bv radiation 
sometimes occuis in fragments of well definable 
moleculai weight (4) 

h) In addition to binakdown, association of 
maciomolecules can occui (5) 

c) Quantitative studj'’ of the action of cj’^clo- 
tion-pioduced piotons on ciystalhne enzymes 
leads to a novel method for deteimmation of 
moleculai weight (6) 

d) 'N\nien insulin was subjected to intense radi- 
ation with neutions, a laige pait of the biological 
activity was letained in moleculai fragments 
which liad a vaiiety of moleculai weights (7) 

The above instances indicate the potentialities 
of the ‘molecular fragmentation’ method in the 
breakdown study of biologically important mole- 
cules 


INDIRECT ACTION 

In the second type of interaction of radiation 
with hving matter, the pi unary lomzation or 
excitation occurs at some distance fiom the 
molecules affected As first clearly demonstrated 
by Dale (8), the indnect action occurs nhen the 
short-hved ions disappeai, and give nse to rad- 
icals and intermediate chemical compounds in 
the liquid medium The intei mediates liave much 
longei hfetimes than the ions themselves, and 
they can, in tuin, chemically interact with pro- 
tein molecules In very dilute aqueous suspen- 
sions of enzyme molecules, the pnmarj'^ radia- 
tion effect IS on w atei , and most of the effect is 
due to watei decomposition pioducts 

The decomposition of pure nater, in its main 
features, is quite well understood, due to the 
work of Lind (9), Fricke (10), Weiss (11) and 
others (12, 13) We know that ionized water 
molecules almost instantly decompose into H 
and OH radicals, that these can readily interact, 
in the absence of oxygen, some hydrogen gas 
and hydiogen peroxide is formed Wien oxjgen 
IS also jiresent, dissolved in water, the radical 
HO 2 forms, w'hich in tuin enhances hydrogen 
peroxide foimation In the presence of orgamc 
mattei, the foimation of H 2 O 2 is not observed, 
but the evolution of hydrogen is greater UTien 
the w'ater contains sulfliydr\d enz 5 Tnes with ac- 
tive SII groups, these are oxidized to form S-S 
bonds, piesiimably via interaction with the rad- 
icals 

Because the jneld, lifetime, and interactions of 
intei mediates dejiend on the chemical composi- 
tion of the cell medium, one expects large varia- 
tion of radiosensitivity due to environmental 
fnetore, such as temperature, pn, and composition 
of the medium In contrast, the ‘direct’ effect is 
independent of these factors Indeed, in hving 
cells, striking environmental influences of radio- 
sensitivity have been demonstrated 

Radiation sensitivity of an enzyme system 
depends on the composition of the aqueous 
medium Wien substances are added to t e 
medium that can comiiete for the radicals an 
other inter mediates produced by radiation, ue 
to the competition, the enz 3 Tne sj^tem can e 
partially protected fiom inactivation An exam 
pie, given by Banon el al (14), is the protection 
from x-rays of phosphoglyceraldeh} de dehy ro 
genase with added glutathione The same pro 
tective phenomenon was demonstrated in 
mals bj'’ the bnlliant work of Harroy Patt (1 ) 
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md his associates, \\ ho hn\ c rcccntlj show n tiiat 
the amino acid c^stelne, if administered to ani- 
mals shortly before irradiation, increases their 
tolerance, so that twice the x-ray dosage is 
needed for lethal effect Similar results have been 
achieied In Belgian workers with cjanide (10) 
At this meeting, workers from the Oakridgc 
National Laboratory (17) ])rcsented data on an 
impressive array of organic substances whieh 
protect bacteria 

Indirect biological effects also depend on spe- 
cific ionization (IS) S])acing of ion pairs influ- 
ences the y leld of intermediates In oxy'gen free 
w ater, for example, the dense lomzation of alpha 
rays produces a high yield of H;Oa molecules 
The yaeld of HiOi remains small wdicn sparsely 
lomzmg x-rays are used The enzyme phospho- 
glyceraldehy de dehydrogenase is partially pro- 
tected from a-rays by catalase (19) Many' 
biological systems are more affected by dense 
rather than by' sparse lomzation 

If some of the actual biological effects are 
caused by' mtermediate chenucal compounds and 
not directly by lomzation processes themselves, 
it should be feasible to produce similar effects 
w'lth applied chemical compounds Several ty'pes 
of radiation effects, notably' chromosome breaks, 
mutations and caremogeme effects (20, 21), have 
mdeed been reproduced by' a variety of chem- 
icals Typical agents that have similar effect to 
radiation are mtrogen mustards and peroxides 
Substances that contnbute to formation of 
intermediates after exposuie can increase the 
destructiveness of lonizmg radiation Thoday and 
Read (22) have showm that oxygen dissolved m 
the cell medium is knowm to increase radiation 
sensitivity, Lacassagne (23) demonstrated that 
baby rats are more resistant under anaerobic 
conditions than m the presence of oxygen, and 
Dow'dy' et al (24) show'ed that anoxic rats survive 
higher doses of radiation than normal ones 
Barron recogmzed the possibihty that if radi- 
ation effects are due to chenucal reactions, they 
should be, at least m part, chemically' reversible 
By the addition of glutathione he w'as abl*e to 
reactivate some sidfhydry'l enzymes previously 
inactivated by' radiation A similar approach 
might possibly be of import in future therapy' of 
radiation effects 

In the process of lomzation or excitation, cer- 
tain molecules receive a good deal more energy 
than IS necessary for an ordmary' chemical reac- 
tion The nevr field of radiation chemistry' con- 


cerns itself with such unusual reactions It is 
expected that ionization causes a number of 
irreversible reactions which would othenviso only' 
occur at high temperatures and pressures 

Recently' Garrison el al (25) have show n that 
carbon dioxide, dissolved in water and irradiated 
by' alpha jiarticlcs, produces some oi-ganic mole- 
cules, notably foimic acid Other in\ cstigators 
Imx'c for some time been studying a number of 
other interesting reactions jSIund (2G) has show n 
])oly'merization of simple carbon compounds w ith 
occasional formation of cyclic molecules from 
straight chain substances Dainton (27) has 
shown that certain low molecular weight mon- 
omers (e g , acry'lomtnle) in aqueous solution 
become polvmerized into long cham polimers 

MECHANISM OF EFFECTS OF RADIATIONS AT 
THE CELDULAR LEVEL 

In new of the great complexity' of radiochem- 
ical reactions, many' of which mvohe lugher 
order reactions, it is surprising that the relation- 
ship of dose to certain ty'pes of biological effects 
IS often relatively' simple 

In many cases the dose-effect relationslup has 
the properties of a monomolecular reaction 
There are, how'ever, cases which denate from 
this simple relationship The lethal effect in uni- 
cellular organisms may occur m the irradiated 
cells themselves, eg, they fail to dmde, and 
after the lapse of some time, they might undergo 
ly'sis In another form of the lethal effect the 
formation of colomes is inhibited, but the irra- 
diated cell lives on Although it was known for 
some years that irradiation of the cell nucleus 
brmgs about lethal effect more effectively than 
irradiation of the cytoplasm (28), it seems hkely 
that inhibition of cell division is due to genetic 
damage only m some species of cells and to extra- 
gemc destruction m others 

In association with Professor R E Zirkle of 
the Umversityof Chicago, the Dormer Laboratory 
group 2 years ago imtiated a study of the mech- 
anisms mvolved m the inhibition of y'east cells, 
Saecharomyces cereinsme French workers, Laterjet 
and Euphrussi (29), as well as Beam (30), have 
mdependently worked on the same problem and 
oUr respective results are not m disagreement 
The approach was to test the relationslup of 
dose to inhibition of cell dmsion m haploid cells 
and compare the results of data obtamed after 
irradiation of x'egetative diploid colomes 

The morphological nutritional reqmrements 
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and growth rate of the haplord and diploid 
colonies were closely similar, and it was assumed 
that any differences in response to radiation 
effect would be due to the presence of paired 
genes and chromosomes m the diploid against 
the presence of one set m the haploid, cells It 
was further reasoned that if the radiation effect 
is most important m extrogemc and extranuclear 
components of the cells, there should be no great 
difference m the radiation sensitivity of haploid 
and diploid cells Detailed results of this mvesti- 
gation wiU be published elsewhere (31) We may, 
however, note here some of the conclusions One 
great difference was found m the radiation sensi- 
tivity and in the dose affectmg the relationship 
between haploid and diploid cells, the latter 
bemg about five times as resistant as the former 
The relative shapes of the survival curves of 
cells m which cell division was not inhibited were 
compared, and the conclusions were mathema- 
tically m fair agreement with the foUowmg con- 
cepts 

a) Cell division is controlled m haploid cells 
from a number of mutually mdependent ‘sites’ 
(loci sensitive to radiation) Inactivation of any 
of these sites bnngs about inhibition of cell 
division Inhibition can be the result of mter- 
actions imtiated from a single lomzation event 
The probabihty of inhibition is proportional to 
dose, and the survival curve is a simple expo- 
nential function of dose 

b) In diploid cells, cell division is controlled 
from a number of mutually mdependent pairs of 
‘sites’ which have similar functions to the sites 
m haploid cells To inhibit cell division, it is 
necessary to mactivate both sites of an essential 
pair (allele) At least two lomzation events are 
needed to accomplish this The probabihty of 
inhibition of cell division is not proportional to 
the dose The survival curve is of a sigmoid type 

c) Comparison of haploid and diploid survival 
curves can be made from the relative shape of 
the curves and the assumption that each ‘site’ is 
mactivated with the same probabihty One con- 
cludes that m the haploid cells, there are about 
16 sites essential to cell division, and in the 
diploid, 16 pairs of such sites 

Biochemical synthesis m cells is known to be 
under genetic control (32) It seems plausible to 
associate the sites sensitive to irradiation with 
mdependent biochemical processes controlled by 
genes 


The number of radiation sensitive sites is only 
an approximation which is expected to vary with 
environmental factors In a medium very nch m 
various nutrients, there may be alternatives for 
each biochemical pathway so that the number 
of sensitive sites might be different Yet it is of 
mterest to note that this number is much smaller 
than the estimated total number of genes, and 
no proof IS available as yet showmg that smgle 
genes are affected A mechanical disturbance, 
such as a chromosome break vith loss of frag- 
ments durmg attempted cell division might be 
an acceptable concept of the mechanism mvolved 
From the above considerations, two important 
conclusions follow In the first place, one would 
expect cells of higher ploidy of the same stram 
to show higher radiation resistance The second 
consideration follows from the statistical nature 
of the distnbution of radiation mduced defects 
If a colony of diploid cells is irradiated by a 
smgle dose, a number of the cells in which cell 
division IS not inhibited will carry impaired 
genetic defects correspondmg to mactivation of 
impaued radiation sensitive sites Such defects 
should be hereditary and would make the cells 
less efficient m aspects of growth and metabo- 
lism, and more sensitive to radiation than normal 
diploid cells vuth no defects Indeed, this was 
found to be the case expenmentallj In certam 
experiments, as much as 50 per cent of the 
progeny of preuradiated diploid yeast cells 
showed an mhentable mcrease m radiosensitmtj , 
accompamed m some cases by reduced vigor of 
growth and metabolism Haploid cells survivmg 
a preirradiation do not show these changes, 
which IS a strong argument in favor of the reces- 
sive nature of such radiation mduced effects 
The imphcation of these findmgs hes close at 
hand By studymg the biochermcal nature of the 
abnormahties m the recessively defective diploid 
cells, one should get valuable data, not only con- 
cermng the components of radiation effects on 
cells, but also relatmg to essential steps m cell 
division Since the general types of defects are 
limited to about 16 lands (and combinations of 
these), it may be possible to proceed systemati- 
call3'’ The further pursmt of this kmd of study 
may also be of mterest smce it might uncover 
some clues concemmg the nature of mteraction 
between allehc gene pairs 

The experiments on yeast cells, carried ou 
under a vanety of environmental conditions, 
give clear mdication that the mechanism m- 
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vohcd IS indirect the ion pairs do not need to 
be produced at the ‘site' of their action 
The probabihtj^ tint an ion pair, through some 
intermediate process, can find an essential genetic 
component of the cell, is rather small, hence, 
many other ion pairs and interactions arc jiro- 
duced elsewhere within the cell before the 
inhibition of cell dmsion occurs These, collcc- 
tu elj , maj be responsible m the j east cells for 
diverse effects of radiation, delay in cell division, 
swelhng, etc In many species of cells they may 
even be responsible for the actual lethal effect 
IVlien a large colony of diploid cells is irradi- 
ated, e\en with a dose much larger than the 50 
per cent ld, one finds some cells winch have 
received no genetic defect at all Tins is due to 
the statistical spatial distnbution of ionization 
Such cells may play an important role m the 
‘recovery’ phenomenon well known in radio- 
biology'' When many generations of growdli have 
passed between one irradiation and the next, 
most of the cells present in the preirradiated 
colony exlubit normal radiation resistance This 
may be due to the fact that diploid cells left 
unaffected by radiation, and those w'luch mutated 
back to normal, outgrow' the ones w'lth genetic 
defects 

It would be desirable to have detailed informa- 
tion on the mechamsm of radiation effects on 
other microorgamsms Much work is being done 
m this field, unfortunately w'e do not as yet 
have sufficient information to indicate w'hether 
or not the process of inhibition of cell dmsion 
IS similar m each case 

RADIATION EFFECTS ON MAMMALS 

There is a very long step between phj'siological 
simphcity of yeast cells and the complexity of 
mammals Many' experiments will have to be 
performed before the radiation effects are under- 
stood m the latter However, there are certam 
snmlanties I wish to pomt out 
When a part of the body' of a young animal is 
irradiated with a sublethal dose, one often finds 
a prolonged retardation of growth of that tissue 
lastmg for several generations of cells For exam- 
ple, an irradiated hmb m a baby animal may 
remain stunted for a long penod of time Though 
there are many' factors mvolved, e g radiation 
effects on vascular bed and connective tissue, 
some of the survr-vmg irradiated cells have pos- 
sibly unpaired genetic defects which slow the 
rate of growth and metabohe efficiency' of each 


cell Histologic illy', regeneration m such tissues 
often follows a cuiious pattern In the middle of 
a seemingly' devastated aici of impaired cells, a 
small island of normal y oung cells ippcars These 
cells appeal to oiiginatc from a single cell, 
possililj' one that did not suffer any' genetic 
damage from the irradiation This phenomenon 
IS obsen'ed in thcraiicutically irradiated tumor 
tissue as well One might speculate on the fre- 
quency and imjiortance of impaiied genetic de- 
fects produced by' radiation in the diploid germ 
cells of mammals By reduction dmsion the^e 
produce haploid gametes carry'ing lethal genetic 
defects, which in turn would give rise to recessive 
lethals m the offspring (32) The presence of 
such processes will have to be proven expen- 
mentally 

Radiation effects on the tissues of higher am- 
mals should not be directly compared to those 
of microorgamsms The functioning of each organ 
m the body depends on the functioning of other 
organs IVlien the total body' is irradiated, one 
obtains not only direct radiation effects on the 
cells of each tissue, but indirect effects as well, 
due to changes in internal em'ironment The 
internal ennronment is chiefly' modified by' hu- 
moral agents Investigations earned out with 
partial body irradiation of small ammals have 
showTi the A'ahdity of some fairly general rules 

o) There are important, remote effects on 
various organs when they' are themselves shielded 
from radiation, but othei parts of the body' are 
irradiated These effects probably ongmate from 
deficiencies ih the blood composition or toxic 
substances earned by the blood According to 
Hevesy (33), nucleic acid synthesis is dimimshed 
if a remote part of the body is ii radiated Kelly 
and Jones (34) amplified this findmg by showmg 
that selective irradiation of the hver with a 
radioactive coUoid mateiially affects nucleic acid 
symthesis m tumors Van Dyke and Huff (35) 
irradiated one member of a pair of parabiotic 
rats Epdation of the hair extended not only to 
the irradiated animal, but also to its shielded 
twm They have thus demonstrated that a toxic 
substance or a depletion of some essential blood 
constituent has transmitted the effect I'm the 
cross-circulation between the animals 

6) Anim als survive a greater dose of partial 
body irradiation than of w'hole body' irradiation 
The data of Bond et al (36) show that partial 
irradiation of the abdomen increases the ld 50 
m rats by' a factoi of 2 Similar recent informa- 
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tion was gained by Jacobson et al (37, 38) who 
have shown that shielding of the spleen alone 
increases the 50 per cent ld by a factor of 2 and 
that shieldmg of almost any part of the body (e g 
head) affords some protection agamst radiation 
effect When one membei of parabiotic twms is 
irradiated, the lethal dose for that member is 
very significantly mcreased (35) All these results 
strengthen the assertion that in mammals, a 
significant fraction of acute radiation effect must 
be extragemc and mediated by the humoral 
agents 

Selective irradiation of a portion of the ammal 
body is not easy to perform with x-rays The 
Dormer Laboratory group (39) is utihzmg high 
energy deuteron ion beams which allow irradi- 
ation of a small deep-seated region of the body 
without materially affectmg the overlymg tissues 
In one of the experiments, done m collaboration 
with the Institute of Expenmental Biology (40), 
the antenor pituitary gland of rats was irradiated, 
and a study of the overall and differential effects 
on secretion of pitmtary hormones is under way 

A few years ago attempts for therapy of the 
acute radiation syndrome seemed to be qiute 
hopeless With the realisation that many of the 


symptoms are due to humoral agents, we can 
now look forward with some confidence to the 
development of at least partial therapeutic meas- 
ures One should dihgently contmue the mquiry 
mto the nature of blood constituents that are 
most affected by radiation, and further study 
the effects of partial body irradiation There is 
already wide knowledge of the impairment of 
the blood clottmg mechanism (41) In addition 
Rosenthal (42) recently reported opalescence m 
the blood serum of rabbits which showed high 
correlation with subsequent death of the animals 
due to radiation effects The Donner Laboratory 
group (43) has identified the molecules causmg 
opalescence as a gioup of abnormal hpoproteins 
Very recently Jacobson et al (38) have demon- 
strated that lead-shielded spleens partially pro- 
tect rats from lethal effects of radiation even if 
the cuculation of the sluelded spleen is clamped 
off durmg exposure to x-rays, and released soon 
after exposure Further they showed that trans- 
plantation of normal bab}"^ rat spleen mto the 
pentoneal cavity of whole body uradiated rats 
also gave significant protection This 'therapeutic' 
influence seems to onginate from humoral agents 
secreted from the spleen 
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xIlmong the geneml purposes of this sympo- 
sium IS the discussion of the free energy (or work) 
requiremente of ceitam biological processes and 
the e\ammation of the relation between such 
requiieraents and the free energj'^ made aTOilable 
by spontaneous, metabohc processes 

It IB the particular purpose of this paper, m 
addition to fumislnng a brief thermodjmamic 
backgiound, to foimulate the above stated prob- 
lem, to make clear certain concepts encountered 
m such formulations, to discuss the form which 
the laws of thermod}Tiarmcs must take when 
applied to the kind of S3fsfem met with in biology 
and to acknowledge (with no pretense of here 
solving m detail) problems which arise from the 
inherent natme of biological systems and m the 
statement of the general problem posed m this 
symposium 

It IS clear that the above outhned objectives 
and the constraints of leasonable space are m- 
compatible unless some other condition is im- 
posed It ought then be anticipated that treat- 
ment here will be brief and include frequent 
reference to pubhshed and forthconung work 
Any attempt to avoid formal development is 
doomed from the start and would result in an 
unbearable clumsmess of expression The at- 
tempt has been made, however, to mclude only 
such formahsm as is demanded by reasonable 
standards of rigor and by the fact that physical 
intuition IS no safe guide m all situations 

1 SECONn LAW ANB CRITERIA OF 
SPONTANEITY 

It wiU be lecalled that the First Law of Ther- 
modjmaimcs is a statement of the conservation 

* April 30, 1951, Cleveland, Ohio 

^ The original investigations referred to in this 
paper were supported in part bj a grant from the 
Dr Wallace C and Clara A Abbott Memorial 
Fund of the Universiti of Chicago 


of energy in winch lecogmtion is taken of the 
equiimlence of heat and work ^he usual state- 
ment IS 

dE - dQ - dlF (1) 


where dE is the mcrease m mtemal energy of the 
sj'stem, dQ the increment of heat absorbed by the 
system from the environment and dW is the 
mcrement of work done by the sj'stem on the 
environment Sight should not be lost of the fact 
that dW IS external work and is zero unless pro- 
visions are made for the S 3 ^tem to perform work 
against external forces The First Law places no 
limitations upon the transformation of energy 
from one form to another but demands only that 
energ 3 " be consented 

On the other hand, the Second Law imposes 
a limitation upon the mterconvertabihty of en- 
erg 3 The statements of this limitation are many 
and familiar (1-3) The 3 ’’ are all equivalent, as 
can be demonstrated (2, pp 127-9, 3, pp 31-35), 
to this statement No process can occur the only 
result of which is the conversion mto an equiva- 
lent amount of work of heat extracted from a 


»ui ce which is at uniform temperature through- 
it Tins statement, based upon mvanant hu- 
lan experience, completes the mductive stage of 
iermod 3 mamics The law is then stated m the 
trm of an axiom and the methods of logic and 
lathematics are brought mto play to develop 
le consequences, producmg an assemblage o 
leorems or propositions These comprise t e 
ell studied array of formulae, equations, etc, 

' thermodynamics which cover a vast range o 
li3'sical situations and are of remarkable gen- 
■ahty Tins department, m some ways simplest 

nil rtf f.bermodv- 


- 


. rtoHorl 


namics , 

The usual pomt of departure in discussing tne 

consequences of the Second Lav is the statement 
T dS ^ dQ 
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where rfS IS the chnugo in entropj of the s\stcm 
and T is (he absoliile (oni])Cia(urc iit which llic 
increment of licit (JQ is absorbed The cqiiiilit> 
sign 111 equation 2 holds foi a rciersible pioccss, 
the ulcqu^lIt^ for a sjionLuieoiis or inexersiblc 
process If the S5stem is isolated such that dQ = 
0 , equation 2 becomes 

dS ^0 (3) 

which states tint the entiop3 of an isolated s\s- 
tem cm never decrease If the process is rc\ ersiblc, 
the cqunlita m equation S holds and the sjstcni 
suffers no change in entrop} It must be remem- 
bered that equation S applies to an isolated or 
adiabatic system for it is possible, with the iid 
pTYfi^xtemal sj stem, to decrease the entropy of 
a gnen sjstem The conditions under which 
equation 3 apphes may be achieved by isolating 
the S3 stem in a mannei such that its encrg3'’ is 
fixed and it can do no work upon the enviion- 
ment For example, if the system can perform 
onl3' pressure-volume work (PV work) then 
equations 1 and 2 show 

dSs V ^ 0 (4) 

thus the entrop3’^ at constant energy and volume 
can never decrease The system can m principle 
alwa3'S be so isolated by ‘includmg the environ- 
ment ’ Thus the entropy of the system plus en- 
vironment never decreases, as frequentl3'’ stated 
— the entropy of the universe mcreases as a result 
of an irreversible process By ‘umverse’ is meant 
the S3"stem and that part of the outside world 
with which it may mteract A process which 
occurs under such conditions of isolation is 
plainly spontaneous m that it occurs of itself, i e 
with no external aid 

Now the conditions under which the entropy 
change may be used as a cnteiion of spontaneit3' 
are difficult to achieve and almost never dealt 
with in laboratory practice The usual expen- 
mental conditions are constant temperature and 
pressure or, occasionaU3q constant enthalpy and 
pressure (eg m constant preasme, adiabatic 
calorimetry, dQ = 0) The most useful function 
wall then be the (Gibbs) free eneig3^, F, defined 


by 




F = H - TS 

(S) 

where 




H = E + PV 

(3) 


IS the enthalpy or ‘Teat content” and P and F 
the pressure and volume If we waite the woik as 


the sum of w'ork and ivoik of other kinds, 
then for a rovcrsilile process 

d]]\ = dW'r + P dV (7) 

whcie dW'r wall include reversible electneal, 
length-tension, etc , w'ork It folloivs from cqua- 
lions 0 , (7 , 1 and 2 that for a reversilile process 
it constant temperature and prnssure, 

dFr.p = -dW'r (8) 

It IS a direct consequence of equation 2 and the 
fact that dE is the same for a reversible and irre- 
X ersilile change that 


dFr p ^ -dW' (10) 

Equation 10 applies to any piocess at constant 
T and P If dW = 0, e.g if the S3’^stem can per- 
foim onl}’’ PV work, then dF ^ 0 If the sj’-stem 
IS allow'ed to do w'ork on the environment (i e 
the ennronment does not perform work on the 
system) then dB''' is positive or zero, and in this 
case too, dF ^ 0 Thus the free eaergi^ of a sys- 
tem, at constant T and P, w'hicli is permitted to 
do work on its environment can never increase 
BTien the free energy reaches a muumum no 
further change (without w'ork hy an external 
agency), can occur for this would entail an m- 
crease m free energ}’- the system is then m stable 
equihbnum Further, accordmg to equation 10, as 
long as the free energ}^ can decrease, useful (non 
PIO ^ork can be performed and when eqmhb- 
num IS reached no further work can be per- 
formed All of this IS well knowm The pomt 
which IS here stressed is that the derivation of 
equation 10 and the conclusions drawm from it 
are based squarely upon equalion 2 We cannot 
msist that the entiop}'’ mcrease except m an iso- 
lated 83"stem But for every statement about the 
entropy of an isolated system there is a corre- 
sponding statement about the free energ3^ of the 
same S3^stem at constant T and P In fact it can 
be shown (4), cf section 3, that the sunplest 
manner m which to compute dS^. ^ , equation 4, 
IS by computmg dF ,f p Moi cover it can similarly 
be shown (5, cf 6 pp 62-3) that the straight- 
foiward and sunplest calculation of the entropy 
change at constant H and P (under which con- 
dition T changes as a result of the process) 
hmges upon the calculation oi knowledge of 
dFp p The ‘smiphcit3 ’ m these cases is due to 
the agreeable properties of the chermcal poten- 
tial 
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In view of these last remarks and the role of 
the free energy change m the assessment of dissi- 
pation of energy m irreversible processes (sec- 
tion 3) we now turn to a discussion of 

2 FREE ENBRGT CHANGE OF CHEMICAL REACTION 
AND TRANSPORT 

Foi the usuaF chemical system the free eneigy 
IS completely specified when T, P and the number 
of moles of each chemical species are prescribed 
This evidently requn-es that T and P be umfoiTu 
throughout the system Even when this condi- 
tion is satisfied additional infonnation is needed 
if the system is spatially distributed (4, pp 96-8) 
The statements in what follows immediately can 
be modified for spatially distributed, open sys- 
tems with no essential change m principle De- 
note by Uk the number of moles and by m, the 
partial molal free energy (or chemical potential) 
of the fcth substance The fiee eneigy is given 

by 

F = niHi + RjMj + = 2 /jiRi (11) 

The chemical potentials nt , will be taken as 
Mi = 4 + RT Ct (IS) 

where R is the molar gas constant, Ct the molar 
concentration and mi the so-called standard chem- 
ical potential of the A,th substance The m* are 
functions of T, P and the nature of the solvent 
Equation 12 embodies all of the assumptions’ re- 
garding perfect, dilute solutes Consider the 
chemical reaction 

miAi 4- mjAj + m,At + m,A, -f 

in which, stoicluometrically, wii moles ol Ai, 
moles of A 2 etc react to give wi, moles of A, , 
etc If we adopt the convention that the m's are 
assigned negative values for reactants and positive 
values for products then 

duk = uik dN (IS) 

where N is the “degree of advancement of the 
reaction” (9) and dnt the number of moles of 
substance ^ produced when the reaction proceeds 
by tlie amount dN The composition of the sys- 
tem IS descnbable m terms of the imtial number 
of moles, n\ , and the smgle parameter, N With 

^ We must exclude strained elastic solids, sj s- 
tems m which surface energv is an appreciable 
part of the total, etc 

’ In particular equation 18 implies (4, p 93, 7, 
8, p 189) that there is no heat or volume of dilu- 
tion 


no loss m generahtt we assume that initially 
W = 0, then 

7ii ■= Hi + mtN ( 14 ) 

If F 2 and Fi are the values of free energy m the 
final and mitial states in which the concentrations 
are Ch and Cl respectively, then it follows straight- 
forwardly from equations 11, 12 and I 4 that 
F 2 — Fi = aF IB given by 

AF =• N\AF> + RT-S mk In CJ} 

Q (IF) 

4- S (n? + vikN) RT In 

* Gi 

or 

AF = N{A/?® -f- RT S ink In €>■] 

Ck 


^^Tlere is the standaid free energy change 
In equation 15 the quantity m brackets gives the 
free energy change, per equivalent,^ at the initial 
concentration, the lemaming terms give the free 
energj’^ change of adjustmg the final number of 
moles, nl + nikN, from mitial to final concentra- 
tions Similar remarks apply to equation 16 In 
spite of comphcations which may arise m apply- 
ing equation 16, 01 a modification of it, to bio- 
logical systems a fortunate, simphfymg condi- 
tion IS frequently met m practice (10) Evident 
from equation 16 is the fact that if some reac- 
tants are completely consumed so that the final 
number of moles is zero and if the concentrations 


)f some reactants do not change and if, further, 
.he concentrations of none of the products change, 
.hen the terms m equation 16 associated with 
he changes m concentration vanish (e g , sub- 
itances such as O 2 and CO 2 are under usual con- 
htions present at constant concentration, prod- 
icts such as starch, glycogen and fat are present 
it constant, saturated, concentration, and added 
ubstrates such as acetate, ethanol, etc are com- 
iletely consumed) It can be shown (11) that 
ather restrictive numerical limitations can be 
»laced upon the terms, m equations 16 and 16, 
issociated with concentration changes and nu- 
nerous special cases can be discussed 

If many reactions are proceedmg, as is usually 
he case m practice, then the extension of the 
bove discussion is as foUows Let Ni be the 
legree of advancement of the jth reaction and 

* Clearly, from equation 14, N = («i — nk)/mk 
, the niJber of equivalents of am reactant con- 
erted or of any product formed 
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vht the stoichiometric coenicicnt of substance ^ 
in the jth reaction Then 


din = " i»t) 'LV, 
iijt ■= 11° + " »iif Nj 

J 


(/7) 


For the total change in free encrgj one then ob- 
tains a sum of e\pie‘:sions, each of which is 
similar to equation 15 or 16 This causes no clifTi- 
cultj Howo\er, when, and this is the rule in 
biological s\ stems, ceitain substances participate 
siniultancoush in seienl reactions some special 
discussion (see suction 4) is needed for the cal- 
culation of 'efficiency ’ 

Finally it follows (12) from equations 11, 12, 
IS that the time rate of change of the free enorg^' 
IS gi\en by^ 


— 

dt 


dN 

Ti- 


t/S) 


w'here dN /dt is simjily related to the usual chem- 
ical kmetic expression for the reaction rate If con- 
secutive reactions, branched or coupled, are in- 
volved the summation is extended over all steps 
involved (12) 

Consider a system consisting of two umform 
phases Let n® and n\ be the imtial number of 
moles of a given solute and C\ and Cl the imtial 
concentrations m the phases If n moles are trans- 
ferred from 1 to 2, the free energy^ change is 


AF 


nRT In -f (n? - n) RT In 

C 1 Cl 

-p (nS -L n) RT tn ^ 

C 5 




where Ci and Ci are the final concentrations and 
it has been assumed that the standard chemical 
potential is the same in the tw'o phases If several 
solutes are transferred the total aF is obtamed 
by summing expressions such as equation 19 
Strictly speaking, when ions are transfeired, m 
addition to substitutmg activities for concentra- 
tions in equation 19 there should be added a term 
nzffAS where z is the valence, the Faraday' and 
AS the electrostatic potential difference between 
the phases In summing over all species mvolved, 
however, such electrical terms must cancel (8, 
13) 

If the sy'stem under investigation is not spa- 
tially uniform then the treatment in tins section 
reqmres modification In the first place the free 
energy is no longer given by equation 11 for the 
values of the /it depend upon the pomt m the 


system at which they arc evaluated Tlie total 
free energy is now given (4) by 

F = f XfikCi dV (20) 

Jp *■ 

when the /it and Ct are functions of the spatial 
coordinates and the integral is extended over the 
volume of the entire system If there are gradi- 
ents in concentration there will in general be flow 
of matter, although tins is not necessarily' (14) 
true of every' solute In any' event the ut and (7t 
arc dctci mined at every point by' the rates of 
diffusion, of chemical reaction and of flow of 
matter across the surface of the system The 
value of F may not be changing w ith time, as is 
the case (4) in the steady' state, but the value of 
equation 20 is still determined by the rates at 
which piocesses occur within the system Here 
we sec an important example of the interplay' of 
‘thermod^'namlcs proper' and rates The time 
rate of change of F for a spatially' distributed, 
open system is simple to obtain formally', often 
difficult to apply It can be show'n (4) that 



W'here is the flow', per unit area, per umt tune, 
m the x-direction and similarly' for and J* , q 
IS the rate of production, per unit volume, J, is 
the flow m the direction perpendicular to the 
surface, s, of the system Equation 21 has been 
written foi one solute such expressions for all 
solutes are summed in the general case The first 
integral gives the contribution from the flow or 
transport of substances m the system due to the 
fact that gradients exist, the second integral is 
the contiibution due to chemical reaction and 
when q is expressed accordmg to chemical kmetics 
the integrand is a sum similar to equation 18, the 
last integral is the contribution due to the flow of 
mattei, across the surface, into the system An 
important special case is the evaluation of the 
first integral in equation 21 for the case of a 
region (cell) in w hich concentrations are uniform, 
separated by a barrier (membrane) from another 
region (environment or extracellular space) w hich 
IS hkewise umform There wall be no gradients 
except the ‘concentration drop’ across the mem- 
brane We may' assign the membrane a finite 
thickness, attnbute to it the properties of a 
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bulk phase®, or take it m the lumt as mfimteai- 
mal, or plead complete ignorance of the dimen- 
sions and properties of the barrier The ap- 
propriate expression can be shown (4) to be 



A J RT In 


9l 

C, 


(«f) 


where A is the area of the membrane, J the 
flow (per umt area and time) out of the ceU and 
Co and C, are the concentrations outside and 
inside the cell respectively The pioduct AJ is 
the total flow (moles /time) out of the cell and 
(13) may be evaluated empirically without 
reference to the formal law of flow across the 
membrane Equation 22 is for a single solute 
and embodies the assumptions discussed for 
equation 19 It should be mentioned that if 
concentrations are not uniform withm the cell 
then additional terms, frequently of the same 
order of magmtude as equation 22 are contnb- 
uted The use of equation 22 may then be a 
fairly rough appioximation but the error is not 
easily evaluated ® 


3 FBEE ENERGY, DISSIPATION OF ENERGY AND 
AVAILABLE WORK 

Accordmg to the Second Law, the entrop 5 q 
(unlike energy, volume, etc ), is not conserved 
when irreversible processes take place Prom 
what has been said m section 1, the entropj’- 
gam of a system is not equal and opposite to 
the entropy loss of the environment unless the 
process is reversible If the process is irreversible, 
we are assured by the Second Law that the 
entropy of the system plus environment in- 
creases Irreversible processes thus result m the 
creation of entropy This is m essence the basis 
of the equahty statement of the Second Law 
(9, 6, 17, 4) It may thus be stated that 

TdS ^ dQ + dQ* (gs) 

where dQ* is the so-called uncompensated heat 
(9, 17) Equation 2S m conjunction with the 
mequahty equation 2 shows that 

dQ* ^ 0 ( 24 ) 


‘ This will lead to the usual permeabihtj ex- 
pressions (14-16) 

• To make the comparison between contribu- 
tions from gradients inside and from the concen- 
tration difference across the membrane one must 
assign a permeability coefficient, a diffusion coeffi- 
cient and dimensions of the cell The results clearlj 
depend upon these choices 


Purther, 

dS = dSr dS* (25') 

where dSr is the entropy reversibly commumcated 
to the system from the environment and dS* 
IS the entropy -produced by irreversible processes 
which occur m the system, and is given by 

T dS* = dQ* ^ 0 (25) 

The total entropy of a system does not necessarily 
mcrease but the irreversible production of en- 
tropy IS positive or zero 
If one considers a system at constant energj 
and volume the entropy change for such a 
system must correspond to the urevereible 
production of entropy For a process which can 
perform only PV work it can be shown (4) that 

dSsv^ ~^^ = dS*^0 (27) 


or for a fimte change 


AS* = - 


AF r p 

T 


(28) 


The physical significance of the ureversible 
production may be stated as follows It can be 
shown that T dS*, or TaS* for a fiiute change, 
represents the dissipation or ‘degradation’ of 
energy which accompames an irreversible proc- 
ess, 1 e , this quantity represents the amount of 
energy rendered unavailable for useful work as a 
result of ureversibihty It is clear then that the 
irreversible production of entropy represents, 
m the above sense, the waste or mefficiency of 
the process m question, a matter with which 
accompanjong papers (10, 13) are concerned 
From equations 1, 23 and 26 it follows that 

dE - TdS = -TdS* - dlV (29) 


Smce, cf discussion in (17) dE and dS depend 
only upon the imtial and final states, the quantity 
TdS* +dW has a set value If TdS* decreases 
dW mcreases correspondmgly Equations 1, 2S 
and 26 hkewise imply that 

aw = dWr-TdS* (SO) 


which shons TdS* to be an amount of work 
which could have been performed had the process 
been reversible or the difference betv een the 
maximum possible work, dlF,, and the actual 
work, dW, m the urevereible process 

It can be shown (5) that for a process which 
can perform non PV work, that 


dSs V 


dF T p dW* 
T 


^ 0 {81) 
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from A%hich , 

(fll ' = —iIFtp ~ Yds* 


(32) 


Equation S2 furnishes the cqitahlij statement 
corresponding to equation 10 It also states in 
nen of equation S, that the useful (non PV) 
work IS the ma\imum or reversible work mimis 
the enei^i dissipated 

It IS difhcult to exaggerate the simplicity of 
equations 27 and 31 and their derivations (4, 5) 
when comparison is made to the general formula- 
tion of the irreversible pioduction of entropv (IS) 
or the detailed derivation for special cases (G, 
19) to which these results apply Wo are in a 
position to w iite down at once the rate of dissipa- 
tion of energr 


dS* dF 

nr ^ ~ dl 


(S3) 


for diffusion' oi chemical reaction bj substituting 
equation 22 or IS respectiveh into equation S3 
and corresponding!} for the cases of finite 
changes It is easily shown (4) directlj from the 
simple laws of diffusion that the rate of dissipa- 
tion due to diffusion is the late of worl done 
against the forces of resistance to flow 
It IS sometimes stated and often implied (e g 
20-22) that the free energj dissipated m ii- 
reversible processes or the free energy not ‘har- 
nessed’ or the energy wasted appears as heat 
It 18 clear fiom the foregomg that this is not 
correct The actual heat is related to the energy 
dissipated by equation 23 For a spontaneous 
chemical reaction the dissipation is numerically 
equal to the free energy change In the special 
case of constant temperature and pressure w^hen 
A)S = 0 then the dissipation is given by the heat 
evolved, viz , —AH, wrhich further imphes that 
aH = aH w^hich IS knowm not to be true m 
general In the case of diffusion the dissipation is 
agam numencally equal to the free energy change 
If the solute is perfect^ there is no heat change 
It 18 not legitimate to regard heat evolved as 
‘w’aste energy’ nor does dissipated energy 
necessarily appear as heat 


with associated free cnerg} changes aF and 
aFo Then, since free eneigics are additive 

AF, -f AFz = AF (34) 

Assume now for definiteness that aF % is positive 
and AFn negative It will then be said that the 
second process 'drives’ the first, and further, 
that the free energj ‘available’ from the second 
process is —aF^ and that ‘used’ m the first is 
aF\ The ratio 


X 


Af', 


-AF, 


' (35) 


IS called tlic ‘cfficiencj i e , the cfficiencj m the 
oierall or ‘coupled’ process of the utilization of 
free encrgi made available bj a spontaneous 
process in dnrnng a non-spontaneous process 
This quantitj, which we will refer to hereafter 
as simply the cfliciencj , is also called the ‘machine 
cflicicncr' (20, 10) and, more properh, the 
‘thorniodj iiamic e^ficlenc^ ’ (23) 

The calculation and interpretation of efficiencj* 
as defined above requires at most what maj be 
an moidmate amount of knowledge about the 
process and sjstem and at least great care and 
thorough quahfication m stating what is meant 
Only m the simplest cases is it possible to vn- 
ambiguoushj identify the quantities m equation 
S5 and assign them the meanings discussed 
above In the remainder of tlus section the 
vanous factors and difficulties involved in the 
calculation of efficiency wall be discussed First, 
how ever, some remarks on the defimtion given in 
equation 35 wall be made The ‘maclune efficiency’ 
was first discussed (20) m connection with the 
problem of w'hether or not organisms operate 
witlun the Second Law It is easilj’^ showm from 
equations 34 and 35 that an efficiency of more 
than 100 per cent (X > 1) imphes that aF is 
positive It IS well knowm that the effect of 
‘couphng’ of processes is one of conservation of 
free energy This is imphcit in the defimtion of 
X, Since® 


X = 1 


AFi 


( 36 ) 


4 CALCULATION OF EFFICIENCT 

Consider an overall process which is spon- 
taneous and which proceeds wath a free energj 
change aF Let it be capable formaUy of repre- 
sentation as the ‘sum’ of two component processes 

’ In general the dissipation due to diffusion is 
given by the first integral m equation 21 preceded 
bj a minus sign 


Thus the smaller the loss m free energy, aF, the 
greater the efficiencj’- The term ‘machine effi- 
ciencjr’ is somewhat misleading smee m many 
cases no external w ork is mvolved (e g , ex- 
penditure of free energj^ m mamtammg concen- 
tration gradients, chemical sjmthesis, etc ) The 

* This equation shows that, since aF, is ner 
tive, if aF 18 positive X exceeds unitj 
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use of this tenn for X as defined above may be 
clarified as follows If the non-spontaneous com- 
ponent process is to occur alone this is possible 
(equation 8} only if some external agency does 
work m amount at least aFi upon the sj^stem 
When the spontaneous component process occurs 
it is possible for the system to perfoi-m work m 
amount — Afz upon some external agency The 
efficiency is the ratio of these theroretical works, 
although m the actual coupled process it may be 
that no external work is performed Finally, it 
can be shown that, in terms of the concepts 
discussed in section 3, X is a measure of energy 
dissipated From equations 27 and S6 it follows 
that 


X 


TAS* 

~AFt 


(S7) 


which states that the efiiciency is umty nunus the 
fraction of the (available) energy which is dis- 
sipated 

a) Component processes For the simple 
process 

ATP -f Glucose i=; Glucose - P -f ADP 
assume that conditions are such that 

P -f Glucose ^ Glucose - P aFi > 0 
ATP i=; ADP + P aPj < 0 

There is no question here that the component 
processes are those shown In more comphcated 
cases, howevei, (10) the oveiall process may be 
partitioned mto component processes in several 
ways Each partition leads to a different ratio 
of free energies and hence a different efficiencj" 
The choice of component piocesses is usually 
clear from known pathwa3T! of inteimediar^'- 
metabohsm These problems are discussed else- 
where (10) 

b) Assignment of AF to a given reaction A 
problem closely related to the one above is the 
followmg The substance A is conveited simul- 
taneously to substances B and C 

Ai=fB 

Ai=;C 

The calculation of the total free eneig}" change is 
simple by the method already discussed (sec- 
tion 2) We msh howevei to calculate the free 
energy change due only to the conversion of 
A to B The concentration of A at anj stage of 
the reaction is deteiimned bj" how much A has 
been converted over both paths The mcrement of 
free energ}" due to converting a small amount of 
A to B will then depend upon the amount of A 


which has been converted over both paths 
Clearly the quantity which we wish to compute 
depends upon the relative rates of the two reac- 
tions If we define /i(<) and /s(<) as the number of 
moles of A which have at tune t been converted 
to B and C respectivelj’- then it can be shown 
(11) that 

AF(A B) ^ !^AP> + RT In (S8) 

IS the desired quantity where [5] andJlAj'^^are 
the concentrations of B and A at any tune" If 
nA and ns are the imtial number of moles of A 
and B, equation SS gives 


AF(A -♦ P) =/, ( APo + PP fn 






ART 



dh+BdB-frdft 

n\ -fi-f, 


The terms m equation S9, except the mtegral, 
are identical mth the terms obtamed nhen 
equation 16 is apphed to the reaction m question 
It can be shown that if the functions fi and fi 
are proportional, the last two terms in equation 
39 give 


h 

fi + fi 


UaRTIii 


[Al 


Thus the usual term m equation 16 contributed 
bj' the change in concentration m A is multiphed 
by the fractional amount of A converted to B 
The problem can in pnnciple be solved whenex^er 
the rates are specified whether thej" are empui- 
callj-^ determined oi othermse knoini In general 
such simple results as the above cannot be 
expected This problem, illustrated by the very 
simple example above, is a pronunent feature of 
the calculation of ‘efficiencj of synthesis’ in 
which, for example, a substrate is simultaneously 
oxidized and assimilated 

c) Available free energy Perhaps the most 
vexmg problem to be encountered m the calcula- 
tion of efficiencies is that of decidmg the amount 
of free energj" ‘awiilable’ foi dnvmg a given 
process At least account must be taken of the 
restmg, non nutnent or mamtenance level of 
metabohsm If the available free energy is taken 
as that available from spontaneous processes 
above and be3^ond the mamtenance level (10) 
it 13 then assumed that the cost of mamtenance 
IS not altered 63 the activity or s3Tithesis m 
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question Certain!} ciicumstinces can often be 
achieved wherein tlic ‘correction’ foi resting oi 
non-nutnent inetnliohsin is neghgililc (10) But, 
in principle, one must enteitain tlie idei that the 
cost of maintenance is not iimiinnt undei im- 
posed conditions of activitv Y hile, m tlie liglit 
of present knowledge, it cannot be asset ted tliat 
activit}' and resting metabolism are even qiiahta- 
tneh the same it is probable tliat thev are not 
utterly independent As discussed clsewliere (12) 
it can be shown that various piocesses subserved 
bj common energ}-rich intermediates compete 
for such compounds Tims the enhancement 
of a given process can suppress others with 
w Inch it competes and com erseh If maintenance 
processes are not 100 per cent efficient, and this 
must be granted, then it is possible to divert 
eneig} fiom maintenance pathwa}'S wathout 
actuallj’’ impairing maintenance 

The real pioblem here is that of identifjing 
what ma}" be called ‘unavoidable waste’ IVe 
know that for spontaneous precesses, processes 
proceedmg at a fimte rate, there must be dissipa- 
tion But w'hat now is unavoidable w aste? 

Consider for evample that among the processes 
competing for energj-rich intermediates there 
occurs wasteful sphttmg It is knowm that such 
occurs and is even catal3'2ed bj' specific enz3Tnes 
Now the cell makes best use of av^ailable energ}-- 
when the useful processes compete most suc- 
cessfully with wasteful sphttmg Tins is gov^emed 
b}^ relative rates and those processes which are 
among the most successful competers are most 
efficient If wasteful splitting occurs this is just 
the t3TDe of information we wash to have reflected 
m an efficiency calculation This is bad manage- 
ment on the part of the cell 

On the other hand considei the foUowang 
situation In computing the free energj^ of spon- 
taneous processes if the calculation is made for 
the concentrations existing in the medium it is 
then assumed that a given amount of free eneig}'^ 
IS av^ailable It is knowm that m general, but not 
necessanl}'^ (14), the concentration of a consumed 
substance is lower m the cell than in the medium 
Calculation at the cellulai concentration 3aelds a 
different free energ}" Moreov'-er {equations 21 
and 22) the difference coiTesponds to dissipation 
in the diffusion field In general vv e w ould insist 
that this free eneig} is wasted insofai as svmtheses 
are concerned Tins is poor aichitecture on the 
part of the cell, open, iion-umform s3-stenis are 
naturally mefficient, this is unavoidable waste 


consequent upon the structured nature of the 
svsteni But all of this is true if we are interested 
111 a giv^en S3nthesi8 and nothing else It has been 
shown (4, 14) that ns a result of the metabolism 
of substrates, non-nietabolized solutes can be 
maintained at a highci concentration inside the 
cel! than in the medium Alore sign ifica nth , the 
cost of this maintenance is deriv'ed from free 
cnergv of the diffusion field of met ibohzed solutes 
We cannot then regard the free eneigv of diffusion 
as wasted to the lolal ecoiiomv of the cell Con- 
vei-sely if tlic total free cnergv derived from 
metabohzed solutes be regaided us available for 
maintaining concentration differences, the com- 
puter! efficienc} of this maintenance is quite 
low and under the circumstances discussed (4, 
14) it IS known tint it is the free energ} of 
diffusion alone which is lesponsible foi this 
maintenance The rates of free energv change 
due to diffusion and reaction are (equation 21) 
inseparabl} linked and assignment of free energ}’" 
available for separate processes is often difficult 

It has also been sliowm (14) that soluble cata- 
l3sts will distiibute m a defimte manner in the 
diffusion field of the cell Often tius distribution 
is such that the rates of catal} zed reactions are 
different (either greater or less) than would be 
the case if the same number of moles of reactant 
and catal3St were placed in a closed umfoi-m 
svstem of equal vmlume Such chstributions are 
maintained b}"" the diffusion free eneig} and, in 
addition to bemg legulatoi"} devnees, contribute 
to the cost of maintenance as certainlv as do 
more obnous maintenances of structural m- 
tegnty An impoitant feature is that such dis- 
tnbutions and hence the cost of maintenance aie 
shifted when new conditions aie imposed upon 
the cell It IS a direct consequence of the general 
law's of diffusion and kmetics (14) that the rate 
at which a given process occurs is dependent 
upon the rates of other, chemicaU} independent, 
reactions The efficienc} of a giv'en 53x1^16818 will 
then be different when other 83x11116868 are oc- 
currmg 

Further examples cannot be discussed here 
It should be cleai from the foregomg that al- 
though efficienc}' calculations are based upon 
classical thermod3xiamics, often certain exdra- 
thermod3Xianiic information is required In par- 
ticular, rates, nature and concentration of in- 
termediates and ‘geometi3'’ or structure pla} a 
major role m determimng how well the cell can 
dispose of available energ} 
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FACTORS IN NERVE FUNCTIONING 
Abraham M Shanes 

From the NaUorial InsMutc of ArlhnUs and Melahohc Diseases, National Inslituks of Health, 

Bclhcsda, Maryland 


1K.ECENT developments emphasize a close re- 
lation. between nerve activitj and ion move- 
ment Hodgkin and his associates have presented 
the evidence in favor of their view that spike 
production is related to sodium entrj , this is 
beheved to be followed closelj bj^ the known 
exit of potassium (1-4) Kejmes (5, 6) has ob- 
tamed direct analj4,ical data for sodium influx 
as w ell as for the prenoush established potassium 
escape As recognized by these investigators, the 
data are either higlily indirect and dependent on 
a number of assumptions or senouslj dissociated 
m tune from the bioelectncal events assumed to 
be mvolved 

Barker studies (7-12) hai e led to the conclusion 
that slow changes m the polarization of both 
frog and crab nerve, under a large vanetj of 
conditions, are caused prunarily by alterations m 
the potassium concentration at the fiber surface 
which result from the release and active uptake 
of potassium If this w'ere substantiated one w ould 
have at hand the opportimity to study and to 
correlate electneal phenomena sunultaneously 
with lomc transfer and thereby to evaluate con- 
cisely the factors governing the kmetics and 
energetics of the system 
The purposes of this report are a) to describe 
bnefly recent results of the study of potassium 
and sodium transfer m relation to the earher 
bioelectncal observations, b) to provide a more 
precise appioach to the kmetics of lomc and 
electneal phenomena for comparison with avail- 
able data, and c) to employ these principles for 
a prehminary survey of the energetics of the 
restmg and active state Full details wall be given 
elsewhere 

RESULTS 

Anoxia Bioelectrical Observations Oxj- 
gen lack causes progressive depolarization which 
IS slow ed by glucose but accentuated by lodoace- 
tate poisomng whether glucose is present or not 
(7, 11-15) Return to oxi'gen leads to repolariza- 
tion, usually wnth overshooting (7, 11, 15, 16), 
in glucose the amplitude of repolanzation is 
less (11,12) 


Analttical Data Almost simultaneous!} e\i- 
dcnce was reported foi frog and crab nenm (17, 
IS) that anoxia causes jiotnssium release, thereb}' 
refutmg earher claims to the contrar} (19, 20), 
reabsorption was noted during the penod of 
oxidative recoier}" Glucose was found to reduce 
the ionic shifts in invertebrate nenm (18) 

More details have now been obtained for frog 
nerve Table 1 confirms the finding b} Fenn and 
Gerschman that anoxia causes potassium release 
In addition it demonstrates that glucose retards 
this loss and that lodoacetate poisomng inhibits 
the sugar effect Because of its importance for the 
theoretical development later, mention must be 
made of our failure to confirm the conclusion bv 
Fenn and Gerschman (17) that potassium release 
IS not a continuous process throughout anoxia 
Our exTienments, now numbering m the hun- 
dreds, iniolve repeated anal}ses of the media 
from the same nenes as w'ell as of the nenes 
themselves, none has failed to demonstrate a 
continmng loss of potassium 

Table 2 illustrates that removal of the external 
sheath imjiroves potassium escape dunng anoxia 
only slight!} but is essential for a demonstration 
of potassium uptake dunng a smgle hour of 
recover} The unimportance of the sheath foi 
the anoxic release indicates that another 
boundar} , such as the mdmdual fiber mem- 
branes, ma} be hmitmg potassium moiement 
under these conditions When potassium shifts 
are rapid, as may be the case during recoi ei} oi 
dunng stimulation, the epineurium would be 
expected to be the hmitmg factor 

Table 3 summanzes sodium and potassium 
data obtamed b} analyses of the nen^es imme- 
diately followTng anoxia In general, the escape 
of potassium is accompamed b} an uptake of 
sodium the latter bemg greater as desenbed for 
stimulation (6) Tlie protective action of glucose 
extends to sodium as w ell as to potassium Withm 
the error of our measurements of dr}^ and wet 
weights, water movement usual!} was not sig- 
nificant 

Veratrme and Cocaine Bioelectrical Ob- 
servations These alkaloids have opposite effects 
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on the rate of anoxic depolarization, the anes- 
thetic decreases, the ‘unstabihzer’ increases it 
(9, 11, 12, 21) Man}" other compounds (22), 
mcluding procaine and antihistaminics (12, 21), 
duphcate the action of cocaine and may be called 
‘stabihzers’, at physiological concentrations, such 
as employed heie, no respiratory effects aie 
demonstrable (23) Veiatiine, howevei, mci eases 
the respiratoiy rate (24) The antagonism be- 


Table 1 Potassium lost in N: to niNOEn' 

CONTAINING THE INDICATED CONSTITUENTS 

R ptptens 


HOOTS IN Nl 

sue 

' OLUC 

UA -f OLUC 

Dirr * 

5 

10 8 ± 

7 0 ± 


3 8 ± 


0 5» 

0 5» j 


0 2 

2 


0 7 ± 

2 7 ± 

1 97 db 



0 4 * 1 

1 

0 3< 

0 3 


Datain/iM/gm Det weight 
Sue = sucrose. Glue = glucose, lAA = lodo- 
acetate Variabihtj in this and all follow mg tables 
expressed as the standard error based on at least 
6 paired nerves 

* Composition as previousl}" noted (7) , potas- 
sium concentration 1 7 nM/ral ’ Standard errors 
computed from differences of paired nerves 
* Sugar concentration 10 i<M/ml * Glucose con- 
centration 20 pes/ml , lAA concentration 1 fiM/ml 

Table 2 Potassium lost during anoxia and 
THE FOLLOWING HOUR IN OXYGEN BY INTACT 
(l) AND DESHEATHED (d) NERVES 
R ptptens and R catesbtana 



2 HK Nj loss 

1 HB Oj loss 


I D 

I D 

1 

1 

13 2 2 

0 24 - 0 85* 

D-I 

0 9 dh 0 3 

-1 1 ± 0 ID 


Datain/iM/gm wet weight 
* Potassium absorbed from medium 


tw een veratrme and cocaine is shown pai ticulaily 
clearly by the prevention of the depolaiizing ac- 
tion of higher concentrations of the alkaloid mux- 
ture by low concentrations of the stabilizer (12) 
Analytical Data Figure lA illustrates o) the 
mcreased escape of potassium m veratrme con- 
centrations which cause depolarization and b) 
its complete prevention by cocame m concentra- 
tions which prevent veratrme depolarization Fig- 
uie IB demonstrates the abihty of cocame to 


block veratrme action even after the alkaloid 
mix-ture has acted for some time, the cessation of 
potassium release in this case is followed by a 
significant absorjition Table 4 provides 
data showing the inci eased release of potassium 
during anoxia in veratrme concentrations too low 
to cause eithci depolarization or potassium re- 
lease in oxygen Table 5 shows the behavior of 
both sodium and potassium As in anoxna^sodm 
entry usually exceeds potassium exit mveratfine, 
b otli are iircvented~15y~ cocaine rEe~anesthehc 
also reduces sodium and potassium transfer dur 
ing anoxia, but its effectn’eness is substantialli 
less than in veratrme In all of these cases water 
shifts w ere not significantly greater than the ec 
peiimental erior of the weight determinations 
used for their measurement 

Stimulation Bioelectrical OnsERy^ATioNS 
The after-jiotentmls of crab nerve are particularly 
suited for correlation with other less accesable 
characteristics because of their ty"pical slowness. 
Under special conditions the w ell-knowm depolar 
ization during a tetanus (14) is followed by 
lecoy'ery leading to an oveishootmg of polanza 
tion level which apparently lepresents a positwe 
after-potential (11) The relation of the de- 
polaiization to the negative after-potential is 
shown by its mcrease with y"eritrme, the amp 
tilde of the repolarization is corresponding y 

greater (11, 25) 

Analitical Data These were obtamed as m 
most of the pievious expermients by analyses o 
small volumes of media recirculated past a 
nerves and collected at legular mtervals, t e 
perfusion umts eniploy^ed perimtted concomiten 
observation of the spikes with stimulation 
has been found that m addition to tlie potassium 
escape long known to accompany" activity", po 
tassium reabsoiption occurs dunng recovery , 
moieoy"er, these shifts, like the correspon uig 
electrical changes, are accentuated by" vera rm 
(25) 

In frog nerve potassium release also results 
from stmiulation (26) The eaiher work has been 
considered questionable because rather extreme 
conditions of stimulation were neces.sary iaom 
6 illustrates the considerable increase m tue 
potassium released per impulse w"hen the external 
sheath of bullfrog nerve is removed Milder 
stimulation, practicable m the absence of the 
sheath gives about the same loss per impulse as 
a more rigorous tetanus As m crab nerve, low 
veratrme concentrations mcrease potassium es- 
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cipc during tetani Potnssunn u])t!iko following 
stnnulntion his not been seCn in tins tissue, 
howe\er this ninj hwe been obscuied In the 
potassium loss which occui-s fioiii R calcsbiana 
nene, whether slienthcrl or deshenthed, e\cn 
w hen nt rest m o\} gen 

Studies restricted to desheathed fibers must be 
regiided is tentatne iiending (he eviluntion of 
the significince of the considerable swelling thc\ 


nicasurcnicnts on the assumption that accumula- 
tion of ])otassium in the extracellular sjiaces, such 
ns would occur m the usual moist chamber situa- 
tion if ])otassnmi did actualh leak out, could be 
computed from the known dci)olari7mg action of 
excass potassium when apjihcd b} waj of the 
external medium Although the piedictabilitj of 
potassium behavior is now m favor of the original 
In jiothesis, our more recent finding that sodium 


Table 3 Sodium and potassium conti-nts or neiim-s, paired with respect to indicated 

CONDITIONS, AFTER G-IIOUR EXPOSURE TIME 

R piptcns 



Na 

K 

Nj 0. 

Ns 0, 

N:-0. 

S2 0±23 66 3±17 

15 7 ± 1 6 

27 1 ± 1 3 38 4 ± 1 2 

-11 3 ± 1 3 


Ni + lOmM Glue * Nt + lOmw Sue ' 

Ns -f- lOmu Glue ' Ns + lOraii Sue.' 

Glue Sue 

58 7±1S 67 9 ±20 

-9 2 ± 3 3 

287±11 25 5±08 

3 2 ± 0 7 


Standard errors of the differences are computed from the differences of paired nerves 
Datain^xM/gm wet weight 

1 Sugar replacing an osmotic equivalent of NaCl in the medium 


undergo in 3 to 4 hours their weight increase 
approaches a maximum of 30 per cent relative to 
the mitial w^eight with sheath, and of 40 per cent 
relative to that without sheath Sodium is also 
gamed in amounts equivalent to the entrj of 
isotomc salme Tliese effects may be extrafibiiUar 
for a) the potassium content relative to the di'v 
weight IS little changed, b) the spike heights and 
the abihty to withstand repetitive activity aie 
not affected significantly, and c) the impi-ox^ed 
absorption of potassium following anoxia is hardty 
attributable to damage Fortunatelj , inverte- 
brate and mtact vertebrate nerve provide a 
check on the results with desheathed fibers 
In view of the data which have been presented, 
the conclusion appeare unavoidable that potas- 
sium slufts — and correspondmg exchanges bj'- 
sodium where these have been followed — are 
mtimately correlated both in direction and tune 
with the after-potentials and the changes m 
restmg potential 

THEORl AND BELATED DATA 

Sodium vs Potassium Bioelecthical Ob- 
servations Tlie obsened movements of potas- 
sium weie predicted fiom the earlier electrical 
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Table 4 Comparison op potassium released 

HOURLT BT CONTROL (r) AND VERATRINIZED 
NERVES (v) SUBJECTED TO SUCCESSIVE EX- 
POSURES OF OXYGEN AND NITROGEN 


OA5 

R 

vi 

R 

v‘ 


0 0 

0 0 

0 0 

0 0 

0- 

0 1 

0 0 

0 0 

0 0 

N. 

1 0 

4 3 

1 1 

3 1 

N, 

1 6 

4 0 

1 5 

1 3 9 

Oi 

-0 6 

0 0 

-1 0 

1 7 


Data m ftM/gm wet weight 
' 0 5 mg % veratnne * 0 17 mg % veratnne 


potassium accumulation or froin its prevention 
or decrease In this connection Peng’s observ'a- 
tions on the failure of conduction durmg anoxia 
and lodoacetate treatment and the utdization of 
lactate dunng lodoaeetate poisonmg onlj^ when 
oxjgen is present, parallel perfectly later findings 
on the state of polanzation (15) This is m accord 
with the very early conclusion that the polanza- 
tion level is an important element m conduction 
The recent experiments of Lorente de N6 (16) 
lend further support to this view as weU as to the 
postulate that conduction failure, where depolar- 
ization IS known to occur, is an index of such 


Table 5 Sodium and potassium contents of paired nerves subjected to different control 
(c) AND experimental (x) CONDITIONS FOB 6 HOURS 


R piptens 


CONDITIONS 


Na 

K 

0 

' X C 

X c 

X = N» -f 0 1% cocaine 

C = Nj 

x-c 1 

699±16 777±23 

-7 8 ± 2 1 

35 0 ± 1 8 29 8 ± 1 6 

6 2 ± 0 6 

X = 1 60k‘ veratnne 

C = Ringer 

x-c 

80 9 ± 2 1 60 8 ±22 

20 1 ± 2 4 

16 8 rt 0 8 36 1 ± 1 8 

-19 3 ± 1 2 

X = 1 50k* vei 

C = ver -f 0 1% cocaine 

x-c 

844±22 626±19 

21 9 ± 1 4 

20 6±13 37 3±05 

-16 7 db 0 9 


Standard errors of the differences computed from the differences of paired nerves 
Data m aw/gm net weight 
> k = 1000 


moves m the opposite direction — paiticulail}^ m 
the light of Ussmg’s suggestion (27) that sodium 
extrasion is the primaiy process responsible foi 
fiog skm potentials — laises the question as to 
which ion, if either, is immediately linked with 
metabohsm and concerned with the electrical 
changes 

Several observations m the hterature, and some 
which we have recently made, seem to provide 
defimtive answers With legard to anoxic failure, 
Feng and Gerard (28) reported that the meie 
washmg of anoxic frog nerve with oxygen-free 
solution caused partial recovery Feng (29) re- 
ported two observations to the effect that con- 
duction faduie occurred more qmckly when 
nerves exposed to lodoacetate were mounted m 
a moist chamber than when they were kept m a^ 
large volume of the same lodoacetate Rmger 
Similar observations for anoxia have recently 
been reported for frog nerve (30) These are 
obvnously results such as would follow from 


Table 6 Potassium loss per impulse as deter- 
mined BY stimulation OF INTACT AND DE- 
sheathbd bullfrog sciatic nerve, in the 
PRESENCE OR ABSENCE OF 0 05-0 1 MG % VERA- 


TRINB 


CONDITIONS 
OF smnj 
LATION 

100 SHOCRS/SEC 

roR 60 ms 

20 SHOCKS/SEC. POR 30 UIN 

eingek (s) 

a -f \ ERATRIXE 

Dcsheath- 
ed nerve 
Intact 

nerve 

1 8 X 10-‘ 

1 

1 3 X 10-® 

2 0 X 10-‘ 

4 6 X 10-‘ 


Data in /iM/impuIse, gm wet weight 


depolanzation His demonstration that an anodal 
current restores conduction and repolanzes m 
the contmued presence of expenmental agents 
which have been demonstrated to cause potas- 
sium release, may now be taken as evidence for 
the mtegnty of the semipermeable properties of 
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Fig 2 TEMroiiAi,cnAn\CTEiusTics ot functional 
changes of a squid n\on, onh jiarlh donned, a) 
in nitrogen gas, h) upon ashing with iiitrogcnated 
sea water ■, c) upon return to owgcn gas, and 
d) upon washing wath owgcnatod sea water □ 
Spike height and latency (including conduction 
time) in inches of oscilloscope deflection 


and conduction bj wasliiiig and anodal cm rents 
ap])cars irreconcilable w itb Ussing’s jirojiosal that 
failuie of sodium extrusion leads to depolariza- 
tion , convci-sch , the accumulation of excess cx- 
Imcellulai jiotassiuni is in simjile accord with 
known ficts and ])io\ide.s a consistent explana- 
tion foi the observations 
Anamticae Data The iiossibihtj of distin- 
guishing between a mcchiinisni concerned with 
potassium uptake rather than with sodium cx- 
tiiision IS afforded In observations on the effects 
of a low sodium level in the medium on ion trans- 
fci "With the sodium concentration reduced to 
th it of jiotassium, the scnsitn iti attained for 
detection of sodium shifts is almost equal to that 
for potassium, moieovei, anaijses can be earned 


Table 7 Potassium losses to niXGEn, and sodium and botassium iaisses to a low sodium ringer, 

XIEASURED AT SUCCESSn E INTERVALS FIRST IN OXXOEN THEN IN NITROGEN 


R ptpicns 


1 


low SODIUM RINGER* 

COKDinON 

mvcEE K loss 




K loss 

Na loss 

1 hr Os 

0 24 ± 0 10 

0 34 ± 0 15 

3 88 ± 0 19 

1 hr Oj 

0 08 ± 0 11 

0 31 ± 0 13 

2 49 ± 0 25 

2 hr Ns 

2 02 ± 0 19 

2 13 ± 0 20 

1 91 ± 0 18= 

2 hr Ns 

3 50 ± 0 15 

2 58 i 0 19 

1 05 db 0 24> 


Data in pii/gm wet weight 

'NaCl replaced wath sucrose or choline chlonde * The expected sodium loss calculated from 
ox\ gen data is 2 10 (xM/gm “ The expected sodium loss calculated from oxygen data is 0 86 nu/gm 


the fiber membranes and for the tiansport back 
into the fibers by the cuneut of the potassium 
wluch had leaked into the surroundmg space 
The effects of washing have been exammed m 
a sj-stem where bamers to electroljde transfer 
are close to a nummum — the nerves and giant 
axons of the squid Figure 2 illustrates the 
dramatic effects noted for the action potential of 
a partia% cleaned giant axon Washmg with 
oxw gen-free solution, after fadure m mtrogen gas, 

1 estored the spike height and normal conduction 
a elocitj' practically instantaneously and this 
could be repeated many times, return to oxygen 
from mtrogen gas, on the other hand, required 
2i to 3 nunutes for the spike to first appear and 
longer still for it to approach normal amphtude 
It IS sigmficant that the changes in spike height 
and conduction velociti m mtrogen are such as 
to be expected from an excess of potassium 
(31, 32) 

The restoration of both the resting potential 


out for both sodium and potassium on the same 
medium samples 

Table 7 demonstrates the behavior of nerves 
first m oxygen then m mtrogen after one-hour 
eqmhbration in Rmger or m a low sodium Rmger 
The potassium losses during anoxia are about the 
same m either Rmger — ^perhaps somewhat less 
m the low sodium Rmger if allowance is made 
for the imtial tendency of potassium loss m this 
solution to be mamtamed at a somewhat higher 
level than m the control Sodium liberation, 
which is chiefly or exclusively from the extra- 
cellular spaces (33), occurs at a contmually 
decreasmg rate m accord mth the exponential 
function obsen'’ed m controls and with no mdi- 
cation of an additional decrease ivhen mtrogen 
IS mtroduced Experiments with longer equilibra- 
tion periods m regular and low sodium Rmger 
were also tned but were unsatisfactory because 
potassium losses m oxjrgen were verx high m the 
latter solution, respirator} inhibition probabh 
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IS involved (34) Tlie e\penmental results there- 
fore demonstrate that potassium release m mtro- 
gen IS not contingent upon sodium entiy, fiom 
this it may be concluded that potassium exit is 
the primaiy consequence of metabolic inhibition 
and sodium influx is secondary In the absence of 
analjdical data, the same relationships mar be 
assumed to applj to potassium reabsorption dur- 
ing lecoAmry 

Kinetics The Resting State From the 
available facts we maj'’ conclude that a neive m 
apparent equilibiium with its enviionment witli 
respect to potassium and sodium achieves this 
by the absoi ption of potassium at a rate exacti}' 
equal to the tendenc)'- of this ion to escape 
Eiidence has been piesented (8, 10, 11) foi 
regarding the enzjTiiatic process of uptake to be 
directly related to the potassium concentiation 
at the fibei suiface, K,, as a first appioximation 
the relation may be considered linear The late 
of escape w'ould be goimmed bj^ phj'sical char- 
acteiistics of the S 3 steni such as permeabihty 
and concentration differences The rate of mcrease 
of the intracellular concentration, Ki, due to 
metabolism is therefore 


and the rate of decrease because of physical 
factors is 

^ = -Pi(K, - K.), (2) 


changes w'hich may be induced by experimental 
agents hke cocaine that leave respiration unal- 
tered This 18 presently under investigation 
Anoxia The washing and anodal lepolari- 
zation expeiimentspreviouslj mentioned indicate 
that stmctural characteristics related to the func- 
tional activity of neive lemam mtact for long 
periods duimg anoxia Glyco^^is selves as a 
source of eneigy, but only to a hmited extent, 
according to Feng (35) lactic acid production 
accounts for the lesidual energy release of frog 
nerve during anoxia The combination of anoxia 
and lodoacetate therefore may be regarded to 
achieve practically complete cessation of the 
metabolic machinei’}’^ foi potassium uptake Let 
us assume that stiuctural integrit}’’ is still main- 
tained ' Figure 3 gives the simplified model of a 
nenm and the differential equations deiived there- 



Fig 3 Simplified model of a nerve in cross- 
section and the equations assumed to underly 
potassium transfer in the absence of metabolism 


in the steady state these are equal and opposite, 
hence, smce K* Ki, 


The rate constant, k, foi metabolism should 
therefore be gi eater than the permeabihtv con- 
stant Pi (which also mcludes geometncal factore) 
b}’’ the ratio of mtracellular to ex-tracellular po- 
tassium concentrations On the basis of the po- 
tassium-potential relationship, an approximate 
mdication of the relative magnitudes of these 
constants maj"^ be obtained from the maximal 
rates of post-anoxic repolaiization and of anoxic 
depolarization These aie of the order of 100 1 m 
frog nerve, which is roughlj^ the potassium ratio 
m this tissue (see below) 

Equation S is of importance in mdi eating that 
alterations m metabohsni as well as of the pei- 
nieabihty wiU change the equihbnum If valid 
it promdes one means of evaluatmg permeability 


fiom foi potassium diffusion into a stiiied 
medium, o The mdmdual fibers are considered 
to constitute a single giant fiber of volume Vi 
bounded by a membrane w hose phj sical charac- 
teristics aie described by the constant Pi * Sur- 
lounding this is the lumped extracellular space, 
of volume Va, bounded m tuin by a suiface w'hich 
m flog nerve is represented chief I 3 by the epi- 
neunum and by the constant Pj * That the epi- 
neuiium interfei'es wrth ionic movement was 
shown man 3 '' irears ago by the direct analytical 
data of Fenn ef al (33) chloride and most of 
the sodium (which few wall deny exist largely in 
the ex-tracellulai space) diffuse from frog neive 
into an electrobte free medium with an ex- 
ponential time coui-se I^^len the chloride data 

I Functional recover} was noted after 12 hours 
under these conditions and after 24 hours in 

hiAityi, P- = h'A.ty., where the h’s 
are the customaiw permeabihtj coefficients 
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ire ])lotted seinilogantliniicall^ a straight line 
i\itli i time constant of 200 minutes is obtained, 
thus i single diffusion jiioce'^s is mdicatcil ind 
Pi undei their conditions is found to be 0 5 X 
10“-mm~' Our own prchminari determina- 
tions of P; from sodium measincments are closer 
to 10~- mm“*, the higei i due ma\ lie due to 
moi e effectn e stirring The slow ness of jiot.i'jsium 
escape dining anaerobiosis, even when the nerics 
aie deshea tiled, indicates that Pj is substantialK 
smaller and that the rate of anoxic loss jiroi ides 
a rough estimate of this constant It may be 
taken as } Pj for frog nei\e Additional data 
required are the intracelhilai concentrations of 
the cations and the i olumes of the intra- and 
extracellulai spaces Tlie shrinkage of frog ner\ e 
m Ringer made hjqiertomc w ith sodium chloride 



Fig 4 Time course of the intracellular (Kd 
and extracellular (K,) potassium concentrations 
derived from the equations in fig 3 and wath the 
constants for frog nerve 

(36) agrees wuth available chloride data (33) 
in assignmg (m round numbers) the volumes 
given in table 8 Fiom these and whole neive 
analyses the axoplasmic concentrations showoi 
have been computed Estimates for correspond- 
ing data m crab nerve are also given 

Figure 4 illustiates the general forms of the 
solutions of the equations m figure 3 ® The specific 
cuives shown w'ere derived bj assigning the 
exqieiimentallj'^ available values for frog nerve to 
the constants shown The surface potassium con- 
centration K, goes through a maximum wdiile 
the inti acellular concentration K, declmes accord- 
ing to a somewhat less than exponential time 
function 

Figuie 5 illustrates the time couree of polariza- 
tion change when the membiane potential is 

’ The author is especially indebted to Dr Jacob 
Lieberman for a description of a method of solu- 
tion 


assumed to obe} the indicated i elation for a 
concentration cell w’lth shunt On a logarthmic 
time scale an initial ‘slow jihase’ is followed bj 
a nearlj linear decline, winch m turn is succeeded 
bj a ‘slow pliase’ at tor} late times, this is 
exacth ns found by Jxirentc dc N6 (16) who 
tondiictcd Ins experiments with the nerves m 
contact with solution Tlie linear time scale 
provides a more correct rein csentation of the 
actual rates in\ol\cd and is m keeping with time 
curves indicated In earlier experiments (15) 




Fig 5 Time course of membrane potential 
change as obtained bji the introduction of the 
theoretical values for Ki and Kg into the equation 
show n 

The analysis reveals that it is erroneous to 
consider the verj^ late slow depolarization as an 
approach to lomc eqmhbnum Figure 6 sum- 
marizes data collected over a long period to test 
the x'ahdity of this analysis and compares them 
with a theoietical curve denved from the con- 
stants shoivn The theorj^ describes potassium 
release for the entire 24:-hour period when lodo- 
acetate is present, m Rmger there is an initial 
deviation, apparently because of glycotysis, but 
tbeieafter the theoretical time course is followed 
It seems necessarj^ to conclude that the physical 
restraints to potassium diffusion are essentially 
unchanged over these very long periods as origi- 
nall}' assumed Moreoy^er, another procedure is 
at hand for evaluating changes m permeabilit} 





618 


FEDERATION PROCEEDINGS 


Volume 10 


from alteiations m the rate of potassium escape, 
it may also serve to distmgmsh between meta- 
bohc and peimeabiht}'^ effects by experimental 
agents 

Post-Anoxic Recovery A description of 
events m this case is moie complex The time 
constant for metabolism, i e 1/k, is small, which 
implies rapid potassium uptake, hence boundanes 
which were neghgible durmg anoxia must be 
considered for an anatysis of recovery For ex- 
ample, the depolarization effects of apphed po- 
tassium are still not instantaneous m desheathed 
nerve (35) but occur at a rate suggestmg a time 



Fig 6 Comparison of the theoretical relation 
denved from the equations m figs 3 and 4, with 
experimentally obtained data for the net potas- 
sium release by frog nerve m nitrogen when lodo- 
acetate (lAA) is present or absent 

constant of 10 mmutes, or P =01 mm The 
relative volumes of the compartments mto which 
such boundaries divide the ax^tracellular space 
also must be known , the difference m the osmotic 
response of fiog nerve to Rmger made hjqiertomc 
with sucrose and sodium chloride (36) ma} be 
assumed to mdicate two sueh compartments and 
to provide them volumes, as given m figure 7 * The 
lowered mtracellular potassium concentration 
probablj" contnbutes to an elevated respuatory 
level foUowmg anoxia^ and consequently must be 
taken mto account m a descnption of events For 
mathematical simphcity, the nerve may be as- 
sumed to have been mounted m gas durmg anoxua 
and upon return to oxygen, the equations in 

^ Gradients set up around individual fibers as a 
consequence of the diffusion restrictions by con- 
nective tissue may be a closer representation of 
the situation, the present assumptions may be 
regarded as a convenient rough equivalent 

“ Conditions leading to a depletion of intracel- 
lular potassium (e g anoxia, calcium precipitan , 
or veratnne) augment respiration (37, 38, 241 


figure 7 then sufliice to describe the relationships 
These lead to a third order differential equation, 
the solution of which for potassium at the fiber 
surface, Kn, is given m figure 8 The vanations 
m the concentration possess the rapiditj'’, the 
overshootmg, and subsequent declme to be ex- 
pected from the correspondmg electncal behavior 
(7, 15) The chief value of these calculations at 
present hes in the demonstration that essential 



Fig 7 Simplified model of a gas-mounted 
nerve in cross-section and the equations assumed 
to underly potassium transfer during post-anoxic 
recovery 



Fig 8 Time course of the potassium concentra- 
tion at the fiber surface as derived from the rela- 
tions in fig 7 and mth the constants for frog 


nerve 

features of post-anoxic repolarization are descnb- 
able from known or measurable properties of 
nen^e An mteresting feature of the denvation is 
that it IB oscillator)^ A concrete basis is therefore 
provided for axaminmg the possibihty that more 
rapid oscillator) bioelectncal phenomena, such 
as are observable m smgle fibers, are also due to 
the mterplay of phj'Sical and metabohc factors, 
m this case the sheaths surrounding the individual 
axons may have an important part because of 
the rapidit}^ of lomc shifts 

Energetics The encouragmg results obtained 
m the above attempts to descnbe nen e behanor 
in terms of the ionic shifts seem to justify a 
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prehminnrj examination of some aspects of tlic 
energetics from the same standiioint The compu- 
tations to be described serxe to indicate limita- 
tions of available data and to check the a alidit} 
of the original assumptions 
In ionic exchange, v here electi ical terms cancel, 
the free energj change or the work done m the 
transfer of n mols of one of the ion species between 
two phases at concentrations Ci and C« is gixcn 
bi 


AF 


nllT In 


(^) 


A F 


d(AF) 

at 


Cl dll 


(.6) 


No assumptions other than those inherent m 
equation 4 are involved Less general considera- 
tions, discussed previously in this symposium, 
lead to the same relation The formula therefore 
cmplojs the steady state concentrations (table 
8) and the rate of ion transfer provided bv media 
analyses eorrected for potassium retained in the 
extracellular space 

In table 9 the figuras obtained® are compared 
with available heat dabi or with the caloric 


Table 8 Components of cuab and fuqg neiixl estimated loul gm wi-t weight tissuf at rest 


EPEaES 


BBli 

Vi’ 

Ko» 

Ki‘ 

Nao’ 

Nai‘ 

L cmargtnata 

Jt pipiens 

mthm 

100 

200 

n\ltm 

0 25 

0 50 

ml/Xm 

0 C5 

0 30 

10 4 

1 7 

WSm 

liM/m) 

520 

110 

H'u/ml 

SO 

32 


* Volume of extracellular space - Volume of intracellular space ’ Concentrations in the 
medium ' Concentrations m the axoplasm 


Table 9 Rates of potassium and sodium snirTs in mtrooen (corrected for retention in 

EXTRACELLULAR SPACE), COMPUTED MINIMUM HATES OP WORK, AND REI ATED EXPERIMENTAL 

DATA ON RESTING HEAT PRODUCTION 


SPECIES 

K 

Na 

1 

-^FNa 

1 

HEAT RELEASE | 

EFFI' 

CIENC\ 

R pipiens'^ 

L emargtnaia^ 

fiii/gmJir 

3 4 

26 

His/gm hr 

4 7 

26< 

cal/gmJir 

S 8 X 10-» 
53 X 10-» 

caligmjir 

3 4 X 10-> 
29 X 10-’ 

cal/gmJtr 

1 2 X 10-* 

S X io-» 

(al/gm hr 

S-28 X icr’* 
69 X 10-= 

% 

4-13 

10 

1 


Heat data from Feng (39) 

'lAA present ^ Based on the range of respiratorj data (39) “ No lAA present < Assumed 


when a) the concentrations are the same as the 
activities and remam unaltered and b) the stand- 
ard chemical potentials m the tw o phases are the 
same Should one or both concentrations change 
appreciably — as they must under prolonged ex- 
peiimental conditions, particularly when the 
ex-ti acellular flmd volume is limited — ^then 
account must be taken of the dependence of C 
and hence of the chemical potentials on n The 
total free energj'' change wall be the sum of the 
free energy' changes for each ion 

The Resting State According to the postu- 
lates underl 3 ang the kmetics, the cation redis- 
tiibution w'hen the metabohe machmerj’- is turned 
off IS a measure of the rate of ion transfer bj'' 
metabolism dunng the steadj state Tlie rate of 
work (or the ‘free energ}-^ flux’) is obtamed bx 
differentiating equation 4 with respect to time 


equivalents based on respiratory measurements 
(39) In the case of frog nerve, where the lower 
members of the glycolytic cycle are a major 
source of energjq oxidation is found to yield a 
free energy change exactly equal to the thermal 
values (ca 0 11 cal /fi m O 2 consumed, as calcu- 
lated from the data m reference 40) In tins par- 
ticular mstance the heat figures suffice for the 
calculation of efficiency Because of the sparsity 
of information on the specific reactions involved 
m the other cases to be considered, heat output 

* Where sodium data are lacking, sodium move- 
ment has been assumed equal and opposite to 
that of potassium When both 10 ns are followed, 
somewhat more sodium usually is found to be 
involved, hence another jon probabty is under- 
going transfer It may be anticipated, therefore, 
that some error is present even where sodium data 
are available 
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•mil be assumed to equal the total free energy- 
change for the efficiency computations 

Withm the hmitations of the data, the ef- 
ficiency IS about the same for frog and cmb 
nerve, -m , 10 per cent, when the energj' turnover 
in the steady state is assumed to be concerned 
exclusively with ion transfer Allowance foi the 
contnbutions of processes concerned with othei 
than ion distnbution to energ}'^ hberation ma}'- 
make these efficiency figures higher 

Stbiulation a satisfactoiy evaluation of the 
energy relationships of activity mvolves correc- 
tion not only for potassium retention m the extra- 
cellular space but foi potassium reabsoiption 
durmg the stimulation penod as well The use of 
inhibitore selective for ‘actmty metabolism’ (41) 
may serve to minimize the second comphcating 
factor The available data must presently be 


change dunng recovei-j, -ae obtam an efficiencj 
of about 45 pei cent for ciab nerve and of 5 per 
cent for frog nerve The high value for mverte- 
brate tissue mdicates that the restoration of the 
normal ion balance is a majoi concern of recover) , 
the involvement of some lecover)’- reactions m 
othei processes vould lead to a prohibitively 
high efficiency It is hai-dl) hkely that the use of 
heat rathei than free energj" data m the calcula- 
tions IS m itself lesponsible for this high value 
Tlie low figure foi frog nerve cannot be taken 
seriously until an estimate is available of the 
potassium failmg to appear in the medium dunng 
stimulation because of active reabsorption, a 
high absorption rate w ould give a spuriously Ion 
efficiency 

Tliese considerations do not imply a direct 
dependence of mipulse transmission on recover)^ 


Table 10 Potassium and assumed sodium shifts for a single impulse (corrected for retention 

IN THE EXTRACELLULAR SPACE), CORRESPONDING FREE ENERGY CHANGES, AND AVAILABLE 

DATA FOR HEAT PRODUCTION 


spEoia 

K 

Na 

1 

i 

1 

aFxot 

tNlTUI-HZAr 

i 

RECOV- 

ERY 

HEAT 


fiu/gm impulse 


ucet/im impulse 


fiealltm impulse 

L emargi- 






\ 

1 

naia 

5 3 X 10-’ 

6 3 X 10-» 

10 7 1 

5 9 

16 6 

0 73 

36 

R jnptens 

2 9 X 10-s 

2 9 X 10~‘ 

7 6 X 10-» 1 

2 2 X 10-» 

9 7 X 10-* 

6 7»-26* X 10-» 

2 

1 


1 At 20°C 5 At O^C 


regarded on the low side In the case of crab nerve 
this error is probably small because of the slow 
recovery process 

Table 10 gives available theimal (39) and cal- 
culated figures foi the smgle impulse In frog 
nerve the mitial heat is of the same magmtude 
as the free energy decrease, but this may be 
regarded a comcidence smce m an ideal solution 
no heat would be evolved as a result of muxmg 
Some heat transfer may be anticipated from the 
non-ideahty of the system but, unless other than 
simple dilutions are mvolved wnthm the fiber, 
this is probably small It is noteworthy that the 
dechne in mitial heat with contmued repetitive 
stimulation or -with mci eased frequencies of stim- 
ulation (39) IS m the direction to be anticipated 
from the changes m concentration and m the 
associated actmt)’- coefficients’ 

Agam assummg that thermal data (i e e 
recover)’’ heats) measure the total free energ) 

’ Dr Hearon ver)' kindly provided the theoreti- 
cal basis for these remarks on initial hea 


processes This ivould be contrary to the con- 
clusion reached earher from the washmg and re 
chaigmg experiments Eathei, recover)^ may be 
regarded as concerned a) with mimmizmg the 
extracellulai accumulation of potassium and h) 
wntli piesenmg an adequate reserve of intracel- 
lular potassium foi impulse production On this 
basis the mterference with recover)^ respiration 
achieved recentl)’’ with azide (41) need not be 
expected to impaii conduction as long as the 
potassium levels wuthm and wathout the fibers 
are not altered axcessivel) , but, as m the case 
of uihibitors less specific for 'actmty metabolism,’ 
azide may be expected to hasten the onset of 
failure durmg continual actmty 

note ADDED IN PROOF 

A senes of publications bj Feng and his asso- 
ciates in the 1950 issue of the Chinese Journal of 
Physiology, received subsequent to the submis- 
sion of this manuscript, should be noted, of par- 
ticular interest is the paper {Chinese J Physiol 
17 247 1950) corroborating the correlation be- 
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tween potnssivim release ind dopolanralion indi- 
cated bj' our carh indirecl cxpcriinents and dis- 
cussed with Dr Feng prior to publication (7, S) 
Limitations of space have compelled a 8cru])ulous 
neglect of recent pertinent data on muscle, how- 
ever, attention must be cilled to the work of 
Flcckcnstein and his associates, recent Ij sum- 
marized in detail ( Irc/i Exper Path Pharma) ol 
212 54, 1950) Their results arc of pirticular im- 
portance in indicating significant relationships be- 
tween electrochemical changes and muscle short- 


ening under conditions similar to those which have 
been described for nerve 

The earlier phases of this work were supported 
by grants from the Division of Research Grants 
and Fellowships of the National Institutes of 
Ilcallh, United States Public Health Service, and 
from the American Philosophical Socictj The 
conscientious technical assistance of Miss T 
Abrnmskj and Mrs E Bowman is gratefully 
acknowledged 
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MACHINE EFFICIENCY OF ASSIMILATIVE PROCESSES 


John 0 

From the Department of Physiology, 

TThe tFFiaENciBS Avith wliicli livmg oi-gamsms 
convert food materials to protoplasmic constit- 
uents or energy stores durmg growth, repair, or 
mamtenance are of economic importance Tliey 
also carry important theoretical imphcations for 
students of mtermediary metabolism Investiga- 
tions deahng with this problem have been con- 
ducted usmg orgamsms rangmg from mammals 
to microorganisms (Phototrophic nutrition poses 
special problems and will be neglected here) 
The purpose of this paper is to analyze some of 
the results obtamed m an attempt to estimate the 
efficienc}^ with which such conversions can or do 
occur The varied and frequently arbitrary con- 
ventions used by different w'orkers will be ex- 
amined, and the doubts and difficulties which 
lieset students of the problem will be empha- 
sized Conventions which make possible the ap- 
plication of thermodjTiamic as W'ell as thermo- 
chemical analysis to studies of heterotrophic 
nutntion are introduced It is hoped that these 
will encomnge further investigation and thermo- 
d}Tiamic analysis particularlj" m mammalian nu- 
trition 

The discussion which follows is chvided into 
five parts 1) Defimtion of the machine efficiency 
of assmnlation S) problems connected with as- 
certaimng this efficiency, S) efficiencies reported 
or calculated here for microorganisms, 4) factore 
affecting assimilation efficienc}^ and 5) calcula- 
tion of a machine efficiency of assimilation m the 
lat 

The literature cited is intended to be lUus- 
trntive rather than comprehensive and it is left 
to the reader to consult onginal papers for de 
tails of methods and results AU free energy 
calculations are based on values to be found 
m previous pubhcations (1, 2) 

1 DEFINITION OF MACHINE EFFICIENCY 
OF ASSIiHEATION 

Two widel} differing measures of assimilation 
efflciencj are m common use Thus, m mam- 

‘ Unpublished investigations from the aiHhor’s 
laboratorj were supported by the Wallace O an 
Clara A Abbott Menioi lal Fund of the Universitj 
of Chicago 


Hutchens^ 

University of Chicago, Chicago, Illinois 

mahan nutntion studies, efficiency is ordmanly 
calculated (3) as 100 X calones stored — as- 
similable calories ingested In studies on micro 
organisms (1, 4, 5) efficiencj" has been calculated 
as 100 X the free energy cost of assimilative 
reactions — free energy available from catabohc 
reactions An efficiencj’- calculated m either way 
IS commonly called the ‘efficienc}'^ of growth ’ 
Growth m the complete sense involves cell divi 
sion w'hich requires energ>’^ (movements of c 3 do- 
kmesis and karyokmesis, creation of new sur- 
face, etc) and organization mth an unknown 
entropic contribution Most of the studies re- 
ferred to below, how'ever, mvolve simpl^^ the 
accretion of protoplasm or of stored matenals 
such as gl^'cogen or fat I shall therefore speak 
of efficiencies of assimilation rather than of 
growdli 

Tlie two different customs referred to above 
represent basically different approaches to the 
problem of assimilation On the one hand, the 
calories in com conserved by a cow are of eco- 
nomic interest On the other, the ratio of free 
energj' required to that made available for as- 
similation may either support or embarrass par- 
ticulai ideas about mtermediarv metabolism and 
the mechamsms whereby energy is trapped and 
utilized I sliall refer to efficiencies calculated 
in the first way as ‘caloric conservation efficien- 
cies’ 01 to the ‘caloric conservation coefficient 
For the quantity 100 X free energy cost of sjm- 
thesis — free energy available from catabohsm I 
shall use the term ‘machme efficiencj'^ of assim- 
ilation’ (6) 

By free energy available from catabolism I 
shall mean that over and aboVe a basal level* 
observed m nonassimilating control organisms 
In microorganisms this ‘basal’ level is ordinarily 
a fasting level (1,5) In mammals, as we shall 
see, the maintenance level of metabohsm seives 

* Subtraction of the endogenous metabohsm of 
microorganisms may be questionable m other con- 
nections (7) For the present purpose, failure to do 
80 would imply that the cost of other processes 
during assimilation is zero In many cases the cor- 
rection IS inconsequential, particularly if the en- 
dogenous metabolism is a small fraction of the 
exogenous 
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best ns the bnsc (S) Subtraction of a maintenance 
metabolism m microorganisms ^\oul(l be prefer- 
able, but this IS difficult to establish The fact 
that metabolism during assimilation m mici-o- 
organisins is manj times (5- to -lO-fold) greater 
than the endogenous rate imnimircs the error 
im ol\ ed 

2 possiniLm or j-stmilishino MACHiNr 

FFFICIEiNCIES OF ASSIMILATION 

At first glance, calculation of the cfficienci 
mth which free energy arailable from citabohsm 
IS captured for piiiposes of assimil ition aiipcara 
simple Assimilation m jinnciiile consists of the 
chemical conversion of one or more compounds 
to some other compound(s) Gnen the free ener- 
gies of formation (AFform ) of reactants and prod- 
ucts, their actiMties, and the number of mols 
com erted, the free energj required is c.ilculablc 
The same bemg true for catabolic reactions, the 
energj’- available and thence the machine effi- 
ciency of assimilation emerge A closer inspection 
of the details involved, lioweier, forces a more 
pessmustic outlook 

The most glarmg ]3resent-daj deficiencj in the 
knowledge needed foi this purpose is our com- 
plete Ignorance of AFform values for proteins 
Indeed the Aalues for manj' ammo acids are 
unknown, and are not calculable bj usual proce- 
dures (9) Entropj values associated wath struc- 
tural improbabdities in proteins further com- 
pheate the matter It is no wondei therefore 
that those who have attempted to estimate as- 
similation efficiencies have eithei ehminatetl pro- 
tem sjmthesis by omitting a mtrogen source 
(2, 5) or have made arbitraiy assumptions re- 
gardmg the energj" cost of protein sjmthesis 
(1,4) 

The above difficulties regardmg the cost of 
protein sjmthesis could probablj" be removed bj" 
appropnate axpenmental work Heat-capacitj" 
measurements at low temperatures on a few 
ammo acids and a few crystallme protems would 
permit calculations i-egardmg entropies from the 
third law of thermodjmamics There w’ould stiU 
reraam certam difficulties not so easilj" overcome 
These concern carbohj’-drate and fat formation 
as well as protem formation 

What shall we saj" is the work done when an 
animal converts a food, say glucose, to fat? 
The overall process is evergomc Tims for glucose 
to tnolem assummg passage through a C 2 stage 
with the necessarj generation of 2 CO 2 


Ctll.-Oo + O385 0j -> 

(0005m) (O^ntm) 

+ 2CO, -1- 2^5 H 2 O 
(lifj ) (0055 atm') (liq ) 

AF„o = -111,071 cal (I) 

If we accept this at its face value, no wmrk is 
done and the efficicncj’' of assimilation is zero 
01 mdctcimmnte Tins "Situation is not confined 
to mammalian nutrition 01 to foods like glucose 
Thus Blum c/ al (2) weie faced with the prob- 
lem of assimilation of ethanol with starch be- 
ing synthesized Again the overall reaction under 
their conditions was exergonic 

CjILOH -f O 2 -> 

(10'‘m) (OAntm) 

M(CcHio04 :JH-0) -1- 21H.0 

(sat Roln ) (liq ) 

AF-m = -78,720 cal (2) 

The csca])e from the above dilemma proposed 
(2) IS something more than a convention In- 
voking the known intermediarj metabohe steps 
and the fact evjierimentalh demonstrable m 
their eviJeriments that acetic acid appears at 
least transitorilj" m the conversion of ethanol to 
carbolijdrate the authors leasoned as foUow's 
Energj is released in the oxidation of ethanol to 
acetate, some further energj is leleased bj" the 
complete combustion of a fraction of the acetate, 
to convert the remainder of the acetate to amj - 
lose IS an endeigonic process Takmg the work 
done as that of convertmg the acetate to amj’-lose, 
and the energj’- available as the sum of the two 
oxidative jirocesses, these authors found an effi- 
ciencj’- essentially the same as that found for 
acetate o-adation and assimilation m Chilomonas 
The above fine of reasonmg can be apphed to 
the glucose-to-fat conversion cited above Thus 
glucose m all probabihtj" is first converted to two 
C 2 fragments -f 2 CO 2 -f w’ater To sjmthesize 
fat from these Cj fragments is an endergomc 
process A more detailed analj'sis of this situa- 
tion is given m section 5 The important pomt 
to be recogmzed is this WTienever m an overall 
exergomc process, a point is reached at which 
the remammg steps aie endergomc, the problem 
for the biologist is to ascei-tain how" efficientlj 
the free energj" jnelded m the exergomc steps is 
captured to drive the endergomc ones Tins is no 
xnolation of the principle that the overall free 
energj" change is independent of the path (10) 
This must and wiU still be true Howe\er, one 
does not have to be frightened into ignoring 
everj"thing except the o\ erall aF Chmraon sense, 
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if notlung else, tells us that if endei^gonic steps 
occur, the}”^ must be dnven Other steps in the 
same overall process are candidates for this 
function on an equal basis with steps m parallel 
reactions 

The above convention introduces certain diffi- 
culties not encountered in simpler situations 
Thus m the ethanol-starch conversion, the con- 
centration of the intermediary acetate affects 
the actual aF values of both the e\ergonic and 
endergonic reactions In the glucose-to-fat con- 
version the identit}'^ and concentration of the 
Cj fragment are of critical importance These 
however aie transient difficulties to be overcome 
b} futuie studies of mtermediar3'^ metabolism 
and quantitative anal3'-ses of the cells or fluids 
concerned 

Finalh wemav consider the methods available 
foi establishing the percentage of available food- 
stuff degraded and the percentage assimilated 
These methods diffei m detail but are in essence 
the same w^hethei the assimilating oiganism be a 
bacterium or a mammal Three mutually sup- 
porting methods are available 


1 ) Direct chemical analysis Tlus is most 
easih practiced with mass cultures of microor- 
ganisms from which ahquots can be wnthdravvn 
from time to time It is the least equivocal of 
the methods and knowledge of the details re- 
garding conversions occuriing is limited only by 
evjsting anal3'tical methods and the expeiimen- 
ter’s patience 

2) Calonmetry B3' measuiing the axtra heat 
produced bv an organism piesented with a lim- 
ited and known amount of substrate, the de- 
gradation-assimilation ratio can be calculated 
undei ceitain ciicumstances ( 2 , 5 ) Ordinanlv 
chemical anabases or lespuation measuiements 
must be conducted to confirm the assumptions 
regarding the leactions lesponsible foi genera- 
tion of the heat 

3 ) Respirometry The extra Os consumed 
and/01 CO2 produced can be used in place of 
heat production as above Again auxihaiy^ m- 
foi mation from direct anal3"ses 01 heat measure- 
ments ma3 be lequiied 


The practical difficulties met with m calonm- 
etr3" and respirometr3 foi the above purposes 
are well illustrated in figure 1 taken from ^ 
expenment earned out m m3" laboratory ( ) 
Tins figure might just as well represent heat or 
CO'> production as O2 consumption 

It IS a well-estabhshed fact that m such ax- 


penments the axtra O2, CO2 or heat is less than 
that theoretically denvrable from the added sub- 
strate ( 2 , 5 , 7 ) It IS commonl3" assumed that 
wffien a sharp bieak occurs in the upper curve 
the added substrate has been axhausted through 
combined degradation and assimilation With 
glucose as substrate this has been demonstrated 
anal3d,icall3" ( 5 ) "With other substrates it seems 
the onl3 ex-planation compatible wuth other 
knovvm facts ( 7 , 12 ) It would be comforting, 
howevrer, to have direct anal3"ses foi other sub- 
strates at the time of this sharp break in the 
curve 

The difficulties inlierent in this method of es 
tabhshing oxudation-assiimlation ratios stem from 
the following 

1) The endogenous rate of O2 consumption 
falls off with time In 3 east this declme is first 
01 del ( 5 ) In Chilomonas there is usuall3 an 
abiupt change in rate after 2 to 3 hours (lower 
curve, fig 1) 

S) The rate of Oj consumption foUowung the 
exliaustion of added metabolite exceeds evmn the 
oiigmal endogenous rate for some tmie This 
excess in rate aftei the break is roughly propor- 
tional to the amount of substrate assunilated 

( 7 , 11) 

The net effect of the abovm is to mdicate a 
])rogi’es8ivel3 gieatei percentage of substrate ca- 
tabohzed the longer one waits to assess the gas or 
heat increment In m3' opimon the best choice 
one can make is aYi (fig 1 ) To take the incre- 
ment at any latei time probabl3 includes metab- 
olism of mateiial recentlv assinulated This prob- 
lem lias long plagued expeiimenters m tlus field, 
but it has become particularly important in 
some of our recent studies 

So long as a lai’ge fraction of added substrate 
IS oxidized and the calculated efficienc3 is low 
it caiiies no embarrassing theoretical imphca 
tions How'ev'ei, m experiments on Chilomonas 
metabohzmg acetate we hav'e recentlv recorded 
oxidation-assimilation ratios near 14 With 
staich as the end product this imphes an effi- 
cienc3' near 50 per cent under oui conditions 
Furthermore, the energ3' captured is approacli- 
mg the maximum w hich can be accounted for 63 
high energ3 phosphate bond (~P) formation 
Should the apparent efficiencies increase 63 much, 
the numbei and/or energ3 v'alue of bonds 
formed would have to be increased, other mech- 
anisms of energ3 capture w ould hav'e to be found. 
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01 oiii I'lsiimptioii'^ i'C(;ni-dinK tlio cost of smi- 
tlicsis would hue to he ieMsc<l 

To suinnnri7C, in iircpanition for the nc\t 
«octioii So loiiR ns the end ])iodiict of s\ntlicsis 
is c uholndiateor f it, quite iccuiate c ilculatioiis 
of tlie efhcienc\ of asmnniition fi-cqiicnth cm 
be luidc Vlicn jnotciii is bcnif^ sMithcsiml no 
c\ let c dcul itions lie jiossiblc Often the o\eiall 
leiction of assimilation is excfponic Onh b\ 
s])littinK it into its cxcrRonic and endcrgonic 
comjwnents can am calcul itions of cfl^lclenc^ 
be made With these i-esei \ ntions I present the 
d ita on microorg'inisms below 

3 MEST pnrsrNT rsmuat-s of 

ASSIMILATION LFUCIINCIIS 

The most precise calculations of the e^^lclenc^ 
with which assimilation occui-s ha\c been made 
using; data obtained with nuci-oorganisms (1,2, 
4, 5) In a pioneering efloit Baas-Becking and 
Paiks (4) in 1927 anahzed the data of manj 
workers who had studied the growth of auto- 
trophic bacteria The data aaailable to them 
gaa e mols of CO 2 fixed per mol of inorganic en- 
ergj Yielding material oxidized Defining efii- 
cienca of growth as I liave defined machine 
efficiency of assimilation the} obtained lalues 
near 6 per cent for most forms, hydrogen bac- 
teria being excejitional wath an efficienc} of 
26 per cent^ Until the recent studies of Blum 
d al (2) on Chilomonas the figures for h 3 ’'drogen 
bactena were the highest ever reported 

In makmg their calculations Baas-Becking and 
Paiks (4) made the simphf 3 nng assumption that 
all of the CO 2 fixed w^as converted to sohd anh}'- 
drous glucose The equation used b}'- them was 

CO. -f H 2 O I^fC.HnOs) 4- O, 

(OOClBatm) (liq ) (solid) (OJlatm) 

AFjm = 4-118,000 cal (3) 

With CO 2 as a carbon source this Bimphf 3 'mg 
assumption leads to a piobabl}'- neghgible error 
in ^^ew of other uncertainties Thus, if the 
antylose hexose umt of glycogen or starch (1) 
is taken as the product in the above equation 
AP298 = 4-118,862 cal 

For that fraction of the CO 2 converted to fat, 
using ti lolem as t 3 qncal 

CO 2 -f f4HtO 

(OOOOSatm) (Lq ) 

iVfCtrHio^Oo) -f- fS O2 
Oiq ) (OJ atm ) 

AF„8 = 4-147,587 cal (4) 


In the absence of free cncig} values foi protein 
foimation we can tlo no more than state the 
A nine of All = 4-120,000 cal pei mol of CO 2 
com cited to egg albumin based on a heat of 
combustion of 5 7 cal/gm Tlie efficiencies cal- 
culatcfl (4) for •lutotrophic bacteria would there- 
fore be incicasetl to no more than 7 to 8 per cent 
foi most foims if closei account were taken of the 
end products 

AVhen we turn to heterotrophic nutntion, the 
as,sum])tion that sohd anlndrous glucose is the 
end product of synthesis can no longer be em- 
j)lo\cd without introducing an intolerable error 



Fig 1 Time course of Oj consumption follow- 
ing addition of 8 ^imols Na acetate to suspension 
of Chilomonas at pn 6 0 Temperature 25‘’C , 
4 0 ml cell suspension 3 5 x lO® cells/ml 

Thus, if 5 pel cent glucose (0 28 m) itself is the 
substrate 

CeHijOj H 2 O — > CeHijOa 4- HiO 

(012811) (solid) (Uq ) 

AFj.a =» 4-1885 cal (5) 

On the other hand, taking the actual final prod- 
uct as am} lose hexose umts m saturated solu- 
tion 3 neld 8 

H,0 

(O^Sm) 

CsH.oOj iJHjO 4- IJH 2 O 

(eat eoln ) (liq ) 

' AF 28 , = 4-3878 cal (5) 

Large errors (a factor of 2-3) in estimatmg the 


’ See also Burk (6) 
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work done can easily be introduced in this way 
In all of the studies summarized m table 1 ade- 
quate account was taken of the final product of 
synthesis In makmg calculations from Barker’s 
(7) data I have accepted his conclusion that 
only carbohydrate was formed and used the 
araylose hexose umt as the final product takmg 
as its free enei^ of formation —217,851 cal (1) 
For lack of space I have dealt onl}’’ with Barker’s 
data mvolvmg acetate and butjTate Data pre- 
sented by Wilson and Peterson (13) and Fulmer 
(14) could also serve as the basis for mterestmg 
calculations but assumptions used would have 
to be evphcitly stated 

It will be seen from table 1 that reported values 
for the efficiencies of assimilation of orgamc 
substrate b^ heterotrophic forms fall in the 
same range as those reported for autotrophic 
bacteria (4) Whethei these are the highest pos- 
sible efficiencies anil be discussed below 

4 FACTORS AFFECTING ASSUOLATION 
EFFICTENCT 

The natuial tendency of mvestigatoia study- 
mg the efficiency with which substrates are as- 
similated has been to employ temperatures, pH 
values, salt concentrations, etc , optimal in the 
sense that they produce the most rapid gioii’th 
of the orgamsm The carbon and energy source 
has frequently been belov optimal m the above 
sense There is no a pnon reason to assume that 
conditions which lead to most rapid cell division 
or mcrease m mass of protoplasm also lead to the 
most efficient assimilation Indeed theie is evi- 
dence to the contrary 

Brhcke (16) studjmg anaerobic assimilation 
of glucose by j^east found that nionoiodoncetate 
(lAA) at a concentration which inhibited fer- 
mentation by 86 pel cent reduced conversion of 
glucose to glycogen by onlj'- 57 pei cent The 
ex-penments were of such duration as to preclude 
any explanation based on temporar 3 ’’ nonsteady 
state phenomena The improved assimdation- 
fermentation ratio raised the efficiency of the 
process from ca 2 pei cent to ca 6 pei cent A 
sumlar effect of fluoride on assimilation of glu- 
cose by j’^east has been reported (16) These 
findmgs majr be mterpreted as follows The 
fermentation of glucose is mhibited bv lAA and 
fluoride while the assimilative i-eactions from 
glucose to glycogen are unaffected An} existing 
excess of energy production over that actu y 
required for S 3 mthesis would thus be uc 


The converse of the above situation is seen m 
the effect of such inhibitors as lAA and fluonde 
m reducmg the percentage assimilation of sub 
strates such as acetate and butyrate (12) Here 
the assunilative pathway is blocked while energ}"- 
release is essentially unaffected Cyamde and 
azide reduce assimilation of substrates but their 
effect IS not easily explamed Dimtrophenol in. 
appropriate concentrations leads to complete oxn- 
dation of acetate m yeast (5) and Pseudomonas 
(12), 1 e zero assimilation efficiency Presumabl}' 
this results from mterference ivith oxidative gen- 
eration of ''-■P bonds (17) 

The report of Blum et al (2) that the oxida- 
tion-assimilation ratio foi acetate is greater in 
the presence than m the absence of a mtrogen 
source cannot at present be interpreted Protem. 
s 3 Tithe 6 is ma}’’ lequire more energj'^ than carbo- 
hydrate or fat synthesis On the other hand it 
ma}"- be less efficient!} accomphshed In an}*' 
event the findin g seiwes as a warmng against 
acceptmg assumlation efficiencies obtamed m the 
absence of a mtrogen soui ce as a measure of the 
‘efficienc}’’ of growib’ (5) 

Tw'o factors which might logicall} be expected 
to influence assimilation efficiency have been 
inadequately studied in microorgamsms These 
are temperaturo and the nutritional state of the 
cell In m}’’ owm laboratory w'e have been unable 
to detect an}" change m the efficiency of simthesis 
of starch from acetate b} Chilonionas over the 
temperature range from 15° to 30°C Regaitiing 
nutritional state, stamng cells for 24 houi-s has 
httle if any effect on percentage of acetate assmu- 
lated Raismg the starch content of the cells b}' 
prolonged exposui e to acetate m the absence of a 
nitrogen source (to prevent growdh) simpl} re 
duces the rate at which acetate is oxidized and 
assimilated rathei than changing efficiency (11) 

5 MACHINE EFFICIENCI OF CARBOHIKBATE 

assimilation in the rat 

As stated eaihei it is common practice in 
studies on mammahan nutrition to calculate the 
caloric consenation efficiency If calculations 
analogous to those gnen aboxe foi nucroorgan- 
isms have appeared, the} have escaped my notice 
I have attempted some crude and tentative 
calculations below wath three objects in view 
First, to stimulate others to make more precise 
calculations, second, to stimulate the reporting 
of data which wall make such calculations pos- 
sible, and finaU} to show that, to a first approxi- 
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nution, inmimals do not dilTcr rnclically from 
inu roorjianisms in Ihc cflicicnc^ \Mth winch they 
ciliturc free energ\ for assinnlativc purjioses 
Out of the \ast hod\ of knowledge regarding 
nnnnnalian nutrition i-clati\el\ few studies are 
•suitable for the present iniriiose Measurements 
of the specific djmamic action of foods measured 
ibo\e the basal (fasting) Ic\cl must be rejected 
Between the basal and maintenance le\els of 
metabolism food apparenth serves largch to 
spare the bodj stores w Inch othcrw ise w ould ha\ e 
to be metabolized Onh aboae the maintenance 


On the basis of the above figures the mean 
caloric conservation efficiency is 77 5 per cent 
since only 22 5 pci cent of the calories theoreti- 
cally derivable fiom the extra fed starch ap- 
peared In order to calculate a maclunc efficiency 
of assimilation we must make certain assumptions 
regarding the end product of the assimilation, 
the pathwa} of mekibolism, and the conditions 
under which the conversions occurred 
That the end product stored was chiefl}' fat 
there can be little doubt Tlie nse in It Q values 
produced bx the extra starch indicates this, and 


Txble 1 MACiinxr efucilncies or assimilation or iirrr rotkopiiic xiicnoonoAMSMs 


OBGAMSU 

SUBSTRATE 

PRODUCTS 

MFTnODS 

EFFiaESCV, 

% 

1 REFER- 
ENCE 

Yc ist 

Acetate 

Glxcogcn 

Heat jirod 

12 2 

3 


Glucose (aeroliic) 

Glxcogeii 

Heat prod 

2 88 1 

3 


Glucose 

Glxcogcn 

Heat prod 

4 62 

3 


(anaerobic) 






Glucose 

Glx cogen 

COj prod 

ca 4 6 

20 


(anaerobic) 





Chtlomonas 

Acetate 

Starch 

Heat prod 

26 7 

8 


Acetate 

Starch (and fat?) 

Heat prod 

21 9 

8 


Acetate 

Starch (fat and 

Heat prod 

13 1‘ 

8 



protein) 





Acetate 

Starch, fat and 

Direct analjsis 

17 0> 

4 



protein 





Acetate 

Starch 

0; cons and COs 

29-46 

10 




Prod 




Ethanol 

Starcli 

Heat prod 

20 2 

8 



Starch (and fat?) 

Heat prod 

17 1 

8 

Prolotheca 

Acetate 

Amjdose 

0» and CO5 

16 4 

6 


Butj rate 

Amj lose 

0: and CO2 

13 8 

6 


' Energy cost of protein taken as that of carbohydrate of equal carbon content 


lex el does net synthesis occur Forbes et al (8, 18) 
haxn shoxvn that above the mamtenance lexrel, 

1 e xvhen net synthesis is occurrmg, the specific 
djnamic actions of foods increase sharply Above 
the maintenance level the extra heat produced per 
unit of ingested food is constant over a consider- 
able range (8) 

I have chosen as the basis of the computations 
xvhich foUoxv the data of Kriss et al (19) In 
these studies rats xvere first established on a 
mamtenance ration of calx'es’ meal The axmrage 
daily heat production was 15,888 cal When an 
additional 2 2 gm of starch haxmg a caloric 
eqmvalent of 8228 cal wnre fed the mean dail3 
heat production rose to 17,736 cal Tlie difference 
of the means w as 1848 ca 1 xvith a standard error 
of 242 cal 


stoiage of any appreciable portion of the starch 
as glycogen w'ouJd produce an improbable nse in 
the glycogen content of the tissues I shall as- 
sume therefoie that fat xvas the product of syn- 
thesis and use triolem to represent this 

The 1 emammg assumptions xvhich I shall make 
can be quaneUed wnth m almost every detail 
The absurdities are purposeful, hoxvever, m that 
the pathwaj’’ and conditions chosen yield xvhat 
IS probabty the maximum machine efficiency 
Thus I shall assume that the Cj particle denved 
from glucose w'hich serves as the startmg pomt 
for fat sjmthesis is the acetate ion at a concentra- 
tion of 10"® molar Trapping the C2 particle at 
an energj level aboxre acetate w'ould decrease 
the XX ork of sjmthesis more on a percentage basis 
than it xvould decrease the energj'' made axmil- 







628 


FEDERATION PROCEEDINGS 


Volume 10 


able for dnvmg the reaction Other assumptions 
can be similarly shown to work m this waj*^ 

I shall Ignore the heat and free energj'- changes 
attendant on h3''drolysis of the starch, and the 
hj'^dration, solution and dilution of the derived 
glucose Startmg then with glucose at a concen- 
tration of 90 mg per cent (0 005 m) I shall wite 
the foUowmg overall equation 

CfiHiiOfi HaO “h 1 34 Os > 

0058 triolein + 2 68 COj -f 3 97HjO (7) 

I have calculated AH310 = —176,926 cal for 
this reaction The heat value given bj’- Knss 
et al for then staich (3 72 cal/gm ) corresponds 
to a httle more than monohydrated amylose 
umts (MW = ca 182) On this basis the}’’ fed 
0 012 mols/daj'^ The above equation therefore 
predicts an extra 2100 cal/day This figure is well 
mthm the permissible range of 1364 to 2332 cal 
(mean ± 2 S E ) ' 

To estimate the energy available and reqmred 
for the conversion I shall break the oveiall reac- 
tion mto two components 

CjHijOd HjO -b 1 34 Oi — > 

(ODMm) (OJ atm ) 

166CH,COO- -b 268CO5 -b 7 02H+ -b 

Cimu) (0055 atm) (pH 6 5) 

5 36e -b HjO AF,io = -264,806 cal (S) 

(Uq) 

166CH,COO- -b 7 02H+ -b 6 36e 

(10~*m) (pn 6 6) 

0058 triolein 297HsO 

(liq ) (Uq ) 

AF,io = -b55,072cal {9) 


On this basis the machme efficiency is 20 8 per 
cent As mentioned above alterations m the 
adopted scheme to make it more nearly com- 
patible with the reahties of mtermediary metabo- 
hsm vuU tend to lowei the efficiency I can only 
plead that I would have made such changes if I 
could Until the identity of the Ci fragment, its 
concentration, and energj' of formation are 
known, a better calculation mil be difficult One 
point IS perhaps worth comment In classical 
schemes of representing carbohydrate to fat con 
versions generation of gaseous Oi is employed in 
partial leactions The scheme I have emplojed 
of resenung the H+ -electron pairs for subsequent 
reductions in fat foimation with generation of 
watei IS more reahstic It v as to achieve balance 
in this regard without appealmg to outside sj's- 
tems that I accepted a shghtlj’’ high figure for 
heat production Trapping the C2 fragment at a 
more reduced stage than acetate nould allow 
greater latitude m proportioning oxidation and 
fat S3mthesis 

It would thus appeal that, emplo3Tng similar 
conventions, the machine efficiency of assimila- 
tion in a mammal ma3 be quite similar to those 
obseived in microorgamsms Other and more 
adequate calculations of this type should of 
course be made In particulai , variations m food- 
stuff, feedmg schedule, and end product synthe- 
sized ma3’^ alter the efficienc3’’ The examples 
cited in section 4 bear mtness to the fact that the 
efficienc3’^ vliich does occui ma3’’ have little rela- 
tion to the maximum possible efficienc3'^ 
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It is ^ erj gratih ing to a c^ tologist to Iita e an 
opportunitj to address The American SocicU of 
Biological Chemists in a Sjmiiosium on Histo- 
chemistry Until the htei decades of the nine- 
teenth century, cytology and biochemistry were 
not at all distinct, both were piominent jiirts of 
the broad field of physiology The microscopic 
structure of tissues always a])pearcd as part of 
the textbooks, and many of the gieat physiol- 
ogists speculated on the possible localization of 
functions within the structural components of 
cells Claude Bernard, for example, suggested 
that the cell nucleus, the only structure then 
recognized to be common to all cells, was con- 
cerned with synthetic functions — a view that 
w as later bnlhantly confii med by' the demonstra- 
tion that when a smgle-celled orgamsm is cut m 
two pieces, only' the nucleated half can carry' on 
the syntheses essential for giow'th It was under 
the stimulus of such ideas that m 1869 Miescher 
devised a method of isolating masses of nuclei 
from the remamdei of the cell, the cytoplasm, 
and subjected them to chemical analy'sis Al- 
most coincident w’lth Miescher’s discovery' of the 
very unusual chemical composition of the nucleus, 
Abb6’s greatly' impioved compound micioscope 
became available — and m the hands of Flemming 
and others this instrument led to observations of 
the lemarkable nuclear phenomena durmg cell 
division and fertilization, w'hich marked the be- 
gmmng of modem cytology' These early w'orkers 
by' no means regai-ded themselves as m distmct 
fields, each was w'ell awaie of parallel progress 
by the other group Miescher, foi example, pei- 
formed experiments to show that the specific 
stammg of nuclear substance w as due to combma- 
tion of his nuclem w'lth the basic dy'e methyl 
green, while it was a cy'tologist, Altmann, who 


ga\c the mme nucleic acid to the acidic compo- 
nent of Miescher’s nuclein Begmnmg early' in the 
twentieth century, howevci, there developed 
among botli cy’tologists and biochemists a tend- 
cnc\ to work under domination of particular 
standardized techniques rather than under stim- 
ulus of the broad problem of correlation of bio- 
logical function with intracellular organization 
Such specialization e\entually led to the almost 
complete isolation of these two fields, which pre- 
vailed until fairly recently Withm the last 10 
years happily there has been a leorientation, a 
return to recogmtion of the pnonty' of the prob- 
lem of the significance of intracellular orgamza- 
tion Today' there are many cytologists who are 
anxious to work wath biochemists, even to at- 
tempt to master some of their techmques, and 
there appear also to be biochemists who are 
walling to attempt to locahze actimties wathm 
morphological components like the nucleus, mito- 
chondria, and microsomes 

It 18 the great charm, the fascination, of study'' 
of the microscopic structure of orgamsms that 
the shapes of tissue cells and mtraceUular mor- 
phological changes are often so beautifully ex- 
pressive of the function of the ceU This is well 
shown by the exocrme glandular cell, such as that 
of the pancreas, whicb I shall later use to il- 
lustiate the methods of locahzation of nucleo- 
protein m cells This cell is m the form of a pyra- 
mid, usually' six-sided, w'lth sides m contact w'lth 
6 other cells The base of the py'raimd is adja- 
cent to the blood vessels, the apex is m commum- 
cation with the duct sy'stem of the gland which 
opens mto the small mtestme The fine details 
of cells are usually studied m thm sections, and 
the probable structures I'lsible m such a thm 
section are shown schematically' m figure 1 The 
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most conspicuous object is of couise the nucleus, 
mtlim II Inch are scattered masses of chramatm, 
and a conspicuous nucleolus The duct end of the 
ceO IS largely occupied by a mass of spherical 
secietory granules, concealed inthm which is a 
pan of centnoles, wluch aie organs of cell divi- 
sion Scattered throughoutthe cjdoplasm are mito- 
chondna, and in the basal legion, perhaps also 



Fig 1 Diagram of structural features in 
section of an exocrine glandular cell of the pan- 
creas, after Polhster, 1951 (1) Parts of the bounda- 
ries of adj acent cells in the secretory uni t, or acinus, 
are outhned and the blood capillaries near the basal 
end of the cell are indicated Abbreviations c, 
centriole, eg, basal ergastoplasmic zone, con- 
taining submicroscopic microsomes (The mi- 
crosomes have not been observed in this type of 
cell It IS assumed from results on liver cells by 
Hogeboom, Schneider, and Palade, 1948 (2), that 
a) the cytoplasmic region of high nucleic acid 
content must be the site of a major accumulation 
of microsomes, b) the microsomes are asym- 
metrical, probabl}’^ thread-like, and c) these asym- 
metrical bodies tend to become oriented parallel 
Mith the long axis of the cell, as suggested in 
Polhster, 1940 (3)), mg, mature granule, ig, 
immature granule, »i, mitochondrion, n, nucleus, 
and b c , blood capillary 

elseiihere, there is reason to beheve there are 
rathei densely packed sub-microscopic thi-ead- 
like microsomes The actual stmcture is shown m 
the phase contrast photomicrograph of an un- 
stained one-micron section of a rat’s pancreas (fig 
2 A) This cell has one pimcipal function, to elabo- 
rate the granules which are thrown out into the 
duct SI stem when tlie gland secretes tlie pancre- 
atic juice This phenomenon clearlj’^ suggested that 
the gianules are the precuisors of the constit- 
uents of the panci'eatic juice, for nhich reason 
they have long been called zymogen gramdes 


As jou doubtless all know, this relation to the 
pancreatic enz3anes is supported bj the observa- 
tions of Van Weel and Engel (4), that the pep 
idase activity of fresh shces of pancreas is directly 
related to the granule content of the cells The 
central problem of mtracellular pancreatic func- 
tion, then, IS how m a few houra the cell elaborates 
a large mass of zymogen granules, nluch has been 
estimated to be as much as one-fifth of its own 
diy II eight Morphologically this process has been 
well described in beautiful studies, first by Hiisch 
(6) and later by Duthie (6) In the quite intact 
gland, draiiTi out onto a warmed shde througli 
a ventral incision in an anesthetized mouse, they 
followed the development of indindual granules 
The granule appears first as a small body m the 
basal zone, it sloiily enlaiges and becomes pro- 
gressively more dense as it moves towaid the 
final position for discharge There are also marked 
concomitant changes in the nucleolar part of the 
nucleus, and in the appearance and staining re- 
actions of the basal pait of the cell 
The pancreasisa typical componentof a special- 
ized tissue, and hke other cells has two cate 
gories of nsible stiuctures a) the granules whicli 
are pnmarity an expression of the umque cell 
function, and b) the nucleus, mitochondna, cen- 
trioles, and probably microsomes wluch are much 
hke those of all other cells, and which we accord- 
mglj’' are accustomed to consider as the essen- 
tial cell organelles iihich are concerned with cell 
maintenance and other functions which underlie 
the special tissue actii'ity These structural fea- 
tures of cells are fairlj' well worked out, although 
the picture inll surel3' soon be greatl3' enriched 
b3'' developments in election nucroscop3 The 
major unsolved problem is to make this picture 
meaningful m terms of cellulai biology, to de- 
teinune what specific functions ma3' be attiibuted 
to tlie visible stiuctuies in cells There iias a 
penod — not so long ago — when it seemed as if 
ph5 siologists were satisfied to attnbute a ma- 
jority of fundamental mtracellulai actinties to 
the properties of a foimless soit of soup, which 
had as its cluef asset the heritage of a fine old 
name — protoplasm I suppose this iias patteined 
after the distnbution of hemoglobin in the eiy- 
throc3i;e which is a most atypical cell indeed 
At an3'- rate, there has been in recent 3 ears a 
marked change of newpomt As some of the other 
speakers m this s3TOposium mil amphf3', it is 
becoming evident that man3^ important ph3Sio- 
logical mechanisms are as sharpl3^ restncted to 
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one pnrticular cell component ns the mcclmnisms 
for gene distribution nnd photosyntlicsis have 
long been rccognircd to be 
The localization of siiljstnnccs within cells, to 
winch I am to gne paiticiilnr attention, often 
clearlj indicates the function of a ])articiilar part 
of the cell There arc two mam wajs by which 
such a qualiLativc chemical analysis mnv be 
carried out one maj deal with isolated masses 
of a particular structure, as Alicscher did with 
nuclei, or one ma}' b\ direct microscopic obser- 
vation \asuahze the substance within a single 
intact cell 

Impro\ed methods of isolation have added 
much information about the chemical composi- 
tion of nuclei, mitochondria, and miciosomcs of 
ammal cells and the plastids of plant cells The 
sample maj be large enough so that a v xrict} of 
analiTical procedures can be earned out to give 
a comprehensne a^emge composition of stnic- 
tures from a population of billions of cells If 
one performs the arduous task of anal} sis of all 
fractions m the isolation procedure, as Doctor 
Hogeboom and his collaborators (2) first did, it 
IS possible to mike the very important demonstra- 
tion that a chemical compound, or a specific 
actmt}', IS restneted to a particular category of 
cell component Thus, it has been repeatedly 
demonstrated that the desoxj ribosc nucleic acid 
of a mass of tissue is all recoverable in the isolated 
nuclei Furthermore, if one counts an aliquot from 
the sample, he can estimate the number of com- 
ponents m the sample, and by division of the 
figures from the analj sis of the sample ai rive at 
an average amount pei component Bomn, 
Vendrely and Vendrely (7) first did tlus wnth 
isolated nuclei from a variety of beef organs and 
fiom spermatozoa The} noted the average 
amount pei tissue nucleus was the same foi all 
organs, and was approximately twoce that of the 
spermatozoon (table 1) Since this w'as identical 
with the relationship between the double set 
of chromosomes of the tissues and the single set 
of the spermatozoon, they concluded that the 
a mount of nucleic acid was constant for each 
clironiosome set Dandson and Leslie (10) have 
suggested that with the DNA determination as a 
base, one can estimate the numbei of cells m a 
sample, and by refeience to this express othei 
anal}i;ical lesults as amount pei cell This will, of 
course, indicate the leal situation wntliin each 
cell only if there is leason to suppose that all 
cells aie alike The method must therefore often 


tend to obscuic the ver}' aspect of chemical com- 
liosition which may be most important, namely 
the variation of cellular composition wuth cyclical 
01 piogitssivc cell phenomena 

Most workers seem to lie well aw'arc of the fact 
tliat tlicic arc furthci difiiculties m extrapolating 
to the cell, which arise from the procedures used 
m isolating components The jiurity of the isola- 
tion IS alwa} s problematical, nnd even though the 
fraction may obviously contain only a negligible 
contamination with othci stmctural elements, 
there is alwn}s the possibihh that material may 
be cither washed out of the components or ad- 
sorbed from other sources 


TAnuE ] DN \. PEn nucieus ix beef tissues 


ORGAN' 

SMOUNT' 

(X 10 • 

mp ) 

NO or 

NTJCLTAR 

TYPES 

PROBABLE 
CTIROMO 
SOMT NO 

Thymus 

6 4 

1 

Diploid 

Liver 

fi 4 

2 

Diploid 

Pancreas 

6 0 

6 

Diploid 

Kidnej 

5 9 

10 

Diploid 

Sperm suspension 

3 3 

1 

Haploid 


* After data of Vendrely and Vendrely, 1948 (8) 
The major number of nuclear types are estimated 
from common textbook descriptions of the his- 
tologv of the organs Table reprodued from Pol- 
lisler, Swaft, and Alfert, 1951 (9) 

Assummg that these difficulties are obviated, 
the best that the method of isolation alone can 
} leld IS data as to the overall average composition 
and the lestriction of a substance to some mem- 
bers of one categor} of cellular component, it 
obviously falls far short of giving specific informa- 
tion at the level of a smgle cell Thus, from the 
data of table 1 alone, one could not say whether 
there might not be m any sample a considerable, 
though constant, fraction of the nuclei which had 
no desox}Tibose nucleic acid at all As a matter 
of fact, such a question has not, so far as I know, 
ever been raised, because, as everyone knows, 
there is excellent cytological evidence from ap- 
plication of the highly specific Feulgen reaction 
for desoxypentose that ever}’’ smgle nucleus con- 
tains an abundance of desoxyribose nucleic acid 
While, as Dr Hogeboom will tell you, chenucal 
analyses mdicate that certam important mtra- 
cellulai respirator} mechanisms appear to be 
confined to the mitochondrial fraction, it b} no 
means follows that these occur m ever} mdi- 
iidual mitochondnon Tlie most conclusne eiu- 
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dence that this is so appears to come from the 
cidological observation that when cells are 
stamed ^^tallJ nith a dj^e Janus Gieen B, which 
IS readilj reducible to the colorless leucobase, 
eveiy niitochondiion lemams brilliantly colored 
in shaip contiast to the coloiless lemamder of 
the cell I lespectfully request that you keep in 
mind foi a few nimutes these excellent illustia- 
tions of the interdependence of the isolation and 
c^'tological techmques, nhile I desciibe oui ef- 
foits at adaptation of some chemical methods to 
the stud}" of individual cells Compared with the 
ceitamti and variety of the analytical techniques 
nhich can be used upon a sample of seveial milh- 
giams of isolated components, oui resources mil 
seem exhiemel} limited Few though they aie, 
however, these aie the only gateway w'liich cei- 
taml} leads duectly inside the individual cell 
The possibihty of applying anal}’tical methods 
to achieve the visualization of substances in situ 
within the cell has intrigued many c}"tologists, 
histplogists and pathologists, and there have 
been numerous sporadic outbreaks of enthusiasm 
for one or another supposedly satisfactorj" 
method, the devotees of which have proceeded 
to describe the locahzation of the particulai sub- 
stance m a wide lange of cell types Many of 
these aie evaluated ciitically m Lison’s Histo- 
chemie Animale (11) The ideal locahzation is of 
couise that w'hich can be caiTied out upon the 
intact living cell, but m practice tins is neces- 
saiily limited to substances with strong natuial 
absoiption, w"hich occur m relatively high con- 
centmtion IlTien tins is visible coloi , like that of 
chloioph}ll or hemoglobm, visuahzation is ob- 
luously easy It has long been knowm that ivith 
ultiaviolet hght, absorption within the living 
cell is very pronounced m the chromatin of the 
nucleus (fig 2D) In 1936 Caspersson (15), in 
his masterly doctoral dissertation, pioved that 
the chief basis of this was the natuial high speci- 
fic absoiption of the purme and pyiimidine com- 
ponents of the nucleic acid of chiomatin Orig- 
inal!} tins seemed to offei an opportumty foi 
locahzation of nucleic acid wutlim hving cells, 
but it IS now becoming generally recogmzed that 
the mterpi etation of the ultraviolet absorption 
specti a of hvmg cells is by no means imequivocal 
A gieat vaiiety of intracellular substances (foi 
example neail} aU aromatic compounds) absoib 
the same part of the ultraviolet spectmm as does 
nucleic acid, and there seems no way of distin- 
guishing among these m the hvmg cell Other 


difficulties aiise from non-specific hght loss and 
from the mjunous action of the radiation (see 
Ris and Mirsky, 16) Consequently it is clear, 
ns Caspei’sson himself has stated m his latest 
pubhcation (17), that hvmg cells are as a mle 
unsatisfactory objects for ultraviolet absorption 
analysis It is far better to analyze fixed tissues, 
in w"hich the specificity of the ultranolet absorp- 
tion can be checked by subjecting the cells to a 
variety of solvents and enz}Tnes, as well as to 
confii matory specific color tests and stains 

We must then, w ork mainly wuth what is called 
fixed matenal, and our efforts must be of course 
confined to those anal}"tical procedures which 
will not alter the cellular structure beyond recog- 
nition This immediately excludes a great many 
methods which are too drastic to apply to sec- 
tions A further limitation aiises from the fact 
that during the process of fixation there is abun- 
dant opportumty for loss of and ex-tensive re- 
distribution of morganic and smaller organic 
molecules This has been repeatedly demonstrated 
to take place, and the necessity foi caution m m- 
terpretmg the results of mitrochemical tests for 
these substances has been frequently stressed* 
Thus, locahzation is practically hmited to the 
compounds of large molecular size, which are 
precipitated or coagulated by fixation By some 
special methods certain hpoidal substances can 
be rendered insoluble, but m most cells the co m- 
mon a cid fixation may be assumed to leave es- 
^ gHtmlly q npPnngpri in nm ount and distnbutio n 
on ly the proteins and nucleic acids These are, 
m fact, the basis of the common histological 
picture of the cell, in winch the nucleus is stamed 
with basic hematox}"hn, the c}"toplasm wuth acid 
eosm From the standpoint of nucleoprotem anal- 
ysis, such fixation is of great advantage, foi it is 
a sort of piehmmai'} fractionation The specific 
methods of demonstratmg the distribution of 
piotem and nucleic acids m the glandular cell, 
wdiich was desciibed piemously, wall illustrate 
the modem application of quahtative chemical 
cytology" 

Analyses of ammal tissue have show'n that the 
bul k of the cellula r jmteual,_roughl}}_60jto_80 
pel cent of the dry w'eight, is protein This pro- 

* Localization of certain mineral elements does 
seem possible if frozen-dried material is ashed 
(see Scott, 18) and many other elements can be 
localized 63 x-ra} absorption analysis of frozen- 
dried tissue Also the method of radioautograph} 
can probabl} be extended to the levels of intra- 
cellular localization 
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Fig 2 Series of photomicrographs of pancreatic glandular cells, to show structure and the residts 
of various techniques of localization of nucleic acids and proteins 

A From a tadpole of the green frog, Rana clamtlans, tissue well fixed to show all structural details 
Technique Double fixation in osmic acid followed by formalin, embedded in n-butyl methacrylate and 
sectioned at 1 n, using a Spencer microtome with slow feed attachment and a glass knife, mounted m 
Cargille’s refractive index oil (no 1 460), photographed with Zeiss phase contrast equipment, using a 
Pointolite lamp, Wratten 58 filter, and Kodak M Plates, X 800 B From the salamander, Nectunis, 
after the Millon test for protein Technique, Fixed in Champy’s osmic-chromic-bichromate mixture, 
embedded by the methyl benzoate-celloidin-paraffin method, and sectioned at 6^t, Millon reaction for 
total protein as described in Pollister (12), photographed on Wratten M plates, using an AH4 type 
mercury vapor lamp, from which the 365-6 radiation was isolated bj Corning glass filter No 5840 in 
2 4 mm thickness, X 850 C From an adult male white rat, after staining with the basic dje Azure A 
With a method which is specific for chemical staining of nucleic acids Technique Fixed in acetic alcohol 
(1 3), embedded in paraffin, and sectioned at 5/[i, stained as described in (12), photographed on Kodak 
M plates, using a tungsten ribbon filament lamp and a Bausch and Lomb daylight glass filter Magnifica- 
tion X 800 D From the same block of tissue as C, photographed bj ultraviolet light to show the high 
absorption in regions of nucleic acid concentration Technique Sectioned at 3 /x and mounted on a fused 
quartz slide, paraffin removed with chloroform, and section mounted in gl 3 merin saturated with chloral 
hydrate, as recommended bv Kohler (13), photographed on Kodak Process plates, at 254 m^x, with the 
apparatus described bj'^ Pollister and Moses (14), using a Cooke, Troughton, and Sims 81X monochro- 
matic objective, X 800 E Adjacent section to C, which has been digested with ribonuclease before 
staining with Azure A Technique Digestion for 2 hrs at 37°C with Worthington’s cr 3 stalline nbo- 
nuclease, concentration 0 2 mg/ml pn 6 0, boiled before use with saturated (NHdiSOx to destroy pro- 
tease activity, staining, photograph 3 q and magnification as in C F An adjacent section to C, after the 
Feulgen reaction for desoxi pentose Technique Feulgen reaction as described in (12), photographed 
as in C, using a Wratten 58 filter instead of the da 3 light glass 
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tern IS the basis of the staining of cytoplasm with 
acid dyes, hke eosm A more satisfactory chemical 
method of showmg mtracellular distnbution of 
protem is by use of a pr otem test, Idee the Millo n 
react^f whic h is specific foi t yrosine and trypt o- 
phane As figure 2B shows, there is piotein 
throughout all parts of the cell, with especially 
conspicuous concentrations in the zymogen gran- 
ules and the nucleolus Such a photomicrogiaph 
as this has no chemical meanmg unless it can be 
shown that the method is specific for piotem 
It 18 a major distinction between the attitude of 
many cytologists of the past and of those of to- 
day that this pomt is always critically examined 
That the Mdlon color on shdes is foimed nnth the 
reactive protem groups is demonstrated by the 
fact that protem masses which are knoum to be 
deficient m tyrosme and tryptophane, such as 
collagen and protamme, are MiUon-negative on 
shdes m which adjacent piotems are strongly 
positive 

The old method which demonstrates the in- 
tracellular distribution of nucleic acid is by stain- 
ing with an acid solution of a basic dye, such as 
Azure A, shown m figure 2C Histologists call 
this basophiha There is strong stam m the 
chromatm and nucleolus of the nucleus, and m 
the broad basal part of the cytoplasm The last 
reaction has been known for a long time, and a 
special name, ergastoplasni, was given to it be- 
fore the chemical basis of the stainmg reaction 
was understood Strictly speaking there are , two 
sorts_of_skongly acid basoph ili^aubstaiices m 
cells, the i^os^oric acid ester s which j nclude 
the two 'nucleic acids and tEe sidphuric acid 
esters which mclude such substances as muc o- 
polysacchand^ The latter are relatively rare 
and easdy distmguished from nucleic acid when 
they are present For precise characterization of 
the basophihc material m any part of the cell 
further cytological tests are always necessary 
For example, after a compamon shde to the last 
has been digested by nbonuclease the basal zone 
and nucleolus are no longer stamable with Azure 
A, while the chromatm still stains as heavily as 
m an undigested shde (fig 2E) If the nbonuclease 
digestion is followed b} desoxynbonuclease, then 
the shde will not stam at all with Azure A ^ 

* It should be pointed out that it is dye-bindmg 
capacity which the Azure A staining indicates 
This property depends to a certain extent, perhaps 
variable from tissue to tissue, upon the association 
of the nucleic acid mth protein, hence a weak or 
negative basophilia does not necessanly always 
indicate a low concentration of nucleic acid 


That the nucleic acid of chromatm is largelj 
if not entirely of the desoxjiientose type is con- 
firmed by the highly specific Feulgen reaction foi 
this sugar With this method, as with the azme 
stam after nbonuclease, there is only a nucleai 
pattern to mdicate the cellular stmeture of the 
panel eas (fig 2F) As would be expected, after 
predigestion of a shde with desoxynbonuclease 
the Feulgen reaction is negative 
In addition to the basophiha due to phos- 
phonc acid groups of nucleic acid and the Feulgen 
reaction of the desoxy-sugar the strong natural 
absorption of the punne and pynmidme bases 
has proved to be, m Caspersson’s hands, a use- 
ful method of loeahzation of polynucleotides 
Figure 2D, which is a compamon shde to that 
from winch 2C was photographed, clearly shows, 
as did the basophiha, the nucleic acid locahza- 
tion m the chromatm, nucleoh and basal zone of 
ergastoplasm The method of Caspersson (17) 
has been to measuin complete ultraviolet ab- 
sorption curves of pomts m different parts of the 
cell, and from the curve shape to draw conclu- 
sions about the approximate nucleoprotem com- 
position For example, the basal zone shows a 
nucleic acid curve with distortion of the long 
w'avelength slope due to the protem, while a 
legion of the zymogemc granules shows only 
protem ultraviolet absorption As with basophiha, 
it has been shown (e g by Davidson, 17a) that 
nuclease digestion reduces specifically the ultra- 
inolet absoiption of areas like either the basal 
zone and nucleolus or of the clnomatm, while 
absorption m all these legions is reduced by pre- 
treatment of the section with both enzjTues, 
or with hot trichloracetic acid Unhke basophiha, 
the ultraviolet hght loss is by no means all due 
to specific nucleic acid absorption, a certam 
amount at any wavelength is due to protem ab- 
sorption, and often as much as half of the hght 
loss IS non-specific because of scattermg and m- 
temal reflections m the dense protem mass (1, 17) 
The vanetj of techmques which may be used 
to locahze nucleic acids withm the ceU may be 
bnefly summanzed both pentose and desoxy- 
pentose nucleic acid are basophihc, absorb ul- 
traviolet hght strongly, and are soluble m hot 
tnchloracetic acid, the specificity of the nucleases 
and the Feulgen reaction serve to demonstrate 
whether the nucleic acid m a given region is pre- 
dominantly of the pentose or the desoxypentose 
tj-pe 

Apphcation of these nucleoprotem methods has 
completely clarified the questions of distribution 
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of luicloic acids m colls IiKlopciulonth C ispci-s- 
son ind his follow -woikci-s, iisinji; ultraviolet nh- 
snqition iiul the FcuIroii loulion, and Bi'ichet 
ind his ‘issocntcs (10), using bisophiha, iibo- 
miclcase, ind the Fculgon itiaction, have made it. 
(I 0 .U that 0 ) chiomitin is the site of nvijoi in- 
tracellular concentrilion of dcsowiibosc lunloic 
icid, b) iibose nucleic ‘uids ii'c cspocialh chai- 
ictcristic of the (\ topi ism ind the nucleolus, 
md r) that thei-o ii-o sinking di ingcs in imount 
of nbose nucleic acid in c ells in w huh pmtcin 
sintlicsis IS c\])eenlh rijiid, as in giowth 01 
s\nth'esls of a ghnduhi pi-oiluct The tell shown 
ibo\e had coinplotetl Miithcsis of a batch of 
granules, if this were about to begin itwould ha\e 
been noted that the basophilic oigastoiilnsni 
would ha\c been much mci'cised, extending dis- 
t dh into the region lex el with the nucleus 
The qualitatn c c\ tological methods w Inch ha\ c 
just been discussed le.id to louiliz ition of i sub- 
stance within a cell b\ its ibsorjition, which is 
detectable Msualh Cxtologists usuallx spc.ik of 
the intensitx of a stain 01 color reaction as weak, 
strong, xerj dark, etc — ind, of coui-se, these 
terms imph semi-quantitativo cxaluation of the 
concentration of the comjioncnt which is re- 
sponsible for the coloi \\3icn two objects are 
side bj side m an evenh illuminated microscopic 
field, or in the two fields of a comparison exe- 
piece, xasual matching appeai-s to be as accurate 
as objective photometric measurements With 
objects of the same size, proper visual comparison 
IS then a rough indication of relatix'e amounts, 
if two objects are equally dark they may be as- 
sumed to have ajrpi oximatelj" the same amount, 
and if they appeal different the darker one may 
be taken to contain more reacting substance 
The same conclusions regarding relative concen- 
trations may be drawm of two bodies of equal 
x'^ertical tluckness (equal absorbing path) More 
often, the quantitative question xvhich faces a 
C3dologist cannot be ansxvered even roughlj' bj’^ 
visual companson For example, one often xvishes 
to know relative amounts m twn objects of verj'' 
different size It is uncertain to xx^hat extent by 
visual study a microscopist can even determme 
whether two such unequal objects have the same 
intensitj'- (a rare condition probabljO, for the 
I'elatix'^e sizes of the contrasting surroundings in- 
ti oduce considerable difficult)^ If this match 
could be accurately made, then from the dimen- 
sions of the object one could compute a fairlj'' 
good estimate of hoxv much more substance the 
^■'rger object contamed 


TIic ibovG cxamjilcs illustrate the range of 
xisual inuioscopic companson If, to cite a x'erj’’ 
common cxpeiieuce, one cx tological object is 
huger and more hgbtb (olored than another, the 
( \ tologist IS almost < ompletcl)' lielpless to answer 
the obvious question of whether the decrease of 
coloi iscnliielx due to dilution in the larger mass 
The relation of xohime to light absorption is 
casilx comjiutcrl from an actual figure, a measure- 
nicid of extinction, but such a quantitatixm datum 
IS absolutelx neccss^ir} No amount of expenence 
(an train a C3tologist’s cxe to operate as an ob- 
jcctixe microscopic photometric dexuce These 
measurements must lie made with objectixe 
plirl( met CIS 

WACHirttN 



Fig 3 Dia<3Ram of a simplified apparatus for 
photometric measurements of cytological prepa- 
rations After Swift (20) 


At the Columbia Laboratoiy xve have for some 
time been explonng the possibihties of escape 
from these limitations of visual estimation bj'- 
adaptmg quantitative photometnc analysis to 
cjdologj" We hoped to be able to substitute ob- 
jective relative values foi the differences m ab- 
sorption which the eye or a photographic plate 
detects as different intensities The photometry 
can be made carefully controlled photography 
and densitometiy, but it is easier and more ac- 
curate to measure the absoiption directly by a 
phototube mounted m the optical axis directlj 
abox’^e the rmcroscope (fig 3) Aleasurements are 
made at a smgle wax^elength, near the absorption 
maximum 

If methods of demonstration of nucleoprotem 
are to be used in this quantitatix^e fashion oh- 
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Mousl} they must, in addition to bemg specific, 
be reproducible to a knoivn extent For example, 
the stainmg techmque must be standaidized so 
that it comes to a sort of end pomt, always reach- 
ing approximately the same mtensitj nith a 
given sort of cytological matenal When I started 
to measure cell structures it at once became ap- 
parent that the individual absorption measure- 
ments on any object within a single section ivere 
lariable over a considerable range — a situation 
which has hkewise been found by all other workers 
w^ho have given attention to the question The 
data for any one object group themselves into 


that fiom cell counts (table 1) Boivin and the 
Vendrelys (7) concluded that the nuclei of tissue 
cells of any one species of animal all contained 
approximately the same average amount of DNA 
This was fully confirmed by Swift’s (20) photo- 
metric measuiements of individual nuclei of 11 
different tissues of the rat (table 3) Essentially 
similar results have been reported by Pasteels 
and Lison (23) and by Leuchtenbergei, Vendrely 
and Vendrely (24) It does indeed appear that 
specializations of cells do not involve major 
changes in amount of desoxyiibose nucleic acid^ 
Swift’s photometiic measurements also confirmed 


Table 2 DNA, human erythroblast nuclei, feulgbn 


CASE NO 

DIAGNOSIS 

BErOKE BlJ 

AFtES Bl 

No nuc 

Eiw 

No nuc 

E|J9 

1 

Normal 

30 

231 i 003 



8 

Nutritional macrocytic anemia 

20 

250 ± 009 

30 

247 ± 007 

S 

Megaloblastic anemia of mfancv 

30 

244 ± 007 

5 

244 

4 

Pernicious anemia 

10 

232 d: 007 

20 

242 ± 005 

6 

Pernicious anemia 

35 

249 i 005 

27 

238 ± 005 

6 

Pernicious anemia 

30 

240 i 004 

35 

240 ± 005 

7 

Pernicious anemia 

36 

231 ± 006 

20 

235 dh 007 

8 

Pernicious anemia 

50 

248 db 005 

20 

242 ± 006 

9 

Pernicious anemia 

40 

266 =fc 006 

30 

248 d= 005 

10 

Pernicious anemia, juvenile 

30 

231 =b 005 

40 

237 ± 006 

Mean 

241 ' 

1 

Mean 

241 


Mean extinction values and standard errors of the mean Feulgen stained erjthroblaat nuclei, smears 
of human marrow, all nuclei 9 5 a m diameter The extinction, Eno, is a measure of the amount of 
nucleic acid in the nuclei From data of Reissner and Korson, 1951 (22) 


fairl} normal looking unimodal distnbution 
curves (21) Reproducibihty of one of these cjdo- 
chemical methods must therefore always be esti- 
mated by statistical analysis The shapes of the 
distribution curves are the same from shde to 
shde, but reproducibihty is more easdy assessed 
by companng mean values for each population 
measured The methods now m use in our labora- 
tory show means which are reproducible within 
about 10 per cent of the total extinction, as shown 
for example m Reissner and Korson’s data (22) 
on the Feulgen reaction in human erythroblasts 
(table 2) Usmg this simple statistical method of 
studjing shdes, a change of composition is de- 
tected as a significant difference m mean value 
The results with this quantitative cjdologj 
haxe been most stnkmg when apphed to the 
cell nucleus, especialty m measurmg its content 
of desox'jqientose nucleic acid It will be recalled 


the new' of the constant relationship of DNA 
to numbei of sets of chromosomes and strength- 
ened the vahdity of it by showing that polyploid 
nuclei with 4 and 8 sets of chromosomes had a 
correspondmg greater amount of desox'jnbose 
nucleic acid Additional cytological researches 
have traced the sjmthesis of DNA m animal 
cells through the cycles of nutosis, meiosis, and 
fertihzation (see Swift, 20, Alfert, 25, PoUister, 
Swift and Alfert, 19) 

Thes? results based upon measurement of the 
Feulgen reaction not onlj" provide strong con- 

» But it must also be stressed that the cji.ologi- 
cal values are means of a population in which the 
highest computed value maj’’ be as much as 50% 
larger than the lowest Part of this is undoubtedh 
due to technical difficulties, such as the inhomo- 
geneities of the absorbing mass, but it is quite 
possible that there is also a considerable actual 
variation in DNA content from nucleus to nucleus 
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finnnton e\idcncc of one major aspect of tlic 
significance of doso\^ nbosc nucleic acid m cclhi- 
hr biolog}’- but ilso validate tlic uliole quantita- 
tne jihotometnc appi-oacli Aer\ s.itisfnctorih 
If a biochemist is to use a colonmcti ic method of 
annhsis, an essential calibntion jiroccdurc is to 
set up a series of know n concentrations, or st ind- 
ards, and to check how accuritelji liis colorimeter 
midings reflect the known rclatnc conccntia- 
tions With cjdological jihotomctrj' this cannot 
be done Unquestionably within the cell the 
iiucleoprotein mass is ^cn different, in jilnsical 


T\BLt 3 DNA CONTFNT Ol Cl ASS I VOCIUI OP 
RAT TlSSUl-S 


CtlXTiTE 

NO OF 
NUCLEI 
MEASURED 

DNA rEULCTS 
AROmiARS UMTS 

(¥) 

Liver 

21 

3 34 ± 0 05 

Pancreas 

20 

3 10 ± 0 00 

Tlnonus 

33 

3 2S db 0 00 

L) niphocjdes 

19 

3 20 ± 0 08 

Sertoli cells 

IS I 

3 00 db 0 12 

Kidney epithelium 
Epithelium, small intes- 

30 

3 14 =b 0 04 

tine 

20 

2 97 ± 0 04 

Spleen 

33 

3 12 db 0 04 

Motor neurones 
Testicular interstitial 

20 

3 14 db 0 07 

cells 

20 

3 05 =fc 0 08 


After Swaft, 1950 (20) In the formula for com- 
puting arbitrary relative values, column 3, E is 
extinction at 550 m/i, r is the radius of the cylinder 
measured through the center of the nucleus, and 
F 18 the fraction of the total nuclear volume wLich 
the central cylinder represents 

state and m concentration, from that w'hen it is 
studied %n vtiro after extraction from the cell 
This difference must have a profound effect upon 
not only natural absorption but also upon the 
course of tests and stains for the protem and 
nucleic acid For further discussion of this point 
consult Polhster, (1) For a cytological cahbra- 
tion which wiU be comparable wuth that of an 
analytical biochemist w e must look foi a natural 
condition in which theie is a wade range of con- 
centrations From the averages obtamed by cell 
counts and gross analyses (table 1) it is cleai that 
nuclei of non-dividmg tissue cells may present 
just this desired situation For, if a mixture of 
several types of nuclei of widely Mir 3 ang volumes 
(as m the kidnej’’) show neailj’’ the same average 


DNA value as docs a population of nuclei which 
IS nearly liomogcneous as to size (as in the thy- 
mus) then it must be ti ue that in tlie larger nuclei 
the DNA has been diluted in projiortion to the 
Hici-ease m cell volume It is ns if a biochemist 
had picjiaied his samples, not bj’’ dilution of one 
concentmtion, but bj' weighing out 10 one- 
milhgram &,im])lcs and dissolving them m a range 
of volumes from 1 to a 100 milhhtcrs The largest 
diploid nuclei which Swift analyzed cjd.ologicallj'- 
were ne.irh 20 times the volume of the smallest 
Since the comjiutcd DNA was approvimatelj’’ 
alike in the two nuclear tjpes it is e\adent that 
the method can satisfactorilj estimate relative 
DNA o\ er a concentration range from 1 to 20 


Tabli I Nuclease digestiox of dna in nuclei 


] 

nTOaiFiflCAL j 

METHOD 

r\RT or NUCLEOTIDE 
MOLECULE UE^\SURED ; 

PEKCENTACE 

REDuenos 

OP 

EXTIN CTIOV 

Natural UV all- 

Pyrimidine or 


sorption 

purine | 

39 9 

Feulgen reaction 

Desoxypentose 

39 6 

Azure A basophilia 

Phosphoric acid 

37 7 


Measurement of the effect of nbonuclease diges- 
tion (2 0 mg/ml ), at high temperature (56°C ), on 
5ti sections of the nuclei of liver cells of the sala- 
mander, Amblysloma, showang the same reduction 
of extinction, measured by 3 different cytological 
photometric methods (Note such digestion of 
DNA bj' nbonuclease is very exceptional, as a rule 
nbonuclease preparations are highly specific for 
ribonucleic acid ) 

A careful analjdical chemist often checks his 
results with one method by comparison with 
others This is readily done with the y&nety of 
techmques for estimation of DNA by cytological 
photometric analj'sis Table 4 showTS that when 
there was about 40 per cent reduction of the ex- 
tmction of the Feulgen reaction, m this expen- 
ment wath nbonuclease at high temperature, this 

The average amount per diploid rat nucleus 
has been given from cell counts as 5 5 X 10~* mg 
(Leuchtenberger, Vendrely, and Vendrely, 24) 
From this it may be computed that the average 
concentration within the normablast nucleus 
(volume 24 /i’, after Swift) was of the order of 
23 X mg /t’ (23%), and that wnthin the 

nucleus of the motor neurone (volume, 460 ^’) 
the DNA concentration was 12 X 10~“ mg y? 
(1 2%) Bj" contrast, about the highest concen- 
tration of DNA which is readily measurable by 
ultraviolet absorption in a cuvette one centimeter 
thick IS less than 0 01% 



638 


FEDERATION PROCEEDINGS 


Volume 10 


loss of DNA was also independently determinable 
by measunng either the capacity of the phos- 
phoric acid to bmd Azure A, or the natural ultra- 
inolet absorption 

The results which I have just been discussing 
were all expressed m arbitrary umts, either ex- 
tinctions or values computed from the extmctions, 
taking mto account the geometry of the object 
measured If the relation of the mtensity of the 
reaction measured to the absolute amount of 
substance were known, from the extmctions the 
absolute amounts could have been readily com- 
puted Very early m this work Ris and I (26) pub- 
hshed what appeared to be this sort of valida- 
tion of ultraviolet absorption measurements of 
mdividual nuclei — but this now appears to have 
been no more than the result of a fortuitous com- 
bination of errors From the results of Swift 
and others it is apparent that m rat tissues, the 
Feulgen leaction bears a constant relationship 
to the DNA content, but it is not known to what 
extent this relationship holds from species to 
species It IS obvious, of course, that of itself 
the absolute amount m a given cell or cell com- 
ponent IS of hmited importance, most of the 
problems can be adequately solved if relative 
values can be detennmed 
The work on the desoxypentose nucleic acid 
content of animal nuclei has combmed biochem- 
ical and cytological approaches to give a picture 
of this component of the nucleus as fauly con- 
stant, markedly altered only when the chromo- 
some number is changed oi the material for new 
nuclei IS sjmthesized A similar interdependence 
of the two approaches is leading toward clan- 
fication of the problem of the total nucleopiotem 
composition of nuclei (27) The older analytical 
data mdicated that even m hver nuclei the pro- 
tem content w^as not more than two or three 
times that of nucleic acid The available cyto- 
logical data, by contrast, showed mdications that 
the protem content was much higher, up to 5 to 
20 times the nucleic acid Leuchtenbergei and I 


assumed that this meant that the washmg m- 
cidental to the isolation of nuclei removed a 
considerable amount of the protem, and we 
showed by photometric measurements of nuclei 
m fresh shces of hver that such loss did mdeed 
occur From other analytical data, most of them 
more recent, and usmg different isolation pro- 
cedures there may be computed considerabl}'- 
higher protem values which are m some cases (28) 
even highei than those we gave for hver We now 
know that our ratios were probably high by a 
factor of two, but even with this correction the 
protem content is much higher than that from 
the older analyses From the gross analytical 
data alone it could not be decided whether the 
low values were a result of loss of protem, or 
whether the high values mdicated that protem 
had been adsorbed onto the nuclei from the sur- 
roundmg cytoplasm The comparison of the cjdo- 
logical and biochemical data, however, makes it 
highlj"^ likely that the nucleus does, as a rule, 
contain high protem concentration, quite com- 
parable with that of the endoplasm 
In closing, I should hke to summarize bnefly 
The attempt to locahze substances m cells is one 
approach to the broad problem of determinmg 
to what extent cellular stnicture reflects diversitj’’ 
m distribution of the physiological functions of 
the cell Locahzation of substances can best be 
achieved by a corabmation of two approaches, 
analysis of isolated masses of cell components 
and direct locahzation bj'^ microscopic study of 
cells In most cases the C 5 dological studj must 
be made on fixed cells, on which a variety of 
specific tests, stains, digestions, and chemical 
extractions can be earned out Cytological locah- 
zation methods are best developed for protems 
and nucleic acids, and these have been adapted 
to yield quantitative estimations of relative 
amounts m cells The quantitative techmques 
have been used most successfully m studj of the 
composition of the cell nucleus 
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SEPARATION AND PROPERTIES OF CELL COMPONENTS^ 

George H Hogeboom 

From the National Cancer Institute, National Institutes of Health,^ Bethesda, Maryland 


Certainly the most versatile approach to an 
understandmg of the relation between cell stnic- 
ture and cell chemistry is the procedure of cell 
fractionation, whereby the cell is mechamcally 
broken and its structural elements are segingated 
accordmg to sise and density by fractionation m 
the centrifuge The mam advantage of this pro- 
cedure hes m the fact that cell fractions can be 
obtained m sufficient amounts to pernut the 
direct apphcation of quantitative biochermcal 
methods of analysis as fast as these methods are 
developed To the best of my knowledge, no other 
general cj’tochemical techmque has this capa- 
bihty 

It IS, therefore, simple enough to piepaie a 
broken cell suspension, subject the suspension to 
mcreasmg centrifugal force, isolate particles of 
vanous sizes, and carry out chemical analyses 
on the fractions obtained Past experience has 
amply demonstrated, however, that it is not 
simple to arrive at firm conclusions lelatmg the 
chemical data to the structural make-up of the 
cell, and this is the pomt where the cell fractiona- 
tion procedure must be exammed criticall}^ Now 
what IS hable to happen when the cell membrane 
IS broken? First, the mtracellular structures are 
dispereed mto an aqueous medium bearmg only 
a famt resemblance to that within the hvmg cell 
When so dispersed, the structural elements be- 
have appropriately by displaymg a pronounced 
tendency to undergo morphological alteration 
(1) Aside from the fact that this phenomenon 
of morphological alteration can make it difficult 
if not impossible to identify cjiologically the 
dispersed structures and thus to determme the 
composition of isolated cell fractions, a number 


^ For the sake of brevity, the following abbrevi- 
ations will be employed DPN = diphosphopyri- 
dine nucleotide, TPN = triphosphopyridine 
nucleotide, ATP = adenosine triphosphate, 
ATPase = adenosine triphosphatase, AMP ■= 
adeno8ine-5-pho8phate , AMPnse = AIVIP phos- 
phata8e, DNA = desoxypentosenucleic acid, 
PNA = pentosenucleic acid „ „ , , „ 1 * 1 . 

’ Federal Security Agency, TJ S Public Health 

Service 


of other undesirable phenomena nught be ex- 
pected to followq such as a ledistnbution of bio- 
chemical properties as a lesult of leakage of sub 
stances through damaged membranes, or ad- 
sorption of soluble compounds on particulate 
material 

These considerations have led to the estab- 
lishment of several criteria defimng an adequate 
isolation procedure, the first and most obvious 
of which IS that a sound cjdelogical background 
must be pronded Thus the morphological m- 
tegnty of the cell stmctures must be preserved 
to such an exTent that the composition of the 
isolated fractions can be directly determmed by 
cytological study It seems isasonable to beheve 
that this pnnciple also has some bearmg on the 
possible occui rence of isdistnbution of biochem- 
ical properties aftei cell disruption Thus the 
membrane of a cjdelogically intact structure, 
foi example nucleus oi mitochondrion, uould 
probably be less likely to leak than the membrane 
of an obviously altered structure 

A second item of impoiiance mvolves the 
question of ^ueld To isolate only a small propor- 
tion of the nuclei or mitochondna of a given 
tissue and attempt to interpret results obtained 
mth that preparation in terms of the uhole 
tissue IS an extrapolation of questionable validity , 
particularly when one considers the possibihty 
of heterogeneity of cells and perhaps even of 
nuclei or of mitochondria It is therefore neces- 
sary to provide a means by which almost all of 
the cells of a tissue can be broken and to devise a 
fractionation procedure permittmg reasonably 
clean separation of the various cell components 
and their isolation m good yield 

Two important additional points anse m con- 
nection with the biochemical analj^sis of the 
fractions and the interpretation of the biochem- 
ical data First, it is essential to analj^ze both the 
original whole tissue and all the fractions ob- 
tamed from it tins means it is possible to 
draw up a balance sheet, uhich senses as a test 
of the vahdity of the analjdical method, enabling 
one to detect the presence of inhibitors or acti- 
vators or the possible lole of more than one cell 
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component in a gi\ on biochemical reaction The 
second requirement arises from a consideration 
of the possibility of adsorjition of soluble com- 
pounds on particulate material and of an oicr- 
lappmg of fractions that maj not be readily 
detected by cjdxilogical study Thus in an investi- 
gation of the distribution of an enzyme among 
cell fractions, the presence in a single fraction of 
a relatively small proportion of the total enzyme 
should be mterpreted vith caution The finding 
that the enzjnne is concentrated in the fraction 
to a greater extent than in the onginal whole 
tissue IS much more hkelj to be significant fiom 
the cj'tochemical standpoint 
Up to the present time, manmiahan liver Ins 
been by far the most popular tissue for cell frac- 
tionation studies I^OLpresents certain definite 
advantages over most other tissues It is largel} 
composed of what appears to be a single cell 
tjqie and the mdividual liver cells are large and 
easilj disrupted The abimdant cjiioplasm con- 
tains manj mitochmdria (prolSablj somewli'ere 
m tlie neiglib orhood ot 70D*~ per ceU) j_and~np- 
parently several tjqies of subnucroscopic struc- 
tures which have recentlj been revealed 63 
electron microscop}'' Also present in the 034)0- 
plasm and nsible in the hght microscope are 
hpid droplets and a number of small sphencal 
secretor} granules which stam with neutral red 
and are usually located near the peripher}" of the 
cell The cell contains a single nucleus contain- 
ing 1 to 3 nucleoh 

B}’- utihzmg the mitochondrion as a test ob- 
ject, it has been possible to obtain a considerable 
amount of information concermng the propei 
conditions for fractionating the hver cell The 
mitochondrion, which has almost as wndespread 
a distribution among cells, plant and ammal, 
as the nucleus, has cei'tam charactenstic C3d;0- 
logical properties, including a usually elongated 
shape, the probable presence of a surface mem- 
brane, specific staimng vitally with Janus Green 
B and after special types of fiAation with certain 
other d3'es, and a very pronounced sensitivity 
to mishandhng In the latter lespect, both the 
cj-tological and biochemical properties of mito- 
chondna are markedl}' affected by the composi- 
tion of the suspendmg medium The followmg 
facts became apparent m a stud}’’ of the effect of 
various media on mitochondria (1) The use of 

* This value w as obtained b}' making simul- 
taneous counts of nuclei and mitochondria m 
homogenates of mouse and rat liver 


water or otlier h3'potonic solutions causes pro- 
hibitive morpliological alteration, and the use of 
solutions of electrolytes at the isotonic level 
produces aggregation of the particles to such an 
extent that they cannot be ndequatel} separated 
from nuclei An answer to these problems of 
morphological alteration and of aggregation was 
found, however, in the use of solutions of non- 
electrol3'tes Two media evolved from the stud} 
isotonic (0 25 m) sucrose m w Inch the mitochon- 
dria change from an elongated into a spherical 
shape but othenMsc retain their normal c}4;o- 
logical properties, and h}’pertonic (0 88m) suc- 
rose in which the particles retain both their 
normal shape and staining properties Subse- 
quently, a comparative stud} of these tw 0 media 
has led to the conclusion that neither possesses 
an} distinct advantage as far as the distribution 
of biochemical properties among the cell fractions 
IS concerned There are, however, difficulties as- 
sociated with the use of h}qiertonic sucrose, in- 
cluding the necessar} addition of large amounts 
of sucrose to reaction mixlures and, because of 
the high density and viscosity of the solution, a 
requirement for high centrifugal forces m the 
fractionation procedure For these reasons w e are 
at present using the more convement of the two 
media, namel} the isotonic sucrose Perhaps I 
should point out, how ever, that w e do not by an} 
means feel that the choice of a proper medium 
for cell fractionation is a closed problem Sucrose 
solutions are certamly far from physiological m 
the sense of duphcating the medium of the c}’to- 
plasm, and we are well aware of the possibihty 
that artifacts may eventuall}’’ be encountered as 
a lesult of the use of such unphysiologic solutions 
The addition of vanous salts at low concentra- 
tions to the sucrose solutions in an attempt to 
improve the physiological characteristics of the 
media has, in oui experience, invanably resulted 
in some degree of aggregation of particles and 
thus m difficulties in obtaimng adequate frac- 
tionation 

The fractionation piocedure (2) is, of course, 
earned out entirely in the cold, the temperature 
of the pieparations being maintamed at 5° or 
less In our experience, the Potter-Elvehjem ho- 
mogenizer (3) prondes the most satisfactory 
method for disruptmg cells, smee its use results 
m the breakage of 80 per cent or more of the 
hver cells without damage to an appreciable 
proportion of the nuclei The Waring blendor is 
entirely unsatisfactor}’’ foi the preparation of 
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homogenates suitable foi cell fractionation stud- 
ies The subjection of hver, for example, to the 
action of the Waring blendoi for periods sufficient 
to disrupt most of the cells results m the break- 
age of many nuclei and even of some mitochon- 
dria 

By the use of mcieasmg centiifugal forces, foui 
fractions are obtamed from homogenates of mam- 
mahan hver, first, a nuclea i fraction contauung 
about 15 per cent of the original total mtrogen 
and mcludmg all of the nuclei of the homogenate 
together with some residual mtact cells and a 
variable but usually small number of free mito- 
chondria, second, a mit ochondnal fraction i n 
which virtually all of the visible p articles^atisfy 
the cytological cntena for the identification of 
mitochondria and m which, as indicated by elec- 
tron microscopy, there are apparently few sub- 
microscopic particles (1) The mitochondrial frac- 
tion contains approxunatel}’- 25 peiucent-ofjhe 
ongmal total mtrogen The "EIu ^ fractio n, the 
submicroscopic jiarticles or microsomes. contains 
20 to 25 per ceiR of the ongmal m trogen The 
t 3 TDes of structures present m this fraction have 
not as yet been clearly defined, although recent 
studies carried out with A J Dalton with the 
electron microscope have mdicated the presence 
of several types of particles of diameters rangmg 
between 30 and approxmiately 150 milhmicrons 
The fourt h fract ion, a final supernatant, contams 
35 to 40 per_c^nt of the original mtrogen and is 
made up of the soluble^matenal of the cell, possi- 
bly some very small particles, hpid droplets, and 
some of the secretory granules It is our exper- 
ience that most of the secretorj'' granules do not 
exist as formed elements after disruption of the 
hver ceU (1) 

It IS apparent, therefore, that tlus fractiona- 
tion procedure is suitable for the isolation of the 
structural elements of the cytoplasm but does 
not yield a homogeneous preparation of nuclei 
In fact, it seems unhkeb'' that a satisfactorj'- 


method for the isolation of cytologically mtact 
nuclei m good yield has yet been developed Al- 
though the use of the citnc acid method, for 
example, permits I'easonably clean separation of 
nuclei from cytoplasmic constituents, the nuclei 
so obtamed are obviously morphologically al- 


tered (4) A similai picture is obtamed by the 
use of the Behrens’ procedure (5, 6) Recently, 
several modifications of the sucrose (7, S) tech 
mque have yielded clean preparations of nuclei 
that appear c 3 Rologicalh mtact, but aU these 


methods thus far permit the isolation of only a 
small proportion of the total number of nuclei of 
the tissue 

By far the most stnkmg result of studies of the 
biochermcal properties of cell fractions has been 
the partial elucidation, by work carried out m a 
number of laboratones, of the important role 
played by mitochondria m the metabolism of the 
hver cell In this respect, one of the earhest dis- 
covered enzymatic properties of mitochondna 
w'as their content of c 3 Rochrome oxidase and 
succmic dehydrogenase (9, 10) Several ex-pen- 
ments have suggested that these two enzjune 
systems are, in fact, exclusively a function of 
mitochondria, the relativelj’^ small amount of 
activity shown by other fractions probablv being 
the result of contamination by mitochondna (1) 
Other enzjme sj'stems and related substances 
that are concentrated m this fraction of hver are 
oxalacetic acid oxidase (11), octanoic acid oxidase 
(12, 13) glutamic dehydrogenase,^ DPN c}do 
chrome reductase, TPN c 3 ’tochrome reductase 
(14-16), adenosmetriphosphatase (9, 17) cata- 
lase (18), uncase (19), c 3 Rochrome c (2, 20), nbo- 
flaxrm (21), and vitamm Be (22) The system 
catalyzing the 83 Tithesis of p-ammohippunc acid 
from p-ammobenzoic acid and glycme w^as largely 
recovered m the mitochondrial fraction (23) 
Recently, Kjelle 3 ’’ and Kielley (24) m an interest- 
mg study of oxidative phosphorylation have 
showm that m the presence of an oxidizable sub- 
strate, such as a-ketoglutarate, hver mitochon- 
dna are capable of 83 Tithesizmg ATP from AMP 
and morgamc phosphate at a veiy^ rapid rate, 
the net uptake of morgamc phosphorus at 28 
bemg approximately 2 juM/mm/mg of mito- 
chondrial mtrogen In this stud 3 '^ it was also 
showm that the ‘myokmase’ activity of hver is 
largebq if not exclusively, assocmted with mito- 
chondria and plays a prominent role m the phos- 
phorylation mechamsm (24) The adenosmetn- 
phosphatase (ATPase) of mitochondria was found 
to be non-operative under the conditions of ATP 
S3mthesis and became operative only when the 
particles were aged or subjected to procedures 
causmg structural alteration and at the same time 
a loss of them abiht 3 ’^ to carry out the phosphory- 
lation reaction The latter findmg brmgs up the 
mterestmg possibiht 3 ’^ that ATPase may under 
appropriate conditions actually function as a 
synthesizmg S 3 "stem 

* Hogeboom, G H and W C Schneider Un- 
published experiments 
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Of the enzyme sj stems that are concentrated 
m mitochondria, se\eml ire aiiparently not e\- 
clusivelj associated witli tins cellular element 
The cj^tochromc i-cductnscs, for example, me 
also concentrated in microsomes ATPase is also 
concentrated m the nucleai fraction, catalase 
and c 3 tochiome c in the final supernatant, and 
the activity of mitochondiia in the oxidation of 
oxalacetate, and to a lesser extent of octanoate, 

IS enhanced bj the addition of other fractions 
Minch by themselves are inactive The situation 
Math lespect to a-ketoglutarite oxidation is not 
entirely clear, since a satisfactorj' method for the 
assay of this sj stem in homogenates is not avail- 
able Isolated mitochondria, hoMcver, are capable 
of oxidizing a-ketoglutarate in the piesence of 
MIP and magnesium ions at a reasonabl 3 ’' rapid 
rate, the Qo. m terms of milligrams of total nitro- 
gen at 28° being appioximately 400 ^1 of Oj/hour 
(24) It thus seems possible that mitochondria 
are laigely responsible for this reaction 
Another mterestmg study having a bearing, 
from the negative standjiomt, on the properties 
of mitochondna. Mas earned out b 3 ’- LePage and 
Schneider (25) These investigators found that 
over 50 per cent of the anaerobic glycolytic- ac- 
^\nty of rabbit iTvw M’as iecovered_in-t lie-final 
_ 8 Upernataht '~Nb~^her fraction shoMed appreci- 
able actmty except the nuclei, Mhich, of course, 
Mere contammated by intact cells Wlien the 
fractions were recombined, the actmt 3 '' of the 
supernatant Mas enhanced greatly by the addi- 
tion of microsomes but only shghtly b 3 " the addi- 
tion of mitochondna It M’ould thus appear that 
mitochondria are not mtimately conceined ivith 
the anaerobic phases of glycotysis 
Another findmg of interest from the negative 

* point of view is that mitochondria contam only 
a relatively small amount of pentose nucleic acid 
(1, 9, 17) Approxamately 25 per cent of the total 
mass of mitochondna appears to be composed 
of hpide, of M'hich about tM'O-thirds is phosphohp- 

? ide (2&-28) 

It seems apparent, therefore, that mitochon- 
i dna are chiefly concerned witli the oxidative 
metabolism of the cell, mcludmg some of the re- 
t actions of the lirebs cycle Pei haps their most 
mterestmg biochermcal propert 3 ", ansmg from 
0 the studies on phosphonjdation, among others, is 

* then abiht 3 to can 3 out reactions capable of 
suppling eneig 3 " foi 5301 thesis 

, As^ far as the enz 3 Tnatic properties of the 

nucleus are conceined, the results of investiga- 


tions of the nucleai fiaction have been large^ 
negative Although m all cases some enzyme ac- 
tivity IS alMa 3 S slionn 113 ’' the nuclear fraction, 
onl 3 ' m the case of ATPase (9, 17) and AMPasc 
(29) 18 the concentration of enz 3 Tne sufficiently 
high to rule out contaminating c 3 'toplasmic ele- 
ments ns the cell stimcturcs responsible for the 
nctivit 3 ’' In general, the results of enz 3 'me de- 
terminations carried out on nuclei isolated b 3 
other techniques arc open to the same difficult 3 ' 
in interpretation (4) It is, on the other hand, 
cntirel 3 '^ possible that the nucleus actuall 3 ^ does 
contain a large number of enz 3 ™cs in relativel 3 
low concentration, but ])ioof that this is the case 
IS certainl 3 not a simple problem 
The submicroscopic particles or microsomes 
are charactenzed b 3 '’ stiikmgly high concentra- 
tions of pentose nucleic acid (PNA) and of hpide, 
which IS mostly in the form of phosphohpide 
The concentration of PNA m nucrosomes is some 
5 to 6 times that found m the mitochondrial 
fraction (1, 11, 12, 17, 28), and approximatel 3 
40 per cent of the diy' weight of nucrosomes is 
hpide m nature (26-28, 30) 

Until recently, the metabohe function of micro- 
somes has been largel}’’ a matter of conjecture, 
but during the last few 3 ears several enz 3 ’mes 
have been sIiomti to occui m the fraction m a con- 
centration exceedmg that m whole tissue These 
enz 3 Tnes mclude both DPN and TPN C 3 'tochrome 
reductase (14-16), the formei bemg present m 
considerably higher concentration than the lattei 
Omachi, Barnum, and Ghck (31) have reported 
that the esterase actmt 3 '- of whole hver is largel 3 " 
recovered m the nucrosome fraction hlicrosomes 
also play a role m certam other enzjme reactions, 
mcludmg anaerobic glycob^sis (25), the oxida- 
tion of oxalacetate ( 11 ), and the reductive cleav- 
age of p-dimethylammoazobenzene (32) 

It IS obvious, howevei , that our present know'l- 
edge of the role of microsomes m ceUular metab- 
olism 18 qmte himted and does not permit the 
type of generalizations that can be made m the 
case of imtochondna 

Tlie fourth fraction obtamed from mammalian 
hver, the supernatant, is, of courae, a highly com- 
plex mixture contammg all of the enz 3 Tnes in- 
volved m anaerobic gb'^cotysis (25), as well as 
iBocitnc deh 3 ’^drogenase (16), acid and alkaline 
phosphatase (29), catalase (18), C 3 dochrome c 
( 20 ), and undoubtedl 3 r man 3 " other substances 
of biochenncal importance A detailed 8 tud 3 of 
the t 3 'pes of protems present m the soluble frac- 
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tion of the cell is a problem of major proportions 
m itself Recently, some steps m this direction 
have been made by Sorof and Cohen through the 
use of electrophoretic and ultracentnfugal analy- 
sis (33, 34) 

Perhaps it would be of some mterest if I were 
to devote the last few minutes to a discussion of 
recent experiments designed to mvestigate further 
the properties of hver mitochondiia For a time 
it was somewdiat disturbmg to find that prac- 
tically all of the enz 3 Tne systems associated w ith 
mitochondna were ‘msoluble’, i e easilj' sedi- 
mented from extracts of practically any tissue, 
not obtainable m a monodisperse state in true 
solution, and thus refractive to expensive punfi- 
cation Notable examples were cj^ochrome oxi- 
dase, succmic dehydrogenase, ATPase, and DPN- 
cytochrome reductase In view of evidence favor- 
mg the existence of a mitochondnal membrane 
(35, 36) and m spite of the cjrtological evidence 
for the integrity of isolated mitochondria, it 
seemed conceivable that the membranes of the 
particles were actually bemg damaged sufficiently 
dunng the fractionation procedure to allow the 
escape of soluble substances, leaving onl}'^ an un- 
soluble residue Several hnes of evidence have 
clearlj mdicated, however, that this is not the 
case More recent studies have shown, for 
example, that several soluble protems that can 
readily be purified, such as cytochrome c, TPN- 
C 3 dK)clirome reductase, myokmase, and glutamic 
dehydrogenase, are concentrated to a consider- 
able extent m the mitochondnal fraction Finally, 
when the mitochondnal membranes aie mechan- 
ically broken (37, 38) either by the use of mtense 
some vibrations or by foremg the particles 
through a small orifice under high pressure, ap- 
proximately 60 per cent of the total mtrogen is 
released mto solution Further studies of the 
soluble fraction of mitochondria liave shoivn that 
it consists largely of protems that can be sepa- 
rated and characterized m the analytical centn- 
fuge Different refractive mdex patterns are ob- 
tamed by the two methods of dismtegration of 
mitochondna, the only' component that appears 
to sediment as a monodisperse system bemg re- 
leased by some vibrations (38) This component 
which constitutes a large proportion of the total 
protein of mitochondna, and is characterize y 


a sedimentation constant of 6 2 Svedbeig units, 
IS apparently either denatured or dissociate when 
the mitochondnal dismtegration is earned out by 
forcing the particles through a small orifice 
Of some mterest is the fact that the soluble 
fraction of mitochondria isolated from a hver 
tumor shows a quahtatively different protein 
pattern m the analytical centrifuge, m that the 
mam component obtamed from normal hver 
mitochondna appears to be absent (38), whereas 
other components are seen that correspond m 
sedimentation constant to those of the normal 
hver mitochondna Furthermore, the two meth- 
ods of disintegration produce identical patterns 
m the case of the tumor mitochondria but strik- 
ingly different patterns m the case of normal 
hver mitochondna Attempts are now under way 
to isolate and charactenze the component of 
normal hver mitochondna that cannot be de- 
tected m the tumor preparation 
The effect of the disintegration of mitochondria 
on the enzyme systems of the fraction is also of 
some interest My'okmase and glutamic dehy- 
drogenase are released mto solution Cytochrome 
oxidase, DPN-cytochrome reductase, ATPase, 
and, somew'hat surpnsmgly, cytochrome c re- 
mam attached to particles that are sedimented 
ivith considerable difficulty,* not bemg completely 
sedimented by'' 30 to 40 mmutes centrifugation m 
an angle centiifuge at 150,000 g Moreover, the 
specific cytochrome oxidase and DPN cytochrome 
reductase activities of the slowly sedimentmg 
particles are much lugher than the correspondmg 
actmties of the ongmal preparation of mito- 
chondria It IS obvious that without the avail- 
abihty of a high speed centrifuge permitting 
sedimentation with a minimum of convection, 
it could be erroneously assumed that these 'm- 
Boluble’ enzymes had been brought mto solution 
As I have attempted to illustrate, the proce- 
dure of cell fractionation, despite certam deficien- 
cies, IS capable of yieldmg a considerable amoimt 
of information both m the field of cytochemistry 
and m basic studies of the mechanism of bio- 
chemical reactions It is our hope that future 
efforts m this field will emphasize the develop- 
ment of new' methods capable of checking m- 
dependentlv and extending the present data 
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It is now 9 yeai-s since the symposium entitled 
"Frontiers m Cytochemistry” was held m honor 
of Prof R R Bensley at the XJmvei-sity of Chi- 
cago and what httle we know about enzyme dis- 
tribution in cells has developed laigely since 
that tune, masmuch as almost no data on m- 
tracellular distribution of enz 3 Tnes were presented 
at that meetmg Indeed, the first observations on 
succmovidase distiibution as repoihed there diffei 
considerably from piesent views Neveitheless 
a beginnmg was made and the time was npe for 
furthei de-velopments 

A recent review by Schneider and Hogeboom 
(1) has surveyed the hterature on enzyme dis- 
tnbution up to this time, and therefoie in covei- 
ing the subject that was assigned to me foi the 
piesent occasion, I shall feel free to spend moie 
time on what we take to be the significance of 
studies in this field rathei than to cover such de- 
tails of enzyme locahzation as are available 
Smce this field is just beginmng to estabhsh it- 
self, tlus may be a good tune to take stock of oui 
present position and to ask ourselves what we 
may hope to accomphsh by these studies 

There are two approaches that are begmmng 
to be widely apphed in the field of intracellular 
enzyme locahzation One is the so-called histo- 
chemical method, based on the classical methods 
of histology, and the othei is the method that is 
based on the early experiments by Bensley and 
by Claude, namely, the method of differential 
centrifugation of homogemzed tissue samples We 
shall not attempt to interpret the findings ob- 
tained by the histochemical method except m 
one mstance, m wluch the apphcation by Non- 
koff (2, 3) of the method of differential centnfu- 

The experimental work from the authors 
laboratory v as supported in part by grants from 
the National Cancer Institute of the National 
Institutes of Health, Public Health Service, and 
from the American Cancer Societj on the recom- 
mendation of the Committee on Growth of the 
National Research Council 


gation to the localization of alkahne phosphatase 
led directlj"^ to the rejection of the widely held 
Anew that the enzjune w'as locahzed m the nucleus, 
as indicated by the usual histochemical method 
The same view' has now been accepted by Gomori 

(4) and is apparentlynot a subjectof controveisj 
The early philosophy of the differential centri- 
fugation school W'as summed up very neatlj bj 
Professor Benslev m the statements that “It 
w'ould seem to be an axiom of anal 3 dic chenustn 
to separate separable thmgs before proceeding 
to their analysis,” and “The analysis of particu- 
late components of C3'toplasm is only as good as 
the species puiity of the pieparation ” (5) Al- 
though it IS appaient that Bensley regarded the 
immediate task ns analjdical, he w'as also well 
aware of the broader imphcations of the 
work He said, “Obviously the possibihty of 
separatmg mitochondna and particulates, and 
of isolatmg the structuial proteins foi chemical 
study, opens a rich field for fmdher research 
The locahzation of enzyme and earner systems, 
vitamins and hoimones, and the viruses, func- 
tional changes m composition, the tracmg of 
radioactive isotopes into the intenor of the cell, 
and the further fractionation of the submicro- 
scopic particles b 3 ' more refined methods all offer 
mviting opportunities to the mqiurmg mind ’ 

(5) It IS the purpose of the present discussion to 
mqiure w'hether the hopes and predictions of 
Bensle 3 ' were justified, in the hght of the subse- 
quent 9 yeais of experimentation m this field 
What are some of the objectives that we may 
hope to attain b 3 ' further work m this field? 

OBJECTIVES 

AVlien looked at as an analytical problem, that 
IS, the determination of enzyme distribution m 
the obtainable cell fractions, it must be reahzetl 
that an 3 'thing less than the quantitative approach 
has very httle significance Thus the problem of 
enz 3 'me distiibution m cell fractions mvolves the 
same hazards and the same precautions that are 
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jiict in npplMiig the hoinogcn itc tctluuqucb to 
the dcternuintion of cnz\ inc'? in tissues ns iiointed 
out in 1944 (G) Tins me ins that the ie.iction 
nn\tnrc must be fortified with sneli cofaetors and 
adjmants ns nnn lie leqnneil to make tlic given 
enz\me tlie into detei mining f u tor But it must 
be clear th it the enz\mc distribution studies uc 
not an end in themscKcs It is deir b^ this tunc 
that the localization of cnz\ mc'' m cell fractions 
IS no longer the mam line of dciclopmcnt m tins 
field but that the methods of difTcrential rentrifu- 
gation can now be used as i powciful tool for the 
studi of jidraccUiAar physiology, wlncli is the 
underh ing basis of iihjsiologi at all highci levels 

ttliat can we hope to gun bi knowing more 
about wheie the mdn idual enzimes m a cell are 
located? Stated in the broadest teims, these 
studies have as their objcctnc the understanding 
of eients occurring at highei Iciels of organiza- 
tion 

In order to understand these e\ cuts it is netes- 
sarj to effect a fusion between the morphological 
or structural aspects of biologj and the chemical 
or nietabohcal aspects, and to correlate both 
along the time scale The understandmg of the 
morphological and metabolic changes at various 
leiels of orgamzation is in oui opinion pnmanly 
a matter of understanding the control or regulatory 
mechanisms that are called upon In this connec- 
tion, we think of enzj'me action in terms of two 
mam categories 1) the controlled enzyme aclivtiy 
that is manifest in situ at the highest level of 
enzjTne orgamzation, namely, the intact animal, 
m which the manifold factors of the internal and 
e\'ternal environment aie brought to bear, and 
£) the potential enzyme activity that the various 
enzjTue systems can be shown to possess at 
lower levels of orgamzation, such as the homo- 
genate or the ceU fraction In this discussion we 
hope to show how the methods of differential 
centnfugation of homogenized tissues can con- 
tribute effectively to studies at both levels, and 
to mention vanous subsidiaiy problems that 
arise 

CONTROLLED ENZITUE ACTlVm IN SITXJ 

An example of how these methods are prolong 
useful for the study of controlled enzjone activity 
m sUu hes in the field of nucleic acid metabolism 
Tor some time evidence has been accumulatmg 
ui the laboratorj’’ of Caspeisson (7) and else- 
where that important mteractions between the 
nucleus and cytoplasm are mvolved m nucleic 
acid S3Tithesi8 The studies based on microscopic 


CMimmation of iiidn idual cells have certain lim- 
itations for the study of metabolic processes, and 
\nrioub investigators, including Jeener and Sza- 
farz (S), Bariunn and Husebj' (9) and Marshak 
(10) hue attempted to supplement the findings 
on single cells with iiietaliohc studies involving 
isotopic phosjihorus combined with techniques 
of differential centnfugation Their studies were 
complicated In the fact that phosphorus can fol- 
low inanj metabolic jnthwi 36 , but nevertheless 
\ahd conclusions wcie roached as to the lugh 
metabolic actnat}'' of the nuclear PNA (pentose- 
nucleic acid) I will illustrate tins t 3 pe of ex- 
periment with data that ire being obtained in 



Fig 1 Srecific actuitt of PNA in rat liver 
cell fractions 

oui laborator} by Air Huilbert We mjected 
rats wath 1 mg of labeled orotic acid (11), 
which lias been shown to be converted mto the 
P3’Tiimdmes of nucleic acids m lugh 3aeld (12-15), 
while the punnes do not mcorporate this sub- 
stance Eats were killed at tune mtervals of 2, 
4, 8, 12, 20 and 91 hours and the amounts of 
radioactivity m the mtemal organs, respuatoiy 
CO 2 and excretory products were detenmned 
The hvers contamed most of the retamed m 
the body The 3 ’^ were homogemzed and separated 
mto nuclear, mitochondrial, and supernatant (S 2 ) 
fractions by differential centnfugation usmg the 
sucrose medium as emplo 3 ^ed b 3 ^ Pnee, Mdler 
and AliUer (16) The PNA and DNA of the nu- 
clear fmction were separated In the imtial penod, 
most ot the was m the nuclear fraction and 
was m the pentosenucleic acid (PNA) of this 
fraction No was detected m the desoxypen- 
tose nucleic acid (DNA) at this time The re- 
sults (fig 1) are shown m terms of the specific 
activities of the PNA of the nuclear, mitochon- 
dnal and supernatant (S 2 ) fractions From this 
first approximation of the mtracellular distnbu- 
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tion it 18 clear that the label was first incorporated 
into the PNA of the nuclear fraction, then into 
the PNA of the cytoplasmic fractions After 91 
hours, the DNA had attamed only a small fme- 
tion of the radioactnnty m the hver Thus the 
suggestions of earher workers I'egardmg the im- 
portance of the nuclear PNA (7-10), considered 
to reside largely m the nucleolus, is remforced 
by these studies, more particularly because m- 
stead of usmg P®* the present study was carried 
out mth orotic acid This substance is mcor- 
porated with a comparatively high yield, and has 
alternative metabohe pathways that appear to 
be more restricted than those of phosphorus 
From these data it is clear that the orotic acid 
is not bemg taken up at the same rate bj-^ aU 
parts of the cell — it is bemg taken up by the 
nucleus, and mdeed by a specific portion of the 
nucleus other than the DNA portion By follow- 
ing the rates of mcoiporation of the label from 
orotic acid mto the various cytoplasnuc particles 
along the time scale, and under vaiious condi- 
tions which augment the mcorporation mto the 
DNA of the chromosomes, it should be ])Ossible 
to test some of the current hj^iotheses regardmg 
the ongm and mterrelationships among the var- 
ious formed bodies found witlun the cell (cf 8) 

We feel that these data illustrate how the 
method of diffeiential centrifugation combined 
with appropriate isotopic precursors can lie a 
powerful tool for the study of the conti oiled 
activity of localized enzymes m sxtu, operatmg 
at the highest level of enzjTue orgamzation 
This was the fust mam category of enzyme ac- 
tivity which we mentioned as an important field 
for the application of these methods to the prob- 
lem of the control mechanisms 

POTENTIAL ENZYME ACTIVITY 

The second mam category m which the methods 
of differential centnfugation seem at present to 
be mdispensable is the study of potential (and 
eYpemnentally altered) enzyme activity at the 
lower levels of oigamzation m terms of mtra- 
cellular control mechanisms In studjmg the 
activit}'’ of the cell components we can obsen'e 
relationships that enable us to begin mterpretmg 
the data obtamed b 3 ^ means of shces, whole ho- 
mogenates and the washed residues, etc It 
IS now clear that many of the enz 3 mes present 
m the whole organism or even m the tissue shce 
do not operate at capacity under usual condi- 
tions of study Wlien these enz 3 mes are studied 


by the homogenate technique or m isolated cell 
fractions the}" will be either less active or more 
active than they were in situ — less active if the 
necessary reaction components are m lower con- 
centration than in situ, and more active if the 
reaction components are m optimum concentra- 
tion When the enzymes are studied at the level 
of the homogenate oi the cell fractions, it be- 
comes possible to study their requirements for 
maximum performance while mamtammg them 
m their intracellular form By learning just what 
factors are necessar}" for maximum performance, 
we are m a position to learn not only the amount 
of the enz 3 Tne piesent in a given cell fraction, 
but u e also learn u hat factors the other parts of 
the cell would have to contribute m order to 
control the activit 3 " of the fraction under study 
Although there are many ways m which the ac- 
tivity of an enz 3 Tne can be regulated (6,17,18), we 
beheve that one of the more important is bj the 
regulation of the supply of substrates and co- 
substrates (coenz 3 'mes), and this is obviousl 3 a 
mechamsm m which the spatial distnbution of 
enzymes could be decisive We refer particularly 
to the deliver}" of co substrates such as morgamc 
phosphate and phosphate acceptors, which ap- 
pear to be necessary components and hence com- 
mon denominatora in a lai^ge number of reac- 
tions, with the I’esult that an}" reaction that tends 
to use up the supply of either of these reaction 
components can shut off oi regulate the rate of 
all the other reactions that are dependent upon 
the phosphate balance (6, 19, 20) The deliveiy 
of co-substrates can also be decisive m deteimm- 
ing the choice betw"een alternative metabohe 
pathw"n 3 "s, as we have recently show n m the case 
of p 3 "iuvate metabolism (21) 

Let us examine the data obtainable b} vaiious 
techmques The first pomt that needs to be 
emphasized is that the compaiison of shces with 
homogenates under conditions that are appro- 
priate only for shces is a meamngiess gesture 
When a reaction can be studied m a homogenate, 
and the optimum conditions are worked out, 
the reaction tends to be faster m the homogenate 
than m the shce In figure 2 the activit} of the 
homogenate is given as 100 pei cent, and the 
actmt}" of the shce is given as a percentage of the 
homogenate data Thus the shces compare with 
the homogenates as follows uiea formation in 
rat hver, 43 per cent (22) , p-ammo-hippuric acid 
S3"nthesis m rat hver, 32 per cent (23) , hver oxi- 
dation of p}"nivate, 38 per cent (24 25), kidney 
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oxidation of |nniMite, 10 jioi iciit (21, 25), Inei 
aMitlicsis of icetoncct itc, 70 jier rent (21), and 
ni the rice of the onl} tumor so fir studied in 
these tenns, innmte oxidation \\as about equal 
b\ botli tecliniques Tlie possible sigmfirance of 
the latter obscrxation Ins been discussed clse- 
exhere (26) 

It IS endent tint in inanj instances the cn- 
zMiies of the slice are not \sorking at capacity, 
in coiniiarison with homogenates from the same 
tissues Once it is clear th it this ( an be tnic, it is 
not too surprising to find reiioiis in which the 
suppression of an enzx me in rn o is so pronounced 
as to make it appear that an organism lacks the 
enznne, dthough extmets of the organism con- 


rliromc c icdiutascs (20, 40) and isocitiic dehj'- 
(Irogcnasc (30) in the vaiious fractions and find 
luge imounts of the reductases in the micro- 
sonies while a high proportion of the dchjdro- 
genase is in the soluble fi action Thex were of 
the ojimion that the rate of ox' 3 gen uptake b} 
the mitochondria xxas mainly a measure of cxi;o- 
chromc reductase actixatj Howex'er, on the basis 
of the following studi&s, xxe bcliex’^e that m the 
mitochondria alone the rate-limiting reaction is 
phosjihate breakdoxxn 

We earned out jihosphate balance studies on 
kidnej mitochondria, xxhole homogenates and 
mitochondria plus nuclei (31) The mitochondna 
did not break down tbc added ATP until the 
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Fig 2 Comparison of slice activity xnth hO' 
mogenate activit}' Data from references 21-24 


tarn the enzjone m demonstrable form, as in the 
case of the pantothemcless mutants 5531 and 
34556 of Neurospora (27) The more usual case 
xxall of course involve onlj modifications of 
enzjTne activitj 

The case of pj ruxmte oxidation m kidnej^ nmy 
be discussed m somewdiat greater detail, since 
studies with cell fractions are available for com- 
parison (fig 3) The oxidation of pjTUx^ate bj’’ 
rat kidney shces jnelds a Qoj of about 17, while 
tliat of the homogenate under optimum condi- 
tions IS about 3-fold greater, or 52 (24, 25) Wlien 
w e examined the components of the kidney homo- 
genates (28) xxe found that the nuclei and the 
So supernatant were almost inactix'^e, xxhile the 
nutochondna possessed only 33 per cent of the 
actmt} of the homogenate When the imto- 
chondria xx ere supplemented by eithei the nuclei 
or the supernatant fraction the actixatj xxas 
doubled 

In inteipietmg the stimulatmg effects of the 
other fractions m the presence of the nutochon- 
diia, it is iiecessaiy to consider what indmdual 
enzxTiies these fractions contain Hogeboom and 
Sclmeider hax^e studied the distnbution of ejio- 
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Fig 3 Comparison of pyruvate oxndation by 
kidnex shces, homogenates and cell fractions 

substrate w'as depleted, while the whole homo- 
genate dephosphoiwdated the ATP much sooner 
WHien nuclei w^ere added to mitochondria, the 
oxidative rate xxas doubled and the phosphate 
breakdown was also accelerated Smee the nuclei 
do not appear to contain the oxidative enzymes 
(29, 30) to account for the doubhng of the rate, 
it IB suggested that the oxidative enzjmes m the 
mitochondna are adequate but that their poten- 
tiahty can onlj’- be demonstrated by e limin ating 
the rate hmitmg factor, namely the availabihtj'' 
of the phosphate acceptor 

The next expenmental step is the substitution 
of a phosphate acceptor S 3 'stem for the nuclear 
fraction, as a supplement to the isolated mito- 
chondna, and such studies have recent Ij^ been 
repoited by Lardy (32) (fig 4) ALtochondnal 
fractions obtained from rat hver xvere supple- 
mented xxrth purified hexokmase or xvith creatme 
phosphorx lase and the respective phosphate ac- 
ceptor systems It wa« demonstrated that as 
much as 400 per cent stimulation of oxj gen up- 
take could be obtamed, under conditions that are 
comparable to xvhat we emploj'ed m the studies 



650 


FEDERATION PROCEEDINGS 


Volume 10 


wath roitochondna and nuclei (28j 31) Kielly 
and Kielly (33) and the Lapmann group (34) 
have also observed stimulation of oxygen uptake 
when mitochondria were supplemented with hexo- 
kmase and glucose These studies leave httle 
doubt that the mitochondna are not piimanly 
limited with respect to oxidative enzymes and 
that then- oxidative rate is in fact limited by the 
rate at which phosphate acceptors are made 
available On the basis of these facts we suggest 
that similar considerations may apply to shoes 
of certam normal tissues, m other words, that 
the oxidative rate of these normal tissue shoes 
may also be limited by the rate at which phos- 



Fig 4 Stimulation of pyruvate oxidation by 
the presence of a phosphate acceptor system (31) 

phate acceptors are made available (cf 35, 26) 
This view unphes that under appropriate condi- 
tions the oxidative rate of these noimal tissue 
shoes could be accelerated, and such mcreased 
rates of oxidation m tissue shoes have of course 
been repeatedly observed m the presence of 
dmitiophenol and vanous other agents (cf 36, 
37) 

The experiments vuth isolated mitochondna, 
studied separately and m combmation with othei 
cell fractions oi with a phosphate transferrmg 
system, piovide models of the regulation of 
enzjme function m response to need, at the m- 
tracellulai level While a begmnmg has been 
made m this field, we feel that more ngorously 
defined preparations of cell fractions are needed 
for all studies of this tjTie and therefore we would 


like to devote the remainder of our tune to a 
brief discussion of methods 

METHODS 

In a recent review Boisook (38) stated that the 
mcorporation of amino acids mto proteins does 
not necessanly depend upon the direct participa- 
tion of the nucleus While this statement may be 
true, it was based upon obseiwations with mito 
chondna and miciosomes that were almost cer- 
tainly not free of nuclear matenal, owmg to the 
fact that the cell fractions were obtamed from 
material that had been subjected to the blades 
of a Wanng blendoi for IJ mmutes This device 
18 not suitable for this type of study on the formed 
bodies that occui in cells because under the condi- 
tions employed it tends to dismtegrate both 
nuclei and mitochondna mth the result that 
fragments of each contammate the subsequent 
fractions, as wdl be descnbed The cntena for 
identifying these cellulai components are not 
arbitrary, and while we are constantly lookmg 
for better cntena, some progress has already 
been made, as Dr Hogeboom has shown today 
It IS our purpose to stress the use of at least tioo 
different tjqies of analytical measurements for 
checking the homogeneitj’’ of cell fractions We 
generally express the measurements on each cell 
fraction m terms of a percentage of the value for 
the total tissue sample The two measurements 
are chosen to characterize the desired component 
and the chief contaminant, respectively 

Consider the isolation of nuclei It is qmte 
certain by now that aU of the DNA of the cell 
IS m the nucleus, and that the nuclei are sedi- 
mented at relatively low speeds m the centrifuge 
as the precedmg speakers have emphasized There 
are two pomts to be stressed m connection with 
recovery of DNA, which is the first objective m 
nuclear separations I^Tien glass or Incite homo- 
gemzers are employed the recovery of DNA m the 
nucleai fraction is loutmely near 100 per cent 
(1) However when the Wanng blender is used, 
the nuclei are completely dismtegrated witlim 
30 seconds m a KCl medium, accordmg to re- 
ports from D E Gieen’s laboratory (39, 40) 
Direct analytical evidence for nucleai disinte- 
gration m these preparations was reported by 
Schneider and Pottei (28) who found only 74 
per cent of the tissue DNA m the sedimented 
fraction That under these conditions nucleai 
fragments contammate subsequent fractions is 
shown m a report bj Keller (41) who reported the 
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isolation of ‘miciosonic’ fmctions conlnining hirgc 
qinntities of DNA following the use of the 
blendor The second point is tlint the niiahticnl 
I'ccoicn of 100 pel ceid of the DNA m the 
nuclear friction is obtained with the use of tn- 
cliloro icetic acid as in the oiigiiial Scbiicider 
technique (-42) Dr Recknagol recently found 
that when perchloric acid was usc<i for the e\- 
tnction (cf 43) the ca toplasniic fraction gave a 
false test for DNA, which was easily recognized 
bA taking the complete absoiption spcctmm 
The second objective in the evalu ition of the 
nucleir fraction is to dcterniine the evtent of 
contamination b\ w hole cells and In cj’toplasmic 
fractions This information is pro\idcd b\ the 
second measurement, which undei ideal condi- 
tions would be an anihsis foi something com- 
pleteh absent from mu lei but ibundant in c\ to- 
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Fig 5 Effect of CESTniFUCATiON medium on 
volume of the nuclear fraction Each tube con- 
tains the nuclei from 1 gm of rat liver Suspension 
media were as follows Tube 1, H-O, tube 2, iso- 
tonic KCl, tube 3, isotonic sucrose, lube 4, isotonic 
sucrose plus Olii potassium phosphate buffer, pn 
7 6, tube 6, isotonic sucrose plus 50 y Janus Green 
B, tube 6, isotonic sucrose plus 01m potassium 
phosphate buffer, pn 7 6, plus 50 y Janus Green B 
Centrifugation at 400 X g for 10 minutes 

plasm Here we have chosen the deteimination 
of succmoxidase activity It cannot be claimed 
on the basis of available evidence that the suc- 
cinovidase sj^tem is completely absent from 
nuclei, but it is the best test that w^e have seen 
for the quantitative detection of cytoplasmic 
contamination of nuclear fmctions By the use of 
pestle homogemzers, isotomc sucrose contaimng 
no electrolj’te, and a low grantational force of 
400 g, we have obtamed liver nuclei contaimng 
only 4 per cent of the total succmoxidase m the 
homogenate For lower levels of contamination, 
only a careful examination wath the microscope 
can assure complete absence of mitochondria 
The effect of the centnfugation medium is 
demonstrated m the next shde (fig 5) which 
shows the packed nuclei from one gram portions 
of cells from perfused lat livers Nuclei m water 


or in sucrose of any molaiitv between 0 1 and 
0 8 m occujiy a laigc volume tliat is 5 or 6 times 
as great as the volume in isotonic KCl or m 
isotonic sucrose containing a small amount of 
elcctroljte (0 01 m jiliospbnte) In addition to 
the effect on the nuclear volume, the presence 
of the electroh tc increased the contamination by 
imtochondiia us evidenced the high succinoxi- 
dasc content, which was 23 jicr cent of the total, 
and bx the increased uptake of the mitochondrial 
stain, Janus Green B, as shown in the photo- 
giaph 

We next turned our attention to a re-e\amina- 
tion of procedures for the isolation of mitochon- 
dna, again using two tjqies of measurements as 
a guide to homogenoit) Foi the present it has 
been assumed that succmoxidase actmt} can be 
usc<l to chaiacterize the mitochondna, w’hile 
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Fig C Diffehential staimng of mitochon- 
drial and poorly sedimented layers Centrifugation 
at 8000 X g for 10 minutes following removal of 
nuclei Tube 1, unwashed particulate matter, hibe 
2, w'ashed once, tube 3, 30 y Janus Green B added, 
lube 4, 100 y Janus Green B, then incubated 
at 38° C for 5 minutes Tube B shows incubated 
microsomes following addition of Janus Green B 
The dark portion of the precipitate shown in 
tube 4 w as red 

PNA 18 bemg used to characterize the piancipal 
contaminant (microsomes) It is not imphed that 
mitochondria contain no PNA, but it appears 
that they contam much less than the microsomes 
Studies m the hterature report rat hver mito- 
chondria with PNA contents rangmg from 5 to 
40 per cent of the ceUuIar PNA m normal rats 
on similar diets The reason for this tremendous 
x’-anation hes m the fact that the ‘poorly sedi- 
mented’ la 5 '^er described by Schneider (1) has 
been removed bj'^ some mvestigators and left 
with the residue bj’' others It may be of mterest 
to show a picture of this layer, and to show how 
a new apphcation of the Janus Green stain has 
been employed bj Dr Recknagel to differentiate 
the two lajers Tins stam is considered to lie 
specific for mitochondna (44) and it has also 
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been kno\vn that the mitochondria induce the 
dye to diethylsafranin, which is red (44) It was 
found that the differential staining could best 
be developed by mcluding the dye in the medium 
pnor to centrifugation and by mcubatmg the 
packed particles at 38° for 5 mmutes In the 
presence of an excess of the dye, both the mito- 
chondria and the poorly sedimented layer ongi- 
nally stam blue, but upon mcubation only the 
mitochondna turn red so that a sharp hne can 
be seen between the two layers (fig 6) The stam- 
mg reaction and the reduction are optimum m 
isotomc sucrose, almost obhterated m 0 6 to 0 8 
M sucrose, and weakened m hypotomc sucrose 
In anaerobic suspension the reduction was stimu- 
lated by TPN but not by DPN 



Fig 7 DisTHiBUTiON of livcr PNA and suc- 
cinoxidase activity at different centrifugal forces 
The medium was 0 25m sucrose containing 0 01m 
phosphate pn 7 6 The poorly sedimented layer 
was not removed from the mitochondrial layer 

The next shde (fig 7) shows succmoxidase and 
PNA measurements on the residues obtained at 
different centnfugal speeds, with the poorly sedi- 
mented layer left with the residue It is clear 
that the succmoxidase lecovery reached a maxi- 
mum at relatively low speeds, while the PNA 
content and the amount of the poorlj sedimented 
layer (observed visually) contmued to nse ns 
the gravitational force was mcreased 

On the basis of these findings, we concur m 
the opmion of Schneider and Hogeboom (1) that 
the particles m the pooily sedimented layer, at 
least m the case of hver, are probably not mito- 
chondria, and that they are probably microsomes 
Further studies on the microsomes and on other 
tissues usmg these and other cntena of homogene- 
ity are needed 


The data m figure 7 may be compared ivith 
data employing the Wanng blendor in which it 
was reported (40) that after 30 seconds in the 
blendor 46 per cent of the succmoxidase was m 
the ‘imcrosome’ fraction, and by 60 seconds the 
proportion occurnng m the ‘nucrosomes’ had 
mcreased to as much as 73 per cent Less than 
30 seconds was insufficient tune to break up the 
tissue We mterpret these data to mean that the 
blendor is unsuitable for cytochemical studies 
mvolvmg the methods of differential centrifuga- 
tion as a prelude to studies on euTyme systems 
smce it comminutes both the nuclei and the mito- 
chondria to the pomt where they occur m the 
microsome and supernatant fractions Further 
evidence regardmg the mcreased phosphatase 
actmt}’^ (45) and decreased oxidative capacitj 
(46) of the blendonzed preparations has been 
reported m other laboratones We object to the 
use of the word Tiomogenate’ for these blendor 
preparations because it is clear that then proper- 
ties differ consideiably from the preparations to 
which w'e originally apphed the word The pos- 
sible usefulness of the w ord homogenate has been 
destroyed by its indiscriminate use so that it can 
no longei be used wnthout qualification However, 
it was never an appropnate term for what is 
actuallj' a /leferogeneous suspension of cellular 
components, and its misuse is not too serious 
The misuse of the woids nuclei, mitochondna and 
microsomes is much moi-e regrettable, although 
all of us are piobablj guilty m varymg degrees 
Moreover, the aAmidance of the terms is undesii- 
able if the data aie to be useful m a cytochemical 
sense The homogenate that we have used was 
merely a stage in the evolution of techmques foi 
the study of enznnes at the mtermediate level 
between the whole cell and the soluble protein 
(6) At this level, w e feel that an effort should be 
made to relate enzyraologj to mtraceUular physi- 
ologj’’, by mamtaimng the formed bodies of the 
cell in intact foim msofai as may be possible, 
and b3' woiking with the separate components 
of the homogenate alone and m defined combina- 
tions 

Tlie experiments we ha\e descnbed have been 
earned out with isotonic sucrose and with hi^er 
and kidnej We are advised that this medium 
may be unsuitable for tissues such as thymus 
and it should be emphasized that the method 
oloiy'' in this field is far from established 
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SUMMAia 

Tins discussion niny Iwst be concluded with n 
plea for more rigorouslj defined cell fractions 
and more careful definition of speeds, media, and 
homogenates We predict that furthei attempts 
to isolate cell components with i minimum of 


post-mortem changes and to duplicate the mtra- 
cellulni cinironment will add greatly to our 
knowledge of nitracollular control mechanisms 
^\ c Ixiheve that the understanding of these con- 
trol mechanisms is our most important goal, be- 
cause with such understanding comes increased 
power to co])e with the problems of disease 
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STRUCTURE AND FUNCTION OF NUCLEIC ACIDS 
AS CELL CONSTITUENTS 

Erwin Charg\pf 

From the Depariment of Biochemistry, College of Physicians and Surgeons, Columbia University, 

New York City 


T IS safe to say that hvmg systems reqmie 
the presence of both types of nucleic acid, or, in 
the case of parasitic systems, the presence of at 
least one If, to use a designation of Schrodinger 
(1), one refers to the chromosomes as "the 
hereditary code-script,” the gieat biological im- 
portance of all components of these nuclear 
structures, viz nucleic acids, proteins, and, per- 
haps, hpids, 18 obvious, unless one assumes that 
one or the other of these components has been 
added by Nature as a meanmgless and purely 
decorative flourish This is, houever, not likel}^ 

In animals and higher plants the deso\ 3 T)en- 
tose nucleic acids (DNA) are exclusively or 
almost exclusively situated in the nucleus Pen- 
tose nucleic acids (PNA) are present in the 
nucleoh and the various cytoplasmic elements, 
eg the mitochondna, subniicioscopic particles, 
etc Recent work with Elson (2) on the nucleotide 
composition of PNA in different fractions of rat 
hver cells has provided preliminary endence of 
differences m composition between nuclear and 
c 3 'toplasmic PNA It is not yet known whether 
this wiU be generally true, but results, recentlj^ 
reported with Magasamk (3), seem to point to 
the presence in pig livei PNA of two differently 
composed fractions 

Whether DNA really is limited to the nucleus 
is not entirely certain, suice the available cyto- 
cheimcal or cytophj^sical methods presumably 
require the presence of a compact mass of DNA 
and may not reveal its occurrence in a diffuselj' 
distributed form, as could be the case m the 
cytoplasm of egg cells (cf 4) The bacterial cell 
represents a special case ^^Tiether the microbial 
nucleus is the sole repositoiy of DNA m micro- 
organisms, cannot j^et be decided woth certainty 

BIOLOGICAL SIGNIFICANCE OF NUCLEIC ACIDS 

The discussion of the biological significance 
of a ubiquitous cell constituent is, stnctlj"^ speak- 
ing, superfluous But there exist a few important 
instances pomtmg to a direct iniolvement of 


nucleic acids, and some of them will be listed 
here briefly 

All virus preparations so far described are, or 
contain, nucleoproteins (cf the recent survey of 
Davidson, 5) The same seems to be true of 
intracellular parasites, such as rickettsiae (6, 7) 
or paramecin (S) 

Specific DNA preparations are knowm w'hich 
are able to mduce the transfomiation of bacterial 
tyjies This extremely important phenomenon, 
first discovered m pneumococci (9), has later 
been showm to operate also in B coh (10) and 
m Hemophilus influenzae (11, cf also 12) The 
possibility that reactions of this kind are of more 
general biological importance and not limited to 
the field of bacterial transformations cannot be 
rejected Wiat appears particularly remarkable 
IS that it is here the free nucleic acid and not a 
nucleoprotem (as in the case of viruses) that is 
able to impose its own synthesis on the receptor 
cell, wheieas in general nucleic acids seem to 
occur m cells only m the form of conjugated 
nucleoproteins The mechanisms through which 
these transfoimations take place and the chem- 
ical features distinguishmg these biologically 
active DNA specimens are completely obscure 
There is, however, httle doubt that it is the 
bacterial DNA itself, or a particular DNA frac- 
tion present m the transformmg preparations, 
which 18 the earner of activity Recent work on 
the agent operative m the transformation of H 
influenzae has showm that highlj" punfied DNA 
preparations from two types are active in ex- 
tremely low concentrations 0 0004 y of DNA 
per cc in type d, 0 01 y in type c (13) 

The investigation of the relative efficiencies 
of different wmve lengths of ultranolet light has 
yielded curves closely resemblmg, but not en- 
tu-ely identical wnth, the UV absorption spectrum 
of nucleic acids This w ork, mamly due to Stadlei 
and Uber, Hollaender and Emmons, and Knapp 
and Schieiber, has been review'ed by Lea (14) 

A certain degree of constanejq wnthm the 
same species, of the DNA concentration per 
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diploul nucleus, 'UkI of i-ourIiU onc-Iirilf Hus 
-tmount ])pr hiploid ‘.ppiin iiurlous, lias l)cen 
disco\crc(I In Bonin aiul lin t ollahornlors (15, 
16, I) and oonrinned in oilier Idionlories (17, 
IS) 

DNA is in i(a roinpo«!lioii identic d ni difTerent 
tissues of flic ‘=une ''pecies (10) Moreen or, in the 
fell cases iilierc compari'^on Mas pn‘:‘?ible, no 
chemical differences lia\e been ob=ei\cd between 
the composition of the D\ \ from the ‘'jicim 
cells and from difTerent latcd ti's-'iics of the ‘^iinc 
species, in contri';! to the icn different loniposi- 
tion of nuclear proteins in snHi instances 

nr soxi rr NTosi MjCUIc acids 

All DNA prcpamtions that ha\c been studied 
m aetail liaie scicral features in connnon Tiici 
are asi-mmctnc molecules of high molecular 
weight (around 10'^), \ioldnig extremeh mscous 
solutions Thej appear to contain the same 
desoxy sugar, namel) 2-deso\\ ribosc Tliei con- 
tam two punnes, adenine and guanine, and two 
or three pjanmidines, \iz tli 3 Tninc and c} losine, 
and m seieral cases (20) also o-metlij lc\ tosinc 
The desox^Tibonuclcotidcs released cnz\ mntically 
from calf tlijunus DNA appear to be the 5- 
phosphates (21, 22) ^ 

The conclusions to winch our work has led us 
have been summarized recentl} (19, 24) and I 
shall limit myself here onlj to the mam points 

1 DNA IS in its composition characteristic of 
the species from which it is derived This can m 
iMny, but not in all, cases be demonstrated bj’- 
detenmmng the ratios in w'hich the indmdual 
punnes and pyrimidines occur There w ill, how^- 


* In this connection mention maj^ be made of 
experiments with D Elaon on the separation of 
the desoxynbonucleotides by filter paper chroma- 
tography With neutral aqueous solutions of the 
nucleotides and the techniques described for the 
i^onucleotidea (23) quantitative separation m 
the form of compact spots was obtained With the 
nffered isobutync acid-ammonmm isobutyrate 
system (pn 3 6) the nucleotides were, in the order 
0 increasing distance from the starting point, 
a igned as follows (with the distance of the ade- 
nme nucleotide arbitrarily taken as 100 and the 
Illative distances of the other nucleotides placed 
>n parentheses) 1) De 80 X 3 ^guanj lie acid (53), 
JTnidyhc acid (60) , S) desoxjcytidylic acid (80) , 
4) de8oxyaden34ic acid (100) , 5) deso\y-5-methyl- 
ajtidyhc acid (137) We are indebted to Dr W E 
nhn for the nucleotides 


c\cr, be ter} man}' borderline cases m which 
siiili iIifTcrcnccs in romjiosition arc not sufficientlj’’ 
fiigmfic ml to pcimit tlicii use as the sole critenon 
of dilTcrcntmtion The most important question 
of (lie ‘-cqucncc in winch, in a jiarticular nucleic 
icid, the nucleotides follow cacli other has so 
hr Inieli been ajiproachcd Tlic elaboration of 
metbods for sequence anahsis is, perliaps, one 
of the most uigent jiroblcms in nucleic acid 
(bcmistrx , since diiTciem,cs in miclootide sequence 
maj ten well be among the determinants of 
chcmicil and biological sjiccificit}' 

2 No differences in composition have so far 
been found in DNA from different tissues of the 
same species Tins provisional conclusion refers 
onI\ to the ovci-all composition It is m this 
connection noteworth} that no cliemical differ- 
ences appear to exist between the composition of 
DNA from normal human tissue (25) and that 
of prcjiarations from Imman cancer tissue (26) 

3 The (ctranuclcotide h>’po(hesis is incorrect 

4 There exist a number of regularities 
IMictlicr these arc mereh accidental cannot yet 
be decided In almost all DNA preparations 
studied until now the ratio of total punnes to 
total iiwimidincs ne\ er w as far from 1 Similar!} 
the ratios of adenine to th}Tnine and of guamne 
to cytosine were near 1 

5 There appear to exist two main groups of 
DNA, namely the ‘AT t}'pe,’ m w'hich ademne 
and thymine predominate, and the ‘GC t}'pe,’ 
in which guamne and c}'tosine are the majoi 
constituents The latter has so far been found 
only in certain microorganisms (27) 

Data to support these conclusions have, m the 
main, been presented in prenous pubhcations 
and w'ere summanzed recently (19, 24) I should 
like to limit m}'self here to the discussion of a 
few' as yet unpublished results The study of the 
composition of the DNA of sahnon spei-m (28) 
has bi ought out some of the regularities men- 
tioned before particularly eleaily (tables 1 and 
2) This substance belongs to the ‘AT type’ 

Another mvestigation, undertaken m coUaboi- 
ation with G Brawerman, deals with the DNA 
of wheat geim and the course of its degradation 
by crystalline pancreatic desox} nbonuclease Pre- 
x'lous work in our laborator} on the enz}'matic 
disintegration of calf thymus DNA (29) had 
sliowrn it to pioceed accoi-dmg to a peculiar and 
complex pattern The action of the etiz}'me 
lesulted m the foimation of dialyzable fragments 
■md of a dialysis lesidue (core) The latter was 
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charactenzed greatly increased ratios of ade- 
nine to guanine, thymine to cytosme, punnes to 
pjTTinidines, and bj'^ greater resistance to enzy- 
matic attack Piehimnary results of studies of 
tills t}Tie on wheat germ DNA are presented in 
table 3 The analjdical findmgs on the intact 
DNA are m good agreement with analyses re- 
centlj^ reported for the same nucleic acid fiom 


Table 1 Salmon sperm dna, proportions 
(in moles of nitrogenous constituent 

PER MOLE OF P IN HYDHOLTSATE) 


CONSTITUENT 

ilKAN 

PROPORTION 

STANDARD 

ERROR 

Adenine 

0 280 

0 005 

Guanine 

0 196 

0 004 

CiUosine 

0 192 

0 006 

ThjTnine 

0 274 

0 005 


Table 2 Salmon sperm dna, molar 

RELATIONSHIPS 


molar ratio 


Adenine to guanine 

1 43 

Thymine to cytosine 

1 43 

Adenine to thymine 

1 02 

Guanine to cjdosine 

1 02 

Punnes to pyrimidines 

1 02 

P accounted for as percentage of 


P in hvdrolvsate 

95 8 (±1 6) 

Average no of gm -atoms N per 


mole constituent 

3 7 

Atomic N P ratio in DNA prep- 


arations 

3 6, 3 7 


two other laboratones (30, 31) The figures given 
here for the ‘19% coi-e’ and the '8% core’ refer 
to the dialysis residues recovered when 81 and 
92 per cent of the DNA respectively had been 
conveided b3’- the enzyme to dialyzable fiagments 
The trend of degradation appears sunilar to that 
observed with calf thymus DNA 
The molar ratios found m the DNA specimens 
studied in our laboratoiy are compared in table 
4 The tendenc}^ toward certain regularities vull 
be observed The figures foi hen DNA (chicken 
eij'throci'tes) and foi the DNA from the K-12 
strain of B colt must be considered as prehmi- 
nory Both components were studied m collabora- 
tion with B Gandelman The DNA of /Tcinop/u- 


Zms influenzae, type c, was studied by S Zamenhof 
A few points are noteworthy In the case of 
wheat germ DNA, methylcjdosme and cjhusine 
apparently must be considered together, if the 
regular ratios, observed in most other instances, 
are to be obtained Another remarkable fact is 
that the regulanties are maintained even m the 
nucleic acids of the ^GC type’ despite the com- 
plete mversion in individual ratios 
As was already mentioned before, it is almost 
impossible to decide at present whether these 
regularities are entirelj’^ fortmtous oi whether 
they reflect the evistence in all DNA preparations 
of certain common structural pnnciples, irre- 
spective of far-reachmg differences m their indi 

Table 3 Wheat germ dna, intact preparation 

AND ENZYMATICALLY PRODUCED CORES (iN MOLES 
OF NITROGENOUS CONSTITUENT PER MOLE OF P 

IN hydrolysate) 


CONSTITUENT 

INTACT 

DNA 

19 % 

CORE 

8 % 

CORE 

Adenine 

0 27 

0 33 

0 35 

Guanine 

0 22 

0 20 

0 20 

Cl tosine 

0 16 

0 12 

0 10 

6-Methi Ici tosine 

0 06 

0 04 

0 04 

Th3Tnine 

0 27 

0 26 

0 23 

Total purines 

0 49 

0 53 

0 55 

Total pyrimidines 

0 49 

0 42 

0 37 

Recovery 

0 98 

0 95 

0 92 


vidual composition and the absence of an easily 
recognizable peiiodicit}'^ It may be assumed that 
the nucleic acids as ne know them today, as for 
that matter also the proteins, are the result of an 
age-long selection piocess in the course of which 
many less suitable oi less stable components must 
have been ehminated One could speak of the 
sunuval of the fittest nucleic acids Such macro- 
molecules mil exhibit diversity and umfoimity 
at the same tune, since thej^ are called upon to 
perform, in diveree species, the same tasks It is, 
tJierefoie, perhaps not astonishmg that the nucleic 
acids will share ceitain features that may be 
directl} connected vith them stabiht}^ or their 
abifit}"^ to form conjugated nucleoproteins One 
propertj’^ which is quite striking is the urnform 
absorption spectrum m the ultraviolet of all 
lughb’- polymenzed DNA specimens, both mth 
respect to the position and the intensity of the 
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lij-onitmii iniiMinuin I'lu' <cn(rr of il)sori)tion 
fliirtiiitos onl\ l>ol\\ccn 257 and 201 ni/i niui the 
(t)P i‘- innind 0000 \no(Iici Mirj)nsiiic fciluro 
!« tlie IiduKC iM’twcon iinino {xroiip-^ nid cnolic 
Indmwl® in nil DXA prciiintinns oxaininwl In 
ns (Sec last column of 1 dile I ) ]u\on in llio core 
prepnnlionn, (In': ntio elnnj'cd oiiK \or\ liltle 
Blit let ns return for a moment to tlic other 
outstanding eliar icteri«lie of mieleie acids, m 7 
tlieir di\ersit\ If we leecpt the c\idciiee of the 
existenec of species specifie ]5\A, then there 
arise man^ new questions, both of a biological 
and chemical nature DXA presumabh is an 
inijiorlant part of the chromosomes and ma} be 


jieriodiciU in i mu leu and (ham Any simplified 
issumjifion with icspcft to pcrioditit}' has been 
dispio\od b^ the studies on the toiirsc of action 
of deso\\ ribomu le ise on the DX^A of calf thy- 
mus (20) and of wheat germ The composition 
of both the diah/able degradation products and 
the dialjsis lesidiies, the ‘coies,’ exhibited con- 
tinuous and (hanetcnstic eliinges with respect 
to the distribution of jiurines ind ji^nmidines 
One must coiulucle that the sequence is higlil} 
ajicnodic and that it is not inconceivable that 
the same cellular DXA could give nse to manj 
difTercnt nuclcoprotcins, depending upon the 
shape and configiimtion of the particular protein 


TABib -t Moi XR Rxtios is USA l*nr PARATioss 01 DirrrnrsT Origin 


SOLFCr 

ADr. I r 

TO 

CUANINF 

TUXICDX 

TO 

eXTOSISE 

ADCSISr 

TO 

T^^Ul^T 

CUASXSE 

TO 

C\TOSrSE 

rURDTS 
TO P^'RI 
MIDLSXS 

AMIVO 
CROUPS TO 
ESOLIC 
HYDROXYLS 

Ox 

1 29 

1 43 

1 w 

1 00 

1 1 

1 4 

Man 

1 5G 

1 75 

1 00 

1 00 

1 0 

1 3 

Hen 

1 45 

1 29 

1 OG 

0 91 

0 99 

1 5 

Salmon 

1 43 

1 43 

1 02 

1 02 

1 02 

1 4 

I^Tieat 

1 22 

1 18' 

1 00 

0 97' 

0 99 

1 4 

Yeast 

1 G7 

1 92 

1 03 

1 20 

1 0 

1 3 

Hemophilus influenzae, txpc C 

1 74 

1 54 

1 07 

0 01 

1 0 

1 5 

B eoli K-12 

1 05 

0 96 

1 09 

0 99 

1 0 

1 6 

Axnan tubercle bacillus 

0 4 

0 4 

1 09 

1 08 

1 1 

1 7 

Serratia marcescens 

0 7 

0 7 

0 95 

0 86 

0 9 

1 6 

Hxdrogen organism Bacillus Schatz 

0 7 

0 6 

1 12 

0 89 

1 0 

1 7 


* In these computations the sum of cjtosine and methx lex tosinc xxas used If extosine alone is con- 
sidered, the th 3 ’mine to cx tosine ratio is 1 G2 and that of guanine to cj tosine 1 33 


surmised to be mx'olxed m their biological func- 
tions Does this mean that a cell contams as 
manj different DX’A individuals as it contains 
genes’ Or can one and the same species-specific 
DXA form so many three-dimensional structures, 
in connection xnth the protems to which it is 
attached, that the gemc requirements are ful- 
filled’ (For a more detailed discussion of some of 
these pomts, cf 32 ) This question, as so manj 
others m this field, cannot jet be answered N’o 
■wax has as j et been found to fractionate a famdj 
of X erx similar macromoleculas w hich maj differ 
in no more than the sequence of a few of them 
component nucleotides But one could perhaps 
sax that the more regular the arrangement of 
nucleotides is m a given DXA, the less the 
chance of its forming manx different specific 
structures And this bnngs us agam to the xen' 
important question of nucleotide sequence and 


It must, moreover, be understood that the 
recogmtion of penodicity, i e the presence of 
recurnng umts, wnll be particularly difficult m a 
macromolecule of the type of DNA If, for 
instance, m a chain composed of 3000 nucleotides 
a particular sequence of 100 consecutive nucleo- 
tides were repeated 30 times, this penodicity 
could not be recogmzed, unless we had a method 
produemg cleavage only at the points xvhere 
these repeatmg umts are jomed In other xvords, 
the perception of penodicity xvould require the 
proper distance for a bird’s-ejn view which wull 
not be easj” to attain 

Another approach to the problem of sequence 
analj'sis m DNA maj^ be seen in the studj" of its 
controlled chemical degradation That the punnes 
can be detached from a nucleic acid with much 
greater ease than can the pjTinudines, has long 
been known, but the resulting end product. 
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thymic acid, was rather nondescript In collabora- 
tion with M E Hodes and C Tamm it has been 
possible to develop procedures, soon to be pub- 
lished, in which all punnes could be cleaved from 
a DNA preparation, leaving behmd a nondialyz- 
able pioduct m a jueld of about 94 per cent that 
retained all the pymmdmes of the ongmal DNA 
m unchanged proportions We have designated 
preparations of tins type as apuiimc acid These 
compounds may prove of mterest for structural 
studies on DNA, since the position m the DNA 
cham of the imtiallj' present punne nucleotides 
is now maiked by reactive aldehydo groups The 
properties of a typical preparation of apurmic 


tides of low molecular weight This fraction 
consisted of free cytidyhc and undyhc acids, 
which compnsed a high proportion of the total 
pyrumdine nucleotides, and of combmed punne 
and pymmchne nucleotides AU PNA prepara- 
tions yielded a nondialyzable residue, resistant 
to enzymatic attack, which was found to consist 
to about two thirds of guanyhc acid and of 
varymg amounts of the other nucleotides A 
selection of these evpeiunents is presented in 
table 6 These and other findings have led us to 

TABLE 6 Action of ribonuciease 
ON PNA 


Table 5 Apurinic acid from cali 

THYMUS DNA 



DNA 

APtJRtmC 

ACID 

N 

14 9 

6 0 

P 

9 1 

10 7 

N/P 

3 6 

1 2 

Absorption maximum, ma* 

258 6 

268 

Absorption maximum, e(P) 

0600 

, 4600 

Optical rotation* 

-4-102'’ 

1 -hSO'’ 

Adenine, moles per mole P 

0 28 

! 0 

Guanine, moles per mole P 

0 21 

0 

Cytosine, moles per mole P 

0 21 

0 18 

Thymine, moles per mole P 

0 26 

0 24 

ThjTnine to cytosine 

1 3 

1 3 


1 In M phosphate buffer, pii 7 1 ’ In 0 1 m 

phosphate buffer, pii 7 1 


acid are contrasted in table 5 with those of the 
calf th 3 Tnu 8 DNA specimen that served ns the 
startmg matenal 


Yeast 


Startmg 
Dialyzable 
(total nu- 
cleotides) 
Dialyzable 
(mononu- 
cleotides) 
Core 


NtJO-EOTIDE COWPOSmON 
(as UOLES/100 u ndcmotide 
m STARTINO material) 


u 

g'-s 

U 

O 

3 

rs u 




o 

< 

O' 

b 


30 

21 

23 

26 

100 

18 

15 

19 

26 

78 

0 

0 

14 

19 

33 

6G 

18 

8 

8 


36 

19 

29 

16 

100 

IS 

14 

26 

15 

73 

0 

0 

18 

10 

28 

71 

16. 

0 

14 



Pig liver 


Starting 
Dialyzable 
(total nu- 
cleotides) 
Dialyzable 
(mononu- 
cleotides) 
Coro 


PENTOSE NUCLEIC ACIDS 

Time does not pemut an adequate discussion 
of the chemistry of PNA In the past few years, 
significant contiibutions to this field were made 
by GuUand, Kerr, Schmidt, Allen, Lonng, Cohn, 
and many other workers I should like to make 
bnef mention of some recent work done by B 
hlagasanik m our laboratory (3) m winch the 
course of action of crystaUme nbonuclease on 
PNA from y^east and from pig hver was studied 
with the use of chromatogiaphic and spectro- 
scopic procedures About 60 to 70 per cent, oi m 
some cases somewhat more, of the nucleotides 
present in the imtial substrates vere hberated 
by enzjTnatic action as rapidty dialj^zable nucleo- 


certam conceptions conceimng the specificity of 
nbonuclease and the structure of PNA, but 
reference must be made to a detailed article 
which IS in press (3) 

FINAL REMARKS 

It IB fittmg to conclude this all too sketch}^ 
survey vnth a confession of ignorance IlTiat our 
studies have taught us more than anythmg else 
IS how httle V e know as yet about the chemistr}' 
of nucleic acids The chemical specificity of 
macromolecules and the mteractions between 
them through which the orgamzation of the cell 
is maintained can onlj paitlj be understood m 
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teim*; of our prosonl knowIcMlpo In llio •i])i)ro’uli 
to i ‘■(lontifir ])n)l)loin two piiiu iplos me opern- 
tnc );encnli7„ilion and ''implifu ition llofh arc 
iiCHC<Nir\ and both dannomus It i^- obvimi^' that 
wccin Icirn more (;oonicti\ fimin the dhi^-tiatinns 
in i textbook on projertne poonietrx tlnn bom 
tlic Iwuitiful ))irtmes in Sn D’Auw Tlioinp'-on’a 
On Gronlli and Form Hut it i'- ditlunlt to ‘•ix 
wlieie the danpor line lie*' Iiexond wimli o\ci 
Minplifir ition will prodme i do;;initie innoriiue 


Should we slic'^s the multifoiniitx’ of Nature, 
whuli makes us foi^ct tlio simplicit}’’ of its basic 
designs, or should the essential sliajic win over 
the ueidcntal form^ In xelieile3'’s 77;c Country 
11 ifr a ([Hack is addressed as follows “Doctor, 
Ibou wilt never make i t^ood chemist, thou art 
so iiK rcdulous and impatient ” If patience and 
(icduhtx wcie all the eheinist needed, the prob- 
lem of Hie nneleif acids — still so baflling and 
elusne — would ba\c been sohed a long time ago 
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Th3 PBE&BNCE of energy-producing foods m 
the diets of all peoples reflects a primary meta- 
bohc demand Sources of energy must be pi ovided 
for the work of the body — intrinsic and exiirmsic 
— for the mamtenance of body heat, and foi the 
regulation of the myriad biochemical reactions 
govermng the physiological economy There is, 
however, an accumulating bodj'^ of evidence indi- 
catmg that both carboh3'drate and fat plaj'' a role 
over and beyond the piovision of calones That 
the total energy balance and the mtrogen balance 
are mevtiicably mterwoven is evident However, 
a review of the information found between the 
covers of that repository of fact and inteipreta- 
tion. The Biology of Human Starvation ( 1 ), mdi- 
cates that, m respect to the three basic nutrients, 
carbohydrate, fat and protem, the requirements 
of man as we meet him m his ordinary walks of 
life have not been defined clearly in terms of 
practical noikmg recommendations that will take 
mto account the many and varied situations m 
which he finds himself As m the past, knowledge 
of the nutritional requirements of human bemgs 
will grow as facts accumulated m research labora- 
tones of this and other countnes are mterpreted 
and apphed I have chosen, therefore, today to 
confine mj^self largely to the presentation of 
experimental studies that may have sigmficance 
m solvmg the many problems that are met m 
the feedmg of the human race, the woild over, 
m times of peace and wai 

The storj^ of the dietary mtei relation of pro- 
teins, carbohydrates, and fats m the maintenance 


1 Journal Paper, No J-1958, Iona Agricultural 
Experiment Station, Project 995 


of nutrition had its beginmngs m the laboratones 
of the great masters of ph5'Biology m Europe As 
we, mth our large fund of new nutrition knowl- 
edge and mth research facilities of the highest 
ordei, look back to their acluevements, our 
wonder ever gron s that the)' could have accom- 
plished so much And certainly it is a challenge 
to the modem nutntionist to pick up the threads 
where these great men left off and to weave them 
into a finished tnpestrj' 

Nitrogen balance is a tool that has been used 
by manj' workers in estimating the part pla3'ed 
b)' non-piotem calones in tlie establishment of 
nutritional state I think we can say, m the 
main, that expeiimental studies show that mtro- 
gen retention is a function m part of the calonc 
intake Howover, there are many factors w'hose 
influence is not 3'et fully understood or appre- 
ciated that affect the metabohc mterplay of these 
nutnents MTiat some of these factors aie and 
how they woik mil be the theme of this dis- 
cussion 

CALOHIC RESTRICTION 

It would seem that an understandmg of calonc 
influence on the endogenous mtrogen metabohsm 
characteristic of protein starvation should pro- 
vide a base for fundamental fiist approximations 
In figure lA is shown the effect of systematic 
reduction of calones on the catabolism of 4 
groups of rats as measured by the quantit)' of 
mtrogen excreted m the urine ( 2 ) The ammals 
m each group had been protein-depleted under 
a standardized set of conditions and were catab- 
ohzmg bodj' tissue at a constant rate The 
basal diet they received was protein-free, but 
otherwnse adequate TlTien consumed ad htntinn, 
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it ])ro\i(lc<l nppnAiniafoh 1') ( il /nt/(l'i\ In 
tlii« c\]icnincn(, (ho ntmn w is fnl in (iiiiinlitics 
tint Mi]i])lic(i 1(X), TA, -lO, 01 2") jior rout of llio 
nlorics iioninlK roiisiinird In tlio rit 'I ho diit i 
indicate tlint tlio fii-st (wo rodnotions in cilorio 
intake iiKlioiipli indiiomp some iinn'iiionts in 
iinnnn iiitropoii do not iniiioso strossos to wliioli 
the animals oiiiiiot iiiako pluMolopio ad i))t it inn 
It IS onh when (ho oiiorpa int ike n rodiiood to 
one fourth of (ho iiorni il mpiiromont (lint (ho 
deficit Iiccomoa critic il and (ho iniiiials no loiiper 
arc aide (o iiiaintain (ho inlopnta of (heir (nsuos 
The increment in (ho output of nrinara nitrogen 
IS immediate and marked jmt n sncin ns (ho 
caloric deficit is impoceil 



Fig 1 UniNARa EXCRETION of nitrogen lij rats 
fed rations of different calorie values 


The way a protein-starved animal uses tissue 
protein imder conditions of caloric lestiiction is 
reflected in its handhng of protein derived fiom 
exogenous sources (fig 15) To the diets of the 
animals in this group, egg white piotein was 
added in a quantity that suppoiicd mtrogen 
equihbrium when the ration was of adequate 
energy value It may be seen that there is a trend 
tonard an mcreased excretion of mtiogen in the 
nnne as the energj value of the diet diops to 
one-half of the normal intake On the wdiole, the 
average rates of metabolism of the rats m each 
group are not veiy different than they w'ere 
when the diet contamed no nitrogen But further 
reduction m caloric mtake leaves a marked im- 
prmt, and the animal thiows all of the mtrogen 
of its food protem away so that it may use the 
non-mtrogenous portion as well as similai moi- 
oties arising from the degradation of body tissue 
m satisfjung its demand foi energj' The mcre- 
nient in urmaij' mtrogen when the diet supphes 


nnl\ one-fourth of the needed calories is approx- 
ini itoK equal to (ho quantity of nitrogen 
ingoNtod 

1’in‘^iononicAT/ stati 

The oNporimonts just dcsiribcd arc based on 
(ho lo'ipoiwc of nits imdcrnoiinshcd in respect to 
protein Of as greit interest is the influence of 
(ho non protein cilones of the diet on the manner 
in which animals better nourished in this respect 
ntili70 jirotcin pro\idcd in their food, a subject 
rtudicd III det 111 bj Dr Allison’s group at Rut- 
gers Unl\crsl(^ (3) Again, when dietarj' protein 
IS administered — this time to the dog — m a 
qimntitj that supports nitrogen cquilibnum at 
full calorio intake, there is a continuouslj aug- 
mented excretion of nitrogen in the unne as the 
cnergi aaliie of the fhet drops from a high to a 
low \ ahie Relatn e increments are of a somew hat 
pro iter order than the\ are in standardized 
protein-st ir\cd rats However, ns earlj' as 1946, 
Allison ind his co-workers showed that despite 
thece constantlj' increasing urinary losses the 
nitrogen balnnoc index of the dietarj' protein fed 
is not altered until the energj' provided bj' the 
ration is less than one-half the normal require- 
ment of the animal (4) 

hen the diet supphes more than 50 per cent 
of the needed calories, the internal reserx'e that 
an animal m a reasonablj' good state of nutntion 
possesses in its hepatic and plasma proteins acts 
bke a safetj' valve Tliese protems when drawn 
upon in times of emergency may provide suffi- 
cient eneigj' to satisfj' caloric needs and therebj' 
permit utihzation of food mtrogen If the penod 
of stress is not too prolonged, the animal appar- 
entlj' Buffeis no injuiy over and beyond the 
dimmution of tissue reserves for meeting futme 
dietarj' enses 

The picture m general supports the views of 
Bosshardt and his co-w'orkers (5) that an a nim al 
responds m two waj's to a sj'stematic reduction 
of the caloiic value of the diet A normnal 
limitation causes the animal to draw on existing 
reserves to get the energj' its food is not supplj'- 
mg, then more drastic deprivation forces it to 
use both food and bodj' mtrogen for energj' 
puiposes, and a maiked breakdow'n of bodj' tissue 
occurs 

BODX STORES 

The significance and importance of these bodj' 
stores of nitrogen have been stressed bj the 
Rutgers group (3) In animals possessing such 
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tissue reserves, metabolism rmder conditions of 
reduced caloric mtake does not remain static, 
but rather dnfts mto the state where mtrogen 
letention is markedly reduced The speed at 
winch the drift occurs and the character of the 
metabohc response depend on the size of the 
mternal stores of protem A dog, for example, 
voth well-filled tissue reservoiis passes first into 
acute negative balance when a severe caloric 
restriction is imposed Then it drifts toward 
mtrogen eqmhbrium, but before this state can 
be achieved, the impact of the calonc deficiency 
forces the animal mto acute negative balance 
On the other hand, with the first restnction of 
calories, an anunal whose imtial leseiwes are low 
m protem shps immediately into positive balance, 
but then suddenly and rather dramatically drops 
into negative balance — perhaps a fuU 25 days 
earlier than does the better nounshed dog These 
expenments pomt to the fact that situations 
exist where an animal may be in mtrogen balance 
but still losing body tissue The function of tissue 
reseives in paddmg metabohc processes against 
the shock of dietary imbalance may explain m 
part why Keys and his co-woikers (1) did not 
obsen’'e a trend toward a correlation of nitiogen 
retention and caloric mtake imtil the men had 
hved on the semi-staivation diet foi more than 
12 weeks 

HESISTANCE TO CALORIC RESISTANCE 

It IS mteresting also to note that Allison (3) 
sometimes encounters a marked resistance to the 
mtiogen-depletmg effect of a lestncted calonc 
intake in mdividual dogs Some of these animals 
are able to utilize dietaiy piotem at full efficiency 
foi as long a time as 150 days Exploration of 
the reason will yield information, I am sure, that 
vull enlarge our compiehension of the general 
problem 

QUANTITI OF PROTEIN IN THE niET 

The quantity of piotem in the diet also bears 
a major i elation to the response that an expen- 
mental ammal may make to calonc additions oi 
lestnctions Increasingly higher planes of mtrog- 
enous utihzation are established in imce con- 
summg constant quantities of pi otein by additive 
quantities of calories These, however, are en- 
hanced further b}' increments m the dietary 
protem It has been found m human expenments 
(6, 7) that, while 1500 Calones will support 
retention on a low piotem intake approximateh 


the critical level — 900 Calories are ample when 
the protem mtake is doubled On the other hand, 
we see m the ‘Minnesota experiment’ that m 
rehabditation additions of protem to rations 
langmg m energy value from 2000 to 3000 
Calones per day exert no favorable influence on 
the retention of mtrogen (1) It indeed will be of 
both theoretical and practical interest to learn 
the low'est combination of protem and non-pro- 
tem calories that wuU sustain mtrogen equilibrium 
under a vanety of conditions 

CALORIES AND THE ‘TIME FACTOR’ 

The effect of the elapse of tune that may occur 
between the feedmg of the protem and carbo- 
hydrate moieties of the diet on the utihzation of 
nitrogen has mtiigued several groups of mvesti- 
gators for some time There is Geiger’s recent 
contribution (8), that m protem-depleted as well 
as m infantile rats (9), separate feedmg of the 
carbohydrate and protem portions of the diet 
results m a diminished retention of mtrogen In 
exiilanation, Geiger suggests that the simultane- 
ous presence of carbohydrate and protem m the 
diet induces a contmuous flow of the prerequisite 
essential and non-essential ammo acids at a rate 
that IS commensurate with the metabohc de- 
mands of repletmg or growmg tissue (10) Un- 
doubted)}’’, Dr Geiger will discuss the mterestmg 
phenomenon today Indeed, his concept of the 
gastro-mtestmal d}Tiaimcs mvolved (11) may be 
a basis for explaining the extraordinar}' demand 
for calories in the attainment of nitrogen balance 
by young men mgestmg pure ammo acids and 
ammomum salts as then sole source of dietary 
protem (12) 

In support of Geiger’s views is Leverton’s 
observation (13) of the piotective influence of 
additional calones m alle’viatmg the negative 
mtrogen balance mduced m young women sub- 
jects by the exclusion of animal protem from one 
meal (14) This response occurs w'hen the daily 
intake of protem is approximately 43 gm/pei’son/ 
day Of interest is the fact that failure to include 
animal protem m each of the day’s three meals 
IS not associated wntli negative mtrogen balance 
when the dady mtake of protem is raised to 63 
gm , and that, wuth the mclusion of this much 
protem m the diet, the calonc mtake may lie as 
low as 1400 Cal/day with no ad\ erse effects (15) 
So, quantity of dietar}' protem, the non-protem 
calones of the diet, the time factor, and the rela- 
tive distribution of high quahty jirotein m the 
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(^a^’s mcil nrc mlcrlwinod logctlior ii\ tlip com- 
plex pictvirc of prolom \vOU7„\tmn 

DUTARX SOUUWS OI XON'-I'ROTUX ( VRORII s 

Fat IS rcgnniwi often hemp; wliolh intcr- 
cliangcablc with carbnlndnle on i inetabohrii- 
blc cnergj basis AFo, it is goncralh assumed 
that the protein sparing eflcct of cariioln dratc 
IS considcrabU greater than that of fit when 
subjects ingest tlic same quantitj of jirotcm 
Furthermore, in complete jirotcin stanntion, it 
IS bclicxcd that it is oarbolndrite, and not fat, 
that has the projiortx of sjianng bodx protein 
(16) Under conditions of ciloric I'csfriction, how- 
e\er, we haxo found in our libomlor^ that fat 
exerts a profound bodx -sparing eflcct wlicn in- 
cluded in protcin-freo diets fed to rats Indeed, 


The nitrogen retention of all animals in an 
experimental series, when consuming a ration 
poor in nitiogeii but of full caloric value, is 
dclcriniiicd in a balance test licginmng with the 
10th daj and lasting citlici 5 or 7 days Then 
ji.irt of the animals arc fed mtrogen-poor diets 
of redueed caloric xaluc Four days arc allowed 
for dictaij adjustments, after which nitrogen 
balance is determined again over an interval 
comjvirablc in length of that of period 1 The 
remaining animals m the experimental senes arc 
continued on the full calone diet and their 
lialanccs rcdctcrminctl 

Thus, the jicrformancc of the rats in any 
cxpenmcntal group is controlled in two wajs 
1 C bx then own behaxnor in period 1, and by 
the perfonnance of another set of ammals cata- 
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Fig 2 Excretion of nitrogen dunng successive intervals by rats fed a nitrogen-low diet. 


the data suggest that fat has umque properties 
m regulatmg the course of the protein and 
perhaps the eneigj'^ metabolism (17) 

In these experiments, as m those prexuously 
desenbed from this laboratorxq the catabohsm 
charactenstic of protem-starx'^ed rats on a full 
caloric diet serves as the reference pomt m 
studjnng the influence of dietary modifications — 
in this case, the inclusion or oimssion of dietary 
fat m daily food quotas of descending calonc 
value Male rats, 6 months old, are brought to 
an approximately steady state of mtrogen metab- 
olism as judged by the quantity of the element 
excreted m the urme (fig 2) This condition wuth 
our particular stock ammals prexTuls foUoxvmg 
maintenance for 18 days on a protem-free but 
otherwuse adequate diet, and contmues foi an- 
other 14 to 16 days All metabohe obserx^ations 
are made vnthm this last mterval of time Two 
senes of ammals are prepared thus for study, the 
first group recemng a high fat ration durmg the 
period of depletion, the second a low fat diet 


bohzmg body tissue at the rate they would hax'^e 
been domg had no dietarj’' modification been 
imposed 

The basal higli fat diet used contains 10 per 
cent each of lard and butter fat, 38 per cent of 
the calones commg from fat (table 1) Fifty mg 
of vegetable oil supplement each diet In the 
first experiments to be presented, the rations 
were offered ad libitum m period 1, and then, 
held at this level of consumption m period S, 
The rats so adjusted them intake of food that 
the average calonc value of the daily food quota 
of either the high fat or the low fat diet was 
approximately the same, i e 49 Calones The 
vitamm mixture supplementmg these basal diets 
contamed all the recogmzed essentials 

In figure 3 are showm the mtrogen balances m 
period 2 of rats fed the two basal diets — high fat 
and low fat — at four levels of calonc mtake The 
sumlauty m the rates of catabolism at normal 
and three-fourths normal caloric intakes suggests 
that the rats m the low fat group are not penalized 
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b}’’ the omission of the nutnent Reducmg the 
calones below this point, however, lesults in an 
intensification of the metabohc processes Rats 
fed 12 Caloiies of the low fat diet, for example, 
lose tissue equivalent to 410 mg/nitrogen/100 
gm body n eight in 7 days, those given the high 
fat diet, 266 The findings have some counter- 
part in the observations of Pearson and Panzer 
(18), who report that the loss of the essential 
amino acids m the unne and stools of lats is 
considerablv reduced when corn oil is a dietary 
component 


Table 1 Composition of basal diets 


DIETARY COMPOKENTS 

HIGH PAT DIET 

LOW PAT DIET 


gm 

gm 

Dextrin 

73 

93 

Lard 

10 

0 

Butterfat 

10 

0 

0 & M salts 

4 

4 

NaCl 

1 

1 

Ruffex 

2 

2 

Total 

100 

100 

Cal/gm 

4 8 

3 8 

Av intake m Cal/daj 

49 

(18 rats) 

49 

(36 rats) 


In anothei senes of expeimients in Mhich food 
intakes were controlled on the basis of ad hbihvtn 
ingestion in period 1, the effect of varying the 
fat content in the diet was investigated (fig 4) 
The lations, isocaloric in value as fed, con tamed 
20, 15, 10, 5 and 0 per cent of the butter fat-lard 
combination and were offered in quantities equiv- 
alent to 100, 75, 50, and 25 per cent of the 
normal energy requiiement The data depicted 
in the figure indicate that the mtrogenous metab- 
ohsm of the animals is not altered until the 
dietan^ fat is reduced by 10 per cent, then the 
animals given the diet containmg one-fourth the 
normal number of Calories go into a tailspin The 
same condition prevails w'hen the fat component 
16 reduced further In order to simphfy compai- 
-isons, the mtrogen balances of all the groups 
w'hose calonc intake was held at one-fourth 
normal have been collected in figuie 5 Seemingly, 
a mtion should contain at least 15 per cent fat 
if it IS to exert a piotective action against the 
dismtegiation of bodj tissue induced by severe 
calonc restnction in a protein-starved rat 
We have obtained considerable evidence that 


fats originating fiom different plant and animal 
sources vary in their capacity to protect against 
the body catabolism charactenstic of the present 
expenmental situation Discussion of the relative 
ments of different fats does not seem warranted 
imtil results have been replicated and confirmed 
Some 1 elated problems have been discussed re- 
cently by Barki, Collins, Elvehjem and Hart 
(19) 



Fig 3 Nitbogbn balances induced bj feeding 
protein-free diets high and low in fat and of graded 
caloric value 


Inasmuch as rats fed rations deficient m pro- 
tein involuntanly restrict their consumption of 
food, it seemed important to rule out the possible 
influence of inadequate food intake bj’^ more 
ngid control of this factor Hoover, therefore, 
working in our laboratory, studied the response 
of animals to the force feedmg of protein-free 
diets piovidmg 100 per cent and 25 per cent of 
the dailj'' energ}'^ requirement (20) The rations 
were made mto slurries of the same calonc 
density, and the portions of each administered 
dail} pronded either 56 or 14 Calones/300-gm 
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nt (fip (<) Apiin, tlic iMT'-oiK 0 ()i ili'-onio of fat inn(loc|iiafc flood of miliionts from tlic gnstro- 
m (he diet i‘i not rencetod in am dmiigc in the 111(0*1(11101 (nut 

totil nitroRon hilaino when (hr aniinal*' are Xitrogon bahinoc d ita prorented thus far sug- 
adinini'itorod food iiipphing (ho full (iiiota of go*-! (lia( if (ho animal reoci\cs its full asset of 
iiccciisan oiierg\ ]'''oirod feeding, liowovoi, dia- oalorios, (he romo\al of fat from the protein-free 
mnticilh nggn\ itcs (ho rite of i i(aholi*'m when diet influ Is no liandioa]) in tlic animal’s ad]ust- 
onh l-l Caloncs ire gnoii Nogatno hilaiioo in mont (o the ahrence of dietar} protein But 
these n(s now is 1 Ifis mg / 100 gm n(/o d ns, m hoforo (his oomlusion is renohefl, let us examine 
contnst (o old m (he restiutod group of fat-fed other data It w is noted, for example, during 
nts gi\en (he ‘?anie niiinl>ei of eilones m (he (he roiirse of \nrioiis force feeding ex^ienments 
form of the high fit diet that a niimbei of rats alwa\s died, and that this 



Fig 4 Nitrogen balances induced bj*' feeding protem-free rations of varjing fat content and of 
graded caloric value 


A comparison of the data recoided m table 2 
^ould indicate that when ad libitum feeding is 
employed, deprivation of caloiies m the foim of 
both carbohydrate and fat inci eases the catab- 
olism about 1 8 times, m the form of cai bo- 
hydrate alone, 3 times On the othei hand, when 
force feeding is employed, the latter ratio be- 
comes 0 

^Vhy force feeding aggravates the unfavorable 
response to the ingestion of the low^ fat diet is a 
moot question It should be noted that the 
controlled feeding i egmie 1 educes vanation witlun 
a group Perhaps these data indicate that the 
loss of appetite associated with the mgestion of 
inadequate diets represents a protective phj Bio- 
logical mechanism agamst metabohe obstacles 
encountered m the handhng of a quahtativelj’' 


moi’taht 3 ’' occurred in the group recemng the full 
intake of the low fat diet (table 3) In the first 
3 experiments hsted, mortahty in the group 
ranged from 30 to 50 per cent, wheieas none 
succumbed in the groups fed the high fat ration 
The response of group IV shows the effect of 
offei ing the dadj’’ quota of food m three feedmgs 
rathei than two, and of equahzmg the densities 
of the food slurnes bj the addition of ruffex to 
the high fat diet It must be of sigmficance that 
of the 207 rats obsenred deaths occmied onlj 
among the gioups fed the fat-poor diet Also it 
is notew orthj" that no rats m either group mam- 
tamed on lestncted caloric intake died 

I am wondenng here if we maj not hare eii- 
dence of an acute fat deficienci disease precipi- 
tated bj the strain of metabohe adjustment to 
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a protein-free diet Deckei and his co-workers 
(21) have written recently that chiomc essential 
fatt} acid deficienc}" may culminate as an acute 
syndrome by the imposition of various stresses 
and strains 



Fig 5 Nitrogen balances when rats are fed 
protein-free diets of varying fat content and 
supplying only one fourth the needed calories 



Fig 6 Nitrogen balances induced by the 
force feeding of protein-free diets high and low ih 
fat at two caloric levels 

In studying further the effect of the removal 
of dietary fat, determinations of the partition of 
nitrogen in the urme (fig 7) disclosed an mterest- 
ing alteration in the pathway of mtrogen metab- 
ohsm when carbohydrate in restncted quantities 
served as the sole source of energy It is not 
possible to present all data today, but it should 


be indicated that a complete partition was made, 
and that m everj'^ experimental group the sum of 
the mtrogen present in the vanous components 
equalled the total excretion of mtrogen 
Restncted calonc feeding induces a high ex 
cretion of ui-ea m the fat-fed group The mcre- 
ment is over two and one-half tmies greater, 
howevei, in the group receiving the low fat diet 
But of greatest interest is the extremely large 


Table 2 Fn e-day nitrogen balances mhen 

CARBOHYDRATE CALORIES REPLACE FAT 
CALORIES IN THE DIET 


aEPLi 

ifETlTOD 

or 

FEEDING 

LOW FAT DIET 

HIGH FAT DIET 

CATIONS 

OF EXPERT 
ilEKT 

FuU 

calonc 

intake 

Re 

stneted 

calonc 

intake 

Full 

calonc 

intake 

Re 

itncted 

calonc 

intake 

ytar 


mg/300 
gm rat 

fng/SOO gm 
rai 

ng/300 1 
gm rat 

mg/300 
gm rai 

1946 

Ad hb' 

-201 

-724 

-231 

-418 

1948 

Ad hb^ 

-225 

-725 

-236 

-412 

1949 

Force 

-290 

-1465 

-2S8 

-514 


' In period I and held at this intake in penod f 


Tabli 3 Mortality of rats force-fbd 


PROTEIN-FREE RATIONS 


GROUP 

VO 


LOW FAT RATION 

HIGH TAT lATlOK 

TIME 

No of 
rats 

No of 
rats ^ 
mg,% 

No of 
rats 

No of 
rats 
mg, % 



1 S6 Cal /day/300 

1 gm rat 

56 Cal /day /m 
gm rat 

7 

Spring 1949 

48 

I 31 

I 48 

0 

II 

Summer 1949 

27 

i 

12 

0 

III 

Fall 1949 

12 

60 

12 

0 

IV 

Winter 1949 

12» 

25 

12‘ 

0 


Winter 1949 

12 

17 

12* 

0 


‘ Three feedings per day *Ruffex added 


excretion of ammonia mtrogen m the unnea of 
this group of rats 

Exaimnation of these data, in connection witli 
the concentrations of urea mtrogen and ammo 
nitrogen in the blood, may be of interest (table 
4) Feedmg the low fat ration at full calonc 
mtake results m an increment m the relative 
concentration of ammo mtrogen m the blood 
over that m the blood of rats receivmg adequate 
calories and fat m their ration Some of this 
apparently spdls over mto the urine, and chroma- 
tographic detenmnations of ammo acids therein 
disclose their presence m largest quantities in 
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the urines of nts fed unrest iieled iiinouuls of 
the low fat diet 

Tlie response of the i its in tlic low ealoiic-low 
fit group permits interesting speenlition ^^h•lt 
initiates the tremendous oiitponiing of nitmgcn 
when this nition is fed in the first ms) ime, and 
win docs the animal rcceiMiig fat in its diet 
sociningh do i better job in idjnsling to the 
stress of ealonc resliutioii in protein st ii\ ition 
than its eirbolndnte fed eontiol? I’erliijis the 
speeding uj) of the catabolic pioccsses nia\ reflect 



Fig 7 Urea nitrogen and ammonia nitrogen 
in urines of rats fed prolom-frce diets high and 
low in fat 


Tabue 4 Certain nitroci nous constitui nts 
IN urine and blood 


evercv 

NAIUX OT 

diet per 
300-cu 
RAT 

RATIOV 

URINE 

BLOOD 

Urea 

N 

NH. 

1 ' 

-NHj 

N 

Urea 

N 

-NH 

N 

Calories / i 
day \ 

1 

W/ 

t ms 

ms 

ms % 

ms % 

56 

High fat 

79 

1 5 

4 

6 

26 

56 

Low" fat 

85 

2 

12 

t 2 

47 

14 

High fat 

330 

42 

9 

6 

34 

14 

Low fat 

875 

349 

4 

31 

1 


the inci eased specific djmamic effect of a simul- 
taneously metabolizing pool of carbohydrate and 
protein m relation to one of fat and protem (22) 
But I do not beheve that this is all of the answer 
Possibly, here, there is a block m the course 
of the carbohydiate metabolism Normal rats on 
restricted caloric mtakes and receivmg the same 
quantity of mtiogen m their food protem as the 
rats m this experiment hberate fiom tissue sources 
can transform the mtrogen of then food ammo 
acids into uiea, therebj^ piesumabl^^ deriving full 
energy value from the non-mtrogenous portion 
The high proportion of ammoma mtrogen to 
urea nitrogen m the mine of a calone-starved rat 


suggests that the niiimal, in the absence of fat, 
lb nniible to take acidic intcimcdiarics arising m 
the catabolic freeing of amino acids through the 
metabolic transformations i-cquircd for their util- 
ization as cncrg\, and the kidne}’’ is forced to 
niaimfaclnre ammonia to care for the excretion 
of these intermediaries 

Thcie no other evidences of an impaiied 
carbolndnite metabolism Inabihtj to convert 
the non-nitrogenous portions of the degraded 
protein molecule into gh cogen is shown by an 
CNtrenielv low reseae of glycogen m the fivers 
of the rats fed the icstnctcd low fat diet, le 
0 7 per cent a s 2 0 jiei cent m the fat-fed groups 
The glucose tolerance cunes of the four groups 



Fig 8 GLUcosETOLERANCECurvesof rats fed the 
stock ration and various modifications of a low 
nitrogen diet 

in relation to that of normal stock animals are 
hlso mterestmg m this connection (fig 8) The 
tolerance of the rat leceivmg its full calonc 
quota of the high fat diet most nearly appioaches 
the normal Inanition may explam the lownr 
tolerances of the rats fed i-estncted number of 
calories — either high fat or low^ fat — but it is 
significant that the average tolerance curve of 
the animals with a Itexus consumption of carbo- 
hydrate calories falls m the same range as the 
tolerances of the rats restneted as to their calonc 
mtakes On the whole, the animals mamtamed 
on the low fat diets have many characteristics 
that are diabetic-hke m nature Others have 
noted that rats subsistmg on a low fat diet can- 
not tolerate the increment m metabolic rate 
induced bj-- the feeding of thjToid (23) 

Veiy pertinent m this connection is the sug- 
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gestion from the work of Smft and his co-workers 
at the Pennsylvama State College, that rats fed 
diets contauung fat use energy denved from 
dietar}"^ sources more efficiently than animals on 
a low fat dietary regime (22) In the words of 
these workers, the presence of fat in the diet 
confers “economy of utihzation of food energy ” 
Supportmg this hypothesis that fat is needed 
for the maximal use of energy are the observations 
of several groups of workers showing that, under 
differmg experimental conditions, inclusion of 
fat m the diet is associated with an mci eased 
capacity for work (24, 25) 



Fig 9 Nitkogen balances of rats fed protem- 
free diets high and low in fat when methionine is 
added as a dietary supplement 

Possibly our own observations that methiomne 
seems to play a role m these metabohc conver- 
sions will provide a clue in the final unravehng 
of the problem (fig 9) 

Its addition to the protein-free diet in quanti- 
ties equivalent to 4 mg/mtrogen/day results in 
an immediate reduction in the total mtrogen 
excreted by all experimental groups, but partic- 
ularly by the low fat-low calone rats, and thence 
to a decrease m the negativity of the mtrogen 
balance The concentrations of urea mtrogen m 
the urmes of both groups fed 14 Calories drop 
concomitantly (fig 10) There is a fall m the 


excretion of ammoma when methiomne supple- 
ments the low fat diet, but not when it is added 
to the rations of rats receiving the restncted 
amount of the high fat diet That despite the 
marked decrement in total urmary mtrogen the 
lelative proportion of ammoma to urea mtrogen 
in the urmes of the lats fed 14 Calories of the 
low fat diet remains the same as it was before 
the methiomne was admimstered, suggests that 
methiomne plaj'S its part in regulating the proc- 
ess, whatevei it is, that catalyzes the cata- 
sti opine breakdown of body tissue 


UREA N AND AMMONIA N IN URINES OF RATS 



I FOOD RE5TRICTE0 TO 14 CALORIES/DAY/300 CM RAT | 

Fig 10 Excretion of urea and ammonia by 
rats fed protein-free diets supplemented with 
methionine and providing 14 Cal/day/300-gm rat 

On the basis of the discussion today, mtrogen 
retention represents the mteraction of many 
factois, 1 e caloric value of the diet, source of 
non-protem calories in the ration, physiological 
state, body stores, individual resistance, quantity 
of dietary piotem particularly in relation to the 
energy value of the diet, the time factor, and the 
distribution of animal protem over the day s 
meals Only when the influence of these and 
probably other factors m the establishment of 
nutntional state m man is fully understood will 
it be possible to state his protem requirements 
m terms of practical recommendations 
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From the School of Medicine, University of Southern California, Los Angeles and 
Van Camp Sea Food Co , Inc , Terminal Island, California 

“InlerpreiatiOTis based on single factor relations do not adequately take into account the 
nmllipliciiy of other factors, both in the organism and in the experimental diet, which ob- 
viously condition the results of the experiment ” 

J and Th Gilmian’ 


jA, necessary requuement for the utilization of 
dietary proteins and amino acids m growth and 
maintenance is the availabihty of all essential 
nutrients in the body Deficiencies of vitamins, 
minerals, or any other essential food elements 
usually result m cessation of growth, loss of 
weight and a negative nitiogen balance Smce 
all the ‘essential’ food elements are normally 
supplied by the diets, a discussion of the effect 
of dietary composition on amino acid utihzation 
would comprise practically the whole terntory 
of intermediary metabolism, which is beyond the 
scope of this paper 

We will lathei discuss moie specifically the 
effect of those food mgredients which are fed 
simultaneously or withm a short mterval of time 
before or after consumption of the proteins 

The sparmg effect of dietarj’’ fat and carbohy- 
drate on protein utihzation was lecognized eaily 
and was explamed by the concept of isodyna- 
mism The idea that dietary caibohydiate may 
have a specific effect on piotein utilization m 
addition to its calongemc action was often hmted 
m the early literature concerning the dietother- 
apy of diabetes Rose (1), m his fundamental 
paper on essential amino acids, stressed as early 
as 1937 the pomt that, “factors such as the pio- 
portion of fat and carbohydrate in the ration 
may play important roles in determimng the 


' The unpublished experiments discussed in this 
paper were performed in collaboration with I El 
Rain, E B Hagerty and L E Geiger The ex- 
periments have been supported by grants from the 
National Vitamin Foundation, the Williams 
Waterman Fund of the Research Corporation and 
by the Van Camp Sea Food Co , Inc 

^ ha Human Malnutrition Nci\ York Gruneand 
Stratton, 1^51 


mimmum level of a given component,” i e , essen. 
tial ammo acid 

Since that time seveial investigators mdicated 
the existence of a specific effect of dietarj com- 
ponents on the utilization of ammo acids and 
protems 

In recent studies on the development and pos- 
sible nutritional improvement of meal patterns, 
we investigated the importance of time relations 
m the consumption of different food mgredients 
In confirmation of earliei expcnments (2), we 
found tliat the nitrogen-sparmg effect of carbo- 
li 3 ''drate depended on the time which bad elapsed 
between the feedmg of the protem moiety and 
the carbohydrate moiety of the diet When sugar 
had been fed more than four hours before or 
after the protem meal, no mtrogen-spanng effect 
could be observed 

In well-fed adult rats, the mtrogen-spanng 
effect could be demonstiated dunng the first 
few days only, after winch time the mtrogen 
balance, m spite of subsequent simultaneous 
feedmg of sugar, returned to its original level, 
probably because of the mabilitj’’ of the adult or- 
gamsm to store abnormally high amounts of 
piotem Further investigations on gromng rats 
ns well as on protein-depleted adult animals in 
winch mci eased and prolonged protein demand 
existed demonstrated that both the growth re- 
sponse m infant animals and the repletion m 
depleted adults vas supenor when sugar vas 
given simultaneously uith protem, as compared 
with control animals which received sugar and 
protem separatel}’’, the total calonc mtake bemg 
identical in both mstances In these latter expen- 
ments the nitrogen-sparmg action of sugar lasted 
not only for 2 to 3 days, but for the duration of 
the experiments, i e , 14 to 21 daj’’S (3) These 
results indicate that dietar}" mtrogen-containing 
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compounds wlicn fed Mimdt ineousl\ witli ciirbo- 
Indntcs nrc iclninwl nnl vi(ili7cd foi growth 
md icplction, i c , llio\ do p irliciimtc in normal 
protein metabolism 

Snell sinuiltaneoubly fed siigni oi nn^ othei 
dictarj' ingredient m iv a priori influence the 
protein utilization at one or all of the three fol- 
lowing phases in the gastrointestinnl iiliace, in 
the phase of bodr imitein formation and m the 
metabolic phase 


m giowth ])romotion, had to be investigated 
Consequenth , odull male rats were induced to 
eat fipontancoiislj definite quantities of either 
skim milk or a standard casein powder or one of 
the strained moats Two, four and six hours later 
the nitrogen m the stomach and intestinal con- 
tent was determined We were surprised to find 
that the milk protein disappeared much more 
slowh from the digestne tract than any of the 
other proteins tested Our thinking has been 


Tahli 1 Gastiioixti sTixAi aiihoiu-tion or siTitoor n-contaimno compounds 


MATZHIAL rro 

coNsuiiFD vimorrs AUSORnro vitfr 

RESTDCE AFTER n\0 HOURS 

2 hr 

4 hr 

6 hr 

8 hr 

In stomach 

Intestines 


% 

r* 

c 

To 

c* 

/o 

% 

% 

Skim milk, spraj dried 

18 3 

30 0 

50 3 

79 2 

91 5 

8 5 

Whole milk, Bpra^ dried 

22 0 

53 3 

70 3 


94 0 

6 0 

Fish' 

55 7 

71 2 

02 2 

03 0 

80 4 

19 6 

Pork 

36 5 

63 6 

85 6 

02 0 

79 7 

20 3 

Casein 

56 6 

81 3 

99 0 


SO 0 

14 0 

Lactnlbumin 

31 S 

60 7 

S3 S 


60 0 

40 0 

Fish* plus 0 6G gm glucose 

27 4 


70 0 


69 3 

30 7 

Fish’ plus 0 66 gm cellulose 

55 7 


1 


74 5 

25 5 

Casein plus 0 6 gm glucose 

37 5 

73 1 ; 

00 0 


81 0 

19 0 

Casein plus 0 8 gm lactose 

32 0 




93 0 

7 0 

Casein plus 0 6 gm cottonseed oil 

15 8 


54 6 


78 0 

22 0 

Casein plus 0 6 gm sucrose 

43 0 


97 0 


88 5 

11 5 

Casein digest* 

89 4 

93 0 



1 0 

99 0 

Casein digest* plus 0 6 gm glucose 

81 6 




29 0 

71 0 

Casein digest* plus 0 4 gm cotton- 







seed oil 

71 4 




73 0 

i 27 0 

Zein 

40 0 


46 0 


2 0 

98 0 

Gelatin 

72 0 




5 0 

95 0 


The different proteins were fed m quantities contaimng approximately 100 mg nitrogen to adult 
male rats, after 24 hours' starvation Experiments with casein, zein and gelatin indicate that gastric 
emptying time is dependent on some characteristics of the protein 
' Strained tuna 

’ Spraj' dried acid hj drolysate fortified wuth tryptophan 


The importance of the gastromtestmal phase 
m this respect was suggested by some experi- 
ments m which the nutritive value of commercial 
‘stramed’ meat products was mvestigated, usmg 
as a standard spray-dned skim milk We found 
that diets contaimng skim milk as the only pro- 
tem source had the strongest growth-promotmg 
effect on mfantile rats, the next best effect was 
obtamed with diets contaming strained tuna, 
while stramed beef, pork, veal and lamb proved 
to be less effective 

Smee the ammo acid luventorj^ of these pro- 
teins IS nearly identical, the possibihty that some 
differences in the digestibihty of the proteins 
used could account for the observed differences 


conditioned by the rather unsubstantiated claim 
that ‘easily digested, easily absorbed’ proteins 
are nutntionally superior to the others There- 
fore, the result of this mvestigation, mdicatmg 
that the protem source which promoted growth 
best disappeared most slowly from the digestive 
tract, was unexpected (see table 1) 

We should consider, howwer, that the growth 
rate is determmed bj^ inherent regulatory factors 
and IS not accelerated by superoptimal supply 
of the buddmg stones Tissue protem sjmthesis, 
and hence growrth, requires the simultaneous pres- 
ence of all the ammo acids Endentb the dietarj 
protems are best utilized for growth when the 
rate of supplj from the digestive tract cone- 
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spends closelj^ mth the gro^\’th leqmrements 
RTien the rate is too fast, the utilization will 
suffer because no excess of ammo acids can be 
stored normally for later use, the surplus is either 
excreted or irreversibly metabohzed (4, 5) There- 
fore, a delay m the protem digestion and ab- 
sorption should tend to impiove the utihzation 
Such a mechanism is suggested also by the in- 
vestigation of Leverton and Gram, as well as 
Wu and Wu (6, 7) Their experiments on adult 
human bemgs mdicate that the utihzation of 
dietary protem improves when mtake and re- 
sorption are evenly distributed throughout the 
day by consummg more frequent protem meals 
We recently found that lactalbumm, which 
supports growth to a higher degree than casein, 
disappears more slowly from the mtestmal tract 
than does casern This observation seems to favor 
the outhned ideas 

Experiments prompted by such considerations 
revealed that simultaneous consumption of sugar 
does dela}^ the disappearance of protem and 
absorption of its cleavage pioducts from the 
digestive tract, suggesting that the delay m 
the mtestmal resorption may veil be mvolved 
m the nitrogen-sparing action of sugar fed simul- 
taneously 

Further experunents have showm tliat m ac- 
cordance with the classic observations of Ewald 
and Boas (see 8) on gastromtestinal motiht 3 ’’, 
simultaneously fed fat, even more than carbohy- 
drate, considerably delayed the disappearance 
of protem from the digestive tract 
A similar effect of fat on resoiption of another 
nutrient has been reported by Nief and Deuel 
(9), who found that the mte of mtestmal ab- 
sorption of galactose vanes mversely with the 
percentage of fat present m the diet, and that 
fat secures a better utihzation of this sugar bj^ 
preventing ‘galactose-flooding’ of the organism 
Based on these results, the effect of simul- 
taneous fat feedmg on groivth has been investi- 
gated One group of infantile male rats received 
casern from 7pm tollPM and a protem-free, 
but otherwise complete, diet from 7 am to 3 
p M Another group received the fat moietj of 
the diet mixed to the protein meal It was found 
that the rats receivmg fat with the protem giew 
marked^ better than the controls, although the 
total caloric and protem intakes weie identical 
(see fig 1) 

The proper balance between rate of supply and 
rate of utihzation seems to be even more critical 
m feedmg ammo acid mLx-tnres than m feedmg 


protem Accordmgly, the growth-promotmg ac- 
tion of carbohydrate and fat is more pronounced 
when fed simultaneously with a tryptophan sup- 
plemented casern h 3 '^drolysate 
The experiments discussed so far are m com- 
plete agreement with many earher data For 
example, it was reported that rats fed eqmcaloric 
diets grew better if the fat content of the diet 
was mcreased (10, 11) The protem digestion 
was improved, the mtrogen retention mcreased, 
and the fecal and urmar 3 " excretion of some es- 
sential ammo acids, such as valme, lysine and 
metluomne, was less on diets contammg com 
oil than on a fat-free diet 
These effects could be explamed by the ob- 
servation that simultaneously fed fat general!} 
delays the mtestmal passage and thus improves 



Fig 1 Experiments m V hich the protein moi- 
et}" of the diet vas fed either separately or to- 
gether with sugar or fat Infantile male rats of the 
Wistar strain vere used Each group contained 8 
rats with a starting v eight of 60 to 65 gni 

digestion of the protem and the absorption and 
utihzation of ammo acids 

This explanation is, hovever, at xmiiance with 
the results of some other authors (12, 13), vho 
found that an mcrease of the fat content of the 
diets which weie kept isocalonc with the con- 
trol diet promotes growth mthout affecting nitro- 
gen retention 

Mumo has shown, fuidheimore, that fat, un- 
like sugar, when fed simultaneous!} vuth pro- 
tein, fails to inciease mtiogen retention in aduK 
rats In view of our expenments with carboh}- 
drate, ve investigated the effect of simultane- 
ously fed fat on the repletion of pwtein-depleied 
rate and found that, contrary to the effect of 
sugar, simultaneously fed fat did not increase 
mtrogen retention 

However, it should be emphasized that our 
results cannot be compared directl} vath those 
of some earhei authors since the dail} fat intake 
m oui experiments vas not changed — the same 
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immmt of f \( w is fed citlu'i iipiit fioin or (o- 
jldlicr with (lie iiiotein inoiel\ of (lie <lie( 

Wo holicve (lilt III iiildition (o i(s iition on 
(:is(n)in(cs(in il rosoiption, f'i( ilso o\(>i(s in 
cfTcct on pmtoin ntilirition i( somo other Ie\ol 
It Ins hoen rojiortod (10, 11) tint ininnls kept 
on imitoiu-frce, isocilorn diets, )()>.(> !(»,>, weifilit 
if (lie f it lilt iko is kcjit liinli li\ideiitl\ the lii^li 
fat lilt iko deoreisp-, dso the i it iholn dcslriK- 
tion of bod\ tissue 1 uitherinoic it w n repoitid 
tint the diini);iiin effeits of exiessne inelhio- 
niiic dosps Pin be -iiit ifioiiired In iiKieisin^ (lie 
fat pontonl of the diet 

Tlicfc c\periinen(b would indiPitc tint d- 
tlioiigh sinuiltaneoii'i fit iiit ike iinjinnes jini- 
tcin iitiliration In rctanliiig the rite of iniiiio 
acid siijiph from (he digcstnc (net, its tot il 
cfTcct must be much more complex 

Retunimg to the iirotclii-sp miig lutioii of 
carboln dntes, it was found tbit iltbough the 
retardation of absonition is smaller than in the 
case of fat, the growth ]iromotion and the nitro- 
gen-sparing effect are much more pronounced 
when carboli} drate is fed simultaneously with 
protein instead of fat This indicates that the 
effect on absorjition is onlj a minor factor in- 
volved in the protein-sparmg action of sugar 

Tollowang the fate of food constituents after 
transfer from the digestive tract to the body 
proper, thej'" ma}’- affect the utihzation of the 
absorbed ammo acids m the process of tissue 
protem sjmthesis Since protem Bjmthesis re- 
quires the simultaneous presence of all the con- 
stituent ammo acids, the most obnous effect 
of sugar seems to be the provision of precuisoi-s 
for the formation of missmg nonessential ammo 
acids This possibihty was investigated m col- 
laboration with Dr Ame Wick (14) by feedmg 
C? ■’-labeled sugar and ammomum phosphate to 
growmg or protem-depleted rats, together with 
or apart from Rose’s mixture of essential ammo 
acids It was to be axpected that if the sugar is 
utihzed for ammo acid foimation and thus sup- 
ports the protem utilization, more labeled mate- 
rial will be taken up by newdy formed or re- 
pleted tissue The results obtained on normal 
adult rats do not substantiate this hypothesis, 
although the erior of the procedure may still 
mask possible differences Exiieriments aie now' 
in progress m wdiich the uptake of labeled carbon 
by the protem formed during hver or plasma re- 
generation IS investigated These lecent studies 
show that protem isolated from the regenerating 
hver tissue contains considerably more C'^ when 


Migii iiml ('‘''■(•nti.il iimiiio adds aic fed logctlior 
'I'liis Miiipmis (be In potlicsis (b it simuUancoiislj' 
f(‘d Migii piomules inotom sMitliosis by provid- 
ing the iK’d'-'-in pieriii'-oi's foi tbc synthesis of 
non("'-ciit I'll '11111110 acids 

Hciciilh piiblnlicd (npeiimeiits (li) m winch 
nioie nitrogen wis letiincil b\ tlie bod} if am- 
nioimnii ‘-ilts were fed (ogetber with sugar than 
without ‘'iigii d*-!) ‘■cem to indicate tbit simul- 
t ineoiit-h fed '•iigii inn expedite the utilization 
of nitnigen iwed foi iiiimo icid synthesis 

The coiidilioii'' ne ‘•(ill inoie (omjilicited m 
gioutli wlicrc the foimifion of new tissue re- 
quires jnobibl}, be'-idas tbe neces^^an ammo 
ai kR, iho the ‘Jimtill iiicoin a\ iilabilitj of other 
<cll constituoii(‘< How fir i fast-growing organ- 
rtm (an draw on reserves of such factors as mm- 
orals, etc , if tliei ire mnsing from the diet has 
not xct been nncstigitcd 

That some of tbc nutrients such as vitamms 
once deposited in the tissuas are no longer easily 
avail iblc c in be demonstrated b} feedmg to vita- 
mm-dcplcted rits tissues of their equally de- 
pleted httei mates The result is usualh a drama- 
tic impro\cment W'^e therefore investigated 
whether growth of rats is influenced when the 
water-soluble vitamms are fed simultaneously 
wath or apart from the jirotem-contammg diet 
and found that m some ex-penments the growth 
was defimtely miproved w hen the xutamms were 
fed simultaneously wath the chet, while m others 
there was no apparent difference However, the 
rats recenang the xatamms separately from the 
diet never grew better tlian the others For all 
practical proposes the growth was the same on 
meals contaimng vitamins or wath later vitamm 
supplementation 

That the feeihng of some mmerals m proper 
concentration may improve the utilization of 
dietary protems has been recently proposed by 
McQuarne and Ziegler (16) Tliese authors re- 
ported that by balancing the phosphorus and 
calcium content of the (het the biological x'alue 
of meat pioducts can be raised to that of milk 
We repeated the latter expenments, adjusting 
the calcium and phosphorus content of all the 
(hets to values equal to the milk (het In spite of 
this, the efficacy of the (hets was the same as m 
the control expenments The giowth on milk 
was best, then strained tuna, beef, followed m 
order (fig 2) 

We are still at a loss to explain the reason for 
the differences between the results of tbe Alinne- 
apohs group and ourselves How e\ er, our expen- 
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ments show that equalizing the P, Ca, Mg and 
K content in itself does not raise the biological 
value of the meat diets to that of the diet con- 
taimng milk protem 

How the mtake of precursors or of substances 
promotmg the formation of cell constituents such 
as lipids, certam carbohydrates and nucleopro- 
teins influences the ammo acid utihzation has 
yet to be mvestigated One perhaps may object 
that the orgamsm with mtact hpo- and glyco- 
neogenetic faculties is able to form such com- 
pounds itself and does not depend on dietary 
supply Such objections usually result from a 
misinterpretation of Schoenheimer’s fundamental 
concept of 'dynamic eqmhbnum’ and fiom the 



Fig 2 Growth experiments with diets con- 
taining equal amounts of calcium, phosphorus, 
magnesium and potassium Each group contained 
6 male rats of the Long Evans strain 

mdiscnmmate use of the term ‘metabohc pool ’ 
It has been, therefore, assumed erroneously that 
it IS irrelevant whether substances like sugar 
have been produced m the mtermediary metab- 
ohsm or were provided with the diet In the first 
place, it IS questionable whether or not such sub- 
stances produced m the body can be supphed at 
a rate optimal for tissue sjmthesis 
Evidently a substance carried m high con- 
centration by the portal system from the diges- 
tive tract to the hver has a diffeient effect and 
fate than when produced m the tissues Eoi 
instance, absorption of dietarj'^ sugar mcreases 
the insuhn production and also activates the 
antenor pitmtary gland (17, 18) It has been 
-,hnmi that both hormones improve protein 
utilization (19) We investigated whether such 
increased hormone production could be held re- 
sponsible for the nitrogen-sparing effect of simul- 


taneously fed sugar In these expeiiments diabe- 
tic as well as hypophysectomized animals reacted 
like normal rats so that the Langerhans islands 
and the anterior pituitaiy play no major role m 
the mtiogen-sparmg action of sugar 
The third point at which dietary constituents 
may e\eit their influence on protem utihzation 
IS the ‘metabolic phase,’ compnsmg formation, 
destruction and transformation of ammo acids 
A specific action of fat on the utilization of 
cj^stme was reported by Salmon (20) who also 
found that the mcotmic acid leqmrement is 
decreased m fat-nch diets Tins latter effect 
may spare some tryptophan and divert it to 
other metabohc pathways 
The problem m which we are particulaily m- 
terested at the present time is how sugar may 
exert its action on ammo acid utilization m this 
metabohc phase One possibility under mvesti- 
gation IS that the simultaneous resorption of 
sugar protects the circulatmg ammo acids from 
premature deammation m the hver This pos- 
sibility IS suppoided by the experiments of I^rebs 
(21) who found that the deammation by hver 
slices tn mtro is deci eased m the jiresence of easily 
oxydizable mateiial such as lactate, pymvate, 
etc The decreased specific djmamic action of 
protem when fed simultaneously with sugar also 
suggests protection agamst catabohc changes 
It IS likewise possible that some prehminarj' 
steps foi pi otem sjmthesis, such as acetylation 
or phosphoiylation is promoted bj*^ simultane- 
ouslj'^ fed sugar This hypothesis is supported by 
Miller’s (22) expenments in w'hich it was found 
that the uptake of labeled Ij^sme durmg hver 
pei-fusion IS promoted by sugar 


SUMMARY 

We tiled to demonstrate that dietary sub- 
stances fed together wuth piotems do promote 
jiowdh and utihzation of the dietary anuno 
icids, quite apart from then calorigemc spanng 
iction Of course, some of our conclusions are 
stfll open to objections and will have to be sup 
ported by further expenments Especially, the 
iffect of parenteral admmistration of fat and 
sugar wiU have to be mvestigated 
We believe that besides the effect on mter- 
mediary metabolism, special attention should 
he given to the effect of food ingredients on 
gastrointestinal djmaimcs, including motihty, 
;astnc emptying time, as w'eU as the effect on 
die production of bile and other digestive juices 
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nud, finidh , on then influence on rule of diges- 
tion 'ind ihsoiption 

We hue discussed miinh fictois whidi pro- 
mote protein u(ih7itinn Init it is known that 
some ingiedieiits such is cocoa (23) imu inlci- 
fere with protein digestion and with the efTi- 
ciency of its utihz.ition 

The possibiht} slioiild not iie o\ ei looked either 
that some effect mav be jiroduced bj tlic food 
ingredients tested indirectly b^ influencing tlic 
bacterial flora (24) 

We did not discuss the mutual effect of diffci- 
ent dietar\ jirotems and ammo acids on their 


utilisation, ilthough the phenomena of supple- 
menbition and iiiiino acid imbalance may also 
be influenced bj the jiresencc of other factors m 
the meil 

It IS unknown how' fir the reported findings 
on animals iie applicable to human mitiition 
Therefoie we refiam from drawing piactical con- 
clusions at the present time We are convinced, 
however, that the indicated lines of stud}' may 
cventu ilh lead to a scientific planning of meal 
jiatterns w ith an o])tinmm utilization of available 
jirotein resources 
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INTERPEETATION OF NITROGEN BALANCE DATA 

James B Allison 

From Rutgers Umversitij, New Brunsmck, New Jersey 


I^ECENTLY, Mitchell (1) has piesented an ex- 
cellent outline of protein metabohsm which is 
based on Fohn’s (2) concept of two distinct tjqies 
of metabolism but mcludes later developments, 
particularly those of Wliipple (3) and Schoen- 
heimer (4) and their associates This outline 
accepts the prmciple that endogenous metabohsm 
lepresents irrevei Bible reactions mvolving tissue 
proteins and other mtiogenous constituents as 
typified bj the dehydration of cieatm to cieat- 
mme Exogenous catabolism could be defined as 
catabolism of mtrogenous constituents in 
amounts exceeding the needs of the animal for 
endogenous maintenance and grondli Dietaiy 
and body mtrogen may be said to meet in a com- 
mon metabohc pool of blood and tissue piotems, 
a pool that can be drawn upon for either exoge- 
nous or endogenous purposes Exogenous catabo- 
lism could mclude, therefore, the utihzation of 
dispensable stores of body protems, stores which 
have been described as bemg raided foi specific 
anuno acids not supphed m the diet (3, 5, 6) 
Tlie depletion of body protem stores is leflected 
by a decrease m excretion of uiinaiy mtiogen 
When an ammal is placed on a protem-free diet, 
urinaiy mtrogen excretion decreases, rapidly at 
firet, then more and more slowly This imtial lapid 
loss of mtrogen represents the catabohsm m pait 
of labile protem stores After these stores aie 
depleted the loss of mtrogen is less rapid, unnary^ 
nitrogen excretion approaching a low and con- 
stant value (fig 1) It IS mteiesting to note that, 
durmg regeneration, accomplished by feedmg pro- 
tem, those mtrogen stoies that are depleted last 
aie probably refilled first Tliese results suggest 
that the stores depleted last are moie essential 
and are leplemshed before those w^hich are dy*^- 
namic and dispensable (7) 

A better understanding of nitrogen stores can 
be obtained, hoivever, from mtrogen balance than 
fiom unnary'^ nitrogen excietion Nitrogen bal- 
ance (B) is the difference between dietary^ mtio- 
gen mtake (/) and mtrogen excreted in the feces 
(F) and unne (IT) so that 

B =^1 - (F + U) (f) 


The ammal is gaimng mtrogen when B is positive, 
it IS losing mtrogen when B is negative, and it is 
m mtiogen eqmlibiium when B is zero 

The lelationship between nitrogen balance and 
nitrogen stoies is illustiated m figure 2 These 
lesults weie obtained by" feedmg alternately a 
protem-free diet and one contaimng protein to a 
dog (8) Tlie w'hite bars record the mtrogen bal- 
ance during the protem-free peuod, while the 
bare woth slanted lines represent the balance while 
the animal w'as receivmg a constant mtrogen 
mtake The magnitude of the jirotem stores of 
this dog was average, resultmg m a negative 
nitrogen balance of —24 gm of mtrogen/day / 
m 5 of body surface area (first w'hite bar) Pro- 
tein was added to the diet, but not sufficient 
protem to put the dog in nitrogen equihbnum 
Contmued negative mtrogen balance resulted m 
further reduction m the catabohsm of body 
stores so that, w'hen the animal was returned to 
the protem-free diet (second white bar), the 
imnaiy" mtrogen excretion was reduced still fur- 
thei and the nitrogen balance w'as less negative 
Contmuation of tins type of alternate feeding 
resulted eventually m depletion of the protem 
stores to such an extent that the amount of 
nitrogen being fed pioduced a positive balance 
Thus, mtiogen balance is a variable, changing 
with time as the protem stoies are increased or 
deci eased 

The relationship between mtrogen mtake and 
balance is illustrated by the curves in figure 3 It 
IS assumed that the data for these curves were 
deteimmed over a short penod of time, so that 
mtrogen balance was not alteied sigmficantly by 
contmued feedmg of nitrogen Curve A was ob 
tamed by feeding w'hole egg protein to a dog 
depleted m protem stores The low stores are 
demonstrated by the relatively low negative 
balance of —1 gm of mtrogen/day /m ’ of bo y 
suiface area A small amount of dietary mtrogen 
was required to maintam nitrogen equibbrium 
m this ammal The cun^e extends far mto the 
region of positive balance, shownng marked capa 
bihty on the part of the animal to fill deplete 
stores A maximum was reached at approximate i 
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+6 gm of nitrogen/dn'S /in • ‘Jiiifacc nrca Curve 
C illiistntcs (1 it i obt lined while feeding the ‘••line 
piotcin to 'i dog with full imitein stores The full- 
ness of the stores is reflected h} the bnlance of 
-4 gm /daj /in " surface irc.i and bj the ich- 
tnob Iii'gc quantity of dietaii nitrogen ncccs- 
•sarj to niamtam nitiogen equihbiiuni bince the 
stores of this dog arc cssenti ilh full, onlj a slight 
positnc nitrogen balance w is iiroduccd The de- 
gree of de])letion of the stoics in an animal can 
be estimated b^ the magnitude of positne bal- 
ance which is produced bj a given nitrogen 
intake 



Fig 1 Urinaki nitrogen excretion (gm/day 
/m * body surface area) in a dog fed a protem-free 
diet for 60 days 

Curves B and D represent data obtained while 
feeding w'heat gluten mstead of whole egg pro- 
tem The rate of mciease of mtrogen balance 
with mtrogen mtake was less with w'heat gluten 
than with wdiole egg in the diet, and the maxi- 
mum positive balance was also less Tlie nutri- 
tive value of the dietarj^ proteins can be measured 
m terms of the slopes of the lines m figure 3, and 
by the maximum positive balance winch can be 
produced 

The curves in figure 3 are essentially Imear until 
the point of maximum utihzation is reached The 
relationship, therefore, between mtiogen balance 
{B) and absoibed mtrogen (7) can be expressed 
b3 the following equation 

B =KI + Bo (S) 

wheie K is the slope of the hne and Bq is the 


balance wlicn tlic niliogcn intake is zero This 
equation 11113 rewiitlcn to chiniiiate nitiogCn 
balance as follows 

U = (7-/0 I + Uo (5) 



Fig 2fNiTROGEN balance (gm/da3Vm = body 
surface area) in a dog fed a protem-free diet 
{white bars) alternatel} wuth diet containing 09 
gm of egg vhite nitrogen/da3'/kg body weight 
{bars with slanted lines) 



Fig 3 Nitrogen balance vs absorbed mtro- 
gen in a protein-depleted dog fed whole egg pro- 
tein {A), in a protem-depleted dog fed vheat 
gluten {B), in a normal dog fed whole egg {C) and 
in a normal dog fed wheat gluten {D) 

w'here U is the excretion of urmaiy mtrogen 
durmg mtrogen feeding and Uo is the excretion 
of urmary mtrogen on a protem-free diet (9) It 
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has been proven (9, 10) that K in these equations 
IS the fraction of absorbed nitrogen retained m 
the bodj'^ of the animal, provided the excretion 
of body mtrogen (Bo or Bo) is constant over the 
whole range of nitrogen mtakes The fi action of 
absorbed nitrogen retamed m the bodj- is by 
definition the ‘biological value’ (11) of the pio- 
tem The slope of line D is 0 4 If bod}^ mtrogen 
excretion is constant, then 40 pei cent of the 
wheat gluten mtrogen was retamed m the bodj’^ 
of the ammal It was pomted out m the mtroduc- 
tion, howevei, that dietarj' and body mtiogen 
may enter a common pool which is avadable for 
catabolism as i\ell as anabohsm It is not sur- 
prismg, therefore, to find evidence that feedmg 
mtrogen maj decrease or mcrease the contnbu 
tion of body mtrogen to catabohsm 



Fig 4 Average data obtained on dogs fed 
protein-free diet {white bais) and protem-free diet 
plus 1 gm of (R-methiomne per day per dog (6ors 
with slanted lines) 

The conservation of body mtrogen by dietary 
mtrogen has been demonstrated by feedmg me- 
thiomne to dogs (12-14) and to rats (15) The 
excretion of urmary mtrogen m the dog is de- 
creased by adding a small amount of methionine 
to a protem-free diet (fig 4) Less body mtrogen 
is contributed to the catabohc pool m the presence 
than m the absence of methionme It has been 
suggested (16) that the demands for methionme 
m the dog are relativel}’’ great so that body pro- 
tem reserves are utdized to supply’’ this ammo 
acid, the excess catabolism of nitrogenous constit- 
uents thereby contributing to an mci eased ex- 
cretion of urmary mtrogen MitcheU (1) has 
suggested that the extra demand for methiorane 
IS the result of the growdh of hair at the exiiense 
of other tissues of the body^, the hair demanding 
large amounts of sulfur ammo acids Addition of 


an optimal amount of methionme to some pro- 
tems such as casern can mcrease the value of K 
m equation 2 to values ovei umty Values over 
umty would be impossible if Bo m the equation 
lepresented the excretion of body mtrogen at all 
mtrogen mtakes Values over umty can be mter- 
pieted to mean that feedmg mtrogen reduces 
catabolism of the nitrogenous constituents m the 
metabolic pool Swanson and coworkers (14) have 
given several other examples of the nitrogen- 
spaiing action of dietary mtrogen in the rat 
Dietary nitrogen may also mcrease the utiliza- 
tion of the mtrogen m the body pool A large 
amount of methiomne (5%) m a diet containmg 
casein when fed to the rat increases the catabo- 
lism of these stores (17) The data suggest, too, 
that the raetabohsm of excess methiomne requues 
the simultaneous catabolism of fat (18) and of the 
utilization of the aimno acid glycine (19) Excess 
methionme may draw on the mtrogen pool for 
glycine, thereby causing mcreased catabolism of 
othei aimno acids m the pool Addition of gly- 
cine together with methiomne reduces this ex- 
cess catabohsm The beneficial effects of glycine 
may be due to the participation of this ammo 
acid in the catabohsm of methionme, glycme 
being the precursor of senne One pathway for 
the metabohsm of methionme is by the way of a 
combination of homocysteine and senne to form 
cy'stathiomne (20-22) Other examples of raid- 
ing of nitrogen stores have been suggested by the 
work of Wliipple and associates (5, 6) Thej’’ have 
found that blood proteins can take pnority over 
other tissue protems, that depleted dogs ■will 
continue to produce much plasma protem and 
hemoglobin for many weeks while bemg fed a 
low nitrogen diet An inadequate protem-like 
globm, 01 an madequate mixture of ammo acids 
can result m formation of blood proteins, other 
tissue protems possibly bemg depleted to supply 
the deficient ammo acids (23) 

Since K m equations 2 and S need not be equal 
to ‘biological value,' this constant has been 
called the mtrogen balance indax of the dietary 
protem (24) The index is a function of the frac- 
tion of mtrogen retained m the body^ of the ani- 
mal It IS more specifically the rate of change of 
mtiogen balance with respect to mtrogen intake, 
and it IS a lelative measure of the amount of 
nitrogen necessaiw to maintain equilibrium, a 
measure of the over-all utihzation of nitrogen by 
the animal 
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Table 1 iccoixlb iii(ro};eii biluirc iik1c\cs for 
SIX '^tnndnnl proteins or inotoin foods in ‘iduK 
dogs TJicscdil 1 were oI)Uiincd fiom e\|)crimcnts 
which were n put of i coo])ei-iti\o stiidx of jrro- 
tein e\ahiition sponsored b\ the Burc.iu of Bio- 
logical Bcscirch of Bulgers Uni\ci-sitx The ef- 
fects of supplementing (ii'-oin with methionine 
and wheit gluten with hsme on the nitiogen 
balance indexes ire illu'-tritcd in the t ible 
Tlie index for whole egg ])nitem in adult dogs 
IS usualh found to be equal to oi bcltci than egg 
white Tiie relatneh low index foi whole egg 
protein recoi-ded m table 1 is lieliexcd to be asso- 
ciated with changes iiroduced duiing iiioeessnig 
and drMiig of this partieiilir whole egg jireji i- 
ration It is interesting to (omp ire these indexes 


Tablf 1 AxLnAri- n\T\ ortaim » ox six noos 


PROTEIN SOURCE 

AnsoRnrn 

NITROGEN 

I 

1 

LRINAR\ 

MTROrrs 

u 

; 1 

PROTFIN 
FRFF 
URIN \n\ 
NITROGEN 
Uo 

nithocfn 

BA1-\NCE 

IN-DLN 

1 E 

Casein -f 

3 3 

2 02 

gmftiaylm ’ 

2 GO 

1 17* 

methionine 





Egg white 

1 79 

1 C9 

1 94 

1 14 

Whole egg 

1 73 

2 53 

2 30 

0 87 

Beef muscle 

3 02 

2 75 

2 05 

0 77 

Casein 

3 10 

2 74 

1 90 

0 73 

Wheat gluten 

2 04 

3 02 

2 44 

0 73(7) 

-f lysine 




Peanut flour 

4 22 

3 74 

1 89 

0 56 

Wheat gluten 

3 01 

3 09 

1 11 

044 


The nitrogen balance indexes were calculated 
from equation 3 in the text 
' Average on 3 dogs 


with some detennmed several years ago on dif- 
feient samples These earher determmations 
yielded the following indexes casein plus methio- 
nme, 1 2, egg white, 1 0, beef, 0 85, casern, 0 80, 
and wheat gluten, 0 44 (8) The casern with the 
index of 0 80 was a cruder sample than the one 
with the mdex of 0 73 (table 1) and probably had 
a higher methionine content The beef sample 
with the mde-x of 0 85 w as selected from the best 
cuts of meat while the sample listed in table 1 
was repi esentatixm of all tjpes of beef piotem 
These indexes foi beef m the adult dog aie much 
lughei than values repoited b3 Morgan et al 
(25), a diffeience which emphasizes the suscep- 
tibihtx of the mtiogen balance method to xmna- 


lioiis 111 tcthiiiquc and in the physiological state 
of Ihe animal >Sonie of these xariations will be 
iiieiitioiicd 111 the following discussion 

The index foi raw egg white w'as found to be 
•ibiioimall} low in one so-called normal dog 
This low X due was associated with poor digesti- 
bilitx which could be attributed to the antitry])- 
(k f ictor III raw egg white Poor digestibilitj of 
1 iw egg while was found also in most dogs de- 
pleted 111 jiiotciii stores (7) Morgan cl al (25, 
2b) luxe found the dog, particularlx" the puppx, 
to be xulnemble to tins 0111111371110 actixit}’^ of 
egg white 

Nitiogen balance indexes all tend to increase 
xxhen the iirotcin stores of the dog are depleted 
inaikedl}' Indexes, for example, m iirotem-dc- 



Fig 5 Nitrogen BACANCE/nitrogen intake in 
puppies fed 25 per cent casein diet beginning at 
time of weaning (8 weeks) 


pleted dogs were found to be as follows egg 
white, 1 12, whole egg, 106, casern, 0 84, and 
xxheat gluten, 0 70 (7) In general, howexmr, m- 
dexes are essentiaU3’^ constant and independent 
of the magmtude of the protem stores untd those 
stores have been depleted markedl3’' Nitrogen 
balances, on the other hand, xmry wath tune, the 
ammal alwax s driftmg toward eqmhbnum if the 
balance is either negatixm or positive In this wa3" 
the stores are depleted or repleted to a point of 
equilibrium if the balance is eithei negative or 
positixm In a growing animal, fed an adequate 
protem the positixm nitrogen balance per gram 
of niti ogen mta ke decreases rapidlx as the animal 
approaches adulthood, a decrease xxhich is illus- 
tiated m figure 5 Nitrogen balances per gram 



680 


FEDERATION PROCEEDINGS 


Volume 10 


of nitrogen intake have been found to have greater 
significance as measures of protein utihzation m 
the growmg dog than the customary protem efifi- 
ciency (grams gam m weight/gram of mtrogen 
mtake) The data m table 2 compare nitrogen 
balance with bodj weight gam data for the eval- 
uation of dietar}’- protems m beagle puppies 
These data were calculated over a penod of 

Table 2 Average increase in bodv weight 

PER GRAM OF NITROGEN INTAKE B IV /l AND 
AVERAGE POSITIVE NITROGEN BALANCE PER GRAM 
OF NITROGEN INTAKE b/I IN THREE BEAGLE 
PUPPIES DURING FAST-GROWING PERIODS (15) 


PROTEIN SOITECE 

B W 

I 

I B 

I 

Whole egg 

9 0 

0 50 

Casein 

9 8 

0 43 

Wheat gluten 

8 8 

0 18 



Fig 6 White bars represent nitrogen balances 
m a dog fed a protein-free diet before and after 
repletion Circles represent positive mtrogen bal- 
ances produced vlule repleting with a constant 
intake of a hole egg protem 

seieral weeks of the fast-growmg period of the 
aramal 

These data demonstrate that weight gams aie 
not as accurate a measure of the utilization of a 
protem as mtrogen balance The puppies fed 
wheat gluten increased their caloric mtakes above 
those recemng w'hole egg The;y became fat and 
soft, ivhile those fed wdiole egg became lean and 
hard, but both sets of dogs weighed about the 


same after 70 days on the respectne diets 
Growth of the protem stores, however, was much 
greater m the dogs fed whole egg than m those 
receivmg wheat gluten 

Positive nitrogen balances decrease m depleted 
adult dogs fed a constant mtrogen intake This 
gradual drop m mtrogen balance is illustrated m 
figme 6 The first bai m negative balance re- 
cords the excretion of mtrogen on a protem-free 
diet The gradual drop m positive balance during 
the protem-feedmg penod can be mterpreted to 
be a reflection of inci easing protem stores The 
mcreased catabolism of these stores is illus- 
trated by the greater negative balance obtamed 
while feedmg a protem-free diet foUmvmg the 
repletion period (second w'hite bar) Sumlar ex- 
periments using wheat gluten have demonstrated 
that, even after prolonged feedmg of this protem, 
the balance on a protem-free diet is often not 
made more negative, but may even be more posi- 
tive These results suggest that wheat gluten may 
deplete some protem stores to aid m the reple 
tion of others (7) 

The protems of the body and mtrogen balance 
can be effected also by the calonc mtake (27) 
Recent experiments m dogs demonstrate that the 
mtrogen balance decreases regularly as the calonc 
mtake decreases Data m table 3 were obtamed 
on dogs receivmg a constant mtrogen intake of 
3 82 gm of casern mtrogen/day/m ’ of body sur- 
face area As the calonc mtake was reduced, 
the nitrogen balance decreased from -f 0 68 to 
—0 74 Measurements of mtrogen balance wore 
taken over a short penod of time, so that the 
protem stores of the body were not markedly 
altered bj'^ prolonged feedmg Other experiments 
(26) demonstrated that the mtrogen balance 
mdax was not altered imtially by the decrease 
m calones Curves such as those lOustrated m 
figure 3 were shifted downward farther mto the 
region of negative balance but wuthout altenng 
their slopes The values for Be m table 3 illustrate 
this sluft mto negative balance Tliese 
were calculated usmg an axerage mdex ® 
for casern determmed over short feedmg peno s 
for all caloric intakes except the very 
of 95 caloiies/daj /m* Tliese results suggest that 
restnction m calones increases the catabo sm^ 
of exogenous reserves of both body and dietarj 
nitrogen The mcreased catabohsm, however, 
does not alter at first the mechanism of fi og 
these stores as measured by the mtrogen ba ance 
index Wlien the more labile body stores are re 
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(liiced, lio\\e\cr, tlic index dccicnbcs injiidh, 
csscntnl ti'^suos nrc dcidclcd, and irrcxcrsihlc 
dmngc max be done if the caloiic icfatiietion is 
continued It Ins been demonsti sled tint ani- 
mals with adequate bodx protein iescr\cs cm 
resist tlie depleting efiects of a caloric restiution 
o\er long periods of time while those with made 
quatc stores rajiidh deteriorite The lajnd de- 
tenoration is illustrated Ip curve A in figure 7 
Curve T represents dat i obtained on a dog p ir- 
tialh depleted in protein so that 3 S2 gin of 
casein mtrogen/di} /in - and -ISO calories/daj / 
m * produced a positne nitiogen lialmcc In 
the absence of ibundint labile piotein stoics, 
the index was immediately reduced and the aiii- 

Table 3 Averacl values roil caloric intake 
A\D nitrogen baiance (B) for three dogs 
FED 3 82 GM CASEIN N ITROCEn/DAX /M * OF BODX 
SURFACE AREA 


CALOR1E5/dA\/VI 5 

^^TROCEV BALANCE 
fl 

cu / da\/u ’ 

TROTEIN FREE 
NITROGEN BALANCE 
(calculated) 

Bo 

gm/da\/m » 

3190 

4-0 68 

2 10 

2860 

+Q 18 

2 60 

2290 

-l-O 13 

2 65 

1910 

-0 10 

2 88 

480 

-0 22 

3 00 

95 

-0 74 



Protein-free nitrogen balances (Bo) were cal- 
culated assuming an index of 0 73 (27) 


mal drifted rapidly mto negative balance Nitio- 
gen mtegrity'^ of the body could not be mam- 
tamed m tins ammal at a low caloric intake 
even wath mtrogen m the diet Curve B lepie- 
sents data obtamed on another dog wath laige 
protem stores, so that 3 82 gm of casein mtiogen/ 
day/m ’ and 480 caloiies/day/m * weie not suffi- 
cient to put this animal mto positive balance 
Prolonged feeding depleted these stoies, the dog 
approached mtrogen equihbiium, but because of 
the low caloric mtake eventually drifted mto a 
period of rapid loss of mtiogen Thus dog B in- 
sisted the damaging effects of caloiic lestiiction 
over a longer peiiod of time than dog A Indeed, 
until dog B began to drift rapidly mto negative 
balance, this ammal was aleit and seemed to be 
in good chmeal condition Loss of interest in 
daily" routine, iiiitabihty" and maiked weakness 


was always issociated with the diift mto nega- 
tive Inlancc following a rcstnction m caloiies 
It should be oinjilinsiFcd tint these data w"eie 
obtamed on dogs being fed a low fat diet con- 
taining a quantity of casein which maintains 
the axerage dog on an adequate caloiic intake 
in mtiogen cqiiilibiinm The i espouse to a caloric 
icslriction is a function of the balance between 
dictiiy constituents is well as of the physio- 
logical state of the animal Further evidence 
for the imiiorkince of the balance between cal- 
ories ind proteins is found in the woik of Schwim- 
inei and j\IcGa\ack (28), who demonstrated 
tint young men fed a low mtiogen mtake (3 

e 



Fig 7 Nitrogen balance (gm/day/m *) vs 
days of feeding a reduced caloric intake (480 calo- 
nes/day/m *) and a constant nitrogen intake of 
3 82 gm casein nitrogen/daj"/m * Dog A w as 
partially depleted in protein stores at the begin- 
ning of the experiment, dog B had adequate stoies 

gm egg white mtrogen/day") did not retam 
dietary" nitrogen until the calonc mtake had been 
mci eased to 1500 calories If the mtake was in- 
creased to 6 gm/day", the mtrogen w"as retamed 
at a much low"er calonc level (900 calories) 
Bosshardt et al (29) demonstrated that an m- 
crease m calories at a constant protem level 
improved the utihzation of protem, which was 
enlianced still further by" the addition of more 
protem The authoi-s suggest that protem ls the 
most important limiting factoi m many states of 
semi-starvation 

Data in the hterature suggest that fat m the 
diet exerts a role ovei and bey ond the pro\"ision 
of calories, possibh through an effect on protem 
metabohsm Swanson and collaborators (30), 
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stud 3 'mg the effect of nitrogen excretion m low 
nitrogen diets, reported that “the catabohsm of 
rats, ingestmg isocalonc quantities of lugh fat 
and low fat rations, proceeded at essentially the 
same rate However, upon adjustment of the 
energy value of the diet to one-fourth of the cus- 
tomaiy caloric consumption, the ehmmation of 
fat doubled the destiuction of body tissue” 
Schwimmer and McGavacL (28) found that a 
diet of 900 caloiies, contaimng 30 pei cent fat 
and 6 0 gm of mtiogen daily, deci eased the 
urmarj'^ excretion of nitrogen m men below the 
excretion when the diets provided 10 and 20 pei 
cent fat They beheved that “the mtrogen-spai- 
mg effect of 30 per cent fat was not due to in- 
creased calories, but rather to somethmg intrinsic 
m the higher fat per se ” 

The balance betiveen protem and calories is 
very important for the maintenance of normal 
tissues Diets, for example, which are relative!}' 
high m calories but low m quantity and quahty 
of protein will deplete the dispensable piotem 
reserves of the animal, produce a fatty hvei and 
fill the fat depots of the body Rats, for example, 
fed 120 calories of a protein-free diet per kg 
body ivt developed livers with an aveiage of 
1 1 gm of protem and 57 pei cent fat Littei 
mates fed the same calonc intake but ivith 10 
per cent protein developed hveis with an average 
of 1 86 gm of protem and 28 per cent fat In- 
creasmg the calories in the absence of protem 
may mdeed have httle conseivmg effect upon 


body protems, but it can have a marked con- 
servmg effect m the presence of protem The 
total hver protem ivas mci eased from 1 27 to 
2 30 gm as the calones were mcreased from 50 
to 200 gm /kg body wt in ammals fed a con- 
stant protem mtake 

Depletion of the protem stores of the body, 
either tlirough lack of calones oi lack of protein 
or both, results in an imbalance of tissue pro- 
terns and enzyme sj'stems which can alter the 
physiology of the ammal markedly The plasma 
albumm, foi example, is depleted rapidly, but 
plasma alpha globuhns are not (31) The succm- 
oxidase system of the tncarboxj'hc acid cycle is 
reduced m activity, while the cytochrome oxidase 
system is not (32) Thus, there can be a differen- 
tial depletion and repletion of many tjqies of 
protein systems depending upon the physiolog- 
ical state of the anunal and the diet Tlie mtro- 
gen balance method, how'ever, does not describe 
these slufts between the various protem com- 
partments of the bodjq but rather measures the 
overall status of mtrogen retention m the ani- 
mal Nitrogen balance is the sum of the gams and 
losses of mtrogen fiom the vanous compart- 
ments of the body It is possible for an ammal 
to be in positive mtiogen balance and j'et be 
depleting some labile stoies in protein Nitrogen 
balance, like body weight or growth, is the sum- 
mation of manj vai lables and the significance of 
the balance becomes more meamngful as those 
vaiiables aie evaluated 
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16 Allison,! B Advances in Protein Chemistry 
New York Academic Press, 1949, Vol 5, p 165 

17 Brown, J H and J B Allison Proc See 
Exper Biol Med 69 196, 1948 

18 Roth, J S and J B Allison J Biol Chem 
183 173, 1950 

19 Roth, J S , J B Allison and L J IMilch 
J Biol Chem 186 113, 1950 

20 Binklex, F , W P Anslow, Jr and V dV 
Vigneaud j Biol Chem 143 559, 1942 
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21 Sti TTI V, ]^ , .lu / litol C’hcin III /jOl, 1012 

22 1 \M) \ i) 1 j ^ iom \i,n / Ihnl 
Chcm 111 W?, 1012 

23 I{on<^ciiHT Boiiiuns, F S,L Tj Mu i i ii am> 
G II Winrnv f Lxprr Urd SA 213,1017 

2-1 Ainso\, .1 B , .1 \ \m)) u^oN and B D 

Sfuii \ini Acir ) nrl [rad Sr 17 213, 
lOIG 

25 Monnw, \ F,C N Hunt, L AuNuirii and 
E Lvwis r Aiilnfioii 13 03,1031 

26 I^IAH^^,D M AND \ F Mounw f I\ulriltnii 
•13 2S1, 1051 


27 Bnsi NTiiAi , II L am) J B Aliison J Au- 
Irtlum In j)r(’S8 

28 SnnMMMUt, D and 3’ II M^GA^ACK New 
) or! Siatc J Med IS 1707, 19-lS 

20 Bo^siiakdt, D K , W Baui , K O’DoiiEnTi 
\M) H II Baums / Nalrtlwn‘52 641,19-16 

10 Swanson, P P D/» Rev Biochcm 19 235, 
1030 

.31 \insoN,.J B Symposia on A'ulrition Volume 
IJ Plasma Prolenis Si)rinKriclcI Cli irics C 
3 lioinas, 1030, )) 123 

32 Mil I MAN, X PhD Thesis, Rutgers Univ , 
New Brunswick, N ,7 



FEDERATION PLACEMENT SERVICE 


In the portion of the History of the American 
Physiological Society, written by Dr Charles 
W Greene and published in 1938 on the occa- 
sion of the senucenteniual of the Society, it is 
recorded that as early as 1919 there was “ever- 
mcreasing discussion among Federation mem- 
bership conceimng the difficulties of young sci- 
entists m secunng permanent positions” 
and reference is made to a proposed solution 
offered by Dr Samuel F Meltzer, a former 
President of the Society, to organize a “scien- 
tific information service” for which he con- 
tnbuted $300 of personal funds for the expense 
involved for the ensumg year This proposal 
was then referred to the Federation, where it 
was adopted as a project, the Treasurer of the 
Physiological Society was made custodian of 
the funds and Dr E E Brown of the Umversity 
of Minnesota was appomted Director As far 
as can be learned, Di Brown remained m charge 
of the Placement Service until sometime durmg 
the 1920’s, when Dr C W Edmonds assumed 
the duties In 1931 Dr H B Lewis of the De- 
partment of Biochemistry of the Umversity of 
Michigan became the Director, givmg gener- 
ously of his time and mterest to the project for 
over fifteen years Small sums were made avail- 
able each year by assessments on the constitu- 
ent Societies to cover postage and stationerj'^, 
and the use of a room at the Annual Federation 
Meetmg was arranged m 1941 Dr Lewis con- 
tmued to serve until 1946, when he asked to be 
reheved but agreed to serve another year 
In 1947 a committee headed by Dr Phihp 
Dow made a study of the Placement Service 
and recommended that 1) it be contmued as a 
function of the Federation, S) it be operated 
by the Office of the Federation Secretary, and 
3) an annual fee of one dollar be paid by apph- 
cants, mth the expectation that this would pay 
a secretary one-fourth tune This sum was soon 
inadequate to meet the expenses, for by 1948 
they were already estimated at $1,300 and the 
Federation contmued to provide the funds l^Tien 
Dr Milton 0 Lee became Federation Secretary 
m 1947 the records of the Placement Service 
vere moved to Washmgton to the new pei-ma- 
nent office, and all subsequent activities have 
been under his duection 


From these available records it is evident 
that the ongmal Placement Service of the Fed- 
eration of Amencan Societies for Experimental 
Biology was an outgrowth of the informal place- 
ment activity of every teacher of graduate stu- 
dents, to whom employers and colleagues 
frequently write seeking likely persons to fiU 
available positions For more semor positions 
those searchmg for the best available candidate 
may gather the opmions and recommendations 
from a number of mdmduals already leaders m 
that particular disciphne Such methods remam 
extremely satisfactory where they can function 
effectively, but smce the field of experimental 
biology has become extensive, the employers of 
expel imental biologists diverse and numerous, 
and the number of academic departments con- 
tnbuting to it so large, a central source for ex- 
change of information under the auspices of the 
professional societies m that field has come to 
meet a real need that can no loneer be effectively 
met by unorgamzed efforts 
In addition, it has been convement for candi- 
dates for positions and employers seekmg per- 
sonnel to meet at the Annual Spnng Meetings 
of the Federation Hence the Placement Service 
has attempted to facihtate and exTiedite activi- 
ties already occur rmg, by providing a central 
source of information for both employers and 
candidates to be available at all times, and a 
scheduled meetmg place for them at the Annual 
Meetings, with information of the preparation, 
expenence, and mterests of each candidate pres- 
ent, m a brief and standardized form which is 
available to all employers 

During the last few years these activities 
have exqianded to meet the mcreasmg needs as 
thej'^ have become evident Its mam function 
has contmued to be to serve as a clearing house 
of factual information for both candidates and 
employers, with no attempt to handle references 
or to recommend or evaluate candidates or 
positions Ongmall}^ annual fists and monthly 
supplements of apphcants vnth a brief descrip 
tion of their quahfications and expenence uere 
sent to all employers who registered positions 
or who wished to be kept on the mailing hst, 
and mtervievs were arranged at the annua 
meetings by the Director, still on a rather m 
formal basis noth very few facihties In 19 
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it the Allan! u Cit\ Aloctinp; a new sNslcm of 
srhcdiihng in(oi\iews w used witli i gonoions 
floor ‘jpuc \llnttcd (n the Sen up foi oflieos 
and mtcnicw hoolli'; ind a si iff of about twcUe 
assistants Tins iiuncd \oi\ sitmfaelon ind 
w IS sncccssfulh icpcitcd in lO'il at Cleaeluul 
with a few modifit itions ind i slightlj enlarged 
staff 

Meanwhile, is the numbci of apiiheants in- 
crc.ise(l, the method of issuing the lists of a\ ail- 
able personnel w is re\ ised In the siimmcr of 
1950 a question n a n-c was sent to all menibers of 
the Amencin Ph^ siological Socictj asking the 
kind of inform ition thej wished m these lists 
and the niterials it which it was desirable to 
receue them From the returns to this ques- 
tionnaire it appealed that a schedule of quarterK 
lists of aaailablc personnel, semiannual lists of 
aiailable positions, ind an annual list of nail- 
able fellowships was considcicd b^ the maJO^lt^ 
to be the most useful Such a schedule has been 
adopted for this jear with the quartcrlj lists 
of candidates prepared m Februarj', May, Aug- 
ust, and No\ ember, and the lists of available 
positions issued in March and September The 
list of fellow ships w as issued in April of this j ear 
but probably w ould best be issued in the autumn 
on an annual basis There have been many re- 
quests for these new' hsts of available positions 
and fellow ships 

Detailed application forms of all appheants 
on the list are available for study upon request 
by an mteiested employer In addition, there 
are on file the apphcation forms of a few' indi- 
nduals, usually with some years of additional 
experience, w'ho aie available but do not wish 
their names circulated Obviously as theie are 
no facihties for woik w'lth individuals, the mech- 
amsm of the ciicularized hsts is of no help m 
these instances, but the information so filed 
has been of considerable aid to the Director m 
making suggestions w’hen he has been consulted 
m tbe fillmg of positions requiring tins additional 
background In the same w a}' a number of posi- 
tions are described for the files w'lth the request 
that they not be included m the pubhcized list 
These employers prefer to retain the mitiative 
m approachmg candidates Tliese procedures 
can be retained within the framework of the 
present activities, but it is to be emphasized 
that the Semce can function most effectivel}' 
where there is a free mterchange of mformation 
During the past jear an addressograph-plate 
maihng hst has been assembled of heads of 


IK idomir dcpailmcnts and laboratories hiring 
iiul/oi liaiiiiiig peisoimcl in the fields of the 
momlici iSoiictics and the circularized lists have 
loutiiich been sent to them, ])erniitting the 
IV iilaliiliti of liotli jiositions and personnel to 
reuli a wide audience among potential candi- 
dates ind emploicis even if thej have not I’egis- 
tered witli the Serviee 

Snell an actnitj becom&s more expensive as 
its icsponsibihties increase and, while its value 
iiid stindaids cm best be continued and de- 
\elo])ed under the direction of tlie Federation, 
it seems cqiiit iblc that the cost should be shared 
bi those who use it As a steji to accomplishing 
this, at the Clc\ eland Meeting m April 1951 
the Executne Committee of the Federation set 
up i new schedule of rates, consisting of a three- 


TaUI 1 1 Ari'LU AXTS AND I’OSITIONS UEGISTERED, 
MAnCII 1950-MAKCn 1951 



APPU 

CANTS 

% TOTAL 

POSI 

xross 

% TOTAL 

Plij'Siology 

173 

38 3 

177 

34 8 

Biochemistrj 

214 

47 3 

186 

36 6 

Pharmacologj' 

38 

8 4 

85 

16 7 

Pathology 

7 

1 6 

13 

2 4 

Nutrition 

10 

2 2 

21 

4 2 

Immunology 

2 

4 

24 

4 7 

Miscellaneous 

8 

1 8 

3 

6 

Totals 

452 


509 



dollar annual registration fee for candidates, 
and a ten-dollai subscription fee for all lists, 
w itli a five-dollar fee for anj' single copj' To be 
ehgible to use the mtemew' sei vice at the Annual 
Spring Meeting an employer must be an annual 
subscriber to the lists or to the then current 
February list of applicants It is estimated that 
tins will provide an income to meet approxi- 
mately half the cost of the Service, with the 
Federation supplymg the remainder from its 
general funds Tims the Federation will con- 
tinue to direct the Service, which would be 
available to its membership and to non-members 
on much the same basis as m the past From an 
over-all x'lewqiomt the importance of this service 
to non-members should not be overlooked, for 
while it is lecogmzed that the Service is most 
useful to j oung people just recemng their doc- 
torate or possiblj with a few years’ expenence, 
most of whom are not yet ehgible for member- 
ship m the constituent Societies, the opportumt 3 
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these candidates have for performing significant 
research in the folloivmg few yearn may well 
determine whether or not they will become use- 
ful membere of the Fedeiation It follows then 
that the Fedeiation may thus perfoim a veiy 
w'oithw hile function not only foi the individuals 
condferned, but ultimately for the member So- 
cieties and for the fields of scientific endeavor 
they repiesent 

A re\new' of the records of the Placement 
Service especially for the past j'ear is of interest 
m indicating its present and possible future 
usefulness, and a summary of the registrations 
of the year endmg March 1951 aie niesented m 
table 1 


Table 2 Applicants and positions hboistebed 

AT CLEVELAND MEETING, APRIL 1061 



NO 

APPU 

CANT6 

BEGIS- 

TERED 

NO 

APPU 

CANTS 

INTER 

VIEWED 

NO 

INTER- 

VIEWS 

POSl 
TIONS 
REGIS- 
TERED 1 

Phy 6 iolog 3 ' 

52 

41 

160 

86 

Biochemistry 

124 

91 

294 

90 

Pharmaoolog3' 

18 

16 

62 

35 

Pathology 

0 

0 

0 

4 

Nutrition 

12 

6 

14 

7 

Immunolog 3 ' 

3 

2 

2 

4 

Totals 

209 

156 

532 

226 


In a penod of expanding activity such as the 
present there are more positions than candidates 
to fill them, w'lth accompanying competition in 
biddmg for the services of well-prepared appb- 
cants and a consequent laismg of all salaiy 
requirements and a caieful selection on the part 
of candidates as to the opportumties piesented 
by the position This tiend has become maiked 
as more of the defense positions become avail- 
able 

Moie pertment and timely perhaps is table 2 
showing the number of candidates registeied 
at Cleveland divided into their fields of majoi 
mterest It must be pomted out that this division 
IS arbitrarj'^ in some cases where candidates 
have more than one major interest or wdiere the 
major mterest is not included directl}'^ in the field 
of a membei Society In addition to the total 
registration, the number having mteiviewE is 
recorded m column g 

Of the 53 appheants not having interview's, 
about half did not legister as present at Cleve- 


land until the tlurd day of registration, hence 
their apphcation forms w'ere not open to most 
employers w'hen they first studied the forms Tins 
points to a defimte advantage to candidates of 
early attendance at the meetings 

It IS interestmg that a large number of bio- 
chemists, both candidates and employers, use 
the Seivice This is not m proportion to the num- 
bei of members of the Federation m that field, 
foi w'hile the registrations in biochemistry ap- 
pioximate half of the total m all six fields, the 
Amencan Society of Biological Chemists has 
only about 70 per cent of the membeiship of 
the Amencan Physiological Society and twice 
that of the American Society of Pharmacology 
and Ex-penmental Therapeutics Perhaps this 
IS due in part to the general fanuhanty of all 
chemists ivith the verj' successful emplojment 
service of the Amencan Chemical Society The 
w'dl-knoum scarcity of pharmacologists and im- 
munologists IS reflected verj' clearly m tins table 

The positions w'ere registered bj' a total of 
161 employers present Compared to the number 
of appheants registered, the relative number of 
positions does not seem to differ much from that 
in table 1, but a greater proportion of candidates 
than employers currently i-egistered as active 
W'ere jiresent m Cleveland Many non-member 
employers do not attend the Annual Meetmgs, 
while candidates seem to attend whether members 
or not 

To learn the qualifications of candidates w'hich 
were most sought by employers at Cleveland, 
those receiving intemews w'ere broken down by 
age gioups and b}' degrees held The foUowmg 
tables include only those for whom regularly 
scheduled mten'iews were arranged through the 
Placement Service 

These figures show' the desire of emplo 3 'ers for 
younger appheants, which is a w ell-recogmzed 
trend The large number of mterviews for the 
few appheants holdmg only a bachelor’s degree 
show's a demand for trained technical assistants 
bj' these emploj'ers even though the applications 
of individuals not hax'ing advanced degrees have 
been discouraged, keeping to the pohey that the 
Service should function chiefly on the professional 
level It may also mdicate that the present in- 
crease m all salar 3 ' levels has forced some em 
pIo 3 'ei's to lover their degree requirements i 
their funds are msufficient to meet the current 
range offered to candidates wnth advanced e 
grees 

Thus it w'ould seem that the Placement Service 
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IS incetinfz; in i inoisni-c il loist tlio needs of (lie 
inofessional (imnp of enipIo\ei's is on( lined 
d)o\e These needs ^ u\ soniewliit fioin (lie 
point of Mew of (he einplo\ei iiid (nndidile 
The einplo\ei wishes objective infoinntion 
coneeiiini}i;then])phein(’sedn( itioii ind pio\ ions 
cxpeiieiiee, with i c hioiiolof;ic ilh c oinplete lecoid 
of his u(im(ics from (he (line he leceued his 
hiehelor’s depiee, a biief account of nncstiKafnc 
work jiaitieip itccl in with (he n tines of iiiclu idn ils 
under whom he in u Innewoiked, i bibhogripln 


T\mi 

3 Al'I’I IFVXTS INTHIMI W I 

CUM EAXI) 

Break down by tyc Groups 

I) AT 


NO 

NO 

INTER 

ACE 

APPLl 

INTER 

mews/ 

CROUP 

CAN'TS 

\IF\\S 

PERSON 

20-25 

15 

G1 

1 1 

26-30 

70 

321 

4 1 

31-35 

3S 

05 

2 5 

36-10 

19 

40 

2 4 

41-15 

3 

0 

2 0 

Over 45 

2 

3 

1 5 

Tot da 

150 

532 



TaBI l4 ApI'LICANTS INTLUVIFW LD ATCr FVFLAND 


Breakdown by Degrees Held 

DECREE HELD 

NO 

APPLl 

CASTS 

NO 

INTER- 
\ IE^\S 

INTER 

VIEWS/ 

PERSON 

A B or B S 

5 

22 

4 4 

M A or M S 

16 

42 

2 6 

Ph D D Sc , or M D 

130 

438 

3 4 

Ph D and M D 

5 

30 

6 0 

Totals 

156 

532 



of pubhshed work, a list of honors leceived and 
society memberships, and the salarj he expects 
The employer ordmarilj piefei’s to obtain pei- 
sonal leferences directly and to evaluate the 
other mformation himself, for employers filhng 
positions with experimental biologists are wath 
few exceptions prepaied bj"^ expeiience, associa- 
tion and knowledge of the field to do tins best 
As mentioned before, the greatest number of 
candidates are recent graduates and are seeking 
nn opportumty to continue ex'perimental work, 
with or without teachmg lesponsibihties, and at 
a salarj^ adequate to meet the now constantlj 
^ing cost of livmg Unless the degree was ob- 


( lined unclci i department head wlio has few 
othei adimmstnitive duties, man}' euircnt eon- 
(ac ts, few students ind an agressive jirogram for 
placing his students, the recent ginduate may not 
know whole (o look for tlic jiosition he lias spent 
so long inepiiing for Once the original contaet 
IS made (he eindidatc maj not feel able to eval- 
II lie the opiiortiinitias of the position Since it 
IS impossible foi the Placement Serv'ice to assume 
this function it is nccessarj that he seek this 
assistanrc fiom his older and more experienced 
assoc lates 

Not infrequentlj older, more experienced can- 
didales, confionted In changed conditions orb} 
ehanged nileicsts, mi} wish to be considered for 
othei positions Unfortunatel} m the past there 
has been some stigma attached to the scientist 
liaMiig to seek em])lo}ment The world was ex- 
pected to be.it a jiatli to his door This is not a 
realistic attitude in these times and it is hoped 
that the short factual announcements as now' 
prepared b} the Placement Semce of the Federa- 
tion, which IS interested only in maintammg and 
imjiroMiig the stinclards within the profession, 
c.in remove the leasons for tlus attitude and the 
consequent reluctance by some to utihze its 
sei vice 

AVhen positions are plentiful as now', the Semce 
IS most useful to employers In times of scarcity 
of positions its usefulness to candidates is m- 
ci eased At all times the more w'ldely this in- 
foimation is dissemmated the more opportumty 
there IS for an appheant to accept a post for 
which his training and mterests prepare lum 
Such exchange of infoianation also tends to 
equahze opportumties, conditions and sa’anes 
for positions of equal rank and responsibihty, 
requinng similar traimng The hst of fellowships 
brings together m one place the essential facts 
about the fellow slups available m the field of 
ex'perimental biolog}', such as place and date of 
apphcation, place and conditions of tenure, re- 
quiiements and stipend for the consideration of 
both candidates and department heads when 
consideimg their own or their students’ future 
plans 

Smee it IS desired to mcrease the usefulness 
of the Placement Semce m accordance w'lth the 
changing needs of the mdividuals using it, sug- 
gestions are w elcomed 

LeTHA K A^'T)ERX'0^'T 
Assistant to the Director 
Federation Placement Service 



CORRECTIONS TO MARCH ISSUE 


Page 167 BROQtnsT, Stokstad akd Jtjkbs, iilic 
Delete wal'd “crystalline ” 

Page 171 CiLCOTE and O’Dea Name of first 
author should read, “Max E Chilcote ” 

Page 177 Dounce, Simmons and Kay, line S 
Change “sodium dodecyl sulfonate” to read 
“sodium dodecyl sulfate ” 

Page 189 Ghosh, Woodbury, Sayers and 
Smith, line 12 Change pH 8 0” to read “pH 
10 ” 


Page 227 Najjar, line 26 (last Ime on page) 
Insei-t “jig ” aftei “200” 

Page 237 Riggs, Christensen and Rat, line 9 
Sentence should lead “IWien duck erythro- 
cytes weie suspended in sahne medium con- 
taining elevated levels of glycine, glycine was 
taken up by the cells against the concentration 
gradient ” 

Page 400 Altman AND Edsall, lines 14-15 In- 
stead of “Twenty-five of the remainder,” read 
“Twenty-five per cent of the remamder ” 
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A A AS PHILADELPHIA MEETING 

Decevihe) 26-31, 1951 


TThi nsth Aniuul Mcclinp; of the Ainciicnn Assoomtioii foi tlic Adv'inccnicnt of Science will in- 
clude prognins of all IS of the Association’s sections iiid of about 15 jiarticipating societies The 
focus of the approMinateh 225 sessions will be Con\cntion H ill, adjaeent to the Universit} of Penn- 
sjlvania’s School of Medicine and its associated liospitils, theie will be some meetings m the down- 
tow ii hotels, cspecialh theBelle\ue-Stritfoid (he idquarters) and the Benjamin Fi inklin (zoologists) 
Programs of p irticular interest to those m medicine ind c\pei imental biologj include 


sicnoNAL rnoon^MS 

AAAS Section C — Chemistry Eleven sessions, 
including one on Aledicmal Cheniistr\ , Dec 

28, two on Poiensic Sciences, Dec 29, two 
on Reaction Alecliamsms, Dec 2G, 27 

AAAS Section F — Zoological Sciences A S 3 m- 
posium, “Estuarine Ecologi jointlj spon- 
sored b}" the American Societj' of Limnology 
and Oceanography', American Society of 
Zoologists, and the Ecological Society of 
Amenca, Dec 30, a two-session symiiosium, 
“Sex m Alicroorgamsms,” jointly' sponsored 
by AAAS Section G, the Aniencan Society 
of Protozoologists, American Society of Zool- 
ogists, Botanical Society of Amenca, and the 
Genetics Society of America, Dec 30 

AAAS Subsection Nm — Medicine Four-session 
symposium, “Aging” (with special refer- 
ence to cholesterol and arteriosclerosis), Dec 

29, SO 

AAAS Subsection Nd — Dentistry Three sessions 
mcludmg a symposium, “Fluoridation as a 
Pubhc Health Measure,” Dec 29 

AAAS Subsection Np — Pharmacy Six sessions, 
co-sponsored by the American Association 
of Colleges of Pharmacy, Amencan College 
of Apothecanes, American Society of Hos- 
pital Pharmacists, and the Scientific Section, 
Amencan Pharmaceutical Association, Dec 
27-29 

AAAS Section O — Agriculture Four-session sy'm- 
posium, “Mineral Nutrition in Relation to 
Plant, Animal, and Human Health,” Dec 
27, 23 

PROGRAMS OF SOCIETIES 

Oak Ridge Institute of Nuclear Studies Two- 
session symposium, “Radioisotopes m Medi- 
cme,” and luncheon, Dec 23, a senes of 
lectures either Dec 27 or 29 

American Society of Protozoologists Eight ses- 
sions of papers, a uncheon, and a business 
meetmg, Dec 27-29 


American Society of Zoologists Fourteen ses- 
sions of jiapcm, Dec 2S, 29, also symposium, 
Dec 27, dcmonstritions, Dec 2S, zoologists’ 
dmnci and Biologists’ Smoker, evening of 
Dec 29, symposia, Dec 30 
Herpetologists League Conference session, Dec 
2S 

Society of Systematic Zoology Fne sessions in- 
cluding breakfast, business meetmg, and 
sy mjiosium, “Classification of Animals,” 
Dec 23, two papei-i'cading sessions, Dec 
29 

American Microscopical Society Three sessions, 
Dec 27-29, mcludmg a sy mposium, “Modei n 
Methods m Microscopy' ” 

Biometric Society, Eastern North American 
Region Six sessions of papeis on Biometry, 
Dec 27-29 

Society for Research in Child Development and 
AAAS Section N Four sessions including a 
symposium, “Biochemistry' of Nutrition in 
Human Growth,” Dec 27 
Alpha Epsilon Delta Premedical Honor Society 
Luncheon and afternoon program, Dec 28 
American Industrial Hygiene Association Special 
program m connection with inauguration of 
the new AAAS Section P — Industrial 
Science 

SPECIAL SESSIONS 

AAAS Annual Exposition of Science and In- 
dustry The 1951 edition of the Association’s 
Exposition agam w'dl total about 150 booths 
and W'dl fill the arena of Philadelphia’s Con- 
vention Hall In addition to exhibits by' lead- 
ing publishers, mstrument makers, and sup- 
phers of scientific matenals, there will be 
technical exhibits by promment manu- 
facturers of pharmaceuticals and biologicals 
In or near the exhibit area w ill be the Fifth 
Annual International Photography'-in- 
Science Salon and the AAAS Science Tlieater 
which, almost continuously', wdl show the 
latest foreign and domestic scientific films 


Coupons for Hotel Reservations and Advance Registration are in Science 



THE INTERNATIONAL ULTRA-THIN 
SECTIONING MICROTOME is the first 
complete instrument developed particularly for 
cutting sections m the ultra-thin range Designed 
to meet the exacting requirements of the electron 
microscopist, it is equipped with a high precision 
worm gear reduction feeding mechanism de- 
signed to advance the specimen in increments 
of 34o micron and to permit the selection of 
thickness from Ko to 1 micron Also available 
IS a special holder for methacrylate embedded 
specimens and a glass knife holder For a dis- 
cussion of the effectiveness of this instrument 
and the technique used see "Development and 
Use of the Mmot Rotary Microtome for Thin 
Sectioning” by Geren & McCulloch, Experi- 
mental Cell Research, February, 1951 

THE INTERNATIONAL MINOT RO- 
TARY MICROTOME, STANDARD 
MODEL, basically the same instrument as de- 
scribed above, but designed for the rapid routme 


serial sectioning of paraffin-embedded specimens 
Extremely accurate in construction, it is equipped 
with a feeding mechanism permitting sectioning 
in any desired thickness from 2 microns to 16 
microns, m increments of 2 microns The excel- 
lent design and precision construction of this in- 
strument are attested by Uiefact that they form the 
basic design of the Ultra thin Sectioning Model 

INTERNATIONAL SAFETY RAZOR 
BLADE HOLDER. In addition to the standard 
Microtome knives currently available, the Inter- 
national Standard Model Microtome wdl also 
accommodate this Safety Razor Blade bolder 
Excellent for routme sectioning, it holds the 
standard Gillette type Microtome blades md 
eliminates bothersome honing of knives fur 
nished complete with screw driver, extra screws, 
ten blades and leather-bound box 
Prompt shipment on all items from your Labora 
tory Apparatus Supply Dealer Write us or 
descriptive Bulletin and Article Reprints 
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SIX-PLACE 


ELECTRIC STYLUS INPUT CONTROL 



FOR DRY RECORDING ON 
ELECTRO-SENSITIVE PAPER 


For individual control of multiple 
electric marking devices for mak- 
ing permanent Kjmograph records 
without use of smoked paper or 
ink 


ELECTRIC STYLUS INPUT CONTROL, Six-Place, for dry recording on electro- 
sensitive paper, without use of smoked paper or ink, m accordance with circuit design 
developed at the Merck Institute for Therapeutic Research Provides a harmless, pre- 
cisely controlled power source for producmg continuous Ime recordmgs on Teleddtos 
paper, and can be used on practically any kymograph with minor modification 

Consisting essentially of an electronic power unit with bi-\ separate electnc circuits and 
controls for regulating the electnc current of individual styli, 8i\ removable stylus circuit leads, 
6 ft long, with connectmg tips and clamps, pilot lamp and on-off switch, mounted in a ventdatea 
metal case with sloping panel and gray crystal lacquer finish 

Teledeltos paper is an electncally conducting, coated sheet developed by Western Union 
Requires no preparation, developing or processing in the laboratory, and is permanently black- 
ened where an electric current passes through the coating Resulting records are sharp and clean 
and unaffected by light or atmosphere 

8075-C Klectrlc Stylus Input Control Six-Place aa above described with 6 ft connecting cord and plug, but without Tele- 
deltos paper For 115 volts 60 cycles, a c, only 112 50 

8018-T Paper Teledeltos Electro-Senritire, for use with abo\e, in rolls containing 300 ft. 

Per roll, 6-inch 9 50 Per roll lO-inch 15 50 

More detailed information sent upon request 

ARTHUR H. THOMAS COMPANY 

RETAI L— WHOLESALE— EXPORT 

LABORATORY APPARATUS AND REAGENTS 

WEST WASHINGTON SQUARE PHILADELPHIA 6, PA , U S A 

CABLE ADDRESS “BALANCE,’ PHILADELPHIA 
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GRASS INSTRUMENT CO 

101 OUD COLONY AVE 
QUINCY. MASS 

PR3 0002 



SPECIFY 

A GRASS MODEL III SERIES ELECTROENCEPHALOGRAPH 


THE INSTRUMENT PROVEN BY 

THE MOST FAMOUS HOSPITALS, UNIVERSITIES, AND CLINICS 
THROUGHOUT THE WORLD 
FOR 

ACCURACY 
DEPENDABILITY 
ECONOMY 
CONVENIENCE 
EXPANDABILITY 


MAKERS OF ELECTROENCEPHALOGRAPHS AND 
ELECTROPHYSIOLOGICAL INSTRUMENTS SINCE 1930 




FEDERATION PROCEEDINGS 


Volume 10 



» V 

A 


\ 0 ^ 

'v' -i- 

-N 



SMAU-GROUP STUDY 
IN A NORMALLY LIT ROOM 

The Image Is coil upon a screen In the 
dark-chamber turret at table height Each 
observer (up to 101 has a separate light- 
excluding viewing hood The pathologist 
here Is discussing a slide with the surgeon, 
the unused hoods are easily shuttered off 




LARGE-GROUP EXHIBITION 
IN THE DARKENED AUDITORIUM 

So Intense Is the Scopicon light source that 
Images up to ten feet across can he pro- 
jected Through a system of auxiliary lenses 
the operator can follow a biological speci- 
men through a progressive series of ever- 
closer localizations, up to ultimate demon- 
stration under oll-Immersed objectives 




Quickly adaptable to viewing on any scale, the mobile 
Scopicon couples convenience with efficiency Its high- 
pressure mercury arc is the brightest light source ever 
employed for microprojection The focal spot is only 
1 mm square (approx ) Its pinpoint character permits 
flickerless projection of sharply detailed images up to 
ten feet across even under oil-immersed microscope 
objectives Let us send you the brochure describing this 
remarkable instrument 





equipment 


SCOPICON, Inc 215 E 149 ST NEW YORK 51 
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STAINLESS STEEL UTILITY CARTS 

Ideal for Transporting Laboratory Equipment 


These sturdy carts, supporting up to 200 pounds weight, find dozens 
of uses in the modem laboratory save valuable tune by freeing your 
personnel for more important work Use them to eliminate numerous 
trips to the stock room, autoclave, etc Simply stack glassware, chemicals 
and equipment on the shelves and safely transport to the laboratory 
table or work bench Utihty carts have also proved useful mobile sup- 
ports for speaal or heavy equipment, such as a mill that is used mter- 
mittently or m various departments 



The carts are made entuely of stainless steel with meted )omts To 
protect equipment, shelves are fitted with guard rails or a combmation 
guard rail and turned rim Insulation under shelves deadens noise 
Swivel ball-beanng casters and handle make these carts easy to maneuver 
Shelves measure 17 ^ by 27 mches Over-all size, 18 by 30 by 32 !^ 
mches Height to top surface, 301 ^ mches 

Supplied In Two Convenient Types 

JL51920 — Utility Cart, with center shelf, each $54 SO 

West of Rocky Mountams, each 61 50 

J151922 — Same, without center shelf, each 49 50 



A. S. ALOE COMPANY anrf Suht^c^Kiriej 1 831 Ohv© Street, St touts 3, Mo 

lo$ New Orleoni, Kansot Oly, MInneopolIi, Atlonia end WaihfciQfdn, D C. 


VW ULTRA-THIN 


SECTIONING 

THE INTERNATIONAL ULTRA-THIN 
SECTIONING MICROTOME is the first 
complete instrument developed particularly for 
cutting sections in the ultra-thin range Designed 
to meet the exacting requirements of the electron 
microscopist, it is equipped with a high precision 
worm gear reduction feeding mechanism de- 
signed to advance the specimen in increments 
of Hq micron and to permit the selection of 
thickness from to 1 micron Also available 
IS a special holder for methacrylate embedded 
specimens and a glass knife holder For a dis- 
cussion of the effectiveness of this instrument 
and the technique used see "Development and 
Use of the Minot Rotary Microtome for Thin 
Sectioning" by Geren & McCulloch, Expen- 
mental Cell Research, February, 1951 

the INTERNATIONAL MINOT RO- 
TARY MICROTOME, STANDARD 

model, basically the same mstrument as de- 
scribed above, but designed for the rapid routme 


MICROTOME 

senal sectioning of paraffin-embedded specimens 
Extremely accurate in construction, it is equipped 
with a feeding mechanism permitting sectionmg 
in any desired thickness from 2 microns to 16 
microns, in increments of 2 microns The excel- 
lent design and precision construction of this m- 
strumen t are attested by the fact that they form the 
bfisic design of the Ultra-thm Sectionmg Model. 

INTERNATIONAL SAFETY RAZOR 
BLAJDE HOLDER. In addition to the standard 
Microtome knives currently avadable, the Inter- 
national Standard Model Microtome will also 
accommodate this Safety Razor Blade Holder 
Excellent for routme sectionmg, it holds the 
standard Gillette type Microtome blades and 
elimmates bothersome homng of knives Fur- 
nished complete with screw driver, extra screivB, 
ten blades and leather-bound box 
Prompt shipment on all items from your Labora- 
tory Apparatus Supply Dealer Write us for 
descriptive Bulletin and Article Reprmts 








Published by Clay-Adams Co ,Inc 



UJ EAST 25TH STREET, 
NEW YORK 10, N Y 


Showrooms olio at 306 W Woshlnflton St Chicago 6 III 



Cantor Tube Gives More Positive Intestinal Intubation 

DIFFICULT CASES SUCCESSFULLY INTUBATED 


Many of the tisual difficulties encountered m 
intestinal intubation are readily overcome by 
usmg the Cantor Tube Nurses and doctors who 
follow the carefully detailed instructions report 
successful mtubations m difficult as well as 
routme cases 

A combmation neoprene and natural rubber 
bag IS attached to the Cantor Tube at its distal 
end When the bag is filled with a few ounces of 
mercury, the free-flowmg properties of the mer- 
cury and the bolus-like nature of the bag and 
mercury aid passage of the tube through the 
stomach and pylorus 

Tests prove that neoprene is far less perme- 
able to the mtestmal gases than commonly-used 
latex bags, as it avoids earher hazards of a high 
concentration of gas m the bag due to mtra- 
intestinal pressure when the tube is m position 

Among other features of the tube are a larger 
lummal diameter, aUowmg more efficient de- 
compression and less possibihty of pluggmg 
There are no metal parts anywhere on the tube 
which might mjure the mucosa Bag and tube 



are so assembled and filled that air cannot enter 
the bag, nor can mercury escape mto the tube 
Detailed instructions, m English or Spanish, 
on use of the Cantor Tube are available for dis- 
tribution to hospital personnel m any quantity 
from Clay-Adams 


'Pnay /n/e^ed/et/. , . 

• For prolonged gastro-mtestmal mtub- 
ation, without irritation or tissue re- 
action, Levm-type tubes can be made 
readily from lengths of polyethylene 
tubmg It has been foimd particularly 
useful m the treatment of adults and 
premature and other infants, where 
feedmg is a problem 

• Levy-Hausser Countmg Chambers are 
recommended for determinmg eosmo 
phil counts durmg acth treatments 
These counts are a guide to blood level 
of ACTH 

J 


C R I * Germicide for 

Heat-Labile Materials 

Disinfection of heat-labile materials and apph- 
ances, such as plastics, catheters, and jiolyethy- 
lene plate and tubmg, can be earned out safely 
m C R I Germicide This new non-toxic, non- 
irritatmg cold germicide has a double advan- 
tage it is effective against all common path- 
ogens, and it IS rust-inhibitmg Costly instru- 
ments, like cystoscopes, and appliances may be 
left m C R I Germicide with no fear of pittmg or 
loss of cuttmg edge 

Descnptive hterature m Enghsh and Spanish 
IS available from Clay-Adams 

* Trade Mark 


FEDERATION PROCEEDINGS 


Volume 10 



Newsletter 


FOR THE MEDICAL 
AND BIOLOGICAL 
SCIENCES 
Number 4 of a Senes 



Pure polyethylene plate is finding increased use 
in cranioplasty Indications are that it will 
eventually replace other materials, metal, plas- 
tics, and bone now m use, report Drs Eben Alex- 
ander and Peter H Dillard m Journal of Neuro- 
surgery, VII, 6, pp 492-498, 1950 
Polyethylene is readily molded by immersmg 
m boilmg water for a few seconds and then 
fashiorung to fit the skull defect On coolmg, 
polyethylene retams its shape Pure polyethy- 
lene (: e , Clay-Adams “animal-tested”) causes 
no tissue reaction or ensumg abnormalities 

Buckstein Air Insufflator 
for Colonic Aerograms 

In many cases small polyps and mahgnant tu- 
mors escape detection by means of the conven- 
tional banum enema An aerogram, however, 
immediately after evacuation of the barium by 
the patient, will frequently disclose such path- 
ology, as shown m the figure below 

The Buckstem Air Insufflator permits gradual 
entrance of air mto the colon Air is pumped 
from one bulb mto a second bulb, and its flow 
mto the colon controlled by a petcock Patient 
disttess IS minimized smce an even, gradual flow 
IS more readily tolerated 


Skeletons and Anatomical Models 
Help Doctor-Patient Relations 

Better patient rela- 
tions with the doctor 
often depend on the 
patient’s understand- 
ing of his ailment and 
the prescribed treat- 
ment This requires 
education of the pa- 
tient— most effective- 
ly accomplished by 
visual aids For this 
purpose, Clay-Adams 
offers, for the first 
time m many years, prompt delivery on a com- 
plete Ime of skeletons, the well-known durable 
pressed paper anatomical models, and charts 

Ten Thousand lllEI>ICHISOME 

Subjects have found their place m post-war 
teachmg programs of many so-called “backward 
countries ” With only mexpensive projection 
equipment and shdes, effective teachmg pro- 
grams have been instituted -without delay, medi- 
CHROMES (2 X 2” Kodachrome slides) cover 
practically aU phases of the medical, nursmg 
and biological sciences Write today askmg for 
complete hstmgs m your specialty 




Left Buckstein Insufflator 
Right Aerogram— ■papilloma visualized 


SPECIAL literature AVAILABLE 

Detailed descriptions on the following may be ob- 
tained from Clay Adams on request by number 

Polyethylene Tubing and Accessories 

Form 447B 

Skeletons 

Form 493 

DURABLE Anatomical Models 

Form 494 

Buckstein Insufflator 

Form 348B 

Cantor Tube 

Form 406D6 


Clay-Adams Company, Inc. I4i east 25th street, new york to, n y 

CLAY ADAMS PRODUCTS DESCRIBED ON THESE PACES ARE AVAILABLE FROM LOCAL SURGICAL SUPPLY DEALERS 
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SeWVaTL 

ANGLEXENTRIFUGES 

Ask for Bulletin TQ-61 
with complete data on all models 



With safety design self-centering device 
and dynamical balance 13,000 r p m 
20,000 X G Cap 8 X 60cc or 16cc tubes 
NEW TYPE SS-2 VACUUM CENTRIFUGE 
ISOOOrpm 60 000XG 
<^pacit 7 16 X ^Occ iabea 



STERLING AUTOMATIC 

AND 

HAND PIPETTES 

Dispense accurately, at a set speed pre- 
determined amount of 0 1 cc to 10 0 cc 
Easy to Operate — Time Saving 



SeWValL 

Magnetic Stirrer 
Ask for Bulletin TQ-64 
Stirs 

• In open vessels 

• In closed systems 

• under pressure 

• under sterllo 

conditions 


Thermostatically Controlled 
Swingable Heating Plate 
Novel, shock Resistant Glass- 
encased Stirring Elements 


NEW 

NEW 

Manufacturers and Distributors 

IVAN SORVALL, Inc. 

210 FIFTH AVE -NEW YORK 10, N Y 


FEDERATION 

PLACEMENT 

SERVICE 

THE FEDERATION PLACEMENT 
SERVICE will begin the following service 
to heads of departments or laboratories in 
universities, foundations, industry and gov- 
ernment agencies trammg and/or employing 
biologists in the fields of the Federated So- 
cieties, supplying 

1 Quarterly lists of available personnel 

2 Semi-annual lists of position openmgs 

3 Annual hsts of available fellowships 

and exchange positions 


This will supplant the previous monthly cir- 
culation of applicants alone 


The Placement Service makes no recommen- 
dations as to either positions or candidates, 
serving only as an information agency At 
the annual Spnng Meetmg of the Federation 
interviews between employers and candi- 
dates are arranged 


Forms for the registration of applicants, positions, 
fellowships and exchanges are available upon 
request from 

PLACEMENT SERVICE 
Federation of American Societies 
for Expenmental Biology 
2101 Constitution Avenue 
Washington 25, D C 
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answer to every laboratory filing need 


TECHNiCON 



A system 

^ €jL€AjL pat no 2 38440* 


J 


«l" MICROSLIDE DRAWERS 

(for spaced or storage filing) 

*2” SLIDE OR TRANSPARENCY DRAWERS 

(for spaced or storage filing) 

*4" DRAWERS 

(for 3 V 4 ' X 4*4” slides or Index 
cards Tecfinllume drawer for built-in 
Illumination optional) 

SHELF 

(for resting trays or drawers in use) 

FLAT FILIND CABINET FOR MiCROSLIDES 

(slides lie fiat In trays, dry quickly, 
are visible at a glance) 

FLAT FILING UNIT FOR TRANSPARENCIES 

(2 X 2" or 3 ' 74 " X 4 Vi" for filing 
and Instant viewing) 

ILLUMINATION UNIT 

(used In con|unctIon with Transpar- 
ency Flat-Filing for viewing) 

PARAFFIN BLOCK FILE 

(shallow drawers, with varl-flied 
knock-down cardboard containers) 


•Single cabinets can comprise variable assem- 
blies of ony of these drawers, thanks to the 
Technicon Lab-aid unit track design 


In a single stock of Technicon Lab-aid cabinets you could. If you 
wished, concentrate all these various facilities Or add to them, 
change them about, oven interchange the drawers In a single unit 


J 



O 


1 


IllODH filing 


system 


engineered for efficiency organized for economy 


Every cubic inch of a Technicon Lab-aid filing unit is a live filing inch, without 
waste space for struts, dividers and the like For instance, a single unit of 1 
microslide drawers, used for close-packed storage filing, will accommodate approxi- 
mately 6500 slides a gam of up to 45% m capacity 

You can use a compact Lab-aid cabinet on your desk (it's only 19 square) or 
stack them to any height Staunch welded-steel construction includes interlocking 
angles for stability and weight-supporting strength 

THE TECHNICON COMPANY — 215 EAST 149th ST., NEW YORK 51, N. Y. 
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BARCLAY 

Provides operating simplicity with variable sensitivity and a high 
order of accuracy Distinctive in appearance, all metal case in gray 
hammertone Distinctive in performance, acclaimed by laboratories 
throughout the country 

For additional information write for Bulletin 550 

CB) general scientific equipment CO. 


BARCLAY INSTRUMENT^ 


HAMDEN 14, CONNECTICUT 
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SM 4LL ANIMALS fed slock dtcls conlatmitf, 
INTI BIOTIC, CONCENTRATE and APE 
material arc producing inaccurate and ir- 
• regular results * 

ROCKLAND STOCK DIETS 


BOLLEIIN 



* are ‘NORMAL’ and contain NONE of these 

* materials or supplements 

* You are SAFE and SURE with 

* 

ROCKLAND RABBIT RATION ROCKLAND RAT DIET (D free) 
ROCKLAND GUINEA PIG DIET ROCKLAND RAT DIET (complete) 
ROCKLAND MOUSE DIET ROCKLAND MONKEY DIET 




Obtain your supply through your local 
dealer from 


ARCADY FARMS milling company 


•Revealed from observations • 223 West Jackson Boulevard • Chicago 6, Illinois 

conducted under the ROCK 

LAND RESEARCH FUND and 

released through the courtesy of Harry G 

Herriein of ROCKLAND FARMS, New City N Y 


Xllth International Congress 
of Pure and Applied Chemistry 

TT HE xnth International Congress of Pure and Applied CHEUisTRy will be held in 
New York City, U SA , m September 1951, in connection with the 75th Anmversary Meetmg of 
the American Chemical Soaety The Section of Bio’ogical Chemistrj’^ wiU welcome research papers 
on biochemistry (mcluding fermentation, leather, and microbiology) from all research workers who 
plan to attend the New York Meetmgs 

Application blanks and detailed information can be obtained by 'writing to 

Dr Harry L Fisher 

National Research Council 

2101 Constitution Avenue Washington 25, D C. 

OR TO 

Dr Severe Ochoa, Secretary 

Section 3, Biological Chemistry 

New York University College of Medicine New York 16, N Y 
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diabetic management 
through 

improied time-action 
and feiver injections 
with 

NPH ILETIN (INSULIN, LILLY) 

For many diabetics taking two or more daily 
injections of other Insulin preparations, one 
daily injection of NPH Insulin niIl often be 
adequate for purposes of control This im 
provement is a long stride toward a more 
nearly normal life 

For physicians, this development eliminates 
some of the obstacles which earlier stood in 
the way of satisfactory adjustment of doses 
to the patient’s needs 

NPH ILETIN (INSULIN, LILLY) 

Detailed information and literature con 
ceming NPH Iletin [InJuUn, LiUx) are 
personally supplied by your Lilly medical 
service representative or may be obtained 
by writing to 




ELI LILLY AND COMPANY • INDIANAPOLIS 6, INDIANA, USA 
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NOTES ON THE THIRTY-FIFTH ANNUAL ]\LEETING 
OF THE FEDERATION 

Cleveland, Ohio, April 29-May 3, 1951 


TThE THIRTi -fifth ANNUAL JIEETING of the 
Federation nas held at Cleveland, Ohio, April 
29-j\Iay 3 The Hotels Statler and Cleveland 
served as headquarters, scientific sessions v ere m 
the Cleveland Pubhc Auditonum Dr Geoffrej'' 
Edsall, President of the Amencan Association of 
Immunologists, was Chairman of the Executive 
Committee of the Federation and presided at the 
Jomt Session held m the Pubhc Auditonum on 
Mondaj’' evening 

Scientific sessions of the constituent Societies 
began Monday, April 30, and contmued through 
Thursday afternoon. May 3 One hundred and 
twenty-SLX scientific sessions v ere held, at which 
1298 papers were presented and 175 v,ere read 
by title Motion pictures were shown at a special 
session Tuesday eveiung There was a Mnxer and 
mfonnal reception, arranged by the Local Com- 
mittee, immediately followmg the Jomt Session 
on Monday evenmg Symposia were presented 
by the Amencan Physiological Society, the Amer- 
ican Society of Biological Chemists, the Amencan 
Institute of Nutntion and the Amencan Associa- 
tion of I mmun ologists Three Societies had dinner 
meetmgs and various other groups arranged spe- 
cial functions such as busmess meetmgs, dinners 
and luncheons The total registered attendance 
was 4787 Forty-mne mdustnal exhibits and 13 
exhibits by members of the Federation were 
shown 

FEDERATION ACTIONS 

The followmg actions of general mterest were 
taken bj"^ the Executive Committee of the Fed- 
eration 

1 Action on the proposed Constitution printed 
m the December 1950 issue of the Proceedings 
was deferred By unanimous vote, ratified at the 
business meetmgs of the member Societies, Fed- 
eration By-Laws 1, 2 and 8 were changed to pro- 
nde for an 18-inan Executive Committee with the 
Chairmanship passmg m rotation among the 
Past-Presidents of the member Societies A new 
comimttee wdl be appointed to consider further 


suggestions for a Federation Constitution and 
By-Law s 

2 Tlie Federation assessment for the year July 
1, 1951 through June 30, 1952 was set at $3 per 
member of each constituent Society 

3 Dr M 0 Lee was reappomted Federation 
Secretarj'^ 

4 Plans were confirmed to hold the 1952 meet- 
ing in New York City April 14r-18, and the 1953 
meetmg m Chicago April 6-10 The meetmg will 
be held m Atlantic City m 1954 and on alternate 
years thereafter 

3 The Amencan Physiological Society will be 
host Societ}’’ for the 1952 meetmg and will arrange 
the program for the Jomt Session Dr D B DiU, 
as Past-President of the Physiology Society, will 
serve as Chairman of the Executive Committee 
begmnmg July 1, 1951 

6 A meetmg of the Executive Committee of 
the Federation will be held m January 1952 

7 The subscnption pnce of Federation Proceed- 
ings to non-members was raised to $6 per year, 
effective with Volume 11, 1952 

MILITARY UTILIZATION OF SCIENTISTS 

The Federation is mterested m the proper and 
best utilization by the armed forces of the scien- 
tific skills of its members who are servmg tempo- 
rardy It is requested that members who enter 
active military service by enlistment, commission 
or from the reserves notify either the Secretary of 
then Society or the Federation Secretarv for 
purposes of record The Federation wdl attempt 
to obtam the correction of gross misassignment, 
or misutdization of skiUs of any members who 
request its help 

PLACEMENT SERVICE 

Begmnmg with the Februarj" quarter!} list of 
applicants, the hsts of the Placement Sen ice 
wdl be supphed on a subscnption basis Infor- 
mation as to rates mil be distnbuted to tho-e 
receinng this semce Tlie registration fee for 
applicants will be increa‘=e<l to S3 annualh 

541 


CORRECTIONS AND ADDITIONS TO MARCH ISSUE 


Page 34 Bern and Pullman, 6ih line from end of 
abstract The phrase “P = 0 1-0 02” should 
read “F = 0 01-0 02 ” 

Page 52 The following abstiact was omitted 
Studies on synergism of several anti -neoplastic 
agents Abraham Goldin, Ezra N Green- 
span AND Emanuel B Schoenbach Chn 
Research Unit of Natl Cancer Inst , U S Public 
Health Sermce, U S Marine Hasp , and Dept 
of Preventive Medicine, Johns Hopkins Univ 
School of Medicine, Baltimore, Md 
Combinations of anti-neojilastic agents which 
had been shown to be effective when emploj^ed 
mdmduall}'’, were studied mth respect to host 
survival time, inlubition of local tumor gioudh, 
and peripheral leukenuc mamfestations m dba 
mice moculated with a transplantable acute- 
stem-cell leukemia (L 3 'mphoma 1210) The com- 
bmations studied mcluded the following agents 
5-airuno-7-h3"dio\3'-lH-v-tnazolo [d] p 3 Timidine 
(guanazolo, 8-azaguanme) , 4-anuao-ptero3dglu- 
tanuc acid (ammojiteun) , meth 3 d bis (B-chloio- 
ethyl) amme (HN2), alpha-peltatm, and 2,4,6- 
trieth 3 ^Ieneimino-s-triazme (TERI) Combined 
treatment with guanazolo plus anunopterm, guan- 
azolo plus alpha-peltatm and ammopterin plus 
alpha-peltatm appeared to exert an additive m- 
hibitoi^^ effect on the tumor without proportion- 
ate mciease m host to\icit 3 ^ Sunnval time w'as 
more piolonged than w^as obseiwed when the drugs 
were emplo 3 'ed mdividuall 3 '- The other combma- 
tions of agents also affected the local growth 
and peripheral leukemic manifestations of the 
tumor to a greater degree, but the lesultant host 
toxicit 3 ’' was mcreased to such extent that no 
prolongation of survival time w as apparent 


Page 68 Haft and Mirska, table The term 
“shde” should be changed to read “side ” 
Page 112 Rostorfer, Geber and Onyett, line 
16 The sentence begmning m this hne should 
read, “The nitrite-treated avian and mam- 
malian cells reduced methemoglobm at the 
rates of 1 57 and 1 34 gm %/hour, respec- 
tively" ” Belete the rest of the prmted sentence 
Page 226 Morgan and Guehring, line 1 
Change “pathogemc” to read “pantothemc ” 
Page 238 Tauber, McLeod, Garson and Mag- 
NUSON, line S5 Tlie sentence beginnmg m this 
Ime should read, “The spnocheticidal sub- 
stances weie present m Precipitate HI — 1,2 
associated wnth ” 

Page 280 Beutner and Williams, line 10 The 
word “invariably"” should read “mostly" ” 
Page 523 The followmg entry w"as omitted from 
the list of member e-xliibits 
Experimental radiographic visualization of the 
gallbladder J 0 Hoppe, J C Seed* and J W 
Hart,* Sterlmg-Wmthrop Research Institute, 
Rensselaei, N Y Radiopaque substances are 
used as diagnostic aids for visualizmg soft tissue 
structuies A brief outlme of some of the steps 
mvolved m the search for an improved cholecys- 
togiaphic medium as W"ell as myelography" and 
urography" are illustrated See also Hoppe, J 0 
and S Archer Federation Proc 10 310, 1951 
Retraction The findmgs on holophosphoiylase 
leported by" Irmn Feigin, Jerome Frednck 
and Abner Wolf m Federation Proceedings, Vol 
ume 9, page 170, 1950 and Volume 10, pages 
181 and 184, 1951, are hereby w"ithdraw"n at the 
lequest of Irmn Feigin and Abner Wolf, smce 
the lesults desciibed cannot be duplicated 
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PHYSIOLOGICAL ADAPTATION TO COLD IN ARCTIC 
AND TROPIC ANIMALS 


L vunuNCE InviNG 


From the ArcUc Health Research Center, Anchorage, Alasla 


During recent jears, and ^\lth the assistance 
of numerous colleagues, I ha\c Ijcen cart^ung 
on studies of adaptations to arctic cold which 
might he described in jilij siological terms As a 
result of these studies, we ha^e developed an 
outline of the pin siological econoni}'- of heat 
which appears useful as a guide for further in- 
vestigation Certain ph) siological s 3 '’stems are 
arranged in arctic ammals for the consenmtion 
of heat, thus the metabolic costs of living m low 
temperature are apparentlj’’ held down to about 
the same basal level of energ}' ex^ienditurp as is 
found m w'armer climates Observation of free 
wild arctic animals does not mdicate that thej’’ 
expend more tune feedmg than do them rela- 
tives m W'armer areas In consequence thej' have 
tune for the social, matmg, plaj' and explora- 
tional actmties which are equallj' essential m 
any climate for the preservation of a race 

I do not hesitate to call adaptive those de- 
vices possessed bj' arctic animals, and deficient 
m tropic forms, which obviously serve to con- 
erve heat Certam other phj'siological charac- 
ters concerned with heat appear to be common to 
all climates, these are nonadaptive to cold and 
part of the common heritage of the w'arm- 
blooded condition 

We have recentlj measured the bodj' tempera- 
ture of arctic reindeer and dogs near the village 
of Barrow durmg a period in which the air tem- 
perature remamed below' —45° C for a week 
We have measured the rectal temperature of 
porcupmes m the Talkeetna Mountains at tem- 
peratures around -30° C These animals were 
hnng freelj' under natural conditions In order 
to obmate the effects of disturbance during ob- 
sen ation, the measurements were confirmed upon 


animals which were shot while at rest We have 
gone to some trouble to ascertam that m the 
free condition the bod} temperature of arctic 
animals is, as reported for a few captives (1), 
characteristic of the warm-blooded state rather 
than of the climate in which they dwell Body 
temperature is therefore not adapted to the con- 
servation of heat 

In earlier studies (2) w'e reported that the rest- 
ing metabolic rate of some arctic and tropic 
animals was proportional to their size, as is true 
among animals of temperate regions The meta- 
bolic rates of all arctic and tropic animals e\- 
anuned fit closely upon the curve set by the 
equation 

Calones per day = k X kg * 


The rates thus conform to the famous statement 
by Benedict of the relative metabohe rates of 
animals var}'ing in size from the mouse to the 
elephant We have found no mdicatioh that the 
basal metabohe rate is adaptable to cold, al- 
though I must leserve for future study some un- 
certainty about small arctic birds 

The length of the arctic annual’s fur is con- 
spicuous and its protective value agamst cold 
IS showm by its effective use in Eskimo clothing 
We have measured the msulation affoided by the 
fur of some arctic and tropic animals (3) In 
general, the msulatmg effect vanes with the 
thickness of the fur Among arctic animals the 
fur thickness increases watli size up to that o 
the arctic white fox In larger animals, such as 
the canbou and polar bear, no markcil mcrca-c 
m tluckness of fur is found Yliat further sig- 
nificance there maj be m this interesting re a 

tion awaits stud's , , 

Knowang the factors of tcini>eraturc and me - 
bohe heat production we win test the ipp 
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tion of the law of cooling, using a simple ex- 
pression 

aTC ^ K XI XE 

in which A rC IS the largest temperature differ- 
ence between the animal’s body and the air which 
can be mamtamed at the basal metabohc late, 
K IS & constant for the umts used, I is insulation 
and E is metabohc heat production Plotting E 
agamst A TC gives hnes representmg IxE bj 
their slope when all basal rates are ref ei red to 
100 per cent 

Apphcable data are available for 9 arctic mam- 
mals and birds, 8 tropic mammals and birds along 
with comparable observations from other authors 
upon some 20 animals of more temperate re- 
gions A plot of these observations bnngs out the 
basic sj’stem of animal heat conservation m all 
climates as a function of basal rate and msulation 
( 1 ) 

Insulation of adult arctic ammals larger than 
the arctic fox is sufficient to enable them to 
mamtam normal body tempemture down to —30° 
C , the lowest attamable m these experiments 
By theoretical mdications and from observation 
of the animals’ disregard for natural tempera- 
ture around —50° C , it appears that arctic 
animals larger than the fox need not mcrease 
basal metabohc heat production until tempera- 
tures fall lower than —50° C , and then at only a 
small rate of mcrease 

Insulation is so meager among animals m the 
tropics that even the small diurnal and micro- 
climatic changes often embarrass these animals 
with cold But well-adjusted arctic animals do 
not shiver m any wmter weather In the mde 
range of temperature tolerable to them they 
seem to be m a better position vath reference to 
the temperature of their chmate than ammals 
in the tropics 

This adaptive factor, insulation, is character- 
ized by its phj^iological vanabiht}’", for it may be 
smted to air temperatures of —50° C or -1-30° C 
It mav promptly be changed to permit rapid 
dissipation of heat through the metabohsm of 
violent exercise It may obviously be altered 
morphologically durmg the seasons, although we 
have not j’^et measured this very apparent proc- 
ess 

It IS also mterestmg to note that all three 
physiological functions — msulation, metabohc 
rate and body temperature — which are related 
m the apphcation of the law of coohng as if they 
were smgle factors, are nevertheless obnoush 


compounded of a variety of conditions which 
exist discretely at any one time m the animal 
bod}"^ Their formulation together then expresses 
the organization of the animal m admmistermg 
the economy of metabohc heat 
We have recently made some measurements of 
the body skm temperature of arctic mammals 
and birds At Barrow, ve reported temperature 
of the body skm of 4 dogs in air at — 3° C to be 
from 33° C to 37° C In air at —19° C the tem- 
perature of one dog’s skm vas 30° C 
This wmter we were fortunate m bemg at 
Barrow Village durmg a penod of low wmter 
temperature. In air temperatures around —30° C 
to —50° C , the rectal temperature of active 
or sleepmg dogs vas around 38° C The surface 
skm temperature v as around 30° C , with the 
immediatelv subcutaneous temperature a few 
degrees higher Contrary to some news, these 
powerful arctic sled dogs are unusually stable 
toward those accustomed to their vays We 
were able to make rectal and subcutaneous tem- 
perature measurements by msertmg fine needles 
contaimng thermocouples even under the skm 
of the paws and nose without disturbmg the 
ammals 

The subcutaneous temperature of the bare foot 
pads was found vanously to be at from -1-10° C 
to -f20° C m air temperatures ranging from 
-30° C to -45° C Snow did not melt on the 
feet, but measurements on bare skm by surface 
contact are uncertam m such gradients 

Conditions for surface contact measurements 
on the bare muzzle are better and mdicated 
low temperature However, subcutaneous meas- 
urements on noses 2 or 3 mm below the skm 
surface near the hair hne at the muzzle regis- 
tered only a little lugher than those on the sur- 
face and were surprismgly low, mdicatmg tem- 
pemtures of 10° C to 15° C From the muzzle 
toward the eyes the subcutaneous temperature 
rose rapidlj'-, reaching the bod}’^ level on the 
head just back of the e}’’es 

With the assistance of Mr Arnold Brower, we 
traxeled by dog team to the location of a rein- 
deer herd at Tapogaruk, about 70 miles south of 
Barrow Durmg the i\eek the air temperature 
remamed below -46° C We were able to confirm 
that the temperature in the hooves and lover 
legs of both hvmg and freshly shot deer remam 
regularly at 10° C or even lower 

These observations epitomize, m our opimon, 
manv others which we have made imder less 
conclusne conditions upon the fleshy portions 
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of the exposed feet of •lutic animals and birds, 
sliowiiiR that tlic\ aic often lastingh at low 
teiiipcritui'O ^^c hue long been eninineed that 
the skin of seals ind othei aictu marine mam- 
mals, and the feet of dutk*' uid gulls must pci- 
sistenth rcinun it low temjicnilnre Wc legard 
our mcasiii-einents in the iictic onl\ as a final 
demonstration of an o pnori view tb it the ex- 
posed uninsulated tissues of main nortlicin mam- 
mals and biixls must for long jicnods exist at 
temperatures far below the lead of the inam- 
mnhan bodj 

Tliat this low teinperaturc will siiarc expend- 
iture of heat is apiiarent, but it might be ar- 
gued that as an unaxoidable consequence of 
axqiosure, the condition is not in adaptation 
We have usuallj considered that the properties 
of biological substances are set to operate well 
at normal mammalian bodj temperature levels 
Howeaer, the cold state of some mammalian 
tissues as foimd in these studies imiioses some 
possible difficulties in tins concept As substan- 


tiation of tins, w'c have obtained, through the 
aid of Dr Norman Abrabamsen, measurements 
of the melting iiomt of fat from the marrow^ of 
the hind leg of a caribou shot near the Meade 
Elver m November In the distal metatarsal 
bones the fat wns soft, melting at 15° C , while 
in the njijier femur, w'cll within the bodjq it was 
47° C There are other indications that the fats 
in tissues ex-posed to low temperature have low 
melting points (4), and thus afford the apparent 
advantage of preserving flexibility m the cold 
I cannot forego the suggestion that certain 
tissues of warm-blooded ammals m the arctic 
must have m this and other respects a sort of 
chemical adaptation of their substances to suit 
them for operation at temperatures lower than 
that of tlfe mammalian bodj'’ In acceptmg this 
view, if it is reasonable, we will considerablj'’ 
modif}’’ the further ex-penmentation by w'hich we 
will search for physiological adaptations enabhng 
ammals to live successfully in arctic chmates 
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BIOCHEMICAL MECHANISMS IN INSECT GROWTH 
AND METAMORPHOSIS 


Cahroll M Williams^ 

From the Biologiccd Laboratories, Harvard University, Cambridge, Massachusetts 

Each of us al the outset of his or her individual life story is microscopic and one sole cell 
By that cell’s multiplication and by its descendants’ coherence, each of us attains final 
form and size 'J he doings of this cell-assembly are those of a being which is a 
unity Yet each of its constituent cells is a life centered in itself — managing itself, feeding 
and breathing for itself, separately born and destined separately to die Further, it is a life 
helped by and in its turn helving the whole assembly, which latter is the corporate indi- 
vidual 

Sir Charles Sherrington (1) 


OLLOWiNQ Sherrmgton, we can recognize the 
growing organism as an eN-pandmg community 
of cellular hves, each centeimg m itself and yet 
each presupposmg the whole The groni.h and 
diffeientiation of this commumty takes place m a 
coordmated manner and according to a detailed 
blueprint inhented from the preceding genera- 
tion Indeed, genetics tells us that each cell is 
equipped with such a blueprint in its nucleus 
A central pioblem of our science is to understand 
how the cells, as ‘servants of the genes,’ execute 
the hereditar}'- plan of the final orgamsm 
The phenomena here encountered are obiaously 
not pecuhar to the higher and more pretentious 
organisms such as the human species In the tiger, 
as m the tiger beetle, groi\d,h, differentiation, and 
cellular coordmation present substantiallj'^ the 
same triad of problems 
The nddle of cellular differentiation seems no 
leas baffiing today than it did to precedmg gener- 
ations of biologists We can only hope that the 
geneticist and the experimental embrjmlogist, 
approaclimg the problem from opposite ends, 
may ultimately break through to one another 
Most happily, however, sigmficant progress has 
been made m understanding the two other as- 
pects of the matter, namely, the mechanisms of 
cellular growth and intercellular coordmation 
Biochennstrj'^ mth its new emphasis on sjmthetic 
processes is at long last gammg access to grovi-h 
phenomena at the molecular level Likewise, the 
phj'siologist is findmg cellular events to be coor- 


' A number of studies considered in the present 
communication have been supported, in part, by 
the Lalor Foundation, the American Cancer Soci- 
ety, Inc , and the Public Health Service 


dmated and controlled by chemical agents con- 
veyed b}-^ blood or released from nerve 

It IS from these biochemical and endoenno- 
logical pomts of view that I propose to con- 
sider uhat we have learned durmg the past few 
years about the coordmation of growth and the 
growth process itself The studies to be considered 
represent the jomt effort of a group of mvesti- 
gators, chiefly graduate students, working at the 
Harvard Biological Laboratories Insects were 
chosen as the subject of our study since the meta- 
morphosis which punctuates their life history 
gives expression to morphogemc events which m 
most other anunals are resented to the early 
stages of embrjmme dei^elopment 

CECHOPIA silkworm 

Consider, for example, the Cecropia silkworm 
— an insect I shall use as a taxi; for phj^siological 
thmking about the phenomenon of metamor- 
phosis Postembiyomc development is here par- 
titioned mto tliree epochs the growmg lan^a, 
the quiescent pupa, and the reproducing adult 
The transition between these successive stages is 
called metamorphosis 

The larva is fundamentallj’^ a digestive tract 
equipped with caterpillar tread From the vege- 
tation upon which it feeds, it acquires a stock 
pile of fat and protem which is stored awaj' m a 
special tissue called ‘fat body ’ In a very real 
sense, the accumulation of this reservoir and 
stoek pile is the biochemical objective of larval 
life Thus the pupa, which forms withm the larva 
durmg the pre-pupal penod, is a closed system, 
save for the gradual evaporation of water and the 
mterchange of respiratory gases Likewise the 
moth, which forms mthm tlie pupa durmg the 
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period of adult dc\elo])mcn{, must also lie built 
from the assets winch the catcnnHnr has accumu- 
lated For though the moth jiossesscs a normal- 
looking digcstno Irict, it cannot be used because 
mouth parts arc lacking it its anterior end This 
paradox is answeied b\ the finding that the ‘nor- 
mal-looking’ digcstixe tnct is dexoid of digcstuc 
enzmies and therefore incapable of functioning 
(2) So, notwithstanding the fact that the larxal, 
pupal, and adult insects arc organized according 
to different jilans, the three st igcs arc, biochcm- 
icall) speaking, a reworking of the same old 
atoms and molecules 

ANATOAn OF METAXI0HP110S1S 

jMetamorphosis begins at the end of Ian al hfc 
during the so-called prepiipal period The spe- 
cialized structures of the caterpillar are at this 
time dismantled to make waj"^ for the cquallj' 
specialized structures of the pupa Dismantling 
of the one and construction of the other proceed 
side bj side as the organism reshapes itself ac- 
cordmg to a new' plan These events are camou- 
flaged b}' the old caterpillar skin which, like a 
loose sack, contmues to cover the insect during 
the prepupal period The sheddmg of this skin 
at the tune of the pupal moult reveals the pupa 
Itself 

Now' the pupa is a stage of transition betw'een 
larva and adult It represents the first great 
stnde m the metamorphosis of the species — a 
metamorphosis so profound that it amounts to 
the fabncation from the caterpillar of an essen- 
tially new' organism, the adult moth 

If we look inside such a pupa, w'e find it filled 
with a great paued mass of fat body, the bio- 
chemical inheritance from the caterpillar A more 
detailed search reveals the presence of a number 
of longitudinal structures a dorsal heart and 
gonads, a ventral nervous sj'stem, and a central 
gut Only in the skm of the pupa do we find any 
mdication of the form of the future adult moth 
Here the epithehum, but a cell’s depth m thick- 
ness, shows a simple mappmg-out of the moth’s 
head, thorax, and abdomen From this modest 
beginnmg withm the pupa there is destmed to 
develop the final adult insect, whose mtemal 
organization is no less compheated than that of a 
human bemg 

PUPAL DIAPAUSE 

In the Cecropia silkworm as m manj other 
msects, adult development does not proceed 


jiromjitlj after the pupa is formed To the con- 
trnrx , the ra]iid icm]io of cellular events, which 
dm mg 1 pciiod of seven weeks has trans- 
formed the egg into the pupa, now comes to an 
abriqit halt Dining the months that follow, the 
piijii iicrsists m a state of dex elopmental stand- 
still, the pujial diajiause 

For the insect in nature, the ]eiicd of pupal 
dolmallc^ jirovidcs for the overwinteiing of the 
species Though the pupa makes no morpho- 
logical adxance during this period, the months of 
exposure to winter’s low temperature are not 
‘time out ’ B}' its direct action within the pupa, 
low temperature promotes certain endocrinolog- 
ical changes which assure the termmation of 
diapause the foUow'ing spring Such a chilled 
pupa, after a few' daj s of exiiosure to room tem- 
perature, shows an abrupt initiation of adult 
development signalling the termination of dia- 
pause The construction of the moth within the 
pupa then proceeds with clock-hke precision so 
that, at a temperature of 25°C , the adult msect 
emerges 21 dajs thereafter It has taken ten 
months to develop that moth from the initial 
egg And of the ten months, eight w ere assigned 
to the pupal diapause 

ENDOCRINE CONTROL OF DIAPAUSE 

From the biochemical point of x'lew , the most 
interesting aspect of metamorjihosis is the pupal 
diapause Here the biochemical mechamsms un- 
derlj'ing normal growth and differentiation are 
mirrored m the abrupt transitions from growth 
to diapause and, with the latter’s tenmnation, 
back to growth Smee this sequence can be con- 
trolled at the convemence of the mvestigator, the 
matter becomes accessible to expenmental an- 
alysis 

In view of the synchronization of morphogenic 
events at the cellular level, one fact is self-evi- 
dent there must be some overall control of the 
genesis and the tenmnation of diapause And it 
IS no surprise to find this controlhng mechamsm 
to be endocrmological m character 

This fact is perhaps best illustrated bj the be- 
havior of the male sex cells of the dormant pupa 
when cultured in mlro (3, 4) If one remox'es the 
testis from a diapausmg pupa and tears it open 
m a few drops of the msect’s blood, an enormous 
number of little hollow ejsts are released Tlie 
walls of each C 3 st are formed bj a simple la 3 er 
of undifferentiated cells, the primai^ spermato- 
C 3 'tes At the begmning of adult dex elopment each 
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of these cells undergoes two divisions (meiosis), 
followed by rapid differentiation into the sper- 
matozoa of the moth 

When the dormant cysts of the pupal testis are 
placed m a simple hangmg drop of the insect’s 
blood, their behavior is remarkably conditioned 
by the status of the ammal which donated that 
drop In the blood of a diapausmg pupa, the cysts 
show no significant development, though they 
survive for approximately a week (fig lA) In 
contrast, if one uses a drop of blood from a pupa 
that has just mitiated adult development, the 
cells undergo prompt meiosis followed by differ- 
entiation mto normal spermatids (fig IB) 

The behavior of the sperniatoc 3 des m the 
hangmg drop is theiefore a kmd of scale model of 
what goes on m the mtact msect Dunng diapause 
the blood lacks a growth hormone which is neces- 
sary for the groivth and differentiation of the 
testicular cells and of aU other tissues The secre- 
tion of this hormone m adequate titer terminates 
diapause and substitutes exuberant grovdh for 
developmental standstill It seems propei to teim 
tins important grovdh factor the “grov'^h and 
differentiation hormone” (5) 

Time does not suffice to consider the lole of 
tins hormone in detail Suffice it to say that 
growth at all stages in the life histoiy seems to 
require its pi'csence It appears to be necessarj’- 
for the growth and recurrent moulting of the 
larval insect, foi the transformation of the larva 
into the pupa, and foi the fabncation of the adult 
moth mthin the pupa And, as we have seen, its 
absence followmg pupation results m the defi- 
ciency sjmdrome which we lecogmze as the pupal 
diapause 

As a growth factor of no mean proportions, the 
properties of this giowth and differentiation hor- 
mone aie of obvious interest At long last this 
problem has become accessible by viitue of the 
assay method now provided by the tissue-culture 
teclmique ’Rfiien tested in this manner, the hor- 
mone IS found to behave as a protem or a smaller 
molecule tightly bound to a protem It is non- 
dialyzable, stable when heated to 75°C for 6 
mmutes, but precipitated by exposure to 80°C for 
6 mmutes (4) It has been impossible to mmuc 
its action b}'^ any vertebrate hormone, vitamm, 
or biologically active substance 

The first visuahzation of the growth and differ- 
entiation hormone is presented m figure 2 (6) 
Sue components are encountered m the electro- 
phoretic pattern of active blood obtamed from 
post-diapausmg pupae Figure 2A shows the still- 


active blood after exposure to 76°C Figure 2B 
shows the inactive blood after heatmg to 80°C 
We suspect that the small protem peak, present 
m A but absent m 5, is attnbutable, m part, to 
the hormone itself 

In the mtact msect the source of this growth 
and differentiation hormone has been identified 
It is secreted by a pair of endoerme organs withm 
the thorax, the 'prothoracic glands ’ Cunously 
enough, these glands are able to secrete the hor- 
mone only under the tropic stimulation of a 
further hormone ansmg m 26 neurosecretory cells 
withm the bram itself (7-12) 

So withm the msect we recognize the presence 
of a mimature endocrmological system — the pro- 
thoracic glands secretmg the growth and differ- 
entiation hormone but only when tnggered to do 
so by the bram hormone (fig 3) Morphogenesis 
m tins mduect manner is brought under the 
control of the bram, a rational device, smee the 
bram then becomes the meetmg place of the two 
great systems of integration, the nervous system 
and the endoerme system Though the pupal 
diapause of the Cecropia silkworm results from 
the absence of the grondh and differentiation 
hormone, it is noteworthy that the primary defect 
occurs at the level of bram function — the failure 
of the pupal bram to evoke adult development 
bj’’ triggering the function of the prothoracic 
glands (9, 13) The bram regams its secretory" 
poM'ers wlien exposed to the loi\ temperatures of 
ivmter and, thus, the insect’s life historj' is syn- 
chromzed vnth the seasons (fig 3) 

ENZTMOliOQT OF METAMOEPHOSIS 

But the most mterestmg problem ls still to be 
considered Hormones are merelj" reagents The 
reactants are the target organs, m this case the 
various tissues of the pupal msect Between the 
hormonal reagent and the tissue reactants, a 
reaction must occur And there is no reason why 
such a reaction should not be understandable m 
biochemical terms 

Now the sunplest approach to the problem is 
diagrammed m figure 3 Let us assume that a 
biochemical defect is present m the cells of the 
diapausmg pupa which prevents their metabo- 
lism from couplmg to morphogenesis This view 
would require the growth and differentiation hor- 
mone to promote some synthetic process which 
repairs the biochemical defect I now propose to 
consider what evidence has been obtamed as to 
the existence and identity of this 
defect m the cells of the diapausmg insect 
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The first useful piece of infornmtiou is tlic in- 
sensltlMt^ of the (lipnusing ])ii]ia to cynnKlc 
Tliougli c\nnide is one of oui licst insecticides, 
killing the catcniillnr or (he adult mol li ]iroiiiiitlj , 
for the pupal insect it is not c\ cn a ])Oison In- 
deed, in our surgical ninncincrs on pupae, \\c 
routineh use a Ringer’s solution containnig 0 01 
M potassium cjainde One can nnplant crystals 
of c^anldc into a diapausing pujia without iin 
ill effects At the pu of the insect the agent is 
rapidl} excreted through the tracheal sjstem in 
the form of HCN But before this occur'?, its onh 


components, the pipial heart, for example, con- 
tinues to beat normnll}’- wlicn isolated in cyanide 
Ringer’s In the adult moth the situation is 
rndicall}' different Here we find a w'ell-developed 
c> lochrome sj'stem in the xmst majority of the 
insect’s tissues Evidently a remarkable synthe- 
sis of the c 5 'tochrome sj^stem takes place dunng 
adult de\ elopment 

111 Older to appraise the matter in quantitative 
terms, cx tochrome c was extracted from post-dia- 
linusnig individuals and assa 3 'od spectrophoto- 
metricilh (10,12) Onh a trace was found pnor 



Fig 1 Cx STS OF DOKMANT PUPAL 
spcrmatocj tes in hanging-drop 
cultures A The cj'sts have been 
cultured in inactive blood from a 
diapausing pupa and show no de- 
velopment B The cysts have 
been cultured in a drop of active 
blood from a postdiapausing in- 
sect The growth and differentia- 
tion hormone has caused each 
spermatocyte to undergo meiosis 
and prompt differentiation Each 
cyst 18 therebj' transformed into 
an elongate bundle of spermatids 
Smallest division on scale equals 
10 m 


Fig 2 Electrophoretic pat- 
terns of dialyzed blood from post- 
diapausing pupae A The still- 
active blood after heating for 5 
minutes at 75°C B Blood inac- 
tivated by 5 minutes’ exposure to 
80°C The small peak, present in A 
and absent in B, is thought to 
consist in part of the growth and 
differentiation hormone 




B 


obvious effect is to paralyze the mtersegmental 
muscles of the abdomen Attention therefore 
focusses on the status withm the pupal msect of 
enzymes contammg heavy metals and, more par- 
ticularlj?, the iron-contammg enzjmes of the 
cytochrome sj'stem 

The curious insensitivity of the pupa to cjmmde 
becomes mtelhgible when its tissues are studied 
spectroscopically Under the Zeiss microspectro- 
scope onlj'- the mtersegmental muscles of the ab- 
domen show the absorption bands of the tliree 
cjiflchromes, b, c, and o -f as Lacking these 


to the actual mitiation of adult development The 
tenmnation of diapause and the progress of adult 
development were found to be accompamed by a 
rapid and progressive synthesis of cxinchrome c 
Recogmzmg the difiSculty of extracting the 
enz 3 Tne quantitatively, the study wns repeated 
by manometnc assay of c 3 ’tochrome c m the brei 
of msects at vanous stages of dexmlopment (14- 
16) The results were essentiall 3 ’- identical xvith 
those prexnously demonstrated b 3 the spectro- 
photometne method There can be httle doubt 
that the s 3 nthesis of cxinchrome c begins its 
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sjTiclirony with the termination of diapause and 
contmues m step with the progress of adult de- 
velopment 

Cytochrome b and cytochrome oxidase were 
found to behave somewhat differently Indeed 
the uutiation of adult development is accom- 
panied by a precipitous decrease m the activities 
of these enzymes In the case of cytochrome oxi- 
dase, the mitial decrease is followed by a rapid 
synthesis which begins on approximate!} the 
second day of development (12, 14) To the con- 
trary, the low activity of succmdehydiogenase 
presumably mirrormg the function of cytochrome 
b, persists throughout the first half of adult de- 
velopment and only thereafter undergoes rapid 
mcrease (17) These changes m cytochrome b 
resemble m all respects the behavior of the two 
dehydrogenases we have studied, namely, mahc 
dehydrogenase and a-gtycerophosphate deh 3 ’^dro- 


From these enzymatic studies we leam that the 
diapausmg pupa, with the exception of its ab- 
dommal muscles, is characterized by a cyamde- 
stable flavoprotem functiomng as terminal oxi- 
dase At the outset of adult development this 
system begins to break down and is replaced by 
a cytochrome system contammg an mcreasmg 
titer of C3'tochrome c and a temporarily decreas- 
mg titer of cytochrome oxidase Thus the termi- 
nation of diapause is accompamed by profound 
altemtions m two of the three great electron 
tiansmitters — flavoprotem and c 3 dochrome In 
the absence of the cytochrome mechanism, the 
flavoprotem S 3 ^tem can apparently provide for 
maintenance, but not for mitotic activity or that 
forward progress which we recognize as growth 
The couphng of growth to metabolism appears 
to be S3mchromzed with the synthesis of the C3to- 
chrome mechamsm 


_ , Low temperature ^ , High temperature 

Diapausmg brain — ^ Competent brain ^ Active brain 

Brain hormone 


Repair of the 

„ , , G and D hormone biochemical de- A.dult 

Prothoracic glands > > development 

pausing tissues 


Fig 3 Diagram of endocrine control of adult 
For explanation, see text 

genase A lesemblance is also evident between 
these results and those obtamed by Agrell (18, 
19) 

Consequently, the activation of the growth 
mechamsm at the outset of adult development 
and the sudden release of mitotic activity show a 
positive correlation with the behavior of cyto- 
chrome c and a negative correlation with the 
changes occurrmg m C3dochrome b, c3dochrome 
oxidase, and the two dehydrogenases that we 
have studied 

In the absence of the cytochrome S 3 "stem, the 
pupal msect is still able to consume oxygen appar- 
ently by the use of a flavoprotem as terminal 
oxidase Biological assay of protein-bound ribo- 
flavm demonstrates a maximal titer of flavo- 
protem durmg diapause and a progressive de- 
crease followmg the onset of adult development 
(14, 16) Since the autoxudation of flavoprotem 
produces h 3 '^drogen peroxide rather than water, 
it IB noteworthy that the changes which it under- 
goes are paralleled by those occurrmg m catalase 


development by the brain and prothoracic glands 

Our search for a biochenncal defect m the dia- 
pausmg insect has therefore revealed at least 
one such defect m terms of the absence of a func- 
tional C 3 dochrome system Is it possible that the 
C 3 dochiome mechanism plays some special role 
m morphogenesis and that the absence of this 
63 stem IS the fundamental biochemical defect in 
the diapausmg cells? I shall finall y consider evi- 
dence that tends to answer this question m the 
afl&imative 

If the function of the C 3 'tochrome S 3 ’^stem is pre- 
requisite for morphogenesis, then growth should 
be brought to a standstill by mactivation of this 
enz 3 Tne system Fortunately, m an ammal such as 
an msect, where hemoglobm is absent and where 
environmental gases pass directly to the tissues 
through the tracheal system, it is possible to 
block the function of the cytochrome system by a 
highl}'’ specific agent, carbon monoxide Only one 
difficulty IS encountered the combmation o 
cytochrome oxidase with carbon monoxide is 
reversed by oxygen The ratio between the ten 
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stons of cnrlK)ii monoxide nnd oxxRon must llicio- 
forc be bigb, m mu case not Ic^s tlimi about 20 
to 1 

We liaxc used two means to iccomplish this 
end In the first method the animals wore pi iced 
m air-filled cliambcrs and comjne^^cd with 1 to 
10 atmospheres of caibon monoxide In this 
manner the oxj gen tension was held constant and 
the carbon monoxide tension iiul total jiresstiie 
increased In tlio second method tlie cxpeiiment 
was performed at a tot d pressure of one atmos- 
phere, the animals being jilaccd in a chambei nnd 
ax-posed to a mixture of 5 per cent o\\ gen and 95 
per cent carbon monoxide Thus the tot il pres- 
sure was held constant nnd the oxxgcn nnd 
carbon monoxide tensions x aried 

Substantially the same results w cic obtained by 
the two methods (17, 20) Diapausing pujiae were 
unafifected Pupae just prior to the initiation of 
development remamed alive but underwent no 
development during the experimental peiiod of 21 
da3^s In the case of animals that had nlreadx es- 
caped from diapause, the carbon monoxide caused 
a complete or almost complete cessation of de- 
X’elopment and enforced an artificial diapause 
which persisted dunng the ex-penmcntal ponod 
of 21 days ItTien returned to air such animals 
usuallj recovered promptlj'- and resumed dex elop- 
ment where thej’- had left off 

Results of this character consistentlj'- obserxmd 
during the past three 3 ears, strongl3'’ suggest that 
the cytochrome S3'8tem pla3"s a ciiicial role m the 
metabohsm of morphogenesis (21) We find this 
to be true, not only m the Cecropia silkw-orm, but 
also m the several other insects wduch we have 
exammed, for example m the adult development 
of the blowfly Phormia and the parasitic wasp 
Mormontella Indeed, by exploiting the trans- 
parency of Mormontella, it has been possible to 
demonstrate a partial reversibiht3’' b3'’ hght of 
carbon monoxide’s inhibition of growdh (17) 
This result confiirma a prexnous finding on Droso- 
phila (22) and gives assurance that carbon mon- 
oxide’s power to dissociate growth from mam- 
tenance results from its combination xvith 
cytochrome oxidase 

Among several hundred chemicals which we 
have tested, selective blockade of the growth 
mechanism has been accomplished by two fur- 
ther agents — diphtheria toxm and certam imi- 
dazole derivatives (23) 

Injection of 0 1 to 1 gamma of diphtliena tovm 
mto mature caterpillars or post-diapausmg pupae 
causes prompt cessation of development followed 


1)3 dclnycfl death about a week theieafter Din- 
jinusiiig jiujiac, however, sumve 1000 times this 
dose of toxin Its onlx xisiblc effect is to render 
Ihe interscgmental muscles of tlie abdomen flac- 
cid and iinrontractilc 

These icsiilts become intelligible in terms of 
Pupponlieiincr’s (2^1) jirevious studies where diph- 
flicrm <0x111 was found to coriespond apparently^ 
to the ficc protein moiet3 of the diphtheria 
bacillus’ r\ toehrome h Its astonislung toxicity 
foi the mammal is tlioiight to result from its 
funrtiomi rlorangemcnt of the ry^toclirome sy's- 
tem 

Consequenth , within the diapausing insect, the 
toxm finds no meclmnism of action, save m the 
nbdoiniml muscles, the oiilx tissue possessing an 
intact c\ toclirome sy stem How e\ er, m the grow - 
mg larva and developing adult, the reaction be- 
tween the toxin anti the cytochrome system 
causes 1 jiromjit cessation of growth 

It is possible to accomplish this same end by' 
the use of imidazole and certain of its denvatives, 
namely, pilocarpine, cbmetliyd imidazole, and 
methyl mudazole (23) These substances are dis- 
tinguished by' tlieir remarkable affimty' for oxi- 
dized heme (hematm) w'lth whicli they' combine to 
foim a stable hemichrome (25) Emdently', w ithin 
the Imng msect they act as scavengers of hematm 
and render this important molecule unavailable 
for the sy'nthesis of cy'tochrome Though the 
pupal insect contmues to hve for a y ear or longer 
after the injection of pilocarpme, the onset of 
adult development is permanently' prevented In 
insects that have already' terminated diapause 
and mitiated the synthesis of the cytochrome 
sy'stem, pilocarpme is still capable of blockmg 
development, though the threshold is now twenty' 
tunes higher than that of the pupa Developmg 
animals blocked m this manner undergo delayed 
death several weeks following mjection 

Summing up the information available at the 
present time, we find that the grow'th mechanism 
can be dissociated from the metabohsm of mam- 
tenance by' the action of sex'eral substances 
whose biochemical target within the living cell 
IS the cy'tochrome sy'stem As Needham (26) has 
prophetically remarked, “It almost looks, there- 
fore, as if non-ferrous respiration cannot be geared 
to morphogenesis” 

Our imtial objective of understanding the bio- 
chemistry of insect groivth and metamorpho-^is 
lias therefore led us far afield— to a meeting place 
between energy and synthetic mechanism at the 
subcellular lex el But as far i^ our initial and 
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humbler objective is concerned we feel assuied 
that the synthesis of the cytochrome system from 
its hemochromogen precursors is causally related 
to the termination of pupal diapause We are 
therefore persuaded to regard the absence of the 
C3'tochrome system as a basic biochemical defect 


m the cells of the diapausmg insect Smce the 
repair of this biochemical defect, as we have seen, 
is brought to pass by the ‘growth and differentia- 
tion hormone,’ the way seems open to an analysis 
of this endocrinological reaction m biochemical 
terms 
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TThe technique of labelling and tracing pro- 
tein antigens with radioactive iodine is being 
used mcreasinglj'' in immunologic studies jMcn- 
tion of a few of the more important chemical, 
physiological, and immunological features of this 
techmque will indicate both its possiliihtics and 
its limitations P” can be added to almost any 
protein in traceable amounts w ithout altering the 
protem mimunologically Accurate quantitation 
of P’^ m blood, tissues, or inmiunologic precipi- 
tates is possible vath a Geiger counter, using 
proper absorption and comcidence corrections 
These radioactivity measurements mdicate the 
concentration of antigen in the material tested 
In addition, approximate histologic locahzation 
of the P’^ antigen can be obtamed with auto- 
radiographs, m which ordmary histologic sections 
are mounted on special photograpluc emulsions 
and, m effect, take a picture of their own radio- 
activity Autoradiographs do not, however, per- 
mit the detailed histologic locahzation possible 
with fluorescent antibodj'’ (1) or dye-labelled 
protems (2, 3) 

Protem antigens labelled with P*^ appear to 
retain the P®^ label in vitro (4) and in two (5) as 
long as they are immunologically active The 
studies of Knox and Endicott (5), as well as our 
own observations, show close agreement between 
quantitative precipitm and radioactivity deter- 
nimations of antigen 

Catabohsm of P*^ protem antigens liberates 
non-protem-bound P*^, and m animals prefed 

'May 1, 1951, Cleveland, Ohio 

* This v ork was supported by grants from the 
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ordinal}' iodide, this liberated P^' is rapidl}' 
eliminated, primarily in the urine with lesser 
amounts m breath and feces Following mjection 
of an P^' antigen, the radioactivity m blood and 
tissues can be separaterl into protein-bound and 
non-protem-bound fractions, the protem-bound 
activity represents residual antigen wlule the 
non-piotem-bound P^' present m the blood and 
tissues, plus that excreted m the unne, provides 
a lehable index of the rate of antigen catabohsm 
Tins teclimque, therefore, gives an excellent quan- 
titative measure of antigen concentration m blood 
and tissues and also indicates rate of antigen 
catabohsm 

Before discussing our obsen'ations on the rab- 
bit’s liandhng of the antigen, P^'-labelled bovme 
gamma globulm (I*-BGG), let us look flrst at 
the rabbit’s metabolism of his owm plasma globu- 
hn Madden and Whipple (6) have shown that 
plasma protems axist m dynamic equflibnum m 
vascular and extravascular flmds and serve to 
supply, m part, the nutntional needs of the body’s 
tissues Our flndmgs usmg homologous globulin 
labelled w'lth P®' (I*-RG) concurred with their ’s 
Figure 1, which is a semilogarithmic plot of the 
labelled globuhn content of blood against time 
m days, show's that withm one day after mtra- 
venous mjection there was a sharp drop m the 
I*-RG blood content to approximately one-third 
the amount mjected This drop represents the 
equihbration of I*-RG between vascular and 
ex-travascular components of the plasma protein 
pool and indicates twice as much globulm m 
extravascular as m vascular flmd Once the equi- 
hbnum was established, the I*-RG disappeared 
at a constant rate wath a half life of about 2 dni s. 
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lepresentmg the rate of catabohsm of homologoviB 
globulin 

I*-BGG injected intravenously into rabbits in 
doses var 3 nng from 1 to 500 mg was handled 
similarly to the I*-RG for ike fir^t 4 days (7) 
The second graph of blood content of labelled 
protem shows agam the disappearance curve for 
homologous globuhn In addition, the solid hne 
represents the amount of I*-BGG m the blood 


globuhn at a rate almost identical with that of 
homologous globuhn for 4 days would further 
suggest that m this imtial period the body uti- 
lizes the heterologous globulm similarly to its 
own globuhn 

After the fourth day, the disappearance rate 
of I*-BGG from the blood mcreased sharply It 
IS most likely that this mcreased elimination rate 
IS caused by the appearance of antibody which. 



folio wmg a 75-mg mjection and shows an eqm- 
hbration period followed by a 3-day penod of 
catabolism similar to that for the homologous 
protem It appears that this antigemc, heterolo- 
gous protem equihbrates between vascular and 
extravascular flmds just as does homologous 
protem In so domg, the antigen, no doubt, comes 
mto int ima te contact with most or all of the 
body’s tissues The catabohsm of heterologous 


howevei, could not be detected by our comple- 
ment-fixation techmque’ (8) until aU antigen had 

• All antibody determinations were done by the 
complement-fixation technique described by Kent 
et al This method emplojs a dilution of antigen 
(1 600,000) i\hich IS optimal for the detection of 
minimal amounts of antibody with four 50 per cen 
hemolj'tic units of complement The minimal 
amounts of antibodv as detected are of the order 
of 10 Mg antibody nitrogen per cc of serum 
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been elmumteil, 7 dins follow inp; injection The 
first antibod} to appc.ir pixilnbh (ombincs with 
antigen in c\tn\ iscular or intnivascnlnr fluids 
and the combination is raindh eliminated from 
the circulating fluids and citnboli7cd, ns will be 
discussed later Since this is iccomplished with- 
out measurable iccumuhtion of antigen m any 
organ or tissue, it is e\ ident that the breakdown 
of antigen is an e\ti cinch lapid process and/or 
one widespread throughout the bodj 
The ehmmation of I*-BGG from the various 
tissues approvimateh paralleled its elimination 
from blood, as would be expected with a dniamic 
equibbrium of the antigen m the bodj In figure 
3 the amount of radioactn ity per gram of tissue 
or blood follow mg an intravenous injection of 75 
mg I*-BGG IS plotted against time m days The 
ictuity concentration was higher m blood than 
in any tissue, and disappearance rates w'ere, in 
general, parallel with a slight lag m the disap- 
pearance of radioactmtj front the tissues after 
the fourth daj Alt radioactmty levels w ere insig- 
nificant after the seventh daj , wntli no tissue 
showmg measurable retention of antigen Com- 
plement-fixation tests for antigen m the tissues 
after the seventh day were also negative 
Detectable circulating antibodj" appeared on 
the seventh day after virtually all antigen had 
disappeared This is m keepmg with the findmgs 
of Hawn and Janevray, who found disappearance 
of BGG and appearance of antibody between one 
and twm weeks follownng mjection of 2 gm of 
antigen (9) Following injection of 75 mg of 
I*-BGG, the peak antibody level occurred on the 
tenth daj’’ and all detectable circulatmg antibody 
disappeared withm appioximatelj'^ 20 days after 
antigen mjection It is apparent that the first 
antibody is pioduced in the presence of antigen, 
but that the major part of antibody production 
goes on m the complete absence of antigen 
We found considerable support for the view 
that the increased antigen disappearance rate 
seen after 4 days m I*-BGG mjected control 
rabbits is caused bj’’ appearance of antibodj’’ 
Figure 4 compares blood antigen levels in 5 
e’xperimental groups of rabbits, each with a dif- 
ferent immune response activelj’’ sensitized rab- 
bits with detectable circulating antibodj'^ present 
at the time of injection of antigen show’ed rapid 
disappearance of antigen immediately, previously 
sensitized ammals without detectable circulatmg 
antibodj^ showed a rapid antigen disappearance 
beginmng 2 daj’s after injection, m keepmg with 
an accelerated, anamnestic response, animals re- 
cemng 200 r whole-bodj x-radiation showed 


dclnj m and decrease of rapid antigen elimination, 
coricspondmg to the inhibition of the immune 
response resulting fiom the radiation, animals 
rcceiMiig 500 r x-iadiation show’cd neither rapid 
antigen elimination noi anj’ immune response 
The appearance of detectable serum antibodj’’ m 
these 5 groujis of rabbits alwaj’s followed im- 
mcdiatelj’’ upon the rapid disappearance of anti- 
gen, ns seen m figure 5 Here the 5 antigen disap- 
pearance curves are given in temporal relation 
to the apjiea ranee of complement-fix mg antibodj^, 
indicated bj"^ the black bars In the first 4 m- 
stances, rapid antigen disappearance w'as closely 
followed bj’’ appearance of detectable antibody, 
w'hile after 500 r neither rapid antigen ehimna- 
tion nor detectable antibodj’^ w’as seen 
Further support for the relationship of anti- 
bodj’’ to rapid ehmmation of antigen was found 
after injection of passive antibody mto rabbits 



with circulatmg I*-BGG In figure 6 the I*-BGG 
concentration m blood is plotted against an ex- 
panded time scale The mjection of passive anti- 
body, 100 mg on second day and 40 mg on third 
daj’’, caused a prompt drop m blood antigen 
content The rise m blood antigen level shortly 
after the first mjection represents the re-estab- 
lishment of equihbnum of antigen between the 
depleted vascular flmd and the antigen-contam- 
mg e'd;ravascular fluid 

On the basis of these mterrelationships betw’een 
antigen disappearance rate (ADR) and appear- 
ance of antibodj’’, we have used the mathemati- 
cal expression of ADR as an mdex of immune 
response (10) This measure is ex'tremelj sensi- 
tixm and will reveal an immune response which 
maj’’ produce onlj enough antibodj' to combme 
’With the antigen present, and not enough to cause 
a detectable excess m the serum Such weak 
antibodj responses maj occur after moderate 
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doses of x-ray or following extremely small doses 
of antigen and result m rapid antigen elimination 
without detectable antibody Later demonstra- 
tion of a specific anamnestic response mdicates 
that such animals have made a previous immune 
response to the given antigen 


removal of antigen from the blood In mvesti- 
gatmg antigen catabolism, we attempted to find 
whether the mcreased rate of catabolism m sensi- 
tized animals could be accounted for alone by 
presence of antibody, and therefore, presumably 
by mcreased phagoc 3 dnsis or whether there was. 



Figs 6 (left) and 7 {right) 


II^OOO TISSUE ANTIGEN CONTENT 
f-BGG - R SALT 



Fig 8 


The mechamsm of rapid ehmmation of the 
antigen-antibody combmation from the blood 
and the associated rapid antigen catabolism are 
not completely understood It is most likely that 
antigen-antibody complexes would be taken up 
by phagoc 3 d,ic cells, thus accounting for the rapid 


also, a cellular enzymatic adaptation associated 
with the process of sensitization, which facihtated 
more rapid antigen catabolism (11) To do this, 
we compared tiie rates of I*-BGG catabolism m 
activelj'- sensitized labbits and m control rabbits 
given 95 mg of passive antibody, an amount 
calculated to be approximate!} equal to the 
amount m those actively sensitized Figure 7 
shows the rates of I*-BGG catabolism, as meas- 
ured b}’' non-protein bound F** m urme, blood, 
and tissues m actively sensitized, passively sensi- 
tized, and control rabbits foi the first 48 hours 
after mtravenous mjection The rates of antigen 
catabolism for actively and passively sensitized 
rabbits were almost identical Tlie antigen disap- 
pearance rates m actively and passively sensitized 
groups were also similar It appears, therefore, 
that both the mcreased rate of disappearance of 
I*-BGG fwm the blood and the rapid catabolism 
found m sensitized animals can be accounted for 
by the presence of antibody alone Whether the 
sensitized animal makes any phj'Siologic or en- 
zjunatic adaptation to an antigen such as I*-BGG 
other than the production of specific antibod}’’ 
cannot be defimtety stated at this time However, 
there is nothmg that happens in the immune 
catabohsm of I*-BGG that cannot be duphcated 
m a control animal b}^ addition of passive anti- 
body 
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These findings ngrec with tlic iintigcn tracer 
stud\ of human glolmhn using the fluorescent 
antibod} tcclimquc (1) There is, however, a 
marked discrcinnc}'^ between our findings and 
those obtained bj woikcrs using BGG oi similar 
proteins libelled with vaiious nzo dves (3) The 
azo dj e-labelled proteins wcic found concentrated 
and retained for long jienods of time in the 
reticulo-cndothehal 63 stcm In an effort to c\- 
phin these differences, we attiched to I*-BGG 
by azo conjugation one of two compounds, R 
salt (12, 13) or jian-aminobcn/oic acid, and 
traced these doubh labelled intigcns bj both 
color and radioactmtj Using these antigens, we 
found an uptake ind i etcntion of antigen bj’ the 
reticulo endothelial sjstcm, just as described b} 
those using the \arious azo eh e-labelled proteins 
Figure S indicates azo-I*-BGG concentration in 
blood and tissues follownng intrivenous injection 
of 75 mg of the antigen The blood level fell 
rapidly wlifle tissue concentrations, cspeciall}'' m 
those tissues rich m reticulo-endothchal cells, 
dropped ver}"- slow'lj^ The tissue retention of azo- 
I*-BGG is m marked contrast to the findings 


with I*-BGG w'here no tissue antigen retention 
occurred (fig 3) Thus, it appears that azo label- 
ling markcdlj’’ changes the tn nvo behavior of 
protein antigens such as BGG 

SUiMAUni 

Tracing of the antigen I*-BGG in rabbits 
indicates that the antigen is handled much like 
the animal’s owm globuhn until antibodies to it 
arc formed Before the appearance of antibodies, 
the antigen exists m equilibrium between vascu- 
lar and cvtravascular fluids, has free access to 
the tissues of the bodj', and is neither concen- 
trated nor retained b}' an}" tissue or organ With 
the appearance of antibodj’’, the antigen is rapidly 
removed from blood and extravascular fluids, 
probabl}'- bj phagocji-ic cells and is rapidly 
catabohzed There does not appear to be any 
cellular enzjrmatic adaptation necessary m the 
sensitized, rapid catabolism of antigen Antibody 
production, although initiated m the presence 
of antigen, is carried on long after all antigen has 
disappeared 
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FLUORESCENT ANTIBODIES AS HISTOCHEMICAL TOOLS' 

Albert H Coons 

From the Department of Bacteriology and Immunology, Harvard Medical School, 

Boston, Massachusetts 


^ i antibody molecule can be conjugated with 
fluorescent compounds without apparent loss of 
specificity (1-3) This fact makes it possible to 
employ the precipitm reaction as a method for the 
histochemical detection of small quantities of 
matenal m tissue cells The only basic require- 
ment for success is that the matenal sought be 
sufficiently antigemc so that the requisite anti- 
serum can be produced 

Purified antisera were chemically conjugated 
with fluorescein isocyanate to produce a bril- 
liantly fluorescent protem solution in which the 
antibody molecules as well as the other protem 
molecules are fluorescent When such a fluorescent 
antibody solution is allowed to react with or- 
ganisms or tissue cells containing homologous 
antigen, some of the antibody is precipitated 
over those areas where the antigen is located 
The excess of the fluorescent solution can be 
washed away and the deposited antibody visual- 
ized under the fluorescence microscope This 
reaction has so far been successfullj employed to 
trace the fate of mjected bacterial polysacchar- 
ides and foreign animal protems after mjection 
mto mice, and to locahze viial and rickettsial 
antigens m infected cells In the brief tune avail- 
able, I will summarize the successes which we 
have so far had m the use of this method, list the 
failures and pomt out some of the difficulties 

Wlien foreign substances such as bacterial 
polj sacchandes (4) or animal protems (5) are 
mjected mtravenously mto mice, they rapidlj'’ 
begm to leave the blood stream and make their 
appearance m the connective tissue throughout 
the anunal Thej are also found in high concentra- 
tion m all the phagocjdic cells m the body The> 
can also be found m a low but distmct concentra- 
tion m Ijmiphocjdes m the nodules of the spleen 
and Ij-mph nodes In general, the epithelial cells 
of the animal are well protected agamst the en- 
trance of these antigenic materials but thej^ all 
made an appearance m the hepatic cells and m 

1 Aided bj grants from the Life Insurance Medi- 
cal Research Fund, the Helen Hay Whitney 
Foundation and the Eugene Higgins Trust 


the endothelium of the renal tubules There are 
mmor differences m their distribution which there 
IS no time to descnbe 

The most strikmg difference among the anti- 
gens so far studied is their rate of disappearance 
Crystalbne egg albumm (dose 10 mg) disap- 
peared withm a few hours Crj’stalhne bovine 
serum albumm persisted for about 2 days Hu- 
man plasma gamma globulin (dose 4 mg ) per- 
sisted for a n eek It is apparent that the rate of 
disappearance is mxersely proportional m a rough 
way to the molecular size of the antigen In 
great contrast to this rather rapid disappearance 
of protem antigens, the capsular poly sacchandes 
of pneumococcus tjqie II, pneumococcus type 
III, and Fnedlhnder bacillus type B, mjected m 
comparable doses, persisted for n eeks to months 
In the case of all six of these antigens, the con- 
nective tissue and the phagocydic cells of the 
reticulo-endothehal system contamed antigen af- 
ter it had disappeared from other locations 

An unexpected findmg vas that the protem 
antigens, or fragments of them, could regularly 
be found m the nuclei of all the cells mto which 
they penetrated Tins confirms the data of 
Crampton and Haurowitz, vho found radioac- 
tivity m the nuclear fractions of fiver homog- 
enates after the mjection of proteins labelled 
with (6) 

Tlie method is not only useful in tracmg m- 
jected foreign protems or polysaccharides, its 
utility lias already been demonstrated in the 
study of cells mfected with nckettsiae and with 
viruses (7) For example, the cells of the monkey 
parotid infected vnth mumps virus can be readily 
visuafized by use of labelled antibody against 
the mumps virus Smiilarlj , the nckettsiae of 
epidemic tjqjhus and Rocky Mountam spotted 
fever have been found m infected cells in the 
fiver and spleen of the cotton rat and in smears 
of the gastrointestmal tract of individual m- 
fected lice An extensive study is now bemg 
earned out by Dr Barbara Watson of the prog- 
ress of mumps mfection in the embryonated 
hen’s egg Two other viruses with which pre- 
hnunarj experiments have been successful are 
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mfltienzn A vinis m tlio infected iiioiisc lung and 
m the infected hen’s egg ombno, and the mi us 
of canine liep ititis in the organs of infected dogs 
Work with the liepatitis vims is being carried 
out in collnbonition wutb ]3r L CofTin 
Attempts to perforin tlic same ‘^oit of cxiieii- 
ments with neurotropic Mruscs ha\e so far failed 
Although it was possible to demonstrate mumps 
Mrus in the brain of a monkei with exjicriiiiental 
parotitis but without neurological sMiijitoms (S), 
siniilii attempts wath the Columiiia strain of 
SK nrus and Theilei ’s a irus CiDVII have been 
unsuccessful Attempts to find the I^ansing strain 
of polioiiiA ehtis vims m infected monkci cord 
and brain and m tissue cultures fioni liumun 
skin and brain have so far failed (9) 

The major pitfall m the aiiplication of this 
method is the aerj regular ipjiearance of what 
we have hitherto called ‘non-siiecific staining’ 
(3) It IS already becoming clear that much of this 
non-specific staining is the result of so-called 
natural antibodj , and due to tlie pos'^ession of 


common antigens b} animal tissues of different 
species and bacteria with which the semm donors 
arc fiequcntlj infected So fai in oui studies, A\e 
have aA oided this non-specific staining bj" absorb- 
ing our conjugated antisera AAuth normal tissue 
from animals aaIioso tissues it was proposed to 
studj" But it IS jirobable that this method is 
onij successful when the normal tissue used for 
absorjition contains appreciable amounts of the 
antigen belonging to the interfering antigen- 
antibodj s^ stem Much remains still to be AAorked 
out AAutli regard to such cross reactions 

Despite this difficultj , the use of fluorescein- 
labelled antibodj as a specific histochemical re- 
agent has alreadj proced to be a useful tool m 
the localization of antigemc materials m tissue 
cells It has the disadAantage inlierent in othei 
histocheimcal methods m that it is difficult to 
quantitate, particular!}’- so because the amount 
of light coming from an} gmen cell is Aer}’ small 
Its advantage lies in its apjiarent high sensitmt} , 
and in its specificity 
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IMMUNOCHEMICAL STUDIES WITH LABELLED ANTIGENS^ 

Felix Haurowitz, Charles F Crampton'^ and Raymond Sowinski 
From the Department of Chemistry, Indiana University, Bloomington, Indiana 


Ireviods experiments wnth arsanil-azo-pio- 
teins had demonstrated that most of the antigen 
injected into rabbits chsappears lapidly from the 
blood and passes into hver, spleen, bone mariow 
and lung (1) Similai results are obtained mth 
lodo-ovalbumin tagged with (2) Table 1 
shows the approximate activity of vanous organs 
at different tunes after the injection of lodinated 
ovalbumin 

It IS appaient from the figures lecorded m 
table 1 that the antigen content of the organs 
decreases rapidly during the first hours after in- 
jection of the antigen, but that the decrease 
thereafter is verj^ slow At the end of 29 days 
the hver still contains 0 018 per cent of the in- 
jected activity If this were present as unchanged 
lodo-ovalbumm, it would coi respond to 15 5 jig 
or 2 X 10^^ molecules of lodo-ovalbumm in 62 
gm of hver Since the volume of a hver cell is 
about 10“® to lO"* ml , each cell vould contain 
approximatety 10,000 antigen molecules at the 
end of the 29th day Results similar to those le- 
corded in table 1 were obtained when the amount 
of lodo-ovalbumm injected vas reduced to 9 to 
11 mg or when the lodo-oi albumin was replaced 
by lodinated beef serum globuhn 

In a senes of experiments ve injected in rabbits 
2 to 5 doses of lodo-ovalbunun in mtervals of 3 
days Only the last of these injections was labelled 
by P*' The rabbits were killed 24 hours aftei 
the last mjection The distribution of the actmtx 
in the organs and in the hver fractions w'as the 
same as that which followed a single injection of 
I'’^-iodo-o\ albumin 

The most interestmg result of our experunents 
IS the finding that the injected antigen is rapidly 
incorporated mto the small gianules (microsomes) 
and that it appears shortly thereafter m the 
laige granules (mitochondna) where it remains 
for long periods of tune The separation of the 
granules from nuclei and from the supernatant 


* Supported b}' research grants from the Na- 
tional Institutes of Health, U S Public Health 
Service, and from the U S Atomic Energy Com- 
mission, Division of Biologj^ and Medicine 

- Predoctorate Fellow of the U S Public Health 
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solution (table 1) was achieved by fractional 
centrifugation (2, 3) The yields of nuclei, mito- 
chondria and microsomes were about 20 per cent 
of the total hver homogenate for each of these 
fractions, while the supernatant solution formed 
40 per cent of the homogenate All four fractions 
ivere precipitated by tnchloroacetic acid and the 
precipitated protems w'ashed with acetone ana 
ethanol Table 1 show's the relative activities of 
the washed protems of the subceUular fractions 
Wlien radio-iodinated ovalbumin was added to a 
normal rabbit liver homogenate imder the condi- 
tions used in our procedure, only traces were 
adsoibed to the granules, while the bulk was 
found in the supernatant solution This proves 
that mcorjioration of the antigen into the granules 
occum 171 nvo and not during the fractionation 
The finding of the mtravenouslj' mjected antigen 
m cellulai granules indicates that it passes rapidly 
till ough the membranes of the hver cells Smce 
the molecules of ovalbumin and beef serum globu- 
lin are maci omolecules which are not able to pass 
through semipermeable membranes, we have to 
assume that their incorporation into the hver 
cells occurs b}' some pi ocess akm to phagoc 3 'tosis 
The initial high activity of the microsomes and 
the subsequent appearance of most of the antigen 
in the mitochondna suggest that the antigen is 
at first adsoibed to the large surface of the small 
granules and that it later passes mto the larger 
granules Anothei possibihty to be considered is 
the incorporation of the imcrosomes with their 
load of antigen mto the large granules 
The peisistence of the antigen in the large 
granules is particularlj' mteresting because the 
mitochondria hav'e been considered as self-iepro- 
ducing units, i e as sites of protein sjoithesis (4) 
Possiblj' the} are also the sites of antibodv' s}'n- 
thesis This is m accordance with our v'lew' that 
antibodv' s}'nthesis is essentially protein s}'nthesis 
modified b} the presence of antigen (5) 

The distmct actmty of the nuclei (table 1) is 
m agreement wuth recent findings of Coons and 
Ins co-workers (6) It is not clear from oui experi- 
ments whether the presence of antigen m the 
nuclei IS significant, and whether the nuclei are 
to be considered as antibody producing sites The 
fact that immumt}'' is never transrmtted to de- 
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sccnduits nrikcs n lolc of llic nudoi m !^ntIborl^ 
ntliesis iinpmh'ible 

Libelled nnfigens were aEo used in in altcini)!, 
to elucidate the inecbanisin of Ibe combination 
of antigen with antiboch R ibbits wcic im- 
munized bi injections of azoprotoins and the 
immune sera weie jiiccipit itcd b} the homologous 


to the ecpiation GBn — » GBn-i + B, where G = 
antigen and B = antibody The dissociation 
constants found were of the order K = 10“® to 
10“’' The theimodynamical constants for com- 
bination of antigen and antibody, calculated from 
the values of IfK at two temperatures, are re- 
corded m table 2 


TaBLI 1 InTIIAMVOUS INJFCTION Ol- lODO-OVALDUMIN INTO RABBITS 


AUOVN-T or ANTIOEN INJFCTFn (UO ) 
inn; (in hours after injection) 

IS 

0 083 

so 

1 25 

70 

9 25 

43 

91 

65 

212 

65 

380 

86 

696 

Blood 

G5 G 

13 0 

0 947 

0 002 

0 025 

0 014 


Spleen 

0 31 

0 3S 

0 050 

0 0013 

0 0009 

0 0011 


Lungs 

3 7C 

0 30 

0 042 

0 0072 

0 0058 

0 0049 

0 0026 

Kidnci s 

2 07 

1 24 

0 157 

0 024 

0 0C5 

0 013 

0 0063 

Liver 

IG 1 

IG 0 

2 52 

0 151 

0 OSS 

0 04S 

0 018 

Liver fractions 

Nuclei 

0 SI 

0 7S 

0 93 

1 49 

1 57 

1 77 


hlitochondria 

1 74 

3 5S 

3 03 

2 5S 

3 31 

3 90 


Dlicrosonies 

1 95 

1 02 

0 G9 

0 29 

0 25 

0 21 


Supernatant 

0 53 

0 30 

0 34 

0 44 

0 42 

0 39 



The figures pertaining to organs indicate percentage of the injected activity, those pertaining to 
liver fractions indicate relative activities, when the activity of the liver homogenate in counts per 
minute per milligram is set equal to 1 0 


Table 2 Thermoutnamical constants fob the combination of antigen and antibody 


ANTIGEN 

T>T>e 

Amount 

imiUNE 

5ERUU 

tl 

AFi 

tj 

AFi 

AH 

AS 


mg 

ml 

°c 


°C 




Arsanil-beef serum globulin 

2 0 

G 5 

5 

-8 0 

25 

-8 4 

-2 0 

21 


4 0 

6 5 

6 

-8 0 

25 

-9 3 

-2 1 

21 

Sulfanilovalbumin 

2 0 

1 

11 0 

4 

-S 5 

29 

-9 0 

-2 7 

21 


4 0 

11 0 

4 

-8 7 

29 

-9 2 

-3 0 

21 


AP and aH in kcal/mole, aS in kcal/mole/degree 


antigens Tlie precipitates w^ere w'ashed wnth small 
amoimts of 0 9 per cent sahne solution, then 
suspended in large volumes (35 ml ) of sahne 
solution for the deteianmation of their solubility 
at different tempemtures After centrifugation it 
was found that the supernatant solution con- 
tamed mamly antibody, w'hile onlj" traces of anti- 
gen Were dissolved Endently, the precipitated 
antigen-antibodj'' complex dissociates accordmg 


Wide the free energy change (aF) and the 
heat (aH) of combmation are negative, the 
entropy change is positive The positive value 
of aS is unexpected because the combmation of 
molecules is generally accompamed bj'^ a decrease 
m entropj’’ The mcrease m entropj'^ indicates 
that the combmation of antigen wuth antibodj’’ is 
accompamed bj’’ a release of water molecules 
from the combinmg sites of the macromolecules 
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ANTIBODY FORMATION IN SURVIVING TISSUES^ 

Helen M Ranney* and Irving M London* 

From the Department of Medicine, Columbia University College of Physicians and Surgeons, 

New York City 


ATTEMPT has Ijeen made to develop a 
technique foi detennming the capacity of van- 
ouB tissues foi synthesizing antibodies in miro 
This technique is designed to a-void the difficulty 
of detennmmg whethei antibody present in a 
tissue has been sjmthesized by that tissue or 
whether it has been transported to the tissue 
from its ongin at another site 

By immunizing animals and sacnficmg them 
at a time when their serum antibody titer is 
high and, presumably, when antibody is being 
synthesized acti\ely, it is possible to obtam 
surviving tissues which aie still capable of form- 
ing antibody Incubation of a tissue, which is 
synthesizing antibody, uuth an isotopically lab- 
eled ammo acid permits the utihzation of the 
ammo acid for the synthesis of new antibody 
piotem Tlie capacity of a tissue for forming 
antibody may be u^dicated therefore by the pres- 
ence of isotope m the antibody which is obtained 
by precipitation with its specific antigen 

METHOD 

Young adult labbits weie injected mtraven- 
ously with a suspension of formalm-killed type 
VIII pneumococci Appiovimately 4 bilhon or- 
ganisms were mjected 3 or 4 times per week, and 
the animals were killed by^ exsangumation after a 
minimum of 6 weeks of such immunization 
Tissues a ere removed and slices of 0 5-mm thick- 
ness neie prepared Appio\imately 10 to 15 gm 
of net tissue Oess in the case of spleen control) 
were placed m 50 cc of medium of the following 
composition (mM/1) Na, 142 5, K, 10, Ca, 2 5, 
Cl, 117 5, HCO3, 40 About 7000 u of pemcilhn 
and 10 mg of carboxyl-labeled glycine 
(CH.*NH2C''*00H) were added to each flask A 
stream of 95 per cent O 2 and 5 per cent CO 2 was 

' This v ork was supported by a grant from the 
American Cancer Society' on the recommendation 
of the Committee on Growth of the National 
Research Council 

• Fellow of the Amencan Cancer Society 

® Welch Fellow m Internal Medicine, National 
Research Coimcil 


passed through the mixtures for 1 to 3 minutes, 
the flasks ivere then stoppered, and the prepara- 
tions were incubated mth agitation for 4 hours 
at 37° C After mcubation, the medium uas 
separated from the tissue slices by centrifugation 
at high*speed The clear medium uas concen- 
trated 5- to 10-fold by negative pressure dialy'sis 


Table 1 C“ activity of pneumococcus viii 

SPECIFIC PRECIPITATE 


TISSUE 

WET 

WEIGHT 

or 

TOTAL 

TISSUE 

INCU- 

BATED 

•“S 

°8 

1 

ei 

H 

TOTAL 

ANTI 

BODY 

N 

C'< 

ACTIVITY^ 

OF 

SPECTFIC 

PEE- 

CIPITATZ 


gm 

mg 

mg 

counlsj 

mtn 

Liver 





Control’ 

90 

90 

25 0 

2 

Experimental 

180 

120 

4 6 

93 

Kidney 





Control’ 

20 

20 

6 4 

8 

Expenmental 

30 

30 

1 9 

7 

Spleen 





Control’ 

4 

10 

4 4 

0 

Experimental 

10 

10 

0 25 

630* 


* C'^ activity of the glycine is 1 25 X 10* counts 
per minute per standard dish of glycine of infinite 
thickness 

* Expressed as C'* activity per standard dish of 
specific precipitate of infinite thickness 

’ Tissues from a non-immunized animal with 
pneumococcus VIII antiserum added to the me- 
dium 

■* This value is approximate because of the cor- 
rection of the actual counts (126) to counts at 
infinite thickness 

against buffered sahne Antibody m the medium 
was precipitated by the addition of an appropriate 
amount of pneumococcus type ITII polysac- 
charide The specific precipitate uas waslied mtii 
cold sahne three or four tunes and determina- 
tions of the radioactivity of the specific precipi- 
tate were earned out mth a Q-gas counter All 
samples were counted for a mimmum of 30 mm- 
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\ites, the radlO'lctlVlt^ is cxpicsscd ns rounts jioi 
minute nbo\e background 
Tlie jiossibilih that the radioactivity of tlic 
bpecific precipitnlc might be due to adsoijition or 
co-precipitation of radioactne glycine nr of any 
of its dcn\ atn es w as considered To sonic extent, 
dialysis reduced the possibility of adsorjition, but 
to test the second jiossibility the following con- 
trol axpenment was done Tissues fioin a noiinal 
non-mimunized rabbit were rcnio\ed and jire- 
pared in the same manner as in the ])re\ious 
e-vpenment, m addition, howc\er, senim from a 
rabbit which had been immunized to pneumococ- 
cus type 5TII was added to tlic medium before 
incubation The preparations were incubated, 
centnfuged, dialyzed, and the antibody jirecipi- 
tated wath type VIII polysaccharide 

RESULTS 

Results of these experiments are presented in 
table 1 Work is now in progress to confirm and 
to extend these preliminary findmgs 
The results indicate that the spleen and liver 
are capable of symthesizing antibody in vitro 
Synthesis of antibod\ by' splenic tissue has been 


describcfl by Parker (1), Fagraeus (2), and Rob- 
erts and White (3) Tims far we have been un- 
able to demonstrate such synthesis in kidney' 
tissue The absence of significant radioactivity' 
in the control indicates that non-specific adsoip- 
tion oi co-jirecipitation of isotopically' labeled 
jiroducts does not account for the isotope activity' 
obseried m the specific precipitates of the e\- 
lierimental preparations However, control prep- 
arations differ from the experimental preparations 
in this respect in the latter some antibody' is 
presumably' intracellular and may' be exposed to 
conditions different from those of the control 
preparations in which the added antibody' may' 
remain exti acellular Vhethei this consideration 
IS significant c innot be determined at the present 
time 

DISCUSSION 

Tiiese findings indicate that this techmque 
affords a means of demonstrating the ab±ty of 
tissues to form antibodies in vitro By' studying 
the ability of mdnidual tissues and of smaller 
structural units to symthesize antibody', it may 
be possible to dehneate more clearly' the sites of 
antibody' formation 
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BEHAVIOR AND PERSISTENCE OF AZOPROTEIN TRACER 

ANTIGENS IN MICE' 

Philip D McMaster and Heinz Kruse 
From the Laboratories of The Rockefeller Inshtute for Medical Research, New York City 


TT 0 DETERMINE the sites froRi which the initial 
stimuh to antibody formation arise the fate of 
certain tiacer antigens is under study A recent 
paper (1) descnbes the preparation of some deeply 
blue, antigemc azoprotems, and the methods for 
riddmg these preparations of unhnked or free 
dye Followmg mtravenous mjections of these 
substances mto mice some sort of blue material 
appears m various tissues and remains in them 
for weeks Howevei , the visible presence of color 
m tissues, hke the demonstration of radioactivity 
followmg mjections of radioactive tracer antigens, 
is no proof that mtact antigen is locahzed in the 
cells Tlie dye may be spht off rapidlj'^ while 
the dye protem is still circulatmg m the blood, 
so that free dye enters the cells, or, the dye may 
be spht off from the protem after it enters the 
cells, and there be retamed Further, the protem 
portion of the azoprotem may be broken down 
sufBciently to lose its antigemcity, either while 
m the blood or soon after being taken up by the 
tissues 

To ehmmate the first of these {lossibilities an 
extremely diffusible dye, echt-sauie-blau, has 
been diazotized and coupled to either boiane 
T-globuhn (1) or to human albumin 

This dye is not degraded m the bodies of mice 
mjected with it, instead it is so diffusible that 
it IS rapidly ehminated from the body m 2 or 
3 hours without bemg stored mtracellularly as 
granules, or m vacuoles The dye does not, by 
itself, form combinations with proteins Clearly, 
if such a dye, coupled to a protem and mjected 
mto mice, should become spht off from its pro- 
tem while m the blood stream, no blue matter 
would appear m the cells, if spht off after its 


^ The present note Bummanzes briefly some 
findings come upon in this laboratory during the 
course of work carried out mth certain azoprotem 
tracer antigens Since some of the work has al- 
readj been published and the remainder is m the 
process of publication in exlenso elsewhere, de- 
scnptions of the physiological reactions here 
mentioned and the presentation of data will be 
omitted 


entrance into the cells, it would be rapidly elimi- 
nated from the body 

By contrast, injections of the two azoprotems, 
formed from this dye, unlike mjections of the 
d 3 ie itself lead to the progressive accumulation 
and storage of blue granules m many organs, 
especially m the Kupffer cells of the hver, reticulo- 
endothehal cells throughout the body, and m the 
kidDej”^ tubules ^ Consequently some sort of linked 
djm protem, not necessarily mtact antigen, is 
taken up and stored Is this material the original 
antigen? 

STORED BLUE MATERIAL IS RETAINED ANTIGEN 

Complement-fixation tests readilj'' answered 
this question when earned out upon hver emul- 
sions and blood from mice mjected mtravenously 
with the azoglobuhn Soon after the mjections 
the deeply colored blood juelded strong reactions 
for antigen, the lightly colored hver tissue con- 
tamed some too, but m smaller amounts, a find- 
ing that might be attributed to hver blood How- 
ever, as time passed, both color and antigen titer 
decreased m the blood and mcreased m the hver, 
until, m two or three days the organ held far 
more of both than the blood (1) The blue matter 
accumulating m the hver seemed to be active 
antigen After a fortnight only faint traces of 
antigen remamed m the blood, but, by contrast, 
the blue material, whether antigen or not, was 
retained much longer m the hvers and mesenteric 
IjTnph nodes, mdeed all the intracellular colored 
matter did not disappear from these organs for 
85 to 120 days 

The finding suggested that antigens may per- 
sist m very small amounts, withm certam cells, 
longer than is generally supposed, thereby stimu- 
latmg prolonged antibody formation To investi- 
gate the matter it seemed wise to study the 

* Very recent work has shown species differences 
m the distribution of these azoprotems In rabbits, 
for example, the kidney tubules take up far more 
of the blue matenal than the hvers or mesentenc 
nodes, although both of the latter contain muen 
This is the reverse of the state of affairs in tne 
mouse 


564 



June 1951 


AZ0PR0TI5IN TRACER ANTIGENS 


565 


persistence of a natunil intigcn, prefernbh the 
protein from winch the artificial tinccr was de- 
rived, because, should the natural antigen be 
destroyed rapidlj m the body, the fate of the 
artificial tracer w'ould bo of little interest Ac- 
cording!} an attempt w as made to determine the 
full span of pei-sistence of even the faintest traces 
of bo^ me 7 -globuhn detectable in the blood and 
certain organs of mice, intra\ enousl} injected 
with it Since it seemed most unlikely that the 
minute amounts of antigen to be detected could 
be successfully extracted from organs for com- 
plement-fixation tests, resort ivas had to a more 
delicate method for the pursuit of the problem 

EXTREMELX SENSmVE TEST EOR DETECTION OF 
TRACES OF ANTIGEN WTTHIN TISSUES AND 
BODl FLUIDS 

An earher paper ( 2 ) has described a techmque 
by which extraordmar} spasms and other specific 
vascular reactions in the blood vessels of the 
ears of anaph} lactically sensitive mice are ren- 
dered visible under the microscope when the 
ammals are challenged with an mtravenous, 
shocking dose of antigen These reactions occur 
even m mice too weakly sensitive to show any 
of the other signs of anaphylaxis It now' appears 
that similar ear vascular reactions, hereafter 
termed EVR, occur in mice mjected with various 
antigens and challenged later with appropnate 
antisera (reversed passive anaphylaxis) The EVE. 
are so sensitive that one can inject as little as 
0 5 to 0 1 ;xg of bovme T-globulm, as antigen, 
mto the pentoneal cavities of noimal mice of 
the Rockefeller Institute stram^ and detect the 
absorption of some of it b} a subsequent mjec- 
tion of ver} strong rabbit anti-bovine 7-globuhn 
serum A description of these reactions and their 
differentiation from certam physiological reac- 
tions which occur from tune to time m the ears 
of intravenously mjected, normal nnce wdl be 
presented fully elsewhere (3), m a paper now m 
press, smee the matter is a compheated one, and 
it cannot be adequately presented m a brief sum- 
mar}' 

The extreme sensitivity of the E'iTtl made it 
seem likely that mice could be used to advantage, 
as test animals, to detect the presence of truly 
minute traces of antigen persistmg m the tissues 

’ Different strains of mice have now been found 
to vary enormously in their sensitivity to reversed 
passive anaphylaxis The strain used for this work 
is especially sensitive 


01 bodi fluids of ammals jireviously injected with 
it 

TESTS ion PRESENCE OF ANTIGEN PERSISTING 
IN RLOOD OR TISSUES 

Normal mice were injected intravenously w'lth 
5 mg of bovme 7 -globuhn (0 1 ml of a 5% 
solution) per 30 gm of body w'eight At vanous 
intert'als samples of blood and ground liver, or 
mesentenc nodes, from these ammals (donors) 
were injected intrapentoneally mto normal mice 
(recipients) Two days later, before antibod} 
formation could take place, the recipients were 
intravenously injected w’lth strong, rabbit anti- 
bovine 7 -globulm serum The occurrence of the 
specific type of EYE indicated the absorption, 
from the peritoneum, of antigen present m the 
materials transferred from the donor mice Suit- 
able controls w'ere employed at all times 

PERSISTENCE OF ANTIGEN 

In tw’o senes of ex-penments recipient nuce 
show'ed specific E^^R after transfer of blood from 
donors mjected w'lth the antigen 56 days previ- 
ously All reactions after longer penods were 
negative The transfer of hver tissue, up to and 
mcludmg 101 days after mjectmg the donors 
with antigen, sensitized tlie recipients sufficiently 
to yield positive, specific EVE upon the mjection 
of the antiserum There was therefore a stnkmg 
sunilanty m the penod of persistence of the bo- 
vme 7 -globuhn, as antigen, m the hvers of these 
donors (101 days) and that of the blue material, 
w'hether antigemc or not, m the hvers of the 
other mice mjected with the azoglobuhn (85-120 
days), as mentioned above The findmg called for 
a direct axperunent to find out Does the transfer 
of tissues from donor mice, injected w'lth an 
azoglobuhn, to normal recipients lead to the 
production of positive EVE as long as the trans- 
ferred tissues show the visible presence of colored 
material of some sort m them? If so, it is most 
hkelx that the colored material is still the antigen 

AN AZOPROTEIN INJECTED INTO iUCE SEEMS TO 

RETAIN ITS ANTIGENICITY AS LONG AS COLOR 
REMAINS VISIBLE IN TISSUES 

A direct test was accordmgl} made Since the 
101 -day penod, over which jiositive EtTl had 
been obtained b} the transfer of hver tissue from 
mice mjected with plam bovme 7 -gIobuIm, was 
so much like the 85- to 120-da} persistence of 
color m the hvers of other mice mjected with 
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the azoglobuhn, presumptive evidence seemed to 
be already at hand to indicate that the colored 
matter was still antigemc, at least as far as the 
azoglobuhn was concerned It seemed wise there- 
fore to employ a different protem for the direct 
test, and, by so domg, to answer not only the 
question asked above but also two other related 
questions Does an azoprotein persist, as an 
antigen, for the same length of time as the pro- 
tem fiom which it IS derived, and, do different 
proteins persist, as antigens, for unequal periods 
of time? 

To answer these questions, a new azopiotein, 
prepared by couphng to human albumin the same 
dye that had previously been hnked to bovme 
7 -globulm, was mjected mto scoies of imce, as 
donois At veekly inteivals thereafter the pres- 
ence of antigen, persistmg in the blood and cer- 
tam tissues m the donors, was sought by tlie 
detection tests mentioned above As tune passed, 
the blue matenal, stored m the tissues of these 
mice injected with the azoalburmn, disappeared 
far more rapidlj than had the colored matter 
after like mjections of the azoglobuhn At the 
23rd daj the lecipients, which got transferred 
blood from these donors, no longer showed posi- 
tive, specific E^rR At the 36th day transfei tests 
made with ground luer tissue, which contamed 
only famt traces of blue matenal, yielded ver}' 
Tveak, positive EVR m the recipients The trans- 
fer of giound mesentenc nodes, uluch contamed 
moie persistmg blue material than the fivers, 
gave somewhat strongei detection tests (EVR) 
for antigen m other recipients 

Highlj sigmficant ueie two series of tests per- 
formed 42 and 43 da 3 "s aftei mjectmg the azoalbu- 
mm mto the donor mice The h\ei's of these 
animals showed no remaimiig blue u hen exaimned 
grossty, or when magnified at low powers (10 or 
20 times), under a dissectmg microscope By con- 
trast, the mesenteric Ijmph nodes held famt 
traces of blue The recipients that got transferred 
fiver tissue from these donors juelded negative 
EITl, whereas transfei of the faintlj'^ colored 
nodal tissue gave positive EVR Clearly, as long 
as the blue matenal lemamed visible m the tis- 
sues, the detection tests for antigen remained 
positive 

PLAIN ALBinvnN AND DI'L-AZOALBTIMIN YIELD 
POSITIVE DETECTION TESTS POR SimLAB 
PERIODS 

Scores of other donor mice uere intravenously 
injected mth plam human albumin, mstead of 


the azoalbumm, and transfer tests from these 
donors were carried out m the same manner 
The EVR m the recipient imce becanie negative 
at the same tune mtervals as m the experiments 
ivith donor mice injected uith the coupled azoal- 
bumm, that IS to say, the protem and the azo- 
protein denved from it, yielded positive detection 
tests for approximately the same length of tune 

It IS to be stressed that control tests, too com- 
plex to descnbe here, showed that the appearance 
of the EVR m all this work could not be at- 
tnbuted to traces of antigen m the antisera re- 
acting with antibodv transferred to the recipients 
from the donors 

WIDELI DIFFERENT PROTEINS HELD ANTIGEN 
DETECTION TESTS FOR UNEQUAL PERIODS 

The expermient just described answered the 
last of the questions posed above Both the plam 
human albumin and the coupled dye-azoalbumm 
juelded positive detection tests on the 42nd day, 
after injecting the donors, but not thereafter, 
while the bovme y-globuhn yielded positive EVR 
for 101 days 

BEHAVIOR OF COLORED RESIDUES INDICATES AN 
UNCHANGED STRUCTURE 

It IS of much mterest that, followmg the m- 
jection of plam globulin mto donor mice, the 
detection tests foi that antigen m their tissues 
remamed positive two and one-half tunes as 
long ns tests for the detection of plam albumm 
m the tissues of donors similarly mjected with 
that piotem In complete accordance with this, 
the persistence of colored matter m the fivers of 
mice mjected inth the azoglobuhn and the azo- 
albumm, respectivelv, differed m the same man- 
nei Yet the same dye was coupled to both pro- 
tems 

Had the presence of color in these tissues, long 
after injection, been due to dye, split off from 
the protem to which it had originally been 
coupled, and either free m the cells or bound to 
cellular proteins, then its persistence should have 
been the same in all the tests But this was not 
the case In mice mjected with azoglobuhn color 
persisted m the fiver for 85 to 120 days, m the 
ammals mjected with azoalbumm color could be 
found m that organ for less than 42 days, and 
for only a few more daj's in the mesentenc 
lymph nodes These differences are similar to the 
periods dunng which positive detection tests can 
be elicited after mjectmg the respective azo- 
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proteins From all tins it would seem to follow 
that tlic color belm\cd as though still coupled to 
its respective jirotcm 

COMM l- NT 

Since the hluc ti iccr antigens seem to ictuii 
their antigemcit\ as long is hhie color can he 
seen m the tissues thc\ should ser\e not onh 
to indicate the sites from which the initial stimuli 
to antihodj formation must emanate, when tis- 
sues are examined a few daxs after injecting the 
animals, hut the\ should show the whereabouts 
of antigen during prolonged antihodx formation 

Little has been said of the distribution of these 
azoantigens, because a prc\ lous paper h is fullj 
described the state of affairs during the first few 
days after injection (1) when the blue material, 
taken up by the cells, has been definiteh shown 
to be still antigemc It has seemed best to delaj 
an exliaustive studj of the later distribution of 


the blue matter seen m the cells, long aftei in- 
jecting mice w ith the azoiiroteins, until the w'ork 
here described could indicate with moie ceidaintj 
w bethel 01 not the blue material is still the 
antigen itself, and until more could be learned 
about the span of iiersistence of some natural 
antigens Such a study will be undertaken shortly 
In conclusion it is necessary to note onl}"^ that 
the ])i-cscnce of mtravenoush injected azoprotem 
antigens within certain cells of the reticulo- 
endothelial sj stem, long after detectible amounts 
have disappeared from the blood, is highly sig- 
nificant for hj^iotheses of antibody formation, 
for among the xanous reticular cells in Ijnnph 
nodes and elsewhere, that take up and store 
these colored antigens, aie some of those that 
max giye rise to jilasma cells, Ij mphocjdes, and 
othei cells noxv suspected of cairjnng antibodj 
WHiat happens betw een the storage of antigen bj" 
these reticular cells and the appearance of anti- 
bod}'^ m their daughter cells is x^et to be learned 
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RADIOLABELLED ANTITISSUE ANTIBODIES 

David Pressman 

From the Sloan-Kettenng Institute for Cancer Research, New York City 


T^here have been many studies made m the 
field of antitissue antibodies especially m con- 
nection with certam diseases which appear to 
have an etiology of autoimmumzation in which 
the mechamsm of the disease process is a produc- 
tion by the mdmdual of antibodies against his 
own tissue and a subsequent reaction of these 
antibodies with the tissues Some diseases w’hich 
appear to be of this categorj'^ are glomerulone- 
phritis, multiple sclerosis, rheumatic heart dis- 
ease, certam anemias, penarteritis nodosa, lupus 
erythrematosiB etc Also manj attempts have 
been made smce the turn of the century to use 
antisera prepared agamat malignant tissue, thera- 
peutically, m the treatment of cancer It seems 
reasonable that if an antibody w'hich can produce 
a physiological effect is present m an antiserum it 
must first mteract with that tissue in order to 
produce such an effect Thus, progress would be 
made if it could be demonstrated that there are 
antibodies m antitissue sera which actually go to 
the tissue m question Further, it is not impos- 
able that, if antibodies can be found which go 
specifically to a tumor tissue, tliey can be made 
to carry physiologically active amounts of radio- 
activity to the tissue 

We have been able to trace the in vivo localiza- 
tion of the mjected anti-kidney and anti-lung 
antibodies by labehng them wuth radioactive 
iodine (1, 2) or radioactive sulfur (3) and follow- 
mg the localization of the radioactivity The 
radioactive labels can be easily attached to anti- 
body molecules without destroying antibody ac- 
tivity (1, 3, 4) and the antibodj" can be followed 
very sunply by following the attached radio- 
activity by a countmg or radioautographic 
techmc 

Actually, the fraction of the total piotem m a 
serum which is locahzmg antitissue antibody is 
very small Only a small fraction of the total 
radioactivity m a labelled serum is attached to 
locahzmg antibody smce the label is distributed 
over all of the proteins present Therefore smtable 
controls of normal serum or antiserum specific 
to a heterologous antigen were run Positive anti- 


tissue localizing actnitj was shmvn by a signifi- 
cantly gi eater localization in the tissue from the 
antitissue seium than from the controls The 
backgiound radioactivity W’as i educed by label- 
ing only the globuhn fractions of the antiserum 

It has been possible by the use of such labeUed 
antisera to show that antibodies present m anti- 
sera prepared against kidney' tissue locahze to a 
high concentration in the kidney w'lth some local- 
ization m the hver, and antibodies in sera 
prepared against lung tissue locahze primarily in 
the lung and kidney' In these experiments the 
antisera w’ere prepared by myectmg rabbits w'lth 
rat lung or kidney tissue The globuhn fractions 
were obtamed by' fractionation with alcohol or 
ammomum sulfate and were labeled by lodmat- 
mg with iodine contammg I**^ or by couphng 
W'lth diazotized p sulfamlic acid contaimng S*‘ 

Tlie duration of the radioactivity which local- 
ized in the kidneys mdicated that the half hfe 
of the locahzmg antibody in the kidney is of the 
order of 20 days (5) Tims it appears that the 
antibody' locahzmg m the kidney' is fixed m such 
a manner that it cannot be metabohzed by the 
cells Moreover the radioantibody is localized 
very rapidly', within a smgle passage tlirough the 
kidney (6), and the locahzation takes place pri- 
marily m the glomerular tuft (3) 

Because of the rapidity of the localization, the 
locahzation must take place on some structure on 
which there is very' extensive and complete con- 
tact between the blood stream and antigen re- 
sponsible for the localization Such contact 
probably obtams only' between the blood and 
the vascular bed of the organ showmg specific 
locahzation Moreover the localization probably 
takes place on the surface of the cells responsible 
foi this locahzation Further evidence supporting 
this assumption is that the antigen m kidney' 
tissue which causes the locahzation is insoluble 
m salme 

We have shown that the antisera prepared 
against whole kidney tissue contain antibodies 
which will react with soluble components of kid- 
ney tissue and antibodies which can react with 
insoluble components (7) However it is onh 
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those winch icitt willi iiiM)lul)Ie compononls 
winch nre responsible foi the Im !ili7 ition cffeel 
The nonloc ilirnift inlibodics arc iirobablj 
formed against (be soluble (oniponcnls of the 
Ividney winch arc apiiaicntly intniecllularand the 
corresponding nn(ibod\ iiiolccnlcs aio iionloc di7- 
ing since they ippircntlydonot jiass through cell 
membranes npidh enough to coinbinc to anv 
1 irge extent w ith the internal antigens The paral- 
lelism between t;he jiropcrtios of the locahring 
antibody and the ncphi-otoxic factoi is reported 
b\ others indicates the idcnliU of these anti- 
bodies 

Recentb we found that it is possible to elute 
the antibod} which his locih/ed and that this 
purified antibody can go siiccificalh to the tissue 
from which it was prepared (S) Thus anti-rat- 
kidne^ antibodies eluted from the kidnexs of 
rats recemng radioiodinated anti-rat-kidnej 
serum goes to the kidnej s of i ecipient rats to the 
exdent of 10 per cent whereas onh about one- 
half per cent of the original radioactn ity localized 
in the kidnej’’ of the donoi rat Howevei there 
are also antibodies in anti-rat-kidiiey serum which 
localize somewhat in the liver and lung Wien 


the antibodies are eluted from these oi'gans they 
have the jiioportv of returning to the kidney and 
also to the organ of the original localization 
Thus, radIoactIVlt^ origmall}^ localized in the 
liver, after elution, goes back to the liver and 
kidnex , w bile material onginally localized in the 
lung goes back to the lung and kidnej’- All of 
these antibodies were originally prepared agamst 
the kidncx Similar results were obtained with 
specific ])urification of antilung antibodies The 
localization m the xanous tissues reflects the 
heterogeneity of the antiboches 
That the diflferent organs tested can fraction- 
ate the antiserum and jireferentially remove cer- 
tain antibody components indicates differences 
111 the x'ascular beds of these organs w'hich can 
be observed xxnth the techniques described here 
In those penxascular diseases which appear to 
liaxm an etiology of autoimmumzation it may well 
be that the damaging antibody is antibody to the 
xmscular bed of the tissue affected and this damag- 
ing antibody localizes as rapidly as it is formed 
The specificity of the xmscular bed xvould then 
determine xx Inch organ is affected 


REFERENCES 


1 Pressman, D and G Keighlei J Immunol 
59 141, 1948 

2 Eisen, H N , B Sherman and D Pbesssian 
J Immunol 65 543, 1950 

3 Pressman, D , H N Eisen, M Siegel, P J 
Fitzgerald, B Sherman and A Silverstein 
J Immunol 65 559, 1950 

4 Pressman, D and L A Sternberger J Am 
Chem Soc 72 2226, 1950 


5 Pressaian, D j Immunol 63 375, 1949 

6 Pressman, D ,H N Eisen and P J Fitzger- 
ald J Immunol 64 281, 1950 

7 Eisen, H N and D Pressman J Immunol 
64 487, 1950 

8 Pressaian, D and B Sherman Federation 
Proc 10 416, 1951 



AMERICAN ASSOCIATION OF IMMUNOLOGISTS 

Symposium on Hemagglutination by Viruses Which Do 
Not Specifically Elute'' 

Chairman George K Hirst 


IN VITRO REACTIONS OF PNEUMONIA VIRUS OF MICE (PVM) 
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Ineumonla virus of mice (PVM), a latent 
infectious agent, may produce extensive viral 
pneumonia and often death m its natuial host, 
the mouse (1) The study of the pneumoma 
produced by this agent as an experimental model 
for the stud}' of a viial lespiratory disease (2-4) 
has been materially aided by the demonstration 
by Mills and Dochez (5) that this pneumotropic 
vii-us, under pioper conditions, produces hemag- 
glutmation of mouse led blood cells In addition, 
this phenomenon has permitted detailed investi- 
gation of the leactions between PVM and host 
cells (2, 6-8) This paper will be concerned with 
these reactions and the essential factom involved 

Tissue fluid expiessed from whole (5) oi sliced 
(9) PVM-infected lungs produces agglutination 
of mouse RBC, w'heieas suspensions of ground 
infected lungs do not clump er}'throc}'tes How'- 
ever, if such lung suspensions are heated at 
temperatures from 65° to 80°C for proper periods 
of time (2, 5), hemagglutination of added mouse 
RBC results Addition of fresh mouse lung sus- 
pension agam inhibits the agglutination reaction 
This phenomenon can be repeated mdefimtel} 
without altenng the viras When heated PVM 
and mouse RBC aie mixed and aliquots re- 
moxed at intervals, it is readily shown (2) that 
not onh does viras combine with the ei^dhio- 
cytes, but also that spontaneous dissociation 
does not occur This is at vaiiance with the 
infiuenza-mumps-NDV group of viruses which 
do lelease themselves from the bound state (10) 
Tlie^'e facts suggest that, although virus ma} be 
in a free state m the mtact lung, disruption of 
the cells results m combination of PVM with a 
heat labile cell component The fact that viral 
jireparations w'hich do not produce agglutination 
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of mouse RBC aie not filterable through Coors 
no 3 filtem, and aie leadil} sedimented by 
high speed centrifugation, whereas preparations 
which hemagglutmate mouse RBC are readily 
filtered but cannot be easily sedimented in high 
gmx'itational fields (6, 9) is e\ndence that PVM 
actuall} combmes w'lth tissue particles PVM 
m the combined state is much larger than 
the free I'lral particle, of the order of 140 rofi 
as compaied w'lth 40 m^x (9) That the particles 
which leact with mouse RBC are mdeed PVM 
pai tides has been established (2) 

Dissociation of P\'Til from tissue component 
can be accompbshed not onl} b} heat or high 
pH (2, 6), but also, as indicated m table 1, b}' 
reducing the electrolyte concentiation of the 
suspension (8) Thus, pieparation of PVM- 
infected mouse lung suspension m distilled w atei 
or 0 25 M dextrose or sucrose permits direct 
hemagglutination of mouse RBC, and the free 
virus IS fully mfectious The addition of NaCl to 
0 15 M concentration results m combination of 
virus and cellular matenal which indicates that 
the reduced electrolyte concentration does not 
altei the capacity of eithei the virus or lung 
particles to combme Furtheimore, repeated dis- 
sociation and association of the PVM-cell com- 
ponent complex can be accompbshed A similai 
dependence upon the electrol}'te concentration 
and pH IS observed foi the PVM -mouse RBC 
complex (8) The lomc lequirements are not 
specific, either mono- or bivalent cations can be 
employed without mfiuencmg the capacity of 
lung particles oi mouse RBC to bind virus 
VTien fiee infectious viras is employed to demon- 
strate PVM-RBC combination, the virus remams 
mfectious when conveited agam to the free state 
Furtheimore, the RBC are unaltered by combma- 
tion with virus, and subsequently show undimin- 
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ibhecl c!ipicit\ to iccoml)inc with vmis 
Sequentul cj'clcs of coinlwintion luul dissocmlion 
of PVM anti mouse RBC can lie icpcatcd at will 
appropriate icgulation of the elcctrohtc con- 
centration and pn of the mixture (8) In contiast, 
the influcnz\-nuinvpb-NDV gioup of xiniscs ir- 
reversibh alter the cell surface of ei ^ throcytes 
with which thc\ combine, and subsequent com- 
bination of Mills with the sjimc cells docs not 
occni (10) 

Earlv iin estig itions (2, 7) suggested that I’VM 
combined onb with a component in those lung 
tissues which are susceptible to infection with 
this agent Subsequent studies (11), einploxing 
more sensitue methods, indicate that, although 
corabmation is greatest with particles from cells 
which are susceptible to infection, PVj\I can 
nevertheless combine w ith a number of inanimal- 
lan tissues in which this xinis does not multiiih 


TAIII I- 1 Pill PAllATlONb W'llicai YlbLl) PNEUMONIA 
\inus or Micr in xahious states 


STATE 1 

preparation 

1 Free infectious 

Infected lung — squeeze 


Infected lung — slice — 


squeeze 


Infected lung suspension 


with <0 01 M electro- 


R to 

2 Free uomiifcctious 

70‘’C/30 minutes 


pii 11 0 

3 Combined mfee- 

Infected lung suspension 

tious 

ultli >0 1 M electrolyte 

1 

4 Conilnncd nonin- 

‘2’ -f- fresh lung particles 

fcctious 



Table 2 Properties of pneumonia mrus op xiice (pim) in relation to its states 


PROPERTIES 


STATE OF MRUS | 

InfcctiMtj 

^ Hemagglutination 1 

Combination! 
with lung ' 
particles 

Specific 

complement 

fixation 

Specific 

nntigenicit> 

Size 


mice 

Unheated 

After 70°C 


Free'^infectious 



+ 

+ 




Free noninfectious 



-h 

-f 




Combined infectious 



+ 

0 




Combined noninfectious 



+ 

0 





In not a smgle instance, how'evei, has it been 
possible to demonstrate the association of PVM 
wath tissue of the chick embryo, an animal com- 
pletely resistant to infection wath this vuais (2, 7) 
Combination between PVAI and various adsorb- 
ents IS likewise demonstrable (11) The combma- 
tion of PVM with tissue particles or RBC appears 
to be more dependent upon the lomc composition 
of the miheu than is the formation of similar 
complexes by the mfluenza vnaises (cf 
table 3) (8) 

It is now clear that PVM may be obtamed m 
four separate and distmct states 1) free infec- 
tious, B) free noninfectious, S) combmed infec- 
tious, and 4) combmed noninfectious (6) The 
methods bx which vunis m each state may be 
obtamed aie summarized m table 1 Experimental 
data suggest that for the most part P^TM exists 
m the mfected mouse lung m the ‘free infectious’ 
state, but whether the other states exist naturally 
m the infected host has not been determmed 
Certain data (12) suggest that an infected mouse 
lung suspension which is able to produce a pro- 


gressive mfection m the mouse contains both 
infectious and noninfectious viral particles, both 
of which produce agglutination of mouse RBC 
Table 2 summarizes some of the biologic and 
physical properties of the viral particles m each 
state Although the mechanism bj’’ which PVM 
m the combmed mfectious state produced infec- 
tion m the mouse lung was mitially puzzhng, it 
has been demonstrated that the lung possesses 
an enzyme winch hbeiates mfectious mtus from 
the combmed state (7) The free infectious virus 
ma 3 '' then combme with susceptible host cells, 
mvade these cells, and multipty to form new 
particles w'hicli then lead to pneumonia (3) 

It IS evident that the reactions between PVM 
and tissue particles or mouse RBC are different 
from those of the influenza-mumps-NDV viruses 
with comparable cells Some of these leactions 
are summarized and compared m table 3 It will 
be noted that neither inactivated animal nor 
human sera contams a substance, other than 
antibody, which reacts with PVM to inliibit 
combination with mouse RBC, whereas the pres- 
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ence of such nonspecific inhibitors of hemagglu- 
tination by influenza viruses has been -mdely 
observed (13) The other reactions likewise clearly 


mumps virus mterferes with the multiplication 
of PVM but not with influenza viruses m the 
mouse lung (15) 


Table 3 Compakison of certain reactions of 

PNEUMONIA VIRUS OF MICE (PVM) 

AND INILUENZA VIRUSES 


REACTION 

pvu 

INIXUENZA 

Reaction with RBC 

Mouse , 
hamster 

Chick -f- 

Combination RBC and 

+ 

+ 

tissue particles 



Spontaneous dissocia- 

0 i 


tion 



Virus alteration of 

0 

+ 

‘binder’ 



Chemical nature of 

Protein 

Mucopro 

‘binder’ 


tein 

Electrolyte require- 
ment 



Combination 

>0 10 M 

>0 0015 M 

Dissociation 

<0 01 M 


Enzymatic mactiva- 

Trypsin 

RDE (F 

tion of ‘binder’ 


cholerae) 

Enzymatic inactiva- 

Trypsin, 

0 

tion of virus 

chymo- 

trypsm 


‘Binder’ in serum 

0 

4- 


denote the marked differences m biological ac- 
tivities of these viruses It appears that these 
viruses have dissimilar host cell requirements 
for multiphcation 1) the influenza viruses do not 
mterfere with the multiplication of PVM m the 
mouse lung, nor does PVM preclude the multi- 
phcation of the influenza viruses (14), and 2) 


DISCUSSION 

It has been clearly demonstrated that viruses, 
animal (8) and bacterial (16), can combme with 
morgamc materials such as cehte and glass, and 
as such represent artificial complexes Adsorption 
of certam viruses to mammalian and fowl RBC 
may m a sense be equally as artificial a reaction 
In certam mstances the reaction between virus 
and erythrocyte has been argued, by analogy, 
to be suiular to or identical with the reaction 
between virus and the susceptible host cell winch 
supports viral multiplication That such is not 
the case mth certam neurotropic viruses, GDVII 
(17), SK-MM group (18), and Japanese B viruses 
(19), appears probable By altermg the environ- 
mental conditions m the test tube, combination 
of these viruses with the surfaces of certam RBC 
has been accomphshed and agglutination of the 
erythroc}des occurs The chemical nature of the 
surface of the RBC and the chemical constitution 
of the virus probably dictate the environmental 
factors required to produce the RBC-virus com- 
plex 

Although combination between virus and tis- 
sue components or adsorbents may occur m a 
purely physical sense, it does not follow that 
certam cell surface constituents are not necessary 
for combmation in vivo Indeed, mfection may 
be hmited to those cells which by virtue of their 
chemical constitution permit cell-virus combina- 
tion under the environmental conditions which 
prevail in the host 
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HEMAGGLUTINATION BY VIRUSES AFFECTING THE 
I-IUMAN NERVOUS SYSTEM* 


Alulht B Sauin 

From The Clnldrcn’s Hospital Research Foundation, Department of Pediatrics, 
Unwcrsitii of Cincinnati College of Medicine, Cincinnati, Ohio 


During the jnibt IS inontlib, ]3ocloi'b Edward 
L Buescher, Robert j\I CImnock and I lia\e 
succeeded in demonstruting and elucidating some 
of the properties of the heniagglutinins asso- 
ciated with the Mriises of Jainnesc (Jaj) B) 
enceplmhtis, St Louis (SLE) cnccjilialitis, West 
Nile fe\er and Russian Spring-Summer (RSSE) 
encephahtis ^^^nle each hemagglutinin ])ossesscd 
distinct properties and presented s])eeial jirob- 
lems, certain general principles were found to 
apply to the entire group 

1) Strains of virus which have had a gieat 
nianj passages m mice (over 100) have failed 
to 3aeld hemagglutinin bi methods w Inch ]iroved 
successful for strains which have had fewei jias- 
sages 

2) The electrol^de content and jih of solutions 
used for extraction of infected mouse brains 
have detemuned not onlj the recover}’’ of demon- 
strable agglutinin, but also the subsequent stabil- 
ity of that w-hicli IS recovered Thus, it has been 
found necessara not to use distilled ivater, 113^30- 
tomc buffers, or ph3’siologic salt solution buffered 
just to the acid side of neutraht}^ smee these 
extract enough inhibitor to obscure the hemagglu- 
tinin It was also necessar}’- to avoid extraction 
by means of the Warmg blendor Centrifugation 
of the 0 9 per cent NaCl extract at 13,000 rpm 
for 1 hour (approximately 20,000 X g) removed 
particles, which destro3’ed the Jap B hemagglu- 
■tmm mthm about 3 da3’s at 4°C , but left be 
hmd another substance capable of desti-03Tng 
the SLE hemagglutuun wnthm about 2 days A 
stable SLE hemagglutimn was obtained onl}^ 
after it was found that the substance w’hich de- 
stroyed it w’as most active on the acid side of pn 
f 6 and practicall} inactive at about pH 8 0 

S) The reactions of this whole group of hemag- 
glutinins are markedl}’’ influenced bi pH, each 


' Aided bj’’ a grant from the Commission on 
Nirus and Rickettsial Diseases, Armed Forces 
Epidemiological Board 


one having its ow'ii oiitimum narrow zone for 
reaction with the red cells How’ever, m the case 
of the SLE hemagglutimn it w’ns found that this 
pn zone jirogressively broadened and shifted 
to the alkaline side as the preparation ‘aged’ on 
storage m the refiigerator 

B The red cells of choice for the Jap B, SLE 
and West Nile hemagglutinins are derived from 
newl} hatcheil chicks, wdiile those from older 
chicks, chickens, and sheep give low’er titers, 
irregular or negative results The RSSE hemag- 
glutinin thus far has reacted onl} with sheep 
cells Although these mruses are pathogemc for 
human beings and rhesus monke3’s, they do not 
hemagghitmate their er3dhrocytes 
6) The heraagglutimns associated with this 
giouj) of viruses are all liighl} unstable at 37‘’C , 
and to a \ar3nng extent, dependmg on the virus 
and the pH, also at room temperature and 2°C 
The SLE hemagglutimn is much more unstable 
than that of Jap B Thus, it was impossible to 
obtain repioducible or lehable results m hemag- 
glutmation mlubition tests with SLE vuus, until 
it was found that at 2‘’C and at pH 6 9, which 
was optimum for hemagglutmation, the diluted 
hemagglutmm was destro3’ed withm the brief 
tune requii ed to distribute it in a senes of tubes, 
and apiirein late modifications in technique w ere 
instituted to oveicome this difficult}'- 

6 ) All normal seia were found capable of m- 
hibiting these hemagglutimns m dilutions as 
high as 1 2,000 or more, the titer varying ivith 
the si^ecies, indinduals withm the species, and, 
of course, the amount of hemagglutuun in the 
test This mav be contrasted with the absence 


if such normal inhibitor for the hemagglutinin 
if encephalom 3 ’ocarditis virus (IN'IM, Columbia 
3k) The mhibitor in normal serum behaves like 
soluble receptoi substance, and is iircsent in 
ibundance in ammals whose er\’thn)( 3 bp’ 
ao receptors for these hemagglutinins m 
aial inhibitor for the Jap B, SLE an ‘p 
liemagglutmms is either hiiid or c\tric 

cause It proved possible to renawc d 
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tion of seram with chloroform, benzene, ether, 
etc , or by precipitation of the protein with 
acetone Since specific antibody was unaffected 
by these procedures, it became possible to meas- 
ure it without interference from the normal 
mhibitors in the serum 

7) No receptor-destroymg enzyme was found 
to be associated with the Jap B, SLE and West 
Nile hemagglutmins Howevei, heraagglutmation 
could be reversed by repeated shaking at room 
temperature or 37°C , reversal occurring first 
m the mixtures containing the smallest amount 
of hemagglutmm There is evidence that the 
reaction between hemagglutinin and the recep- 
tors on the red cells is of the equihbrium tjqje 
Accordingly, as the uncombmed hemagglutmm 
IS destroyed at room temperature or 37°C , par- 
ticularly on the acid side of neutrality, more 
hemagglutmm is dissociated from the erythro- 
cyte receptors, and hemagglutination is reversed 
That the receptors are unaffected m this reaction 
IS evident from the fact that the erythrocytes 
are readily reagglutmated by the addition of 
fresh hemagglutimn 

PROPERTIES AND REACTIONS OF THE 
JAP B HEMAGGLUTININ (l) 

Heraagglutmation has been demonstrated with 
each of 9 different strains of this virus, which 
have had from 4 to about 70 passages m mice 
The Nakayama stiam, which m its 70th to 80th 
passage yielded the optimum titers of hemagglu- 
tmm, gave completely negative results ivith ma- 
tenal which had had 183 or more passages m 
nuce Potent preparations with titers as high as 
1 10,000, which remain stable for many months 
in an ordmaiy refngeiator at about 5°C , can 
be prepared as follows The infected mouse brains, 
washed free of blood, are ground m a nioitai 
with unbulTeied 0 9 per cent solution of NaCl 
to foim a 20 per cent suspension Aftei extinction 
m the cold for a period of 4 to 12 horn's, the sus- 
pension IS centrifuged in the cold at 13,000 rpni 
for one hour (about 20,000 X g), and the supei- 
natant hqmd is stored at 5°C Centrifugation at 
onl}'^ 2,000 rpm for 10 to 20 minutes leaves par- 
ticles m the supernatant hquid which completely 
destroj-- the hemagglutmm m about 4 days at 
5°C and more rapidty at higher temperatuies 
Removal of these particles not only yields a 
preparation that is stable m the cold but one 
whose titer frequently mci eases 4- to 16-fold 
durmg the first week of storage Hemagglutma 


tion occurs only m the pH zone of 6 3 to 7 1 
and optimally at pH 6 5 to 6 8 Hemagglutmation 
also occurs when the dilutions are made m un- 
buffered 0 9 per cent NaCl, but the resultmg 
titers vary markedly with different preparations, 
with penod of storage, and other, as jet, unde- 
termmed factors When appropriately buffered, 
0 9 per cent NaCl solution is used for preparation 
of the dilutions, e g m/50 or m/100 phosphate of 
pH 6 5, titers are enhanced as much as 4- to 100 
fold, again varymg with the type of preparation, 
penod of storage, erythrocjdes used etc Tins 
enhancement does not occur when the dilutions 
are first prepared m unbuffered 0 9 per cent 
NaCl, and immediately thereafter adjusted to 
the optimum pH and buffer concentration pnor 
to the addition of erythrocytes There is no m- 
dication that the unbuffered salt solution is dele- 
tenous to the hemagglutimn, it appears rather 
as if the appropnate buffer and pH causes an 
unfolding or depolymerization of the hemagglu- 
tmm As a matter of fact after storage in the 
refngeratoi for a month or longer as an ordinarj 
saline extiact certain preparations undergo a 
change wherebj'' dilution in unbuffered 0 9 per 
cent NaCl gives the maximum high titers with- 
out any enhancement by buffers at optunum pH 
The absence of hemagglutmation immediately 
outside of the reqmred pH zone is not due to 
rapid destmction of the hemagglutmm, but rather 
to failure of combmation wnth the erjdhrocytes 
Hemagglutmation cannot be reversed by resus- 
pending the agglutmated, sedimented erjdhro- 
cytes m solutions having a pH outside the required 
zone 

A 0 25 pel cent suspension of chick cells is 
used (final concentiation of 0 125%) because it 
juelds the highest titers In solutions properly 
buffeied foi optimum dispemion of hemagglu- 
tmm (H) and combmation with receptor (R), 
the hemagglutmm titer dmiimshes in a constant 
latio ns the concentration of erj’throcj’tes in- 
creases Thus, when the dilutions are made m 
0 9 per cent NaCl contammg m/50 phosphate at 
pH 6 5, the titer increases 4-fold as the concen- 
tration of eiythrocytes, m the range of 2 per 
cent to 0 25 per cent, is decreased 2-fold Th^ 
data, as well as those on reversal of hemagglu- 
tination wuthout change m the receptors, sugges 
that the reaction between H and R is of the equi- 
hbrium tjqie which may be expressed as -h 
Ry 5 =i HxRy, and that the number of R ® 

erythrocyte combmed with H vanes with the 
concentiation of H and the number of erythro- 
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c\tcs m the mixture Tlie lower (itei-s with tlic 
more concentnted suspensions of cr\throc^tcs 
also indicate tli it n ininnmun number of R on each 
cell must be combined with II to result in bcmaR- 
glutinatioii It IS ilso worth noting here that, in 
several simultaneous experiments, the cn7\mcs 
of ri6no cholcrac destroxed the rcccjitors for 
influenza xmis on the chick cr>tbroc\tcs, but 
were without elTect on the recejitors for the Jap 
B hemagglutinin 

Normal «en fiom liiimnn beings, monke\s, 
rabbits and mice inhibited licmnggliitinntion, 
even after the pii was adjusted to the optimum 
zone required b}' the liemagglutmin of Jnp B 
Mrus The inhibitor m the normal sera reacts 
with the hemagglutinin in jirccisc multiple jiro- 
portions gixing a straight line relationship with 
a slope of 1 The inhibitor can ie\ ci'sc the hemag- 
glutination of cells which bad combined with 
small amounts of hemagglutinin (Su or less), 
and behaxes as if it were cither the receptor sub- 
stance of the en throex tes m soluble foi m or a 
substance haxang an aflmity for the s.imc com- 
bimng groups on the hemagglutinin The normal 
mhibitor cannot be remox'ed bj' dialysis It is 
not aflfected bj heating at 65®C , and boiling for 
15 imnutes does not appreciabl} alter the in- 
hibitor}' titer of rabbit and mouse sera but re- 
duces the titer of human serum as much as 75 
per cent The lecithmase of Clostndiwn perfnn- 
gens toxin, in the presence of CaClj, does not 
destroj' the inhibitor but abolishes its resistance 
to bodmg Treatment with periodate or strong 
protemases does not destroy the inhibitor Hoxv- 
6ver, extraction xvith hpid solven's (ether, ben- 
zene, ethylene chlonde, chloroform) or precipi- 
tation with acetone largely or completely re- 
moves the inhibitor from rabbit and human 
serum and only partially from mouse and mon- 
serum Chloroform extraction }aelds the 
best results, removing at least 95 per cent of the 
inhibitor but leaving specific antibody m un- 
diramished titer 

Idle reaction between specific antibody and 
the Jap R hemagglutmm also gix'es a straight 
hne relationship but w'lth a slope of <1, thus 
differmg from the direct proportionahty obtam- 
nig in the reaction xxnth normal inhibitor Pre- 
lunmar}' observations have mdicated that the 
hemagglutination inlubition produced by specific 
autibodv can be utihzed for both diagnostic and 
epidemiologic survey purposes 

The Jap B hemagglutimn is x'erj' heat-labile 
^t PH 6 5 it becomes inactix'e at 37°C w ithin 


30 minutes, xxliilc at pii 7 1 mactix'ation is only 
sliglitlx slower At a room temperature of 24° 
to 25°C inactivation proceeds at a regular rate 
Roinowhat more slowly At pH 7 0 to 7 1 the 
actixitv persists for months at about 4°C These 
data ijiplx lo 13,000 ipm supcriiates from which 
the in letix atiiig substance or enz}'me associated 
with the pirtidcs sedimented at this speed has 
been leinoxed, before remox'al of this substance 
iniutix ition jiroccods more rapidly at all tem- 
pentiires and is comjilete a few days at 4°C 
The elTcct of freezing and thaxxmg and of lyo- 
plnlizatioii differs in uncentrifuged and centn- 
fiigeil preparations ns shown m table 1 
The marked instabiht} of the hemagglutmm 
IS also iqiparcnt m the fact that mere bubbling 
of nitrogen gas through 13,000 rpm centrifuged 
20 jier cent susjiension, diluted 1 16 in 0 01 m 


Tabif 1 Efi-ect of freezing and thawing 

AND LXOPIIILIZATION ON JAP B 
HEXIAGGLUTININ 


rROCXDURE 

20% JAP B MOUSE BRAIK 
SUSPENSION 

Uncentnfugtd 

13,000 rpm 
supemate 

Frozen and thawed 

Active 

Inactive 

once 

t 


Frozen and thawed 

Inactive 

Inactive 

5 X 



Lyophihzation 

Inactive 

Active 


borate-salme buffered at pn 6 8 and kept m an 
ice bath, was enough to inactivate 75 per cent 
of it m 5 mmutes and 96 per cent m 20 mmutes, 
without sigmficant alteration of pH 

Ultracentrifugation and gradocol membrane 
filtration experiments mdicate that the Jap B 
hemagglutimn is not smaller than the infectious 
particle There is rather a possibihty that it may 
be larger Centrifugation at 31,440 rpm (average 
of 58,300 X g) which almost completely sedi- 
ments the infectious particles, also remox'es all 
of the hemagglutmm from the supernatant liquid 
Although 75 per cent of the hemagglutmm is 
remox'ed from the supernatant hqmd after cen- 
trifugation at 21,740 ipni (ax'erage of 27,950 
X ff), it IS difficult to correlate this with the be- 
haxuor of the infectious particles, because titra- 
tion of mfectix'it} IS not sufficientlx accurate 
xvithm these hmits Howexer, xxhile the axerage 
pore diameter (APD) of the membrane, which 
just allows minimal amounts of infectious xiru« 
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to pass, IS 50 mu, and while almost all of the m- 
fective particles pass membranes with an APD 
of 100 mp or larger, the bemagglutmm was 
demonstrable m filtrates from membranes with 
an APD of 260 m/i or larger, but not from those 
with an APD of 200 m^ or less 

Of special mterest is the effect of certam 
simple chemical compounds and of certam bac- 
terial products on the Jap B hemagglutinin 
Thus, ZnSOi, wluch had no effect on hemagglu- 
tmation by influenza virus, was capable of m- 
hibitmg the Jap B heniagglutmm in amounts of 
0 03 to 1 92 per umt, the more dilute solutions 
requirmg more Zn per umt It was found that in 
the concentrations used, the zinc had no effect 
on the red cells but combined with the hemag 
glutmin (H) m an equihbnum type of reaction, 
which may be expressed as 

Hx + Zny Hx Zii) 

It was possible to reverse this leaction bj dilu- 
tion and by careful removal of Zn from the mix- 
ture with HjS The exqienments vath zmc were 
carried out with coUidme or borate buffers A 
suitably buffered solution of diethyl, ditliio car- 
bamate inhibited the Jap B hemagglutinin in a 
final concentration of 1 2 , 000 , while S-hj'droxj’’- 
qumohne and «,«' dipyndjl wluch also bind 
heavy metals (although not as well in the pres- 
ence of protems) were without effect m 20 times 
greater concentration Pai tially purified prepara- 
tions derived from cultures of Clostndtum hu- 
tolyticum and Clostridium leniopulrescens, after 
boihng for 15 minutes, inhibited the Jap B 
hemagglutimn m dilutions as high as 1 1 , 000,000 
The effect was on the hemagglutimn and not 
on the led cells Further purification of the sub- 
stances by Dr A A Tytell indicated that the 
inhibitorv actmtv was associated with certam 
nucleic acid or protein components which were 
different from the pi-otemase in these cultures 

PROPERTIES OF THE ST LOUIS ENCEPH- 
ALITIS IHRUS (sLE) HEMAGGLUTININ 

No hemagglutinm could be extracted from 
mouse brams infected with the Webster no 3 
stram of SLE virus which has had an unknown 
large number of passages smce its isolation m 
1933, but was found m several recently recovered 
strains kmdly supphed by Dr E H Lermette 
However, the SLE hemagglutimn proved to be 
much more unstable than the Jap B, and little 


woik could be done with it until the physico- 
chemical factors lasponsible for its rapid de 
gradation were discovered ( 2 ) The hemagglutimn 
is now prepared by extractmg the washed, in 
fected mouse brains with enough m/ 64 borate 
buffer of pH 9 0 m 0 9 per cent NaCl to 3 neld a 
20 per cent suspension After centrifugation m 
the cold at 13,000 ipm for one hour, the super- 
natant hqmd has a pH of 8 0 to 8 1 and hemag- 
glutinm titers as lugh as 1 2,560 

Although hemagglutination occurs with both 
sheep and chick eiythrocytes, 0 25 per cent sus- 
pensions of red cells obtained from newl}' hatched 
chicks give the best results The test is performed 
at room temperature, although 4°C is also suit- 
able With a fresh preparation, a pH of 6 7 is 
usuallj' optmium and negative results are the 
rule beyond pH 7 0 As the preparation is aged 
on storage at 4° C the pn zone for hemagglutma- 
tion piogressively shifts to the alkahne side 
and broadens to a pomt where after a penod of 
about 30 days the reaction occurs best between 
pH 6 9 and 7 8 At pH 7 0, the SLE hemagglutinm 
(13,000 rpm supemate -f- equal volume of phos- 
phate buffei) Vi'as destroyed mthin 5 minutes at 
37® C and wnthin 10 to 20 minutes at 24® C , 
while at 1 ° C it lost 85 per cent of its activity 
mthin 5 to 10 mmutes At pH 7 9, on the other 
hand, the actmtj' pereisted m undimmished 
titer for at least 160 mmutes at 24° C , but was 
still destroj'ed witlun 5 to 10 mmutes at 37° C 
No leceptor destro 3 ’mg enzyme was found, but 
hemagglutination could be reversed 63 ”^ shakmg 
the tubes, the extent of reversal bemg influenced 
b 3 ’’ pH, temperature and time Normal sera con- 
tain inhibitor which reacts with the SLE hemag- 
glutinm m the same manner as with that of Jap 
B Acetone precipitation proved to be superior 
to chloroform extraction for ehmmation of this 
mhibitor, and the precipitated protem contained 
the specific antibod 3 '’ in undimimshed titer Tests 
on acute and convalescent sera from 9 patients 
with St Loms encephahtis (kmdly supplied by 
Dr E H Lennette), as well as on 50 norm! 
sera, showed that the hemagglutination inhibi- 
tion test can be used for diagnostic purposes 

HEMAGGLUTININ OF WEST IHLF FEVER 
VIRUS 

Although only exploratory work has been done 
thus far with this virus, a hemagglutimn was 
obtained m 09 per cent NaCl extracts of m- 
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fccted mouse brains \\luch reacted with eluck 
and sheep cr\ throcj tes at a iiii of 7 0 to 7 5 
(optimum aliout 7 3) at room teinpentiirc It 
was thus apparent Hint the three antiRenically 
related \ iruses could be diffcrcntiafcd hj Hie pii 
zones m A\hicli thca produced bcnmuRlutinalion 
(see table 2) Since the pn zone changes inarkedh 
for ‘aged’ SLE hemagglutinin and po'^sililj also 
for that of West Nile, the data shown in table 2 
applj’ only to rclatn ely fresh preparations 
Little work has been done thus far on the 
ph^sico chemical factors which influence the sta- 
bihty and beha\ior of the West Nile beinagglu- 
tmin, but a peculiar iihcnomcnon was obseracd 
wath reference to the tcnijicrature requirements 


Table 2 Diffehentiation or AVTiorsicALia 
RELATED MRUSES 111 pil 70M OF 
HEMAGGI UTINATION 


mus 

ITEltACGLUTISATIOS AT IVDICATED pn 


67 

74 

Japanese B 

St Louis 

West Nile 

+++-!- 
0 to ziz 

0 

-b-b-b 

4--b-b 

0 

0 

0 

-b + 4- 


Table 3 Influence of tejiperature on iie- 
uagqlutination of chick erithrocites bi 

STORED OR FROZEN AND THAWED WEST NILE 

hemagglutinin 


tempziatijse 
or lEAOENTS 

AT TUIE or 
UDONG 

TEUPElATTmE 
FOR SUBSEQUEVT 

bediuentation 

OP ERYTHRO- 
CYTES 

RESULT 

25° c 

26° C 
2°-4° C 

25° C 

4° C 

4° C 

Negative 

Positive (1 2660) 
Negative 


for the reaction between stored hemagglutinin 
and chick cells (see table 3) 

Other tests also mdicated that while 25° C 
was required for imtial combmation, 4° C was 
required for appearance of hemagglutination It 
should be noted, however, that tlus phenomenon 
obtamed only for stored or frozen and thawed 
hemagglutimn and chick cells, since fresh prepa- 
rations hemagglutmated both chick and sheep 
cells at 25° C and stored or frozen and thawed 
preparations stiU agglutmated sheep cells at 25° 
C However, higher titers were obtained when 
nurtures prepared at room temperature were 


allowed to sediment nt 4° C Chloroform extrac- 
tion icmovcd the normal inhibitor and anti-West 
Nile sera iiroduccd specific inhibition A com- 
mon antigen betw cen the Jap B, SLE and West 
Nile Iicmagglutiiiins was also demonstrated by 
hemagglutination inhibition tests with chloro- 
form extracted sera 

lini AGGLUTININ OF RUSSIAN SPRING-SUMMER 
INCLPIIALITIS (rSSE) ITRUS 

Infected mouse brains extracted for several 
hours in unbuffered 0 9 per cent NaCl, 3 aelded 
preparations which hemagglutmated sheep eryth- 
roc 3 tcs (but not chick, human ‘O’ or rhesus) 
nt pn 7 5 (ljut not pn 5 5, G 5 or S 5) and at room 
temperature (2G° C ) but not at 4° C These 
properties differentiate it not onl 3 ’’ from the 
hemagglutinins of Jap B, SLE and West Nile 
viruses but also from that of the encephalomyo- 
cnrditis-AIM-Columbia Sk inrus Prehminar 3 ’^ ob- 
sen-ations suggested the possibiht 3 " that the 
RSSE hemagglutimn, unlike those of Jap B, 
SLE and West Nile, ma 3 destro 3 ’' the receptors 
on the sheep cells Normal sera had inhibitory 
activit 3 '’ which could not be removed by extrac- 
tion with chloroform VHiile normal gumea pig 
serum had an inhibitor 3 ’- titer of 1 20, anti- 
RSSE gumea pig serum had an mhibitoi^i' titer 
of 1 IGO Tlie RSSE hemagglutimn is very un- 
stable at pH 7 0 to 7 1, even at 4° C , and much 
more work remains to be done with it 

HEMAGGLUTININS FOR WESTERN (wEE) 

AND EASTERN EQUINE ENCEPHALITIS 
(eEE) and POLIOMYELITIS VIRUSES 

Extraction w’lth unbuffered, 0 9 per cent NaCl 
has thus far 3 aelded no hemagglutimn for mul- 
tiple-passaged and recentl 3 " recovered strains of 
EEE, WEE, and pohomyehtis viruses m surveys 
utihzmg chick, sheep, rhesus and human type 
‘O’ erythroc 3 des and diluents buffered at pH 
5 5, 6 5, 7 5 and 8 5 One recently recovered WEE 
strain gave suggestivelj”^ positive results wuth 
chick and sheep cells at pn 5 5 at room tempera- 
ture, but this observation has not yet been fol- 
lowed up Ex-tracts of several recentl}' recovered 
strains of pohom 3 ehtis nrus, centrifuged at 2000 
rpm, regularl} produced hemagglutmation of hu- 
man t 3 'pe ‘A’ and ‘0’ cells (but not of cluck or 
sheep cells) at pn 5 4 to 6 2 and at 37° C , but 
not at room temperature or 4° C Vnulo cxtrai ts 
of normal monke 3 cords were negatnc under the 
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same conditions, the liemagglutmation could not demonstration of hemagglutimn for the poho- 

be mhibited by specific antiserum and appeared myebtis group of viruses From what has been 

to be due to a substance in the infected tissue presented thus far, however, it is clear that the 

mth an isoelectric point in this particular pn vuaises affectmg the human nervous system pro- 

zone At the moment it is difficult to indicate the vide an mterestmg field for future studies on 

procedures or conditions which maj’’ lead to the hemagglutination 
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HEMAGGLUTINATION BY GDVII AND TILE COL SK, 

COL MM, MENGO ENCEPHALOMYELITIS AND EN- 
CEPHALOMYOCARDITIS VIRUSES 

IlOULUT II YaGEU' 

From the Veterinary Dtvimon, Army Mcchcnl Service Graduate School, Washington, D C 


TThe agglutination of slice]) crjtlnocjtcb In 
Col SK and Col Mniscs first n is rciiortcd 
in 1947 Hallauer (1) Olitsk's and Yager (2) 
extended tins work b\ not onlj confirming the 
findings of other investigations but b^ adding 
the xTruses of enceplnlomj ocanhtis and Mengo 
eucephalomj ehtis At the same time, Lahellc 
and Horsfall (3) reported that the GD^HI stram 
of mouse enccphalomx ehtis xnnis would agglu- 
tmate human 0 cells in the cold Later Ycrhnde 
and de Baan (4) and Bremer (5) also showed 
positive sheep cell hemagglutination bj Col SK 
and Col MM xaruses Tins senes of papers (1-5) 
brought to hght for the first time the fact that 
several neurotropic xaruses would cause the ag- 
glutination of certam erj'throcj'tes under verj 
exacting requirements of incubation temperatures 
and that such hemagglutinations w ere specific m 
that hemagglutmation inlnbition (HI) could be 
demonstrated w'hen immune serum was added 
in the usual HI test Interest wras thus stimulated 
to discover other neurotropic xaruses capable of 
agglutmatmg erythrocjies Results of the work 
of Verlmde and de Baan (4) and of Sabm and 
Bueschei (6) have now' extended this list of 
vinises to mclude Japanese encephahtis, St Louis 
encephahtis and others, each of which has its 
own peculiaiities of temperature of mcubation, 
preparation of the antigen, type of cells agglu- 
tmated and the pn range It is beheved that the 
future may reveal other neurotropic viruses to 
agglutmate eivthrocj'tes provided the exacting 
conditions for each are discovered 
Lahelle and Hoisfall (3) demonstrated that 
the GDVH strain of mouse encephalom 3 nbtis 
Virus would agglutmate human O led cells at 
4° C but not at 23° C or 37° C , that the hemag- 
glutination w'as mliibited bj homologous immune 
sera and bj FA antiserum but not bx antiserum 
agamst other neurotropic viruses Thev failed 
to demonstrate that FA xurus would agglutinate 


III} of the crjdliroc} tes tested under their ex- 
perimental conditions 

Lahelle and Horsfall (3) obsened that where 
GDVII x'lrus IS readil} adsorbed by human 0 
erj throcj tes at 4° C , it xxas quickly eluted from 
them at 37° C and that this adsorption and elu- 
tion could be carried on an mdefimte number of 
times By takmg adxantage of this propertj, it 
xxas possible to effect about a 10-fold concentra- 
tion 

Fastier (7) mx'estigated the mechanism of 
GDni hemagglutmation by heatmg the antigen 
to 56° C for 30 mmutes This reduced the titer 
considerably but did not mfluence the adsorption 
and elution process with human 0 red cells Un- 
hke PRS influenza xnrus, treatment of human 0 
cells xvith penodate had very httle effect on the 
elution of GDIHI xurus In addition, ex-tracts of 
human 0 cells mhibited influenza hemagglutma- 
tion to a much greater degree than xvas apparent 
for the GDVII stram He concluded that the 
mechamsm of hemagglutmation of GDWI and 
PRS w-ere not closely related Fastier (8) later 
mvestigated the inhibition of GD'IHI xurus he- 
magglutination b}'- normal tissue extracts He 
concluded that sahne extracts of normal mouse 
organs xvere, m some x’^aiyrng degrees, capable of 
inhibitmg GD'\HI virus hemagglutmation Sera 
denxung from the mouse, rat, gumea pig and 
labbit exhibited this property to the largest ex- 
tent The mhibitor present m mouse bram and 
serum reacted similaily to the effects of heat and 
other agents tested Studies on the distribution 
of the inhibitor rex'^ealed that fetal mouse brains 
and adult tissue contamed comparable amounts 
Fastier showed that the inhibitor could be ex- 
tracted m sahne solution, further, that this ma- 
terial could be concentrated bx 50 per cent satura- 
tion w-ith ammonium sulfate at pn 7 0 This ex- 
tract appeared to be incapable of inactixating 
GD^HI xirus when usetl in place of immune 
serum m neutralization tests MM 

Before begmnmg a discu=‘=ion of the Co 
Col SK, encephalomxocirditi^ and Mengo on- 
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cephalomyelitis viruses, it should be pointed out 
that Warren and Smadel (9) and Dick (10) have 
published conclusive evidence that these viruses, 
probably indigenous in rodents, are identical, such 
evidence being based on the results of neutrahza- 
tion, complement-fixation and cross-unmumty 
tests Therefore, m this presentation, these viruses 
will be referred to as the EMC group as suggested 
by Warren and Smadel (9) 

Each of the viruses of the EMC group will 
agglutmate sheep cells at 4° C and will elute if 
the temperature of mcubation is raised above 
20° C Like GDVII hemagglutmation such ad- 
sorption and elution may be carried on an mdefii- 
mte number of times and this method may be 
employed to concentrate the virus Homologous 
immune sera will inhibit hemagglutmation as well 
as heterologous immune sera prepaied against 
any of the members of the group Thus the cross- 
hemagglutmation inhibition (HI) test provides 
further serologic evidence of their identities 
Gard and Heller (11) worlung with the Col MM 
stram of the EMC group have attempted to refine 
the method employed and standardize a techmc 
of determimng HI titers m human sera, a tool to 
be used to deterrmne the importance of the disease 
m human bemgs A very dilute erythrocyte sus- 
pension, 0 05 per cent, was employed to increase 
sensitivity and the resulting loss of stability was 
overcome by the addition of an extract of sheep 
bram m the place of bovme plasma albumen 
employed by Ohtsky and Yager (2) A 10 per 
cent sheep bram extract clarified by centrifuga- 
tion at 12,000 g was employed as the diluent for 
the virus propagated in mouse bram These 
authors failed to find inhibitors similar to those 
reported by Sabin and Buescher (6), effective 
against Col MM hemagglutmm m either infected 
or normal bram tissue Hemagglutmation was not 
inhibited by pseudomucmous ovanan cyst fluids 
which evidenced high inhibitory activity agamst 
influenza virus hemagglutmm In addition, and 
unlike Japanese encephalitis virus (6), Col MM 
was shown to be mdependent of pH range 
(6 0-9 0) Hoivever, lomc composition of the sus- 
pendmg medium was a factor smce hypertomc 
salt solutions suppressed hemagglutmation The 
presence of positive or negative ions m solution, 
exerted much greater influence It was shown 
that mono- and divalent cations had no obvious 
effect On the other hand, multivalent amons 
caused considerable mhibition about proportional 
to their charge Four units of virus would be 
completelj’’ inhibited m the standard HI test by 


0 0002 M hexametaphosphate Evidence was 
brought forth to show that this action was on 
the red cell rather than upon the viral particles 
For example, if the number of umts of virus were 
mcreased m the HI test, a corresponding decrease 
m the HI titer of the serum was observed On 
the other hand, the HI titer of hexametaphos- 
phate was mdependent of the number of umts 
of virus employed to the HI test In addition 
sodium hexametaphosphate failed to neutralize 
the Col MM virus in the standard neutralization 
test Gard and Heller (11) propose the use of a 
standardized inactivated immune rabbit serum 
which Idee the test sera is adsorbed in the cold 
with sheep erythroc 3 des The hj^ierimmune rab- 
bit serum is, m addition, adsorbed with normal 
mouse bram An HI test with adequate controls 
IS conducted emplojung 0 2 ml of senal dilutions 
of serum, 4 agglutmatmg units contained in 0 1 
ml After mcubation for half an hour at room 
temperature, 0 1 ml of a 0 2 per cent RBC 
suspension is added and the test is meubated at 
4° C Results are expressed as mhibitmg activity 
in companson to a standard serum and ex-pressed 
as the HI mdex, smce the HI titer of a serum is 
dependent upon the amount and state of the 
virus employed m the titration An mdex of below 

1 was classified as negative, 1 to 4 doubtful oi 
weak and values above 8 were considered positive 
Results obtamed on 384 sera denvmg from pa 
tients who exliibited CNS s 3 Tiiptoms w'ere ex- 
amined and of this group 73 2 per cent were nega 
tive, 14 3 per cent w-eakly positive and 12 5 per 
cent positive Of 39 sera denvmg from patients 
wuth vanous diseases other than the involvement 
of the CNS, no positive reactions were obtamed 
Tlie 146 sera obtained from blood donors and 
pregnant women were exammed, and 88 4 per 
cent were negative, 10 9 per cent exhibited weakly 
positive results and 0 7 per cent were positive 
Gard and Heller, however, point out that the 
positive sera faded to neutralize Col MM virus 
m tlie neutralization test and beheve that the 
mhibitmg capacity of the sera is not due to the 
presence of specific antibodies and is therefore, 
m its present state, not a usable tool for deter- 
mination of past mfection with a virus of the 
EMC group On the other hand, smce Warren, 
Smadel and Russ (9) have found antibody to 
the different members of this group m patients 
havmg a mild febnle dlness, and smce Sehgmann 
and Jungeblut (12) have demonstrated positive 
neutralizing antibody agamst the Col SK virus 
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m norinil t'Cn, tlic quc'-tion of whether jio'^ilne 
rcictions ohtninccl In G'lril anti Ilellei in-n not 
ln\c IxKsn due to in qipinuit or non-reroRnir ihic 
infection Further work is needed to clear nji this 
ixnnt 

Olitskj 111(1 Yigei (2) attempted to diseoacr 
other neurotroiuc Millies that would cuisc 
liemagglutiii ition of erj thlx)e^ tc-s 1C istcrn equine 
encephalitis, Western equine eneejilmhtis, Veno 
zuehn equine enceph ihtis, lap incsc 11 encephali- 
tis, St Louis enceph ihtis, Rnssi m F ii ]!.ast en- 
cephalitis, ^eslcularhtolnatltls (2 strains), Thcilci 
(FA strnn), Theiler (TO stmin), pohoin\ctitis 
(Lansing strain) poholn^ehtls) MEFl strain), 
West Nile, rabies, l\mphoc\tic choriomeningi- 
tis, herpes simplex and lonpmg ill vimsas were all 
tested for hemagglutinins using sheep, human 0, 
cluck, horse, hamster, dog, cat and guinea j)ig 
eiaihrocytcs In no instance was a specific hem ig- 
glutmation obscr\ ed that could be mbibitcd bj 
homologous immune serum lMan\ nonspecific 
false or spontaneous hemagglutination relictions 
did occur, particularly when a mouse brain xi- 
nis or normal mouse brain suspensions were em- 
plojed with hamster cells (4) Normal and im- 
mune sera was shown to contain an inhibitor (HI) 
against this hamster hemagglutinin In addition 
an agglutmm for dog, cat and guinea pig erj^th- 
rocjdes is contamed in normal or xnrus-mfected 
mouse bram suspensions 

Yager et al (13) emploj mg substantially the 
same teclmic used bv Olitsk}' and Yagei (2) at- 
tempted to ex-tend the lijqDothesis that hemag- 
glutmation might depend upon selection of eryth- 


roc} Ics deriving from a jiarticular species of 
animal or bird since GDVII will agglutinate only 
human 0 cells and the EMC group only sheep 
cr\ Ihrocs tes In the course of this investigation, 
erxthrocx tes deriving from 25 species wmre em- 
plo 3 cd using eight xinises ns antigens In no 
case could a sjiccific hemagglutination be demon- 
stiatcd 

Bremer (5) demonstrated with reference to 
hemagglutination of sheep cells bj' Col SK and 
Col lUlM xuniscs tint potassium (Cl) enhances 
agglutm ition while calcium (CI 2 ) elutes the nrus 
from the cells thus inhibiting agglutmation 

Sabin and Bucscher (6) have pointed out that 
111 the ca‘:c of lajiancsc encephalitis virus hemag- 
glutination not onl 3 is the selection of an erj-thro- 
c\ te imjiortant as is the ionic state of the medium 
and also the pn range In addition, contmued 
passage m mice will cause the loss of the abihty 
of the Japanese encephalitis xnrus to agglutmate 
red cells, so that a positive test w'lU result only 
with viruses m the earliest mouse passages This 
finding we have been able to confirm (14) 

In conclusion, the EMC group and CD'NTI 
strain of Theiler virus wall agglutmate erythro- 
C 3 ’’tes, hemagglutination being inliibited b 3 ’' ho- 
mologous immune serum, but in each of these 
instances, man 3 vanables are encountered and 
different conditions underlie the reactions The 
demonstration of hemagglutination by additional 
neurotropic xoruses is a possibihty but the road 
to this achievement has many barriers as illus- 
trated bx the experience of the workers m this 
field 
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MECHANISM OF BACTERIOPHAGE REPRODUCTION 

S E Luma* 

From Indiana University, Bloomington, Indiana 


TThe study of phage reproduction centers 
around the question of how the specific material 
substrate of the vims is rephcated m many copies 
mside the host cell A number of approaches have 
been developed, some of which have been well 
illustrated by the reports presented b}'’ the other 
participants m this symposium 

The biochemical approach (1-3) analyzes the 
changes m amounts of gross chemical fractions 
of the virus-infected system (proteins, RNA, 
DNA) , it studies the ongm of virus components 
by isotopic and by nutntional methods, it fol- 
lows the fate of the components of the mfecting 
virus and of certam host cell components, par- 
ticularly enzymes The results from this approach 
to date mdicate that the new virus is made from 
buildmg blocks s 3 Tithesized, partly before but 
mostly after infection, by the host enzymes, and 
that m all probabihty the only specific material 
to be formed m phage-mfected bacteria (m m 
fections normally leading to lysis rather than to 
lysogemcity, that is, to symbiosis between virus 
and bactena) is virus material Phage infection 
apparentlv allows the pre-existent enzymes of 
the host to pile up the building blocks, but re- 
directs the specific oigamzation of these towards 
its own ends 

We ha\ e recentlj'^ obtained cytochemical data 
(4) that suggest a possible interpretation of the 
reorientation of specific s 3 Titheses by phage in- 
fection Chromatmic staming of bacteria infected 
with the same phages used m the biochemical 
studies reveals an almost immediate disruption 
of the ‘nuclear bodies’ of bactena after infection 

‘ Atlantic City, N J , Apnl 20, 1950 

’ Aided bj a grant from the Amencan Cancer 
Societj recommended by the Committee on 
Grow'th 

^ Present address Department of Bacteriolog 3 ’', 
University of Illinois, Urbana, Illinois 


This is followed bj"^ a filhng up of the cell with 
a finely granular type of Feulgen positive mate- 
rial (chromatin), which we tentatively identify 
wuth phage material because of its absence when- 
ever infected bactena fad to produce active 
phage, either because of genetic pecuhanties of 
the host or because of pre-treatment of the 
phage, for example, wuth proper doses of radia- 
tion Nuclear disruption itself, however, is always 
present whenever the bactenum is killed by the 
phage, whether active phage production follows 
or not It seems reasonable to suppose that the 
peculiar ‘kiUmg’ of bactena by phage, which 
suppresses cell reproduction but not cell metabo- 
hsm, IS a direct consequence of the disruption of 
the nuclear, presumably genetic, apparatus of the 
bactena Furthermore, I wish to suggest that the 
redirection of the sjmtheses results from the 
replacement of the genetic apparatus of the host 
with that of the rums, under the influence of the 
new set of genetic determmants brought m by 
the virus, virus is produced instead of bactenal 
protoplasm In particular, the failure to synthe- 
size new bacterial enzj'mes, as illustrated by the 
lack of enzjrmatic adaptation (5), would result 
from alteration of the correspondmg genes For 
production of an adaptive enzyme, there is sup- 
posedly (6, 7) a need for eneigjq for building 
matenals (N sources, mtemal or external), for 
the specific substrate, and for the corresponding 
gene, in phage-mfected bacteria, the gene wou 
be the missmg (or mcapacitated) ingredient 
According to this hypothesis of genetic parasi 
tism’, we should consider cases of lysogemcity as 
examples of ‘genetic sjmibiosis’ between phage 
and bactenum 

It 18 important to remember that neither these 
experiments nor any chemical results tell us 
anythmg as yet as to how the infecting p a^ 
acts in impressing specificitj’’ on the newl}'^ form 
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matenal Actuallj , we Imvc as jet no idea as to 
^\liat chemical fraction of the phage (or of anj 
other biological material) is responsible for spcct- 
ficitj, nor as to what role, if anj', the nucleic 
acid or protein fractions of a so-called nuclco- 
protcin niav plaj m replication of spccificitj 
The ‘actn ity cj'cle’ aiijiroach attacks the jirob- 
lem of reproduction at the biological lc\cl, bj 
tracing the specific mhis malcrnl through its 
ability to reproduce Reproduction takes place 
in the latent period between infection and hsis, 
at the end of which several hundred new active 
particles n 1 a^ be produced Premature disnijition 
of infected bacteria (8, 9) re\ cals, first, an ‘eclipse’ 
penod, during which no actuc virus is recover- 
able, followed bj" the appearance and gradual 
increase of \arus actmtj'- in the second half of 
the latent period Tlie carlj' eclipse (an appar- 
enth general occurrence m \ irus infections) sug- 
gests a reorganization of the virus material into 
a non-infectious form '' What goes on during the 
echpse period? Genetic studies throw’ some light 
here As has been described m this sj’miiosium, 
mixed mfection with phage particles of two 
related tj’pes differing by at least two charactei- 
istics (such differences can originate bv mutation) 
gn es rise to recombinant tj pcs in rather precise 
proportions (H, 12) The fact that recombinant 
tj’pes are present mth similar frequencj’ in the 
final jaeld and among the verj first active par- 
ticles that appear inside the bactenum around the 
middle of the latent penod (9) indicates that, 
W’hatever the reorganization that makes recom- 
bination possible, it must take place as earlj’ as 
the formation of the first active virus or earlier 
The recombinants of reciprocal types formed 
wsthm mdmdual bacteria are not present m 
equal or even correlated numbers (9, 13), this 
suggests that they do not result from reciprocal 
exchanges of parts among pairs of mature par- 
ticles Moreover, the particles of each recom- 
bmant tj-pe m mdmdual bacteria are distributed 
at random, without any sign of ‘clonal’ arrange- 
ment This suggests that recombmation occurs 


‘ Possibly, inside lysogeruc bactena the phage 
IS always m such form but for the occasional 
outbursts of phage liberation (10) 


at a stage in production of virus after which 
that virus does not act anj’ more as a model for 
further vims production 
I have recently obtained verj’ different results 
bj’ studj mg the distribution of spontaneous phage 
'mutants' (rather than recombinants) produced 
m individual bacteria Tins distribution, based 
on 95 bactena-hberatmg mutants of phage T2 
out of over 5000 examined, is defimtelj’ clonal 
and quite similar to the one expected if each new 
mutant gave rise by successix e raluplications to 
a ‘clone’ of mutant elements We know' that m 
phage spontaneous mutations occui only dunng 
rejiroduction (14), jirobablj during actual reph- 
cation of genetic material The aboxe result 
suggests then that there is a phase of logarithmic 
reduplication of phage matenal, dunng which 
mutations occur but recombinants are not j’et 
formed Recombinants, then, are probablj’ formed 
after rejxrotluction of phage matenal but not 
after the foi mation of actn e particles A possible 
interpretation is that mdmdual specific umts or 
groups of units composing the phage reproduce 
severally and that the new matenals are then 
taken up bj' an assembly mechamsm (workmg 
after re])roduction or more hkely concurrently 
w ith it) that organizes them mto mature particles 
(15), recombination w’ould simply express the 
chances for the alternative forms of a given 
genetic unit to be brought together with those of 
another This picture requires, of course, con- 
firmation bj’ other evidence before it can be 
considered as anjdhing more than a working 
hypothesis One of its features, which I find 
particularly appeabng, is that it considers the 
virus, as w’e know it m its morphologically com- 
plex extracellular state, as a sort of restmg stage, 
which appears to be the ternunal form of a com- 
plex process of reproduction In studying phage 
production, w'e would, then, be deahng at some 
point directly with events taking place bej’ond 
the geometrical and chemical limitations placed 
by such a highly orgamzed structure as an active 
phage particle This strengthens mj’ confidence 
that phage workers — with different tools but wath 
shared enthusiasm — are all pryong mto the level 
itself at which the mxsten of biological replica- 
tion IS enacted 
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BIOCHEMICAL STUDIES ON MULTIPLICATION OF 
BACTERIAL VIRUSES* 


SEYMOUn S CoiIEN 


From Ihc Department of Pccbalrics, Children's Hospital of Philadelphia^ and the Department 
of Physiological Chemistry, Uimcrsdy of Pennsylvania School of Medicine, 

Philadelphia, Pennsylvania 


The purpose of this piper is to summnnze 
those chemical studies on mrus-infcctcd bacterm 
which suggest the mode of multiplication of the 
bactenal viruses - In this sunmy we shall not 
consider the important subjects of adsorption or 
lysis but primarily those major synthetic steps 
culminating in i irus formation These steps ha\ e 
been studied m a system whose technical attri- 
butes permit controllable nrus infection of essen- 
tially all the bacterial host cells Various aspects 
of the biology and manipulation of the sy'stem 
have been summarized m numerous rei lew s 

We shall deal in the mam with some even- 
numbered T phages, T2, T4, and T6, w'hich 
parasitize E coh These tadpole shaped viruses 
are about 120 m^i long and 80 m^t across and 
contam large amounts of nucleoprotem orgamzed 
witfam the head, which is bounded by a distinct 
membrane T2 and T6, for instance, contam 
about 40 per cent of desoxynbose nucleic acid 
(DNA), and at least 55 per cent protein (1-4) 
There is some discussion going on as to whether 
these 2 components might not represent the en- 
tire phage The absolute punty of various types 
of purified preparations creates a rather difficult 
problem 

We have recently shown (5) that when ultra- 
oentnfugally purified preparations of these viruses 
ate found to contam phosphorus (P) other than 
these preparations still contam bac- 

* This research ivas supported in part by a 
grant from The Commonwealth Fund, and in 
part by Office of Naval Research Contract N6 
ori-188, Task Order 1, NR 135-055 

’ Some recent essays on vims multiplication 
nave implied a rigorous separation of the levels 
of organization being examined bv chemical 
and biological investigations as well as of the 
^ductions possible from the two lines of work 
The inacceptability of this viewpoint in general 
'8 especially manifest in the field of virology^ where 
h is the task of the biochemist to study genetic 
duplication at molecular and intermolecular 

levels 


tcrml dclyns This debris then has been shown 
contim most, if not all, of the non-DNA-P 
any case well over 95 per cent of the total P 
DNA-P, m contrast to the host which may con- 
tam three to five times as much nbose nucleic 
acid (RNA) as DNA 

Wien the host cells of a growing culture are 
infected, tlie cells stop multiplying In Warburg 
respirometers, the increase m the rate of O 2 con- 
sumption observed m the growing culture is 
stojiped by^ \irus infection but respiration con- 
tinues unchanged (2) Tins is true also on treat- 
ment of cells with vims inactivated by ultraviolet 
light Tins simple expenment indicates that the 
production of respiratory enzymes has been 
halted, however, energy^ production appears to 
be mamtamed by the host’s enzymes, a view 
W’hich is strengthened by the findmgs that the 
RQ of the infected cell is unchanged as is the 
ratio of carbon burned to that assumlated Of 
course maintenance of respiration alone is no 
measure of the mamtenance and development of 
utilizable energy, evidence on the quantity' of 
assimilation is essential to this conclusion 

In addition it is found that N and P are assim- 
ilated, and that nucleoprotem is bemg made m 
considerable amounts (3, 6) However, although 
the P entering normal cells passes through mter- 
mediates and is deposited m large measure m 
RNA and DNA, the P entermg infected cells 
ends essentially m DNA, the nucleic acid charac- 
teristic of virus This P appears there in such 
amounts and at a rate w'hich suggests that it is 
the same P w'hich m the umnfected cell would 
have appeared m the two nucleic acids That is, 
there appears to be a basic shunt at some stage 
of P utilization which throws this P into the 
path of DNA synthesis Much of tins P may be 


isolated later in nrus 

This shunt m P utilization Ins seemcil to us to 
be crucial to the economi of the infected cell in 
sstabhshmg the parasitic relation^ whicli arc 
yeing desenbed In line with onr intcrc-t in (he 
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Ijrecise site of the shunt, we have recently studied 
and demonstrated an enzymatic pathwaj'^ for 
nbose phosphate formation from 6-phosphoglu- 
comc acid m cell-free systems (7) 

It has been shown by means of radioactive P 
in several laboratories (3, 8, 9) that about 75 to 
80 per cent of the P appearing m virus comes 
from the medium after infection It has not yet 
been resolved whethei the extra 20 to 25 per cent 
comes from low moleculai phosphorus-contain- 
mg mtermediates or from host DNA 
In the course of these studies we have sliowm (3, 
8) that the P appearing m DNA does not pass 


shown later, is increasing, we can say that above 
mitial virus cell ratios of 4, the rate of virus 
DNA synthesis is independent of the numbers of 
intracellular virus particles 

It has also been shoivn that the maximal rate 
of virus DNA synthesis in infected cells was the 
same whether the infecting virus was T2r, T4r, 
or T6r (10) The amount of the DNA produced 
a])proaclies the amount of DNA found in the 
virus lilierated from these cells (10) 

At this point, some conclusions may be formu- 
lated The host bactenum weighs about lO”*'^ gm , 
the virus 10“^^ gm In an mfected cell the respira- 


»DNA/cc 



/ MINUTES 

Fig'l'A COMPARISON OF SYNTHESIS OF DNA in Cells multiply infected with TOr+orTGr virus (10) 


tbiough an appieciable fraction of P^NA, i e RNA 
IS not a precursor of DNA in this system Indeed 
the bulk of the original nucleic acid of the host, 
the RNA, appeal's to be quite inert under condi- 
tions of mfection Recent unpublished expen- 
ments of Hershcy et al indicate that once the 
virus DNA is foi'med, its P also does not have an 
appreciable turnover 

The course of DNA sjmthesis m E coli mfected 
■with each of 2 related "virus strains, e g T6r+ and 
T6r, IS presented m figure 1 (10) It can be noted 
that there is a lag of about 10 mmutes before 
DNA synthesis begins, that synthesis m each case 
falls on the same curve, and that this s 3 Tithesis 
occurs at a constant rate for most of the course of 
sjmthesis Smce mtracellular virus, as mil be 


tion and quantitatn e assinulation pattern of P 
and C resembles the capabihties of the enzj^mes 
of the host Furthermore the amounts of material 
sjmthesized implj’^ the continued activity of these 
enzjmies m the infected cell Nevertheless the 
compounds produced are built in the mam into 
virus, and at rates independent of the numbers of 
Aorus particles and, to a certam extent at least, 
mdependent of the kind of nrus We conclude 
from these considerations that the complex nrus 
poljmers are bemg synthesized by host enzjmes 
and, m addition ve note that these rates of sjm- 
thesis of virus substances are constant, unlike 
most instances of bactenal growth and dmsion 
which are exponential processes 

Smce this suggested that intracellular nrus 
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fonirition is n MoncxiMUU'iilin! »t 

was imixiHatit to shiih Ihp rorrcliilinii <if DNA 
swthcsis niul llip forma(um of coniplcfc \irtjs 
4fter Dr Docrmum workwi ou( flic tnollioii to 
bcdcsrnl)cd m lus p-ipcr. wo loiniiiml tlio foi- 
matiou of DNA mitl intruollulir Tti \inis in 
the same infected cells in joint oxpciinionts (11) 

In figure 2, it can he <=oon that the nites of s\)i. 
thesis were esscntmlh similar, i c tlinl intact 
nrus formation is also nn additnc and not an c\- 
poncntml process Ifowovor, it should lie noted 
that DNA s\ ntlicsis docs not iinish olT the Mms 
—there IS an additional step iinoKing cc\enl 
minutes to be cxjilorcd 

Protein is s\ nthcsizerl from the i cn hcginninK 
of infection (fig 3) There is considemlile sjn- 
thesis, again at a constant rate, and mdciicndent 
of the genetic r character of the \ mis (10) There 
are mam important difhcnlt problems to be 
sohed about tins protein, one of which is the 
question of whether it is all mms protein It is 
suggestive but not conclusiac that bactonal rcs- 
piratorj systems are not being synthesized and 
Alonod and lYollman (12) have shown that cer- 
tain adaptive enzjmies cannot be sj nthcsized m 
infected cells Fowler and Cohen (13, 14) haie 
shown the dependence of virus sjaathesis on ammo 
acids and other substances m the medium by 
manj methods and these data as well as the sero- 
logical specificity of the phages imply de novo 
sjTithesis of phage protein These questions are 
also being explored by Kozloff et al (15) who 
have showm with isotopic N that 92 per cent of 
virus protein N comes from the medium aftei 
infection and not from the host N existing prior 
to mfection 

In line mth the demonstration of nutritional 
requirements for virus sjmthesis, wre have shown 
that specific ammo-acid antimetabohtes such as 
5 methyl tryptophan among others can reversibly 
block virus formation (16, 17, 13) Thus a knowl- 
edge of the synthetic steps in xnrus formation 
leads to a rational chemotherapy of virus infec- 
tions (11) It is not intended to minimize the 
technical problems of obtaining such data and 
developmg a chemotherapy for virus diseases of 
man and other forms However, it must be 
emphasized that a methodology foi a rational 
chemotherapy of virus mfections does exist 
From the ultraviolet absorption spectra of 
infected cells, it is possible to get a picture of 
purme and pynmidine formation (18) The spec- 
tra for DNA, the innis, and the bacterial host, 
all liax e marked peaks at 2600 A. due to the purme 


imd )i\nmidinc iib«oii)lion If wc follow the 
ineremont at this waic length in suspensions of 
mfoctod eelih and mnltiph In the density, con- 



Fig 2 Tub synthesis of DNA and intracellu- 
lar T4r during the Intent period of virus multi- 
plication (11) 


A V P«r ec 



T4r virus (10) 

centration factor established on DNA, we can 
convert this increment to DNA If wc simul- 
taneously estimate proten-bound DNA chemi- 
cally, the cun'es are found to be quite jiarallcl 
but not coincident These data would ‘^ccni to 
imply that punnes and pyrimidines arc s\ntlic- 
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slightly greater than the density increment in 
normally infected cells The spectrum of the 
mcrement mamtamed a peak at 2600 A and this 
absorption yas presumably due to sjmthesis of 
punnes and pyrmiidmes Thus there was a total 
inhibition for a definite penod at the level of 
DNA polymer synthesis, but not apparently of 
punne and pyrimidme We have measured the 
appearance of intracellular virus by Doeimann’s 
method m this system and it was found that the 
appearance of mtraceUular virus was displaced 
as was the mception of DNA synthesis, i e the 
appearance of one particle per cell comcides 
closely with the begmmng of DNA sjmthesis m 
this system Thus a total mhibition of DNA syn- 
thesis and complete virus formation occurred for 
a hmited reshuffling period despite the presence 
withm the mfected cell of a full complement of 
active genetic umts Therefore we have concluded 
that if DNA synthesis is essential to genetic dupli- 
cation, the reproduction of genetic umts requires 
the mterdependent activity of all the undamaged 
genetic umts The alternative is that an increase 
m DNA has nothing to do with the reproduction 
of genetic umts (18) Clearly this system may 
provide a critical test of the bare chemical requi- 
sites of genetic contmuity 
In a study of P uptake m this mutual reactiva- 
tion system we have found that there is no bmd- 
mg of P to protem before DNA is formed, i e 
there is no sjmthesis of protem-bound nucleic 


acid at all As can be obseived m figure 5, mor- 
ganic P was converted to orgamc P and these 
organic phosphates, possibly some early stage 
of DNA precursors, accumulated within the cell 
m an acid soluble form Obviously the precise 
nature of the small amounts of these phosphates 
which accumulate m this system is an important 
problem Although there was no net mcrease m 
protem-bound P oi nucleic acid, protem synthe- 
sis proceeded nevertheless, i e there was an 
mcrease m trichloroacetic-acid precipitable mtro- 
gen almost as fast as m the normall 3 " mfected 
cell In another approach to the same problem. 
Raff and Cohen have shown that the removal of 
tryptophan from the medium m this system pnor 
to DNA synthesis was even faster thap^m nor- 
mallj mfected cells (23) (fig 6) We do nqt yet 
know whether this system is synthesizing, virus 
or bacterial protem under these conditions 
Thus while normallj’- mfected cells permit a 
studj’^ of DNA sjmthesis uncomphcated by RNA 
S3'nthesis, cells mfected with irradiated virus 
ma 3 under special conditions permit the study 
of protem synthesis uncomphcated by any nu- 
cleic acid s 3 mthesis as well as the study of mter- 
rupted stages of DNA S 3 Tithesis Indeed the 
bactenal virus systems are important biochemical 
tools m the study of protem and nucleic acid 
S3mthesis no less tlian their importance m the 
study of the basic problem of how a virus 
multiphes 
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INTRACELLULAll PHAGE GROWTH AS STUDIED BY 

PREMATURE LYSIS* 

A H Doermann- 

From the Department of Genehes, Carnegie hisUluhon of Washington, Cold Spring Harbor, 
New York, and the Bwlogg Division, Oak Ridge National Laboratory, Oak, Ridge, Tennessee 


Elran since the beginnings of research on the 
reproduction of bactcnojdnge, one of tlic most 
imposing difficulties has been tliat the infected 
host cell presents a closed door to the m\ ostigator 
At the beginning of the grow th c} do, one or more 
amis particles become attached to the bacterium 
and after a certain length of time the cell bursts, 
3aelding anjiiheie from a few to a thousand new 
phage particles The purpose of tins sj miiosium 
IS to summarize what is known concerning the 
events transpiring behind that closed door From 
Dr Cohen’s discussion it is seen that considerable 
information is available concerning the chemical 
changes which occur within the infected cell, and 
Latarjet’s ( 1 ) experiments with x-raj sur\a\al of 
phage inside infected bacteria have gnen some 
quantitative information about the intracellular 
picture Yet m the absence of a method for 
titratmg iniracelhdar bactenojihage, it has been 
difficult to translate these results into a biological 
framew'ork Mj’’ purpose in this discussion wall be 
twofold first, it wall be to describe briefij’’ the 
methods which have now been developed for 
estimatmg intracellular virus and to summarize 
the results which have been obtamed, second it 
will be to present genetic data, coupled m part 
with intracellular assaj'^s Similarlj^ to the results 
presented bj’^ Dr Cohen, these results wall force 
us to the conclusion that the infectmg particle 
must undergo some alteration prior to reproduc- 
tion, and that its multiphcation is not accom- 
phshed b3’- serial fissions of the whole infecting 
larus particle 

With reference to the first objective, we have 
deiased two methods of titratmg the mtracellular 

^Work at Oak Ridge done under contract No 
W-7405-Eng-26 for the Atomic Energj^ Commis- 
sion 

*The author is indebted to Dr M Demerec and 
the staff of the Department of Genetics, Carnegie 
Institution of Washington, for providing facilities 
and a stimulating environment for these experi- 
ments, and to the staff of the Biologj^ Division, 
Oak Ridge National Laboratorj’^, for material and 
intellectual aid in preparation of the manuscript 


bnctciioijlmge population Either of these meth- 
ods gi\cs satisfactor3’’ results under the proper 
conditions Due to lack of tune it is impossible to 
describe tlie methods in all particulars, nor is it 
possible to give all the details of evidence for 
accepting the results wdiich have been obtamed 
with them The3 wull, however, be brieflv de- 
scribed and compared Both methods depend on 
disrupting the infected bacterium, and since we 
know of no methods that will do this instantane- 
ousl3'' without inactivating the virus, the3^ both 
depend also on arresting phage reproduction 
during a period in which the cells are broken 
down The first technique, winch will be referred 
to as the C3’’anide-l3 sis method, rehes for stoppmg 
phage growth on the introduction of 0 01 m 
C3mmde In the presence of this mhibitmg agent, 
the bactena are opened up b3’’ addmg a large 
excess of a second phage type In our expen- 
ments T 6 has been used exclusivel3’- for this 
purpose, and the adsorjition of large numbers of 
this second phage causes 13’^sis of the cells ( 2 ) In 
order to assa3’- the phage wdiose growrth we are 
stud3'mg m the presence of a large excess of the 
l3"sing agent T 6 , it is necessar3’- to plate against 
the bactenal stram B /6 which is specificall3'' and 
totall3’’ resistant to T 6 , while all the other phages 
which w'e have used form plaques when plated 
against B /6 

The second method, which wiU be called the 
some method, was devised m cooperation with 
Dr T F Anderson m his laboratorv at the 
Johnson Foundation of the Umversit3’’ of Penns3d- 
vama This method, b3^ contrast wuth the other, 
does not depend on C3'^amde to stop lurus multiph- 
cation, but depends on reduemg the temperature 
to 5 ° or lower durmg a 5 -nimute intenml in wdiich 
the infected cells are ex-posed to mtense some 
vibrations This treatment disrupts seme 90 to 
95 per cent of the infected bactena This method 
IS unfortunate^’' applicable onb to those phages 
which show moderate resistance to sonic energi 
Among the members of the T senes these are T 3 , 
T 7 , and possibh T 1 ( 3 ) 

Tlie first results which I would like to discuss 
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are seen in figure 1, and are from an experiment 
done with Dr Anderson Its purpose was to 
compare the results obtamed with the two meth- 
ods descnbed above Separate ahquots of a T3- 
infected bactenal suspension were treated simul- 
taneously with the two methods From a third 
untreated ahquot control lysis was determmed 
Attention should be directed to several aspects of 
the results shown m the figure It is seen that, m 


to 95 per cent of the cells are disrupted From the 
figure it can be seen that the titer of plaque- 
formmg particles per ml m the early stages with 
some treatment is between 5 and 10 per cent of 
the infected bactenal titer As the yield of phage 
per cell approaches one, the small fraction be- 
comes neghgible 

The agreement m the ascendmg portions of the 
curves can be taken to mdicate that both meth- 



Fig 1 CoMPAEisoN of cyamde-lysis procedure with sonic method for estimation of intracellular 
bactenophage 


the ascendmg portions of the emwes, theie is 
close agreement m the results from the some 
disruption treatment and the C3"anide-tysis treat- 
ment Tlie onl}'^ discrepancy is found m the 
earhest pomts, where both curves fall far below 
the control lysis curve This difference is due to a 
difficulty m techmque, as is seen from the foUow- 
mg considerations Any infected, unbred cell will 
make one plaque In the case of the cyamde and 
TG-treated ahquots very nearly 100 per cent of 
the cells are broken down b}^ the treatment 
With the some treatment, however, onb^ some 90 


ods give about the same intracellular phage 
estimate It is furthermore evident that the two 
procedures are mdependent of each other since 
separate techmques of disruption have been em- 
ployed and since different mechanisms were used 
to stop phage growth The agreement between 
the results, therefore, constitutes convmcmg evi- 
dence for acceptmg these methods as adequate 
for titratmg the intracellular bactenophage popu- 

Results very similar to those obtamed with T3 
were found when the intracellular development 
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of T4 was followed b^ tlic cj anulo sis tcrhnique 
The cur\es were similar in shajic, hut spread out 
over the longer latent jicriod of T 1 Again none 
of the original infecting particles were icco\crcd, 
e\en when the imiltijilicitv of infection was in 
excess of 5 phage jiarticles per cell 

The question which naturalU follows here is 
how the results of intracellular titrations fit with 
the intracollulai chcinistn’ studies winch were 
presented b\ Dr Cohen He has alre^idj’ answered 
this question, and I wish onlj'’ to recall to 3 our 
attention the striking jiarallcl in the accumulation 
of new h S3aithcsizcd dcsow ribose nucleic acid in 
the cell and the subsequent increase in mature 
phage particles 

A httle more detail nia} be added to the results 
of the intracellular titrations b^ inx estigating the 


whole cultures arc plated out When this was 
done with bacteria infected with 5 to 10 T2H 
jiarticlcs per cell, the results showm in figure 2 
were obtained The average 3ueld of phage per 
cell in the 5 experiments ranged from 30 to 60, 
and the individual bursts w'ere plotted as per- 
centage of the average in a given ex-penment 
The average 3 lelds per cell from those allowed to 
b'se noi mall3' w as around 300 It is seen that there 
IS i w ide range, iiercentagew ise, m the cells which 
were disrupted ahead of their normal lysis time, 
indicating that the cells are not uniform in the 
time at which the first phage jmrticle appears m 
them The spread found is similar to that ob- 
tained from normall3" I3 sing Tl-infected cells by 
Delbruck (4) and T2H-mfected cells by Hershey 
and Rotman (5) 



Fig 2 Disteibotion of intracellular bacteriophage particles among individual bacteria as found 
by cyanide-lysis procedure 


phage present m mdivjdual bactenal cells Since 
the experiments of Delbnick (4) published five 
years ago it has been knowm that there is a wide 
range m the yield from mdividual cells which ly'^se 
normally It seemed worthwhile, therefore, to 
adapt the cyamde-lysis procedure to titratmg 
the phage withm smgle bactenal cells Tlie tech- 
nique depends on dilutmg the infected bactena 
to a pomt where smgle drops will have a small 
probabihty of containing an infected bacterium 
Prom this highly diluted culture smgle drops are 
dispensed mto many mdividual tubes at some 
stage before one wants to mduce tysis The ma- 
jonty^ of the cultures w'hich contam an infected 
bactenum under these conditions will contam 
only one The cultures are meubated at the 
desired growth temperature until the time of 
lysis mduction They are then placed m an ice 
bath, and cyamde and T6 are added qmcklv 
After a suitable period for lysis mduction, the 


Table 1 Occubrencb of genetic becombinants 
IN THE CEOB8 T2Hrii X T2H7i duking 


THE LATENT PEBIOD 


£XFER 

NO 

mre or cyanide 

TRXATitENT 

NO 

PHAGE 

PER 

CELL 

TOTAL S 
HANTS 0 

rh 

lECOUBI- 

iBSERVED 

PER- 

CENT 

RECOU- 

BIHANTS 

1 

20 

2 3 

6 

4 

2 0 

2 

20 

6 0 

49 

48 

2 2 

1 

25 

36 

2 

6 

1 6 

s 

27 

67 

45 

36 

2 4 

2 

29 

102 

18 

16 

2 3 

1 

30 

113 

11 

8 

3 0 

1 

Control burst 

2SS 

31 

16 

3 0 

2 

Control burst 

516 

72 

59 

3 5 

3 

Control burst 

365 

15 

12 

2 3 


The number of bursts obtamed m these ex- 
periments is slightly lower than would lx; ex- 
pected on the basis of the number of mfcctcil 
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bactena knouTi to be present Tins is to be ex- 
pected, however, if a few of the infected cells do 
not yet contain any mature phage particles at 
the time of induced I 3 SIS The fau agieement 
between the number of bui-sts and the expected 
number mdicates clearly tliat the treatment used 
for mducing lysis is obtaimng phage from all of 
the cells and not merely from a few which might 
be sensitive to the lytic procedure 
From the results so far presented, the major 
conclusion appears to be that the infectmg parti- 
cles, whether thej'- be one 01 many pei cell, are 
not recoverable as such, and that they have 
undergone some change that prevents them from 
fornung a plaque when the ceU is disrupted This 
IS m agreement with the much eailier experiments 
of Delbruck and Luna ( 6 ) m v hich they infected 
cells simultaneously with T1 and T2 (a and 7 ) 
Under these conditions, T2 completely suppresses 
the multiphcation of T 1 Furthermore, when the 
yields from these cells were examined, not even 
the infectmg particles of Tl were found 
I w'ould like now to turn to some of the genetic 
ex-periments which shed a little more light on 
the problem of intracellular repioduction of bac- 
tenal viruses From the data so far presented one 
might still believe that the intracellular multipli- 
cation IS accomplished through binary fission of 
the infectmg virus particle The non-cxponential 
nature of the curves of mtracellular viixis increase 
could be ex-plained bj^ assuming some hmiting 
sjmthetic reaction, and the earlj disappeaiance 
of the mfectmg particles might be due to a 
temporarily u reversible attachment to the bac- 
terial components Tlie genetic expei iments, how'- 
ever, furnish convmcmg evidence against the 
hj’pothesis of binarj^ fission 
The basic experiments in this legaid have lieen 
done by Heishey and Rotman (5) Thej' infected 
bactena simultaneously with two txqies of T2H 
which differed from each other m two differenti- 
able hereditaiy loci Tlie yield from such bacteria 
consisted of the two parental genotiTies, but in 
addition, two new' tj'pes w'hich were identified as 
the other two combmations of the genetic mark- 
ers When the juelds from individual bacteria 


were analyzed, the two genetic recombinant types 
w'ere found m equal propoition and furthermore 
the recombinants occurred in statistical!}' the 
same proportion in each of the individual cells 
In other words, there w'ere no x'lelds containing 
unusually large clones of the recombinant types 
Even the mere fact that recombination of genetic 
material does occur would be difficult to axplam 
on a binary fission h}'pothesi 3 However, assummg 
such a hypothesis, and admittmg the possibiliti 
that whole phage particles could transfer genetic 
properties, one must still account for the non- 
clonal distribution of the recombinants The 
amendment w'ould, therefore, have to be added 
to the h}q)othesis that recombination occurs onlv 
m the later stages of multiplication 

We have attempted to answer the question 
whether any of the first completed phage particles 
may be of the recombinant types A cross was 
made aftei the technique of Hershey and Rotman 
(5), but instead of allowing the latent period to 
go to completion, it was interrupted at several 
points w ith the cyamde-lysis technique The cross 
used was one of those described by Hershey and 
Rotman, namely T 2 Hri 3 X T2H/i When the 
cells are allow ed to 1 } se nomally, this cross gives 
2 to 3 per cent recombinants This particular 
cross inth low recombination was selected in 
preference to high recombmation crosses for the 
following reason on the bmar} fission hj'pothesis 
the absence of clones would more definitely 
preclude the early occurrence of recombmants 
than m cases where a high percentage of re- 
combination occurs 

The results of the expenment (table 1 ) show 
that exen when there is a small number of phage 
particles per cell, the peicentage of recombmants 
IS about as high as is found w'hen cells are allowed 
to l}se normall} On the hx'pothesis of binary 
fission, these early recombmants would neces- 
sardv grow into clones Heishey and Rotman s 
evidence is unequixocal that no clones are found 
One must therefore conclude that the phages of 
the T-even senes do not multiply by binary fis- 
sion, and further that the first completed phage 
particles are not themselves the parents of those 
viruses which appear latei within the same ce 


1 

2 

3 
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I N order to meet the specialized needs of Civil Defense organization, NUCLEAR 
has developed specialized instruments for civilian protection From a pocket 
monitor to complete central station continuous radioactivity recording systems, 
NUCLEAR instrumentation offers reliable, efficient units for Civil Defense use 



Briefly described below are three of the most recently perfected NUCLEAR instru- 
ments for Civil Defense Complete details on these and other NUCLEAR instruments 
will be furnished promptly upon request 

nuclear "CIVION" (Model 2383)— Compact High-Level Monitor 

o SMALL- only 2' x 3' x 6'/4'' 
o LIGHT — weighs 21 ounces 

o WATERTIGHT — lough plastic cose con be Immerscii m waler without damoge 
O READING RANGE from 025 r/hr to 500 r/hr 
o DETECTS gommo and strong beta rodintion 

o ONE CONTROL Is "ON OFF" switch in convenient thumb operating position 
o ILLUMINATED METER for night use 

o LONG LIFE from bafferios in excess of 100 hours continuous 
o NO ZERO SET required except when roplaang batteries 
O BATTERIES quickly replaceable without tools 

O METER damped for stability, clearly marked 2" scale under magnifying lens window 
O ALL- PLASTIC ION CHAMBER for true roentgen rending within F C D A tolerance 

nuclear (Model 2610A} BETA-GAMMA MONITOR 

o APPROVED by F C D A for low level monitoring 
o LIGHTWEIGHT- 10' x 4%' x 5%' With boltcrles, weighs 9'/j lbs 
o WATERTIGHT instrument cose and probe 
O ONE-HAND operation 

O SHIELDED PROBE for beta and gamma discrimination 
O PLUG-IN GEIGER TUBE requires no soldering 
O RANGES! 0 2, 2, 20 mllhroentgens per hour full scale 
O AUDIO and VISUAL radiation Indications 
o RADIOACTIVE CALIBRATION SOURCE mounted on instrument 


nuclear (Model 2S84) GAMMA SURVEY METER 

(AN/PDR T1 Typo os recommended by F C D A ) 

NUCLEAR Mode! 2584 is o MODERN development of the wide range, low level 
AN/PDR T1 Meter, with these Improvements: 

O DIAL LIGHT switch more rugged, protected against turning on accidentally 
O CASE is all cast aluminum in two ports for more stable operation 
O WATERTIGHT, yet con be arranged for opening quickly without tools 
O PUSH-BUTTON zero check ollows chock without changing range setting 
O CIRCUIT redesigned for greater simplicity, equal or bettor dopondablllly, 
easier access 

RANGES: 0 5i 0 50; 0 500; 0 5,000; 0-50,000 mr/hr 
POWER SUPPLY self contoined batteries, quickly accessible for replacement. 

n U C I 6 Q r INSTRUMENT & CHEMICAL CORPORATION 

241 Wesf Erie Street • Chicago 10, Illinois • Coble Address: Arlob, New York 

Export Department 13 E 40lh St, Now York, N Y 




• Stollno Units for Every t7p* o'f Radlot.on Coom'inB •*Gla.. Well, Mice Window, and WIndowk.s Counters 

• Complolo ' Pockogod" Counting Systems • Portable Count Rote Meters 

• Health Monitoring Instruments for Personnel Protection • Radioactive ChemStots 

e Complete Lino of Accessories for the Nuclear toborolory 


'PRECISION 
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INSTRUMENTATION FOR NUCLEAR MEASUREMENTS' 
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in 1960^ you’ll he glad you used 

GOLD SEAL SLIDES 
and COVER GLASSES 

Choice of leading pathologists and 
anatomists because . . . 

SEAL MICRO SLIDES 

are made of a special, hard, non-corrosive glass 
— almost colorless, and uniform in thickness, 
length and width 

They are factory inspected and selected to elimi- 
nate striae, bubbles, scratches and other imper- 
fections Edges are beveled, ground and polished 
Slides are washed before packing 


GOLD SEAL COVER GLASSES 

are made of a special domestic glass of ex- 
treme hardness, containing a minimum of 
alkali, non-corrosive and non-fogging 

They are cut, selected, gauged and packed 
in our New York City workrooms by tech- 
nicians trained in the accurate cutting, se- 
lection and gauging of cover glasses, and 
equipped with the best apparatus available 
for this purpose 





NOW IMMEDIATE DELIVERY 

Clay-Adams Company, inc 

141 EAST STREET NEW YORK 10 

Sk«wroqnt, *^^308 W««* WmlilaaKa S«r»a» CHICAGO • ILL S 
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SerN^TlL 

ANGLE CENTRIFUGES 

Ask for Bulletin TQ-31 
with complete data on all models 



With safety design self-centering device 
and dynamical balance 13,000 r p m 
20,000 X G Cap S X 60cc or Ificc tubes 
NEW TYPE SS-2 VACUUM CENTRIFUGE 
17 000 r p m 60 000 X G 
Capacity 16 X 60cc tnbcs 



STERLING AUTOMATIC 

AND 

HAND PIPETTES 

Dispense accuratelj , at a set speed, pre- 
determined amount of 0 1 cc to 10 0 cc 
Ea8> to Operate — Time Saving 



SerN/TgIL 

Magnetic Stirrer 
Ask for Bulletin TQ-34 

Stirs 

• In opon vessels 

• In closed systems 

• under pressure 

• under sterile 

conditions 


Thermostatically Controlled 
Swingable Heating Plate 
Novel, shock Resistant Glass- 
encased Stirring Elements 


NEW 

NEW 

Manufacturer and Distributor 

IVAN SORVALL, Inc. 

210 FIFTH AVE -NEW YORK 10, N Y 

Visit us at the Convention Booths 91 and 94 
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GRASS INSTRUMENT CO. 
lOl OLD COLONY AVE 
QUINCY MASS 
PR3 0002 



A GENERAL PURPOSE PHYSIOLOGICAL STIMULATOR 

The accuracy and versatility of this square-wave stimulator allow its use wnthout momtor- 
ing in a wide variety of nerve, muscle and cortical stimulation problems Frequency, 
duration and voltage of the stimulus are independently vanable and each is accurate to 
better than 5% The stimulus has a vanable tune delay from the cathode-ray synchroniz- 
mg pulse This stimulator gives single, groups or contmuousl 3 ' repetitive pulses, and m 
combination with a similar stimulator, gives two pulses whose separation, duration and 
voltage are all independentlj’^ vanable 

Stimulating electrodes of various types are available 
Grass Instrument Company also manufactures 

Preamplifiers — used extensively m nerve-muscle pfij'^siology in conjunction wnth com- 
mercial cathode-ray oscilloscopes having some amplification, 

Ellectroencephedographs — used chnically and m expenmental neurophj siologj and 
pharmacologj , 

Electrodes — scalp type for recording the EEG, Cortical electrodes for recording the 
EEG from exposed brain in animals and humans, and depth electrodes for stimulating, 
recording and injecting fluids into the depths of the brain 
Wnte us for full specifications on any of the above 
Prompt dehverj on most items 

MAKERS OF ELECTROENCEPHALOGRAPHS 

electrophysiological instruments since 


You are inauted to MSit our Booths 51 and 54 it Vtlantic Cit 
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offers greater simplicity 
and flexibility 
in micro -studies 

Now manufactured m America under 
exclusive rights to the de Fonbrune 
French patents, this new Aloe Pneu- 
matic Micromanipulator brings to 
micro-biological and micro-chemical 
analyses a simplicity of operation 
and a flexibility of application not 
possible with any other equipment 
The receiver permits use of a variety 
of micro-instruments under low 
power wide field, dry or oil immer- 
sion objectives It also permits ex- 
perimentation on cells by electric 
current 

58090 — Micromanipulator, de Fonbrune, 
Pneumatic type, with manipulator, receiver, 
SIX tubular micro needle holders, two micro 
instrument clamping devices, rubber connect- 
ing tubes, and sturdy wood case 

WRITE FOR DESCRIPTIVE BULLETINS T114 ON 
MICROMANIPULATOR AND MICRO-FORGE 


a. s. aloe company Strvtng Sc/*nc« Sine* IS60 

1831 Olive Street • St louts 3 Missouri 



, r I 


de FONBRUNE 

micro-forge 

For making routine or special 
micro-instruments, the American- 
made de Fonbrune Micro-Forge 
tremendously increases the poten- 
tial use of the Micromampulator 
Glass or metal micro-instruments 
are made quickly and easily under 
accurately controlled conditions 

58092 — Micro-Forge, de Fonbrune, 
with optical unit, special stage, built In 
light source, accessory housing and 
platinum electrode For operation on 
115 volts, A C 
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THE NEW 


nuclear 


Ititra-S'caler” 








..the most 
vers g e 
scaling unit 
available! 



# Geiger, proportional or scintillation counting by predetermined count, pre- 
determined time or manual methods, plus monitoring with a probe — you can 
do all these with the new versatile Nuclear Model 172 "Ultra-Scaler” This wide 
range of adaptability allows you to do nearly every conceivable counting job, 
whether research or routine Where your program is varied and unpredictable, 
the "Ultra-Scaler” is the right instrument to meet any and all of your countmg 
requirements, with the same reliable accuracy for which all Nuclear instruments 
are noted 

The "Ultra-Scaler” represents another forward step in Nuclear’s eflFort to 
provide you with the finest instruments for nuclear measurement W^rite today 
for illustrated catalog giving full detailed information on the "Ultra-Scaler” and 
the rest of Nuclear’s complete line 


I 


nuclear INSTRUMENT & CHEMICAL CORPORATION 

223-233 Weit Erie Sireef • Chicago 10 IllinoU Cable Address: '‘Nuclear* 


. . _ _ 1 

• Scaling Units for Every Typo of Radiation Counting • Gloss Wall Mica Window and Windowless Counte 

• Complete 'Packaged* Counting Systems • Porlobte Count Rote Meiers 

• Health Monitoring Instruments for Personnel Protection • Complete Line of Accessories for the Nucleor loborolory J 
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The administration of Protamine Zinc Insulin is a 
cornerstone m the treatment of practically all 
diabetics because of its slow but prolonged effect 
Unmodified Insulin is employed either as a sup- 
plement or as an alternative whenever a quick and 
short but powerful action is required In emer- 
gencies and during diabetic complications, the 
rapidly acting preparation is especially mdicated 
Mixtures of the two preparations provide an 
intermediate "adjustable” effect No single Insulin 
preparation is indicated for all diabetics The 
treatment of each diabetic is an individual prob 
lem — as individual as a fingerprint 

Complete literature and diet forms for the 
treatment of diabetes are available from your 
LiUy Medical Service Representative or vnll be 
fonvarded to members of the medical profession 
upon request 



E/i Lilly and Company 
Indianapolis 6, 
Indiana, U S.A. 


for rapid effect 

Helm (Insulin, Lilly), U-40 and U 80, containing 
40 and 80 units per cc respectnely 
Iletin (Insulin, Lilly) made from zinc Insulm crys- 
tals, U 40 and U 80, containing 40 and 80 units per 
cc respectnely 


for prolonged effect 

Protamine, Zinc & Hetin (Insulin, Lilly)— Prota- 
mine Zinc Insulin, Lilly— m nals contaimng 400 
and 800 units, labeled 40 and 80 units per cc 
respecUvely 


for intermediate effect 

Suitable mixtures of Iletm (Insulin, Lmy) an 
Protamine, Zmc & Uetin (Insulin, Lilly) 


Vlll 


FEDERATION PROCEEDINGS 


Volnine 9 


Federation Proceedings 

VOLUME 9 Maich 1950 NUMBER 1, PART I 


THIRTY-FOURTH ANNUAL MEETING 
Atlantic City, New Jersey, April 17-21, 1950 


ABSTRACTS OF PAPERS PRESENTED 


Amencan Physiological Society 3 

Amencan Society of Biological Chemists 143 

Amencan Society for Pharmacology and E\penmental Therapeutics 252 
Amencan Society for Experimental Pathology 327 

Amencan Institute of Nutntion 351 

Amencan Association of Immunologists 376 

Abstracts Received Late 395 

Author Index i 



THE AMERICAN PHYSIOLOGICAL SOCIETY 
Ftfty-miith A7i7tual MeetiTtg 
Atlajttic City, New Jersey, April 17-21, 1950 

(An asterisk * following an author's name indicates “by invitation") 

Optimum frequencies for some disintegration of adrenal cortex extract (2 cc daily, intrapentone- 
paramecia Eugene Ackerman (introduced by ally), and 11-dehj dro-17-hydro\ycortico3terone 
J A E Eibter) Johnson Fndn , Umv of Penn- acetate (compound E) (1 0 mg dailj , subcutane- 
sylvania, Philadelphia ously) administered to the salt-maintained, adren- 

The dismtegration of Paramecium candalum bj alectomized rat restores its abibty to respond to 
intensense sound waves of audible frequencies intrapentoneal renin injections bj proteinuria as 
n as studied Sonic fields were generated by n mag- massive as that found in the intact normal animal 
netically driven, steel diaphragm which formed The intrapentoneal injection of 2 or 3 grams of 
the bottom of a cup which contained the aqueous human serum albumin (6% solution in normal 
suspension being treated Frequency of vibration, saline) produces an intense transient proteinuna 
time of exposure, and concentration of cells before in the rat averaging 510 mg for the 18 hours fol- 
and after treatment were measured Sonic veloc- lowing the injection Following bilateral adrenal- 
ities were measured with a calibrated phonograph ectomy, the protein excretion after human serum 
cartridge in contact with the dnving magnet The albumin injection is reduced to 75 mg for the 
ratio of the concentration of the survivors, N, at 18-hour period after the albumin injection The 
at a time i, to the onginal concentration iVo, obeyed spontaneous proteinuria found m the normal male 
the relationship Ln(A'’/A''o) = nhere F repre- rat is sigmficantly reduced in the adrenalecto- 
sents the peak velocity of the water The rate mized, salt-maintained ammals 
factor, K, is independent of the frequency except 

in the range 1,100 to 1,300 cycles/sec , where K Sex difference in proteinuria of normal rats T 
rises to a maximum at 12(X) cycles/sec of 6 times Addis,' J IMarmorston,* H Goodman* and 

its value outside this range Different maxima ^ Sellers * Inst for Med Research, Cedars of 

were found for 3 other Paramecium species, the LAanon Hospital, Los Angeles, Calif 
'optimum frequencies increasing as the size de- spontaneous protein excretion in 

creased These results n ere checked with mixtures normal male and female rats is identical until 
of 2 species Vibrational modes of cells are readily fiO-60 days of age (approximately the age of 
excited by stresses in the water due to cavitation puberty), at which time, the rate of protein e\- 
Sphencal cells in this size range would have cretion in the male rises sharply several fold above 
appropriate resonant frequencies if they had inter- found in the female This increased rate of 

facial tensions of about 3 dynes/cm or a cortex protein excretion in the normal male rat persists 
with the ngidity of a fibrin gel Trichomonas "''^il at least 200 days of age Observations were 
foetus and mammalian erythrocytes, which are i^ot made after this age The rate of spontaneous 
much smaller, gave constant K values throughout protein excretion in castrate male rats is not 
this range essentially different from that found in the female 

at all ages from 30-200 days In order to deter- 
A.drenalectomy and proteinuna m the rat T mine whether the increased protein found in the 

Addis,' J Marmorston,* H Goodman* and urine of male rats had its ongin in the kidnej or 

A Sellers * Inst for Med Research, Cedars of in the accessory sex glands, normal male an 
Lebanon Hospital, Los Angeles, Cahf famale rats of 120-130 days of age were injec c 

The normal rat responds to the intrapentoneal with 5 cc of normal saline solution su 
injection of 4 imits of hog remn diluted in 4 cc ously At the end of one hour, tlm nith- 

of normal saline solution by an intense proteinuna, tended bladder was clampe an portion 

averaging 31 7 mg of protein/hour Protein excre- drawn by puncture throug an ai 
tion drops to 1 mg/hour in response to the same The protein content o e concluded 

dose of renin in the bilaterally adrenalectomized, urines are essentia i normal male and 

salt-maintained animal Desoxj corticosterone that the protein excre e^^ from the lidne\, d- 
acetate (0 5 mg daily , subcutaneously), aqueous female rat comes i 


1 Deceased. 


3 
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though the bladder is not entirely eliminated as 
a minor source of some excreted protein 

Labile factor of prothrombin conversion its con- 
sumption in normal and abnormal blood coag- 
ulation Benjamin Alexandee, Greta Land- 
WEHR AND Robert Goldstein (introduced by 
Herrman L Blumgaht) Med Research Labs , 
Beth Israel Hospital, and the Dept of Medicine, 
Hanard Med School, Boston, Mass 
Rapid prothrombin conversion to thrombin re- 
quires a plasma component called “Labile Fac- 
tor” (L F ) Whereas its concentration in plasma 
IS known its level in serum is obscure Such infor- 
mation IS necessary to elucidate its role in coagu- 
lation and to permit precise determination of 
serum prothrombin by measuring its prothrom- 
bin time Prothrombin n as determined bj a modi- 
fied one-stage procedure in which the material 
V as diluted with fresh plasma rendered prothrom- 
bin-free by BaS04 Prothrombin times u ere inter- 
polated on standardization curves obtained on 
normal plasma sirmlarlj^ diluted L F v as meas- 
ured by its abihty to rectify the retarded pro- 
thrombin conversion of aged plasma devoid of the 
factor Plasma and sera were first adsorbed bj 
BaS04 to remove prothrombm and spca Thej 
w ere then added (whole or diluted) to stored pooled 
plasma (1-4) and the prothrombin times of the 
mixtures were determined Normal serum, sepa- 
rated one hour after coagulation, contains much 
less L F than plasma Accelerating coagulation 
by thromboplastin supplements reduces serum 
L F even further Conversely, hemophilic and 
thrombocytopenic sera contain large amounts of 
L F Similarly, dicumarol hj poprothrombmemic 
blood, with or without thromboplastin supple- 
ments, yields sera rich in L F Thus Labile Factor 
IS consumed in relation to the amount and velocity 
of prothrombin conversion, suggesting its role ns 
reagent rather than catalyst The significance of 
these observations in determimng serum pro 
thrombin and prothrombin consumption are dis- 
cussed Also, the relation between L F and pro- 
thrombin-converting-accessor 3 ' factors reported 
b}' others are reviewed 

Influence of diaphragm on portal blood flow and 
venous return Robert S Alexander Dept 
of Physiology, Western Reserve Univ School of 
Medicine, Cleveland, Ohio 
Changes in the djmamics of portal blood flow 
associated with contraction of the diaphragm 
have been studied in anesthetized dogs by means 
of optical manometers and direct measurements 
of blood flow Contraction of the diaphragm pro- 
duced b 3 " phrenic nerve stimulation results in a 
nse in effective portal pressure in spite of a reduc- 
tion in portal inflow from the mesenteric bed 


This IS dependent upon an increase m resistance 
to blood flow in the mesenteric circuit and a pro- 
portionatel 3 greater increase in resistance to 
hepatic blood flow These resistance changes are 
interpreted as being the result of mechanical com- 
pression of abdominal structures by diaphrag- 
matic contraction In addition, phasic changes 
in blood flow associated wuth diaphragmatic con- 
traction suggest a ‘imlking’ action of the dia- 
phragm upon the portal S 3 stem In confirmation 
of this, intermittent stimulation of the phrenic 
nerve at short intervals markedly mcreases portal 
blood flow in spite of the changes in resistance to 
arterial inflow This increased blood flow is not 
dependent upon changes in intrathoracic pressure 
Comparisons have been made betw'een these ob- 
servations and comparable observations made 
during the normal respiratory cycle It is con- 
cluded that the action of the diaphragm in milking 
blood from the portal S 3 'stem is an important fac- 
tor contributing to venous return to the right 
heart, especially wnth rapid rates of respiration 

Effect of spinal cord lesions on positive and nega- 
tive conditioned reflexes in dogs William F 
Allen Dept of Anatomy, Univ of Oregon Med 
School, Portland 

This study represents the results of transections 
of the mid-thoracic pyramidal or extrap 3 ’Tamidal 
fibers on acquired auditor 3 '-hindleg conditioned 
reflexes Transections of the lateral pyramidal 
tract produced but little effect on the ipsilateral 
positive conditioned reflex and none on the nega- 
tive reflex Hemisection of the cord elinunated the 
ipsilateral hindleg conditioned reflex for 1000 
trials, but the positive conditioned stimulus 
finally elicited a walking reflex of the hindlegs 
that started wuth the normal leg The positive 
conditioned reflex was abolished for both hindlegs 
b 3 ’’ a lesion that hemisected the left side of the 
cord, cut the right lateral pyramidal tract and a 
median strip of the right ventral pyramidal tract, 
but left umnjured many of the right ventral and 
lateral reticulospmal fibers In this dog the posi- 
tive conditioned stimulus evoked movements of 
the forelegs which dragged the hindlegs on the 
floor The negative conditioned stimulus pre- 
vented this response, but did not stop a slow 
clonic movement of the right hindleg that began 
and ended with a dail 3 ’^ session of tests Transec- 
tion of both ventral reticulospinal tracts produced 
no effect on the positive conditioned reflex for 
either hindleg and slight effect on the negative 
conditioned reflex Transection of the ventral 
reticulospinal tracts and many of the right lateral 
reticulospmal fibers did not effect the positive 
conditioned reflex for the right hindleg, but elim- 
inated the right negative conditioned reflex m 
over 1000 trials A like transection which included 
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a large proportion of the left lateral reticulospinal 
fibers together nith the ventral reticulospinal 
tracts did not affect the left hindleg positive con- 
ditioned reflex, but the negative conditioned reflex 
required over 2000 tests before re-establishment 
occurred It uould therefore appear that the 
reticulospinal tracts are as essential for this nega- 
tive conditioned reflex as the pyramidal tracts for 
this positive conditioned reflex 

Effect of daily exposures to 18,000 feet simulated 
altitude upon life cycle of the rat Paui. D 
\ltland and Benjajiin Hiqhman (introduced 
by Heinz Specht) Natl Insla of Health, 
Bethesda, Md 

Sprague Dawley rats nere exposed to 18,000 
feet 4 hours daily beginning at 14 days of age and 
terminating at 540 days or prior death Seventy- 
tii o rats were killed for studj" at intervals between 
37 and 540 days, while 20 males and 30 females 
nere observed for longevitj’’ In contrast to the 
findings observed in rats similarly exposed to 
25,000 feet, they^ shoned no significant reduction 
in longevity compared nath controls Nine of 20 
male rats died dunng exposure period, but 7 lived 
700-798 days, 7 of 30 females died during exposure, 
but 14 bved from 700-928 days and 1 survived 
(1020 days) Males gained less weight than con- 
trols during exposure, but females grew norraally^ 
Hematocrit values (78% in males, 70% in females) 
remained at high levels from 100-350 days of age 
and then they declined to approximately 67% at 
540 days The polj cythemia rapidly disappeared 
after cessation of exposures Pathologic changes 
attributable to altitude were rarely severe Some 
exposed ammals showed fattv degeneration and 
hemosiderosis of the liver and kidney Such 
changes tended to be more severe in animals with 
pneumonia and were seen only occasionally in 
controls A few exposed rats showed slight thick- 
ening of the valvular leaflets, but there were no 
cardiac vegetations, renal infarcts, or massive 
intestinal hemorrhages as previously reported 
(1949) in rats exposed to 25,000 feet These findings 
indicate that the life cycle of rats is not signifi- 
cantly altered by discontinuous exposures to 
18,000 feet 

■Cortical representation and spinal pathways of 
visceral afferents V E Amassian (introduced 
by T C Ruch) Dept of Physiology and Bio- 
physics, Untv of Washington School of Medicine, 
Seattle 

Afferents distributed \\ ith si mpathetic nerves 
to the viscera are represented in the trunk region 
of the cortical sensorj areas of the cat and monkei 
Under pentobarbital, latencies or the initial sur- 
face positive wave from single shock stimulation 
of the splanchnic nerx e in the cat w ere 9 5-12 and 


8-10 5 msec for controlateral areas I and II 
Ipsilateral responses of 12-14 msec latency were 
found in area II, where the responses were best 
seen The spinal pathw ay for the early splanchnic 
response is in the posterior columns The evidence 
IS that section of the posterior column at Ci abol- 
ishes the early response, while section of anterior 
and lateral columns leaves it unimpaired A series 
of action potentials appears in the posterior col- 
umns on splanchnic stimulation, and antidromic 
stimulation of the posterior columns gives a 
series of similar latency in the snlanchnic nerve 
From the latency of the initial wave, the conduc- 
tion velocity of the fastest splanchnic afferents, 
expressed as an average for the pathway below the 
medulla, is estimated at 45 metres/sec , corre- 
sponding to fibers of 7 5 p or over Many of these 
are derived from pacinian corpuscles No evidence 
could be found that the rapidl} -conducting, vis- 
ceral afferents initiate the early cortical response 
through an interaction wnth somatic lumbar or 
intercostal afferents below the medulla This may 
have implications in theories of the reference of 
visceral sensation Recordings from the antero- 
lateral regions of the spinal cord have confirmed 
the presence of another ascending pathway with 
properties differing from those of the posterior 
columns 

Proteins obtained by Iong>continued mild ex- 
traction of whole mammalian muscles Wiluam 
R Amberbon, Sylvia Himmelfabb* and Caro- 
lyn M Stout Dept of Physiology, Univ of 
Maryland School of Medicine, Baltimore 
In extension of work previously reported {Fed- 
eration Proc 7 2, 1948, J Biol Chem 181 405, 
1949), whole rabbit muscles have been repeatedly 
extracted for as long as 4 months by the use of 
6% and 10% potassium pyrophosphate solutions, 
at 0 ° C In the present work the muscles have not 
been frozen before or during extraction Individ- 
ual extraction periods are usually 2 or 4 weeks 
The various senes of resulting protein solutions 
have been subjected to electrophoretic analysis, 
and the time course of extraction of the several 
components followed The major components. A, 
C, and D, reappear m many successive extraction 
periods, ■wnth the C component (mj osin) gradually 
forming a larger percentage of the total extracted 
protein Mobilities are not markedly altered for 
many weeks Total protein extracted may finally 
reach as much as 10% of the original wet weight 
After the first week a new component, which we 
designate as C', appear in the electrophoretic 
patterns Its mobility is intermediate between C 
and D It becomes well dei eloped on the descend- 
ing limb, but IS very small on the ascending limb 
The sum of the areas of C and C on the descending 
limb IS nearli the same as that of the same com- 
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ponenta on the ascending limb In the presence of 
C the form of the D elevation is also modified, on 
the descending limb It appears that C' is in some 
way related to both C and D components, but its 
identity has not been established 

Factors affecting quantitative comparison of direct 
and indirect effects of x-rays on enzymes 
Rttbbet S Anderson Dept of Physiology and 
Pharmacology, Untv of South Dakota School of 
Medicine, Vermillion, and Marine Biological Lab , 
Woods Hole, Mass 

It IS not at present possible to state definitely 
the relative importance of direct and indirect 
(‘activated water’ reactions) X-ray effects in 
irradiated living tissue However since both must 
occur to some extent, it is desirable to learn more 
of their charactenstics in systems which are 
simpler than living cells A number of comparisons 
have appeared in the literature, particularly on 
viruses, but less data is available on proteins hav- 
ing the molecular sizes of enzymes Pepsin has 
therefore been irradiated, both in solution and 
after drying, and the loss of enzymatic activity 
deterimned The loss in solution can, as was re- 
ported earlier, be increased several-fold merely 
by warming the solution of the enzyme after the 
irradiation Also, in the case of the dry enzyme, 
a previously unrecogmzed factor is of importance 
in the quantitative result When the number of 
molecules of pepsin inactivated per ion pair formed 
is calculated, the value is somewhat larger for the 
direct effect than for the indirect effect The exact 
ratio depends upon conditions However, there is 
nothing approaching the difference of 4000 to 1 
reported by Lea for tobacco mosaic virus In a 
20-26% pepsin solution a substantial fraction of 
the inactivation wmuld be calculated as due to 
the indirect reaction Additional data is needed, 
since this suggests that the indirect reaction can- 
not yet be ebminated as insignificant within the 
cell, especially if the sensitive entities are small 

Diencephalic mechanisms for facilitation and in- 
hibition George Austin* and Herbert 
Jasper Dept of Neurology and Neurosurgery, 
McGill Univ , and Montreal Neurological Inst , 
Montreal, Canada 

Recent studies have shown facilitatory mech- 
anisms existing in the diencephalon to be asso- 
ciated with important changes in the electrical 
activity of the cerebral cortex Inhibitory mech- 
anisms have also been reported to have been 
activated from structures in the diencephalon 
and rostral mesencephalon which cause changes 
in electrocortical activity Relationships between 
motor facilitation or inhibition and the changes 
in electrocortical activity have remained obscure 


In the present experiments stimulation points 
from the septum to the red nucleus of the cat have 
been mapped for their effects upon a) cortical 
induced movements, h) electrically recorded spinal 
reflexes, and c) electrocorticograms Results of 
these experiments to date have shown the most 
marked facilitation of cortically induced move- 
ments and spinal reflexes from stimulation of the 
habenulopeduncular complex Facilitation has also 
been obtained from the red nucleus, tegmental 
fasciculus, posterior hypothalamus, subthalamus 
and from portions of the thalamic reticular sj'stem, 
antero-medial nucleus and ventralis lateralis 
Stimulation points producing inhibition have been 
found in the septum, dorsal hypothalamic area, 
and caudate nucleus We have been unable to 
demonstrate a constant relationship betw een cor- 
tical electrical responses to these stimuli and the 
effect upon cortically induced movements, most 
of the motor effects being apparentR downstream 
rather than via the cortex, as controlled by cor- 
tical ablation 

Potentiation of diuretic action of saiyrgan by 
ammonium chloride D R Axelrod,* J N 
Capps* and R F Pitts Dept oj Physiology, 
Syracuse Untv College of Medicine, Syracuse, 
N Y 

It is well recognized that the prior admimstra- 
tion of ammonium chloride potentiates the action 
of mercurial diuretics, and that this potentiation 
IS synergistic rather than merely additive It is 
possible that the increased efficacy of mercury 
under these conditions is due a) to increased 
acidity of the body fluids, i e to a reduction in 
plasma pH, 6) to alteration of anion pattern of the 
body fluids, i e to an increase in the plasma con- 
centration of chloride at the expense of bicarbon- 
ate, c) to an increase in the acidity of the urine, 
or d) to other unrecognized mechanisms An anal- 
ysis of the possible relationship of these factors 
to the potentiation of salyrgan-theophylhne in the 
dog IS bemg attempted in the follow mg way An 
acidosis produced by the administration of 10 
gm of ammonium chloride on the day preceding 
the expenment lowers plasma pH to about 7 30 
and increases plasma chloride and depresses 
plasma bicarbonate by about 10 mEq/1 respec- 
tively A synergistic increase in sodium and chlo- 
ride excretion is demonstrable on administering 1 
or 2 cc of salyrgan-theophylline (40-80 mg Hg) 

An acidosis induced b 3 ' the inhalation of 7 per cent 
COj in air accompanied bj^ an equivalent or greater 
drop in plasma pH but w ith a slight increase rather 
than a decrease in plasma bicarbonate does not 
enhance the activity of the mercurial diuretic It 
would appear from experiments to date that 
plasma acidity is not a significant factor Further 
studies are in progress 
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Ascorbic acid and ketosteroid cytochemistry in 
the rat’s adrenal cortex following prolonged 
injections of epinephrine Habkeb Bacchus 
( introduced bj C E Leese) Dcpl of Physi- 
ology, George Washington Univ School of Medi- 
cine, Washington, D C 

In an attempt to elucidate the relationship of 
ascorbic acid to secretorj activity m the adrenal 
cortex, adrenals of rats receiving tno injections 
■of epinephrine daily for 8 days and for 15 days 
were examined using histochemical techniques for 
the detection of ketosteroids and of ascorbic 
acid 'The resistance phase of the General Adapta- 
tion Syndrome (observed after 16 injections of 
epinephrine) is characterized bx considerable en- 
largement, and increased ketosteroid content of 
the fascicular zone The glomerular zone is shown 
to be normal in size and in ketosteroid content 
The exhaustion phase (seen after 26 injections of 
epinephrine) is characterized bv maximum hjqier- 
trophj of the fascicular zone, wnth considerable 
depletion of ketosteroids from the fascicular and 
reticular zones The alarm reaction has been shown 
in previous work to be characterized bj’ depletion 
of ketosteroids from the fascicular and reticular 
zones of normal sizes Ascorbic acid cy tochemistry 
indicated that two ‘cell types’ exist in the normal 
cortex, one ‘type’ with ascorbic acid diffusely' 
distributed in the cy toplasm, and the other ‘type’, 
■mth ascorbic acid aggregated peripherally in the 
cytoplasm The alarm reaction is characterized 
by the preponderance of the latter ‘ty'pe’ of cells 
The resistance phase is characterized by' the nor- 
mal distribution of the cell ‘tvpes’, the cells being 
larger than normal The exhaustion phase is char- 
acterized by the occurrence of considerably 
enlarged cells which exhibit decrease in ascorbic 
acid content These shifts may have some signifi- 
cance in the secretory activity of the cells of the 
adrenal cortex 

Ketosteroid and ascorbic acid cytochemistry ob- 
served m the adrenal cortices of rats flooded 
with either sodium or potassium chloride, or 
given prolonged injections of DCA Habeeb 
Bacchus (introduced by E C Aubbitton) 
Dept of Physiology, George Washington Univ 
School of Medicine, Washington, D C 
The relation of the glomerular zone of the rat’s 
adrenal cortex to increased intake of sodium 
chloride and of potassium chloride w as tested by 
ketosteroid and ascorbic acid cytochemical tech- 
niques A progressive structural and functional 
atropln of the glomerular zone was observed in 
rats supplied with 2 5% NaCl as the sole of fluid 
intake (sodium chlonde ‘flooding’), for 9, 15, and 
30 days Adrenals of control animals exhibited 
normal ketosteroid and ascorbic acid distributions 
The appearance of the zone of XaCl flooded ani- 


mals was similar to that of auimals receiving daily' 
injections of desoxycorticosterone acetate for 30 
day's Progressive structural and functional hyper- 
trophy of the glomerular zone w'as observed in 
animals flooded with 2 6% KCl for 9, 15 and 30 
days One hour after intrapentoneal injection of 
either 0 85% NaCl or 2 5% NaCl, no changes were 
observed in the glomerular zone, but the alarm 
reaction was observed m the inner zones, of the 
cortex These findings indicate that a) possibly 
the glomerular zone and not the cortex as a whole, 
13 involved in controlling the sodium potassium 
ratio in the body, and b) the glomerular zone is 
not a 'stress’ zone 

Effects of varying dilutions of Ringer's solution on 
the blood capillary bed of the rat mesoappendix 
Theodore BaloUrdas* and Robert Cham- 
bers Dept of Biology, New York Univ , Wash- 
ington Sgiiare College of Arts and Science, New 
York City 

An account of the method and the topography 
of the vessels has been published (Chambers and 
ZwEiFACH Am J Annt 75 173,19-14) The caecum 
IS extruded through an incision in the abdomen of 
the rat and the mesoappendix gently spread over 
a glass ring and mounted for microscopic observa- 
tion The mesoappendix and the exposed viscus is 
kept moust by a constant drip of Ringer’s solution 
containing 1% ash-free gelatin and kept at 38° C 
The present experiments w ere performfed as above, 
except that the constitution of the drip is varied 
for the purpose of noting the effect of changing 
the environment of the capillary bed The exposed 
mesoappendix was first subject to a drip of normal 
Ringer-gelatin solution for 10-15 minutes For the 
experimental study' only those preparations were 
used which were normal under previously deter- 
mined standards and which exhibited the usual 
threshold sensitivitv of one part of a standard 
solution of epinephrine (1 1000) in 1 to 4 million 
Ringer’s solution The drip was then changed to 
i, t or i of normal and, after 10-16 minutes, the 
epinephrine sensitivity again tested The sensi- 
tivity to epinephrine rose appreciably with time 
and with increasing dilution of the drip solution 
Threshold sensitivity' rose progressively from 1 20, 
1 240 and 1 600 million The most pronounced 
increase occurred when the dilution of the drip 
was i of the Ringer’s solution in w hich the epineph- 
rine sensitivity' rose in one case to the extreme 
value of 1 1200 million At the end of the experi- 
ments of 1 to 2 hours, the drip solution was 
changed to normal Ringer’s solution The sensi- 
tivity fell but, in the experiments so far, the orig- 
inal value did not return to that noted at tlic 
beginning of the experiment 

Auricular pressure during exercise in dogs with 
decreased cardiac competence and cardiac faii- 
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ure A C Bargeh, B B Roe and G S Rich- 
ardson (introduced by E M Landis) Dept of 
Physiology, Harvard Med School, Boston, Mass 
To investigate the relation between cardiac 
competence, e\ercise and venous pressure (Landis 
et al , 1946) we have studied work tolerance and 
auricular pressure in dogs during exercise on the 
treadmill before and after the production of the 
following cardiac lesions a) pulmonary insuffi- 
ciency, h) pulmonarjr stenosis, c) combined pul- 
monary stenosis and insufRciencv, d) tricuspid 
insuflhciency, and c) combined tricuspid insuffi- 
ciency and pulmonary stenosis Auricular pressure 
at rest in most normal dogs was close to zero, and 
did not change markedly dunng exercise Pul- 
monary insufficiency had no measurable effect on 
auricular pressure at rest or during exercise, or on 
work tolerance Pulmonary stenosis produced a 
shght elevation of resting auricular pressure w ith 
little further change during exercise (one excep- 
tion) Work performance was normal, and the 
subsequent avulsion of the pulmonary valves had 
remarkably little effect With tricuspid insuffi- 
ciency resting auricular pressure was elevated 
70-100 mm saline Exercise produced a further 
rise of 50-100 mm saline, but no detectable de- 
crease in ability to do work was found Three 
dogs with tricuspid insufficiency w-ere then sub- 
jected to pulmonary stenosis Resting auricular 
pressure was 165-250 mm saline, and rose to as 
high as 425 mm salme dunng exercise of much 
lower intensity All 3 dogs so treated developed a 
syndrome of cardiac failure, with marked reduc- 
tion m work tolerance Heart-lung preparations 
indicated clearly that cardiac insufficiencj was 
present 

Effect of albumin on renal oxygen consumption in 
man Harold G Barker, John K Clark, 
Archer P Crobley and Alvin J Cummins 
(introduced by I S Ravdin) Harrison Dept 
of Surgical Research, School of Medicine and 
Hospital, Univ of Pennsylvania, Philadelphia 
Renal oxygen consumption has been generally 
thought to vary directly with changes m renal 
blood flow in contradistmction to other organa and 
the body as a whole where oxygen uptake remains 
constant when blood flow changes This relation- 
ship has been reported by others with reduced 
renal blood flows but has not been previously 
tested at increased flow rates The rapid i v 
admimstration of 75 gm of alburmn was used in 
6 normal human subjects as a means of increasing 
renal blood flow' Renal hemodynamic effects were 
essentially those observed by others, namely a 
large increase in renal blood flow (direct PAH 
Fick) , variable or unchanged glomerular filtration 
rate (mannitol clearance), depressed PAH ex- 
traction, and a fall in hematocrit In all 5 subjects 


the renal A-V oxygen difference decreased ap- 
proximately in proportion to the increase of renal 
blood flow so that renal oxygen consumption 
changed but little The elevated renal blood flow 
following albumin is probably partly a result of 
renal vasodilatation secondary to the increased 
blood volume and partly due to decreased viscositv 
The decreased filtration fraction probably in- 
dicates that the vasodilatation is in the efferent 
arteriole although in the absence of a direct 
method for measuring glomerular filtration rate 
it might be argued that albumin leads to reabsorp- 
tion of the test substance In one other subject 
we found no change in PAH Tm in the face of an 
increased renal blood flow following albumin This 
makes a Trueta shunt (diversion from cortex to 
medulla) explanation of our findings unlikely 

Anti-thyroxine effects of thyroxine analogues 
S B Barker and H B Dirks, Jr *, H M 
Klitgaard,* S Waw'zonek* and S C Wang * 
Depts of Physiology and Chemistry, State Univ 
of Iowa, Iowa City 

Work has been continuing on the evaluation of 
potential inhibitors of thyroxine in a mammalian 
organism, the rat, using the followung criteria 
1) lowering the BTvIR’S of normal animals, 2) 
lowering the thyroxine elevated BMR’s of thj - 
roidectomized animals, 3) reversal of thyroxine 
depression of estrogen sensitivity of thyroidec- 
tomized animals Among the compounds showing 
ability to overcome thyroxine effects were lodin- 
ated phenoxy acetic acids, 4-hydroxy- and 4-ben- 
zyloxy-3,5- diodobenzoic acids, N-(4'-hy'droxA - 
3', 5'-diodobenzoyl)-3, 5 diodotyuosine, N-(2, 5- 
dihydroxy'phenyl)-pyridinium acetate and 2 di- 
methyl-aminomethy 1-dibenzofuran hydrochloride 
The third test appeared to yueld the most sen- 
sitive changes, with molar ratios of inhibitor 
thyroxine required to produce approxumately 50% 
decrease in thyroxine effect being about 50 1 tO’ 
100 1 Considerably larger amounts w ere necessarv 
in the other two procedures 

Electrolytes in the muscle of young chicks J S 
Barlow* and J F Manert Dept of Biochem - 
istry, Univ of Toronto, Toronto, Canada 
The breast muscle of chicks, 3 days old, showed 
an entirely different electrolyte pattern from that 
of adult hen muscle It contained 83% water, 
10% more than the adult muscle The chloride 
concentration (68 2 niEq/kg ) w as 8 times that of 
adult muscle, the sodium (96 6 mEq ) was 3 6 
times, while the potassium (45 6 mEq/kg ) was 
about one-half that of adult muscle In the chick 
serum, these constituents are not sigmficantly 
different in concentration from that in adult 
serum Good indirect evidence of the extracellular 
position of the muscle chloride was obtamed in 
two ways Firstly', the chloride diffused freely 
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from the muscle into Ringer’s solutions in ^\hich 
the chloride had been replaced by nitrate Sec- 
ondly, the proportion of cvtracellular space meas- 
ured histologically agreed w ell with the estimates 
of the extracellular fluid volume calculated from 
chloride analyses, i c about 50% of muscle volume 
When this estimate of the extracellular volume 
uas adopted, the intracellular potassium concen- 
tration was about the same as that of the adult 
muscle but a much larger intracellular sodium 
concentration was found This sodium nas found 
to diffuse freely into Ringer’s solution in which 
sodium was replaced by potassium or by lithium 
and to exchange rapidl}’’ ith radioactive sodium 
The data suggest that the sodium not accommo- 
dated in the extracellular water is situated out- 
side the cells, perhaps bound to some organic 
solid 

A transitory carbohydrate substance occurring in 
anaerobic assimilation of yeast cells J Perci 
Battubergeh and Frank W Fades * Physi- 
ology Dept , Stanford Umv Med School, Stan- 
ford, Calif 

The authors previousl}-^ showed {J Biol Chem 
173 1, 1948) that a large fraction of the sugar 
added to a yeast cell suspension goes temporarilj 
into a nonreducing, nonhj drolizable form Further 
study has added the following information as to 
the characteristics of this ‘hidden’ sugar J) It is 
still m carbohydrate form as it is demonstrable by 
Dreywood’s Anthrone Reagent which is specific 
for the hydroxymethylfurfural group, but it is 
insoluble and occurs inside the cell It is not tre- 
halose as it IS not extractable by alcohol &) 'The 
‘hidden’ sugar is a product of cell synthesis since 
its formation is inhibited by sodium azide at a 
concentration greater than that necessary to stop 
glycogen formation S) The ‘hidden’ sugar finally 
appears m the carbon balance sheet as the sub- 
strate 18 gradually depleted It has therefore a 
transitory existence and its accumulation and dis- 
appearance follow a regular course 4) Meta- 
bolically the ‘hidden’ sugar is characterized by 
being very rapidly fermented anaerobically^ This 
IS demonstrated by' washing the yeast cells free 
of substrate at suitable stages in the course of the 
formation and breakdown of the intracellular 
‘hidden’ sugar The rate of fermentation of the 
washed cells is found to vary directly with their 
‘hidden’ sugar content 6) Similarly the “hidden’ 
sugar IS very rapidly oxidized This is demon- 
strated as above with washed cells The cells are 
suspended in air saturated buffer and the oxygen 
consumption rate is followed polarographically 
This rate is found to also vari directly with the 
‘hidden’ sugar content 

Dual effect of positive intrapulmomc pressure on 
muscular response John W Bean anti Leon ard 


E Elwell * Dept of Physiology, Umv of Michi- 
gan, Ann Arbor 

Application of positive intrapulmomc pressure 
causes an augmentation of tibialis anticus con- 
tractions elicited by slow (1-2/sec ) single shock 
motor nerve stimulation in anesthetized dogs 
This has been tentatively ascribed to an influence 
on the neuromyal junction induced by the drop 
in blood flow (recorded by thermopile) which 
results from PIP application The finding that 
augmentation occurred in direct stimulation of 
the normal muscle, but was missing in such stimu- 
lation of the chronically denervated muscle sup- 
ports this interpretation Furthermore, augmenta- 
tion 13 also missing in curanzed muscle It was 
found, however, that curarization does not pro- 
vide an entirely fair means of differentiation of 
effects, since it was demonstrated that curariza- 
tion not only paralyzes the nerve endings, but 
also markedly depresses irritability of the muscle 
itself, both in the normal and chronically dener- 
vated preparation In contrast wuth its augmenta- 
tory influence on contractions of low frequency', 
PIP invanably causes a profound diminution of 
contractions elicited by higher frequency of stimu- 
lation (10-20/sec or above) PIP therefore exerts 
an incrementory influence on contractions of low 
frequency and a decrementory influence on con- 
tractiorts of higher frequency The incrementory 
influence may be operative during higher fre- 
quency stimulation, but if so, it is entirely masked 
and superseded by the decrementory influence 
This decrementory influence is attnbuted to the 
diminished blood flow and Oj supply, but unlike 
the incrementory influence it is readily demon- 
strable in direct stimulation of the chronically 
denervated muscle 

Intestinal blood flow JohnW Bean and M Sidkt 

Mohambd * Dept of Physiology, Umv of Michi- 
gan, Ann Arbor 

In an extension of work, reported earlier, the 
relation between blood flow into an isolated loop 
of dog intestine, perfused by heparinized dog 
blood, was studied by thermopile and drop meth- 
ods Findings that mdividual rhythmic contrac- 
tions provide important propulsive force to blood 
flow, and that increasing rhythmic activity in- 
creases flow are confirmed and further demon- 
strated by the fact that the rhy thmic contractile 
phase increases outflow but diminishes inflow , 
while the reverse is true of the relaxation phase 
Flow is markedly affected In change in tonus, 
decreased tonus greatly augments flow , even in 
the absence of rln thmic contractions, increased 
tonus decreases, or even temporarily occludes the 
flow Intermittent tonic contractions serve also 
m propulsion of blood Tome occlusion of flow ii 
followed bv a temporarv supra normal flow, pro 
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sumably due to temporary accumulation of vaso- 
dilator substances CO- (6-15%) increases flow, 
followed occasionally by a gradual diminution 
to below the pre-CO^ level These changes are 
attributed to an initial increase of gut activity, 
the subsequent pronounced qmescence and de- 
creased tonus and to vasodilation Low O 2 (7- 
10%) increases flow, decreases gut activity nith 
slow recovery Acetylcholine increases flow even 
m the absence of gut stimulation, with larger 
doses the increased flow is temporarily occluded 
by strong tome contractions Increased intra- 
luminary pressure (12-20) mm Hg causes an initial 
short mcrease of outflow and a subsequent pro- 
nounced decrease of both inflow and outflow in 
spite of the augmentation of gut activitj by the 
increased pressure 

Ketosis in diabetic rats Clabissa H Beatty 
Depts of Btochennslry and Physiology, Umv 
of Oregon Med School, Portland 
Little ketosis occurs m fasting rats (Butts and 
Deuel J Btol Ckem 100 416, 1933), therefore, 
ketosis in rats has usually been studied after 
adnunistermg ketotic substances such as butyric 
acid While investigating the suitability of diabetic 
rats for studying the effect of various compounds 
on ketosis (West and Beatty, to be published), 
a high level of ketonuria was noticed in many 
alloxan diabetic ammals The first week following 
alloxan, ketonuria as high as 33-42 mg/100 gm/24 
hr was found without comparably high unnarj'^ 
glucose or non-protein nitrogen excretion More- 
over, as ketonuria fell glucosuna and urinary 
non-protein mtrogen excretion frequently rose 
Dunng the following weeks ketonuria usually 
decreased to a lower and relatively constant level, 
then rose terminally For weeks some rats main- 
tained ketonuria above 4 mg/100 gm/24 hr , a 
value at least 5 times that of the non-diabetic 
animal Depancreatized rats did not show this 
severe early ketonuria In animals with sufficient 
pancreas removed to produce diabetes in 1-2 
weeks, ketonuria commenced at low levels and, 
within a matter of days, reached plateau values 
between 3-6 mg/100 gm/24 hr These animals were 
not followed to the terminal stages WTien diabetic 
animals were fasted 24 hours, ketonuria fell to 
non-diabetic levels, and glucosuna decreased 
sharply Restriction of food intake may result in a 
decrease in glucosuna without a comparable drop 
in ketonuria These data indicate that some dia- 
betic rats show sufficient ketosis to render them 
suitable for investigation of this metabolic upset 

Comparison of artenal Oj saturation with tissue 
Os levels Vivian G Behrmann, Walter D 
Griest*, George H Mangun* and Frank 
W Hartman * Dept of Laboraiones, Henry 
Ford Hospital Detroit, Mich 


Continuous recordings of artenal O* saturation, 
tissue Os, respiration and blood pressure were 
obtained on anesthetized dogs The blood Os 
saturation was recorded photoelectncallj" by the 
oxyhemograph w'hile tissue Os concentration W'as 
determined voltametncally Relative changes m 
available tissue 0* were measured bi inserting a 
tungsten wire electrode for a know n distance into 
the tissue, and applying an Ag-AgCl electrode to 
a nearby convenient area Across the terminals 
of this circuit an E M F of —0 66 v uas applied, 
the resultant current, varying vith available 0- 
u as amplified by a contact modulated D C ampli- 
fier and recorded by a D C milliameter Os con- 
centration was measured in muscle, spleen, kid- 
nej , or liver during each procedure for the purpose 
of comparison Hj-peroxic as well as imld and 
severe hj-poxic states \\ ere established by altering 
the Os content of the inspired air The contour of 
the oxyhemograph and the tissue Os tracings shon 
a striking similantj' Development of and recovery 
from hypoxemia were reflected bj parallel changes 
in tissue Os except for a measurable time lag 
Using the artenal Os saturation level as a control, 
one may compare the time lag and the extent of 
Os change in the tissues studied Since it is obvious 
that the tissue Os consumption as well as its 
circulatory supply are prime factors in affecting 
the available Os concentration in the tissues, 
experiments were performed in which the tissue 
Os consumption i\as reduced by a histotoxic 
agent, (cyamde), and circulatory changes were 
created by vasomotor drugs 

SimnltaneouB high- and low-speed electromy- 
ography A L Bennett and A L Dunn * 
Dept of Physiology and Pharmacology, Univ of 
Nebraska College of Medicine, Omaha 
A method of recording action potentials with 
simultaneous, parallel, high- and low-speed traces 
upon the same photographic record has been 
developed and used in electromyography A con- 
tinuous trace from one C-R tube is recorded on 
paper (6 cm Electrocardiograph no 1116) movmg 
at speeds from 5-20 cm/second Simultaneous!}' a 
second beam is repeatedly swept across the face 
of another 6 inch C-R tube so that high speed 
traces are made parallel to the continuous trace 
The rapid traces are automatically repeated at 
regular intervals so that they' form an almost con- 
tinuous line The linear speed of the sweep may be 
adjusted to provide a time-base of 1-10 milhsec/ 
cm The necessity of replacmg the conventional 
slit at the photographic surface with an opemng 
large enough to accommodate each sweep intro- 
duces the problem of fogging due to background 
illumination To prevent this a blanking circuit 
releases the beam only during the useful portion 
of the sweep on the one tube The other tube is 
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masked uitk a slit aperture at the tube face This 
method of recording has facilitated the analysis of 
single complexes from units which can be identified 
in terms of rhythm and rate of repetition in the 
parallel, continuous tracing Such analyses have 
revealed wide variations in phase relationships 
and duration of complexes both from innervated 
and denervated muscle units Often it is essential 
to have the combined recording in order to iden- 
tify the type of unit v hich is spontaneously active 

New methods of direct calorimetry and dermal 
radiometry T Benzinger and C Kitzingeb 
(introduced by Eugene F DuBois) Naval 
Med Research Inst , Belhesda, Md 
Total calonc output can be continuously re- 
corded as a single thermoelectric potential by 
means of the gradient calorimeter, with a sensi- 
tivitj of 35 fi/watt, and a half response time of 
4 2 sec for the gradient layer (Benzinger, T 
AND C Kitzingeb Rev Scieni Inst In press, 
1949) Radiated heat loss from the entire bodj 
surface can be continuouslj’^ recorded as a single 
thermoelectric potential bj means of the 4 x 
radiometer, with a sensitmtj of 18 nv /watt, and 
a half response time of 0 25 sec The 4 x radiom- 
eter can be applied to the internal surface of a 
gradient calorimeter The rapid response of each 
allows the study of reflex changes in peripheral 
circulation (The index of peripheral circulation is 
obtained from total heat loss, average skin tem- 
perature, and rectal temperature, according to 
DuBois’ and Hardy’s formula, while average skin 
temperature follows from radiated heat output 
according to the Stefan-Boltzmann equation) 

Use of N-acetyl 4-aminoantipyrine in measure- 
ment of total body water in dog and man Eu- 
gene Y Berger,* Bernard B Bhodie,* Junius 
Axelrod,* Mahcelle F Dunning,* Yetta 
PoRosowsKA* AND J MURRAY Steele Research 
Service, Third (New York Umv ) Med Division, 
Goldwater Memorial Hospital, New York City 
AntipjTnne, because of its umform distribution 
throughout the water of the body and its slow rate 
of excretion and transformation, has been used 
in the measurement of total body water in man It 
13 impractical to use for this purpose in dogs, 
however, because the rate of transformation is 
too rapid in this species A derivative of anti- 
pyrine, N-acetyl 4-aminoantipj rine, has also been 
found to distribute in tissues in proportion to the 
water content In addition, its metabolic altera- 
tion 13 slow enough in the dog to permit its use in 
this animal in the measurement of the total body 
water In contrast to antipyrine, which is bound 
to a small extent on plasma proteins, N-acetyl 
d-aminoantipy-nne is only negligibly bound Pre- 
liminary comparisons of the volumes of distribu- 
tion of antipy nne and N-acetil 4-aminoanti- 


pynne were earned out in man The agreement 
was good enough to suggest that N-acetyd 4- 
aminoantipyuine may be useful in both man and 
dog as a measure of body w ater N-acetyl 4-amino- 
antipy nne has certam advantages over antipyrine 
for use in man Its estimation involves a colon- 
metric procedure which, though somewhat less 
accurate than that of antipynne, does not require 
an ultraviolet spectrophotometer The compound 
13 almost quantitatively excreted in the unne so 
that if its urinary excretion is measured, the 
volume of distribution may be calculated on the 
basis of a single plasma level 


Effect of reduced cardiac output on renal circula- 
tion Robert M Berne and Matthew N Levy 
(introduced by' Carl J Wiqgers) Dept of 
Physiology, Western Reserve Hmv Mejd School, 
Cleveland, Ohio 

Cardiac output was acutely reduced in open- 
chest dogs anesthetized with pentobarbital by 
means of graded constriction of the pulmonary 
artery Glomerular filtration rate and renal plasma 
flow were measured by creatinine and PAH clear- 
ances, respectively The Fick principle was used 
to determine cardiac output Experiments were 
divided into periods of preoperative and post- 
operative controls, of pulmonary' artery' constric- 
tion, and recovery' following release of constne- 
tion Compression of the pulmonary' artery suflfi- 
cient to elevate central venous pressure without 
lowering mean arterial pressure below 80 mm Hg 
resulted in a fall in cardiac output and renal blood 
flow The latter fell proportionately less than the 
former, y'lelding an elevated renal fraction Values 
returned toward control level upon release of the 
constriction Glomerular filtration rate either re- 
mained constant or fell slightly , while the filtration 
fraction rose uniformly' With reduction of cardiac 
output, total peripheral resistance increased to a 
much greater degree than did renal resistance, and 
tended to return toward control level wrth release 
of the pulmonary artery Renal resistance re- 
mained elevated and showed no statistically sig- 
nificant change between periods of constriction 
and release Appbcation of Lamport’s formulae 
to our data reveals a decrease in afferent and an 
increase in efferent arteriolar resistances and a 
slight increase in post-artenolar resistance These 
studies suggest that the reduced renal fraction of 
congestive heart failure is not directly due to a 
reduction in cardiac output per se 


lletabohsra of leukemic cells m v/fro Robert V 

Bird, John A Clements and Liilixs ii 

Beceer (introduced by F Gldernat'^h) Dcpl 
of Physiology, Cornell Univ Med College, . 

The metabolic charactcnstiai of Jeukory ob 
;ained from peripheral blood of Icukcmic pa mn 
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in relapse have been studied in vitro Data derived 
using the Summerson constant volume differential 
manometer v ere compared with chemical analyses 
for glucose utilization and lactic acid production 
Leukocytes from both m 3 elogenous and lymphatic 
leukemia evhibited an o\ygen consumption aver- 
agmg 11c mm/mg dry t/hr with a Re 3 pirator 3 ' 
Quotient of 0 85 Those from myelogenous leu- 
kemia were characterized by a moderate glycoly- 
sis, total aerobic acid production averaging 5 6 
cjnm/mg/hr , lactic acid formation, 16 Mg/mg/hr, 
and glucose utilization, 28 /Lig/mg/hr Glycolysis 
m leukoc 3 rtes from lymphatic leukemia was ver 3 
low, the rate bemg about one-fifth of that of 
myelogenous leukemic cells Anaerobic gl 3 Col 3 '^sis 
was also greater in m 3 elogenous leukemia averag- 
mg 9 2c mm/mg/hr as contrasted to 3 1 c mm/ 
mg/hr in lymphatic leukemia Factors influencing 
the metabolic rates were studied When the total 
number of leukocytes in the experimental vessel 
was below 25 \ 10* per ml , all rates tended to be 
elevated When the proportion of myeloblasts 
exceeded 60%, oxygen consumption was signifi- 
cantly increased and glycolysis depressed Speci- 
mens obtained from patients with m 3 'elogenous 
leukemia under treatment with urethane or radia- 
tion showed average rates lower than the un- 
treated group, but the difference of the means 
was not statistically sigmficant By altering the 
pH of the medium from 7 6 to 71, auacrobic 
glycolysis was reduced Leukocytes from non-leu- 
kemic patients exhibited metabolic rates slightly 
higher than those of untreated leukemia 

Inactivation of posterior pituitary antidiuretic 
hormone by liver extracts James H Birnib 
(mtroduced by Robert Gaunt) Dept of Zo- 
ology, Syracuse Univ , Syracuse, N Y 
The in vitro studies of Heller and Urban and 
the in VIVO observations of Eversole, Birnie and 
Gaunt indicate that the liver pla 3 ^s an important 
role in the inactivation of posterior pituitary anti- 
diuretic hormone We have attempted to determine 
some of the properties of the system (enz 3 'me) 
responsible for this inactivation Sy^stems capable 
of destroyung both the antidiuretic and chloro- 
uretic activities of pitressm during in mtio incu- 
bation have been found in cell-free extracts of 
liver tissue Preparations from kidnei , spleen, 
whole blood and skeletal muscle contained some 
but progressively less activity^ The inactivating 
system from liver tissue appears to have the prop- 
erties of an enzyme It is heat-labile, being de- 
stroyed by exposure to 80°C for 10 minutes Opti- 
mum actiyity during incubation is between pH 
6 2 and 7 5 At pH 6 5 the rate of inactiyation of 
pitressm increases appreciably yvith a rise in 
temperature from 0° to 37°C Further increases in 
temperature are associated yvith a sharp decline 


in actiyity One ml of a 1-10 aqueous extract ad- 
justed to pH 6 6 IS capable of mactiyatmg 100 
milliumts of pitressm in 30 minutes at 37° C The 
actiyity of liyer extracts is almost quantitatiyely 
removed through adjustment of the reaction to 
pH 6 2 or by half-saturation w'lth ammonium sul- 
phate at pH 6 5 Activity of the enzyme is de- 
stroy'^ed by exposure to 0 0005 m CuSO< or ZnSO< 
Liver extracts also destroys the pitressm-like anti- 
diuretic activity of fresh rat blood serum There 
IS a decrease in the pitressm-mactivatmg ability 
of extracts prepared from livers of rats following 
adrenalectomy This may help explain the rise 
of serum antidiuretic substance after adrenalec- 
tomy and contnbute to an understanding of the 
altered yyater metabolism in adrenal insufficiency 

Effect of exercise on renal function in dogs Wis- 
EiAM D Blake (mtroduced by John R Bro- 
beck) Lab of Physiology, Yale Univ School 
of Medicine, Neio Haven, Conn 
Kattus et al {Bidl Johns Hopkins Hosp 84 344, 
1949) have demonstrated that in man the assump- 
tion of the upright position and the act of walking 
may reduce the percentage of filtered sodium 
excreted yyuthout any associated decrease m glo- 
merular filtration rate In order to evaluate further 
this response in terms of mechanisms, similar 
studies are being conducted on dogs The usual 
clearance techniques are bemg used to estimate 
renal function The intravenous infusion of crea- 
tinine, para-aminohippurate and NaCl in solution 
is maintained throughout the course of the ex- 
periment After the collection of 2 or 3 unne sam- 
ples at rest the dog is exercised on a treadmill 
especially^ constructed for the purpose The col- 
lection of urine samples is continued immediately'^ 
after the cessation of exercise and for several 
periods thereafter In some experiments it has 
been possible to demonstrate a reduction in sodium 
excretion coincident yvith and immediately' fol- 
lowing exercise wnthout change in filtration rate 
but this has not been an invariable finding The 
possible mechanisms responsible for this change 
in sodium excretion, yyhen it occurs, will be dis- 
cussed 

Pigment layer factor in visual purple regeneration 

Alfred F Bliss Dept of Physiology, Tufts 
College Med School, Boston, Mass 
Hosoya and Sasaki (Tdhoku J E Med, ’38) 
reported that partly' bleached visual purple re- 
generated almost completely' in the dark if ex- 
tracted from retinal tissue containing an excess 
of the black pigment layer of the eye We have 
investigated some properties of the pigment layer 
factor with the aid of extracts of visual purple 
prepared as follows The rods from dark adapted 
frog retinas were centrifuged from 2 3 sucrose- 
yyater solution (Saito, ibid ) Their visual purple 
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was extracted \\ith aqueous digitonm The ex- 
traet at pii 6 5 as divided into 2 parts which were 
simultaneouslj "bleached 90% in 1 minute by white 
light One of the pair vas immediately treated 
with alkaline sodium desoxycholate to prevent 
regeneration (Chase and Haig, J G P , ’38) After 
2 hours in the dark at 25° the other was similarly 
treated, and both Mere then completely bleached 
to determine the regenerated visual purple as the 
difference between the falls in optical density of 
the 0- and 2-hour samples This method was neces- 
sary because much of the density was due to photo- 
stable material Such unfortified rod extracts 
gave no significant regeneration Regeneration n as 
best induced bj adding 0 5 m NaCl extracts of- 
fresh or Ij ophilized frog pigment layer homo- 
genates to the visual purple Water extracts were 
inferior Salt extracts of beef pigment laver v ere 
about 0 1 as active as frog Frog brain, liver and 
ATP were inactive The amount of regenerated 
visual purple seemed more dependent on the 
amount of pigment layer than on the degree of 
bleaching The factor vas destroyed in 1 minute 
at 100°, but as not inactivated by dialysis against 
salt, or by alcohol or ammonium sulfate precipita- 
tion in the cold 

Cardiac output m the rat and its relationship to 
air embolism F R Blood* and F E D’Amoitr 
Biologic Research Laboratories, Umv of Denver, 
Denver, Colo 

A method has been developed for deternunation 
of cardiac output in the rat at normal and simu- 
lated high altitudes using the Fick pnnciple The 
rat IS anatomically smtable for this technic since 
it is possible to introduce a small metal tube 
directly into the heart through the jugular vein 
through which samples of nuxed venous blood can 
be obtamed The cardiac output in the rat at 
Denver’s altitude was found to be 46 5 cc/min 
When the altitude v as increased it w as found that 
the cardiac output decreased and that the occur- 
rence of air embolism n as in some n ay related to 
the relative decrease in cardiac output There i\ as 
a significant difference in the cardiac output at 
high altitude in rats developing air embolism as 
compared with those in which no embolism de- 
veloped Animals with a cardiac output greater 
than 20 cc/min did not develop air embolism w hile, 
in most cases, those with a cardiac output less 
than this value did show air embolism at autops^ 

Free energy efficiency of assimilation of acetate 
and ethanol by Chilomonas paramecinm J J 
Blum* AND JohnO Hutchens Dept of Physiol- 
ogy, Univ of Chicago, Chicago, III 
Excess heat produced when measured amounts 
of acetate or ethanol were added to cultures of 
Chilomonas was measured using a differential 
microcalonmeter ^Measurements were made with 


and without a nitrogen source present Fraction 
of substrate assimilated, and free energy eflaciency 
of assimilation were calculated With no N-source 
(only starch and fat synthesized) 69 8% of added 
acetate and 81 9% of ethanol were assimilated 
The free energy efficiencies of assimilation are 
26 4% and 19 8% respectively Assuming only 
starch to be synthesized yields slightly higher 
values for assimilation, 63 4% for acetate and 
87 2% for ethanol, with corresponding efficiencies 
of 31 0% and 23 4% respectively To calculate 
free energy^ efficiency of assimilation of ethanol, 
the cost of synthesis of starch and fat from acetate 
w ns employed Available energy w as taken as the 
sum of that necessary' for conversion of all the 
ethanol to acetic acid plus that available from 
oxidation of 18 1% of the acetate The data in- 
dicate that the energy from the ethanol to acetic 
conversion must be used m part With a nitrogen 
source (ammonia) present ca 43% of acetate 
appeared to be assimilated (Compare 55% esti- 
mated from carbon balance sheets by Hutchens 
el al , J Cell Comp Physiol 32, 117, 1948 ) With 
protein involved, precise calculations of per- 
centage assimilation based on thermal data are 
impossible at present as are calculations of the 
free energy cost of protein symthesis Dependence 
of percentage assimilation on the nature of end 
products may depend on 1) cost of protein syn- 
thesis, 2) efficiency of protein synthesizing mecha- 
nisms or S) complex kinetic phenomena 


Action of M B , 2,4-DNP, NaNj and ethyl carbam- 
ate on oxygen uptake of mitotically active and 
blocked embryomc cells Joseph Hall Bodine 
Zoological Lab , State Umv of Iowa, Iowa City 
An extensive quantitative study has been made 
on the effects of these compounds upon the oxygen 
uptake of mitotically active and blocked grass- 
hopper embryos Pure solutions as well as combina- 
tions of reagents have been employed The cellu- 
lar respiratory mechanism is approximately 60% 
sensitive and 40% insensitive to ethyl carbamate 
and sodium azide in reversible doses Methylene 
blue exerts its marked stimulating effects upon the 
60% sensitive fraction while 2,4-dmitrophenoI 
exerts its stimulating action upon the 40% in- 
sensitive fraction Apparent antagonisms between 
such compounds as methylene blue, ctlnl carba- 
mate and sodium azide are thus readily explained 
Sodium azide has little if any effect upon the oxy - 
gen uptake of mitotically blocked emliryomc cells 


nfluence of phlorhizin on intestinal absorption of 
hexoses E M BocDAXoy e* and S B Baum n 
Dept of Physiology Stale Lnit of Imra I mm 

Hexose absorption experiments on uicsthi tired 
ats gaye the following coefficients of ab^-orption 

mg absorbed per 100 gm dirt i. glucoM 110 0 
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D-galactose 101 2, D-fnictose 49 3, D-marmose 19 9, 
L-sorbose 7 1 Phlorhizin (subcutaneously in oil) 
inhibited significantly the absorption of glucose 
(38%) and galactose (44%) Fructose absorption 
in phlorhizimzed rats was 28% greater than in 
controls The effect of phlorhizm on mannose 
(—26%) and sorbose (—90%) was not statistically 
significant The normal coefficients were lower 
than those obtained by Con and others in unanes- 
thetized rats, indicating a general depression of 
the absorption processes by anesthesia (Nem- 
butal) The lower coeflBcients were, however, in 
the same relative order, except for galactose The 
difference between glucose and galactose coeffi- 
cients in these experiments is not statistically 
sigmficant The lack of phlorhizm inhibition for 
fructose absorption is in contrast to previous 
reports and may indicate the presence of fructose 
phosphorylating and dephosphorylating enzymes 
resistant to phlorhizm action 

Adrenal stress and metabolism of ascorbic acid 
Walter M Booker, Raymond L Hayes* 
AND Frances M Dent * Depts of Pharmacology 
and Oral Medicine, Howard Univ College of 
Medicine and Dentistry , Washington, D C 
Animals under stress, given ascorbic acid, ex- 
crete more ascorbic acid in the urine than is given, 
indicating not only an inability to control the ad- 
ministered ascorbic acid, but a loss of ability to 
hold the stored ascorbic acid When groups of ani- 
mals under stress are given the same amount of as- 
corbic acid as the above group and are injected 
with adreno-cortical extract, the urinary excretion 
IS significantly less and the plasma and cell levels 
are higher In the ACTH treated groups, the urin- 
ary ascorbic acid rises to reach a peak by the 3rd 
day and falls on the 4th daj When ACTH ani- 
mals are given ascorbic acid, the urinary output of 
ascorbic acid is higher by the third day than that 
of the ACTH treated above The drop is similar 
to the above group, although not as great The 
ACTH group, antagonized by ACE, shows a 
much less urinary output of ascorbic acid, and 
when given ascorbic acid, the urinary excretion is 
much less than the ACTH-ascorbic acid group 
The evidence seems to show that day-to-day in- 
jections of ACTH stresses the adrenals to such a 
degree that the content of the ascorbic acid de- 
creases ACE antagonizes this stress, although at 
the present dosages have not been worked out 
between the two substances where the effects of 
ACTH have been off-set ACTH animals show' a 
decrease m adrenal ascorbic acid, wnth an increase 
m adrenal cholesterol ACE treated animals tend 
to reverse this picture ACTH treated animals 
show a low plasma ascorbic acid level as com- 
pared with those treated wnth ACE and ACTH, 


but the ascorbic acid tends to hold fairly well m 
all ACTH treated groups 

Influence of adreno-cortical hormone on the day- 
to-day blood levels and excretion of ascorbic 
acid in dogs Walter M Booker, Raymond L 
Hayes* and Frances M Dent * Depts of 
Pharmacology and Oral Medicine, Howard Univ 
College of Medicine and Dentistry, Washington, 
D C 

To study the possible rdle of the adreno-cortical 
hormone m the maintenance of blood levels from 
day to day, dogs were arranged m 4 groups Group 
I dog ehow plus 30 gm of Delcos granules per 
daj'. Group II 200 mg ascorbic acid plus 30 gm 
of Delcos granules per day plus dog chow. Group 
III 200 mg ascorbic acid plus 30 gm of Delcos 
granules per day plus 0 1 cc adreno-cortical ex- 
tract plus dog chow. Group IV vitamin C free 
dog chow plus 30 gm of Delcos granules Plasma 
and cell ascorbic acid, as well as urinarj' ascorbic 
acid, were determined dailj Cholesterol, chlo- 
rides, sodium and potassium were determined on 
each animal daily The experiments ran 2 weeks 
The plasma levels of the animals receiving ascorbic 
acid plus adreno-cortical hormone were consis- 
tently higher than any other group during the 
first week During the second week, the plasma 
levels of the adreno-cortical treated animals 
(Group IIP) were not markedlj higher than the 
plasma levels of ammals receiving only ascorbic 
acid (Group IP), but the blood cell levels were 
much higher than this group The lowest plasma 
levels, as expected, were in the vitamin C free 
group (Group IV), but the cell levels of this 
group did not fall until after the plasma level had 
fallen significantly during the beginning of the 
second week Blood cell conservation of vitamin C 
18 suggested When the regimen of the groups was 
rearranged after a 2-week run giving cortical 
extract to Group II, no extract to Group III and 
ascorbic acid to Group PV, the group receiving 
cortical extract continued to show the highest 
blood levels of vitamin C 

Further studies on the vomiting center H L 
Borison* and S C Wang Dept of Physiology, 
College of Physicians and Surgeons, Columbia 
Univ , New York City 

Chronic lesions in the ala cinerea of the medulla 
oblongata (vomiting center of Hatcher and Weiss, 
1923) in 5 dogs increased the intravenous apo- 
morphine threshold for emesis to an indeterminate 
level (more than 60 times control), whereas the 
threshold to orally administered CuS04 was in- 
creased only slightly Thus, the vomiting center is 
not located in the ala cinerea, rather, the latter 
constitutes an afferent station for the emetic 
response Lesions in the floor of the IVth ventricle 
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c\tending into the dorsolateral portion of the 
reticular formation (reactive area for emesis by 
electrical stimulation, Borison and Wang, 1949) 
have resulted in significant increases in CuSOi 
threshold as n ell as marked refractoriness to apo- 
morphine It follows therefrom that the center for 
emesis resides in this deep structure of the 
medulla Attempts are noi^ being made with the 
use of small radon implants to destroy a circum- 
scribed portion of the lateral reticular formation 
without damaging the floor of the IV th ventricle 
Dogs in V hich all afferent pathv ays from the gas- 
tromtestinal tract have been severed still vomited 
to orally administered CuS04 but only to large 
doses and with latencies prolonged to a minimum 
of 90 nunutes The long delay suggests that the 
response is due to the action of absorbed copper 
This contention is supported by the fact that 
CuSOt injected intravenouslj elicits emesis mthin 
3 minutes The emetic response to intravenous 
copper, like apomorphine, uas not elicitable after 
destruction of the ala cinerea, thus indicating that 
this structure serves as a chemoreceptor for 
emesis 

On the nature of the elastic mechanism in acto- 
myosm threads Jean Botts and Manuel Mor- 
ales (introduced by Kenneth S Cole) Naval 
Med Research Inst , Bethesda, Md , and the 
Dept of Physiology, XJniv of Chicago, Chicago, 
111 

Thermodynamic analysis of tension as a func- 
tion of temperature for various extensions permits 
resolution of tension into ‘entropy and enthalpy 
forces ’ For small extensions of a thread main- 
tained wet (‘native’) the positive tension was 
entirely entropic, the enthalpic contribution was 
negative The reverse resulted in threads allowed 
to dry under stretch (‘vulcamzed’) and then re- 
wet Electron microscope and thread solubibty 
studies showed that substances capable of hydro- 
gen bonding inhibited gelation of actomyosin to 
an extent roughly parallelmg their bonding 
ability, suggesting that hydrogen bonds, as well 
as purely electrostatic attractions, were respon- 
sible for mamtaimng the actomyosin network, 
especially as regards infra-filamentary hnking 
Absorption studies in the near infra red tended to 
confirm the foregoing observations If the enthalpy 
be taken to approximate the internal energy, the 
native thread corresponds exactly to the state of 
resting muscle postulated by Bull, and more re- 
cently by Riseman-Kirkwood and Katchalsky, 
for its ‘rest length’ seems a compromise between 
an entropic contractile force and an electrostatic 
repulsion between charges fixed along the bnear 
elements Presumably on neutralizing the charges 
the system would contract under a purelj’’ entropic 
force An earlier thermodjTiamic study bj Woods 


on myosin films probably employed a system ‘vul- 
canized’ in the extended state Whether the acto- 
myosin within the muscle fibnl is more nearly in 
the ‘native or the ‘vulcanized’ state now becomes 
an important issue to settle 

Experimental differential inflow obstruction in 
dogs’ hearts Robert J Boucek,* John H 
Grindlay Mayo Clinic, Rochester, Minn 
Cellophane bands placed about the venae cavae 
for periods of 6 days resulted in a reproducible 
picture of circulatory failure related to obstruc- 
tion of right inflou which uas progressive for 2 
weeks and was followed by complete recovery 
after 4 weeks The failure was characterized bj”^ a 
subnormal arterial pressure (av , 80 mm Hg), 
parallel reduction in glomerular filtration, renal 
plasma flow and urinary output (av , § of normal) 
Increases in venous pressure (av , 100 mm HiO) 
became established after the appearance of ascites 
and edema The blood volume was normal, as was 
the value for serum protein, the protein content 
of the ascitic fluid was high (av , 3 4 gm %) 
Obstruction of left inflow, successfully produced in 
one animal, by the placing of cellophane bands 
about the pulmonary veins, resulted m severe 
hyperpnea with markedly increased roentgeno- 
logic density in the lung fields This w as followed 
by generalized edema The volume of circulating 
blood was increased Glomerular filtration, output 
of urine and artenal pressure remained normal A 
slight increase in venous pressure occurred late 
after failure became evident Acute pericarditis 
produced by Dakin’s solution resulted m either of 
the two types of failure or a combination thereof 
One type resembled the late phase of right-inflow 
stasis with a high venous pressure and an abrupt 
occurrence of ascites The second ty^ie of failure 
resembled the picture of left-mflow stasis, with 
minimal change in renal function, a large increase 
in blood volume, and the occurrence of pulmonary 
edema, followed later by a sUght increase in ven- 
ous pressure and by edema 

Factors in hyperpnea of bronchial obstruction and 
atelectasis Harben J Boutourline-Younq* 
AND Jambs L Whittbnbebqer Dept of Physiol- 
ogy, Harvard School of Public Health, Boston, 
Mass 

This investigation was prompted bj the ob- 
servation that m 3 newborn infants with atelecta- 
sis who w ere stimulated with electrophrcnic respi- 
ration there w as a reduction of 20-25% in minute 
volume during subsequent spontaneous respira- 
tion This appeared to accompanx expansion of the 
lungs, presumbalj a deerease in atelectasis 
In dogs under various types of anesthesia, there 
was a consistent increase in respiratory minute 
volume follomng obstruction of one main 
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bronchus Thus the unobstructed lung ^vas being 
ventilated at a rate generally more than twice its 
previous level The results were not affected by 
the use of local anesthesia at the site of obstruc- 
tion Evidence was adduced for the folloiving fac- 
tors in hyperpnea o) Mechanical Because of the 
decreased expansion of the obstructed lung i\ith 
inspiration, the mtrapleural negative pressure w as 
raised and the other lung accordingly expanded 
more 6) Dead space The upper airaay composes a 
given fraction of the total lung volume, in bron- 
chial obstruction the alveolar space is approxi- 
mately halved, without proportionate reduction 
in upper airway dead space The ratio of alveolar 
space to dead space is therefore decreased, result- 
ing in increased ventilation requirements to main- 
tain normal pCOa c) Chemical Although arterial 
oxygen saturation i\as reduced during obstruc- 
tion, artenal COj values remained normal, indicat- 
ing that in this type of insult to lung function, the 
perfusion-ventilation ratio compensates for im- 
paired CO* elimination, but not O 2 uptake d) Rc~ 
flex Ventilatory reflexes duo to local chemorecep- 
tor or pressoreceptor stimulation have not been 
fully evaluated 

Superprecipitation of actomyosin by inosine tri- 
phosphate William J Bowen and S S 
Spiceh * Expenmenial Biology and Medicine 
Inst , Nall Insts of Health, Bclhesda, Md 
Superprecipitation of actomyosin by adenosine 
triphosphate (ATP) is described by Spicer and 
Gergely in another abstract The addition of ino- 
sine triphosphate (FTP) instead of ATP is without 
effect, but if 0 3 ml of aqueous muscle ex- 
tract (prepared by extracting muscle with 2 vol- 
umes of water) is added i\ith ITP, superprecipita- 
tion does occur Muscle extract deproteinized with 
2% perchloric acid is more effective than the orig- 
inal extract Ash from deproteinized muscle ex- 
tract retains about 25% of the activity of the 
extract JTP with 0 001m MgCl* causes complete 
superprecipitation Superprecipitation does not 
occur when muscle extract or any of the above 
preparations from it are added without ITP The 
superprecipitations by ITP and ATP, respectively, 
differ in that approximately tince as much ITP 
(1 0 mg ) ns ATP is required and that superprecipi- 
tation by ITP requires 5 times longer (approx 5 
min ) than that by ATP These results indicate 
that an orgamc factor, in addition to Mg, must be 
supplied for ITP to cause superprecipitation The 
possibility exists that ITP acts by being converted 
to ATP If this IS true, then it should be possible to 
demonstrate spectrophotometncally the formation 
of adenine in this reaction Also, myokinase in the 
presence of myosin (since myokinase removes ADP 
by dismutation but not IDP) would cause larger 
quantities of inorganic phosphorus to be liberated 


if ATP IS formed than if not Both of these 
approaches were tested and neither gave evidence 
of formation of ATP Experiments are now in pro- 
gress to determine whether this effect of FTP in the 
presence of muscle extract ci\n be explained on 
other bases 

Role of the vagus in control of respiration Emil 
Bozler and B H Burch * Dept of Physiology, 
Ohio Stale Univ , Columbus 
To determine the role of the pulmonary' afferent 
fibers the following experiment was carried out 
One end of a thin rubber tube was attached to the 
loft vagus of an anesthetized dog just above the 
hilum The tube w as passed through the back to 
the outside The right vagus was cut in the neck 
After the chest w as closed and normal respiration 
w'as resumed, 0 2 cc of 2% cocain was introduced 
through the tube to block the vagus The block 
abolished the Hering-Brcuer reflexes and pro- 
duced the following changes in respiration 1) The 
amplitude of respiration w ns diminished, f) respir- 
atory rate was increased, S) The speed of the 
inspiratory act w'as markedly dmiimshed The dif- 
ferences between these results and those of cervi- 
cal vagotomy probably are due to the presence of 
extrapulmonary vagal fibers influencing the rate 
of respiration and to the discharge of impulses 
from the cut end of the nerve It may be concluded 
that vagal afferent fibers have a strong augmentmg 
effect on inspiration as suggested by Gesell This 
effect IS not caused by mechanical receptors be- 
cause vagal block slows inspiration also while the 
chest IS open and w hile respiratory movements and 
lung inflation are asynchronous and because this 
effect does not depend on the volume of the lungs 
Afferent impulses of pulmonary origin are 
predominantly excitatory and exert a continuous 
drive on respiration 

Water and electrolyte excretion by the harbor seal 
{Phoca vitulina, L ) S E Bradlet, G H 
Mudgb* and W D Blaxe * Dept of Medicine, 
Columbia Univ College of Physicians and Sur- 
geons, New York City, and Ml Desert Island Bio- 
logical Lab , Bar Harbor, Maine 
Measurements of glomerular filtration rate by' 
the creatinine clearance and of urinary sodium, 
potassium and w ater output have been made in 24 
studies of 6 weanling Harbor Seals under varying 
conditions of hy'dration and food intake, and dur- 
ing diving apnoea The post-prandial renal hy'- 
peremia and apneic ischemia w'lth corresponding 
changes in glomerular filtration, detected in earlier 
studies and confirmed in these, provided an oppor- 
tunity to examine the relationship between filtra- 
tion and water or electrolyte excretion In general, 
water and electrolyte output changed in the same 
direction as the filtration rate However, sodium, 
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potassium or water loading resulted in increased 
excretion, in large part as a result of decreased 
tubular reabsorption independent of changes in 
filtration Water diuresis was associated with 
diminished sodium and potassium output Pitres- 
Bin and mercupurin had opposite cllects on w ater 
excretion, but both augmented the elimination of 
electrolytes It is interesting that a marked fall in 
output and urinary concentrations of sodium and 
potassium occurred in association w ith reduced fil- 
tration during apnea despite preliminary loading 
or administration of a mercurial diuretic These 
results suggest that glomerulotubular imbalance 
may develop during renal ischemia in the seal and 
give rise to a relativch excessive reabsorption of 
electrolyte from the glomerular filtrate The 
creatinine U/P ratio tended to fall during apnea 
indicating that v ater reabsorption v as relativelj 
decreased This phenomenon could not be ex- 
plained by reduced pituitarj activity since it a as 
observed m one animal during apnea folloaing 
pitressin Hoaever, the creatinine U/P ratio rose 
during apnea folloaing sodium load, suggesting 
the possibility that effective a ater reabsorption 
may depend in part upon a critical concentration 
of sodium in the tubular unne 

Influence of respiration upon the dynamics of ex- 
perimental atrial septal defects G A Brbcheb 
AND D F Opdyke Dept of Physiology , Western 
Reserve Umv Med School, Cleveland, Ohio 
Since it 18 established that left atrial pressure ex- 
ceeds right atrial pressure during most of the car- 
diac cycle in open-chest dogs it is important to 
knoa what effect changes of intrathoracic pressure 
have on the interatrial pressure gradient Inter- 
atrial septal defects a ere produced, the chest 
closed, and the effect of changing intrathoracic 
pressure studied in acute experiments When the 
left to right inter-atnal pressure difference a as 
small during the expiratory pause the pressure 
gradient became reversed for a longer duration of 
the cardiac cycle during inspiratory movements 
Rapid and extensive intrathoracic pressure de- 
creases caused a greater and longer lasting 
gradient reversal During dyspneic inspiratory 
movements the atnal pressure reversal lasted in 
some cases for several consecutive cardiac cycles 
Neither alternating positive pressure inspirations 
with an artificial respirator nor maintained in- 
creased positive intrathoracic pressure dunng Val- 
salva-type experiments caused a reversal of the 
left to right inter-atnal pressure gradient The 
importance of the respiration for a reversal of the 
blood flow through an interatrial shunt can be 
e\ aluated bj an analj sis of the phasic changes of 
atnal pressure curves 

Carbohydrates in human cemcal mucus jMabt 
\iJCE B Bheckenbidge* and W T Pomxier- 


ENKE Dept of Obstetrics and Gynecology, Umv 
of Rochester Med School, Rochester, N Y 
That human cervical mucus is penetrable by 
sperm tn vitro only at the ovulatory phase of the 
menstrual cycle has been demonstrated In mlro 
studies also indicate that human sperm are de- 
pendent on anaerobic gljmolj sis for motility Car- 
bohydrates are present in the female genital tract, 
and the possibility that these are utilized in sperm 
metabolism presents itself This work on cervical 
mucus has been continued to identify, by a chrom- 
atographic method, the carbohydrates and to 
quantitatively estimate individual simple sugars 
and polysaccharides throughout the menstrual 
cycle In 6 normal subjects, followed through a 
total of 14 cycles, glucose was the only simple 
sugar consistently found, and the 0-36 mg % glu- 
cose showed no consistent cyclic variation 
Whether or not the free glucose is utihzed 
by sperm in passage through the cervical canal, it 
w ould appear that the glucose content of the mu- 
cus IS not a factor in the cyclic penetrability 

Adrenal function in gravitational and acceleratory 
shock S W Britton and C R French * 
Physiological Lab , Umv of Virginia, Charlottes- 
ville, Fa 

Normal rats are very' resistant to the head-up 
position on the tilt-table, and survive for 12-48 
hours, although considerable torpidity is shown 
throughout the period Respiratory and various 
reflex activities may be used as criteria of an am- 
mal’s condition Hypergly^cemia occurs within the 
first few hours, followed by prolonged hypogly- 
cemia In 30 tests made 1-7 days after bilateral 
adrenalectomy , marked sensitivity to the vertical 
posture was shown, some ammals died within one 
hour, and most of the others became comatose or 
died within 2 hours Operated rats treated with 
cortico-adrenal preparations showed resistance to 
gravity almost equal to normal ammals Adrenal- 
ine administration only slightly improved toler- 
ance On exposure to accelerations on the 
centrifuge, adrenalectomized rats showed extreme 
sensitivity, in 26 cases, 11 died and all others were 
comatose within 12 min at 2 g This was a 
relatively mild exposure for normal animals 

An inhibitor of insulin-inactivatmg system (in- 
sulinase) of liver Robert H Broh-Kahn, Ben 
S iMKiN* AND I Arthur Mirskt May Inst for 
Med Research, Jewish Hospital, Cincinnati, 
Ohio 

Previous studies have demonstrated the 
existence in liver extracts of a si stem (insuhmsc) 
capable of inactivating insulin during tn iitro in- 
cubation During the process of purification of this 
system by' acetone precipitation it was noted that 
the redissolv ed precipitates containing the insulin 
ase activitv , when reconstituted to their original 
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volume, were more active than the crude extracts 
This observation indicated the presence of an in- 
sulinase-inhibiting substance in the crude extract 
and in the supernatant from the acetone precipi- 
tate The existence of this inhibitor has been con- 
firmed and it has been partially purified by adsorp- 
tion on charcoal, and elution with glacial acetic 
acid followed by precipitation ivith absolute alco- 
hol-petroleum ether mixtures Concentrates of this 
substance are quite active and completely sup- 
press the in mlro destruction of insulin by insulin- 
ase but do not inhibit the action of the more com- 
mon proteolytic enzymes Intravenous injection 
of large amounts have no effect on the blood sugar 
of the fasting rabbit The distribution and proper- 
ties of this inhibitor will be described 

Origin of the cerebellar waves John M Brook- 
HART, G Moruzzi* AND R S Snider Depls of 
Physiology and Anatomy, Northweslern Umv 
Med School, Chicago, III 

Spike potentials of single cerebellar neurons 
superimposed upon a baseline of typical cerebellar 
waves have been recorded from the cerebellar cor- 
tex in unanesthetized decerebrate cats using fine, 
penetrating wire electrodes and conventional 
oscilloscopic recording equipment Localization of 
the tips of electrode wires left in situ was accom- 
plished by microscopic examination of thick, fixed, 
stained and cleared blocks of cerebellar tissue 
Low voltage wave activity and freedom from spike 
potentials characterized recordings from the molec- 
ular layer and white matter Higher voltage 
waves, occasional spike potentials, and massive 
injury discharges upon movement of the electrode 
characterized recordings from the Purkinje cell 
and granule cell layers These findings indicate 
the great localizing ability of the wire electrode 
and the origin of the cerebellar waves from the 
Purkinje and/or granule cell layers Temporary 
cerebellar ischemia or administration of ether pro- 
duced abolition of spike potentials before wmve 
activity was affected This change was reversible, 
wave activity recovering before spike potentials 
Summation of spikes of the type recorded from 
these electrodes cannot therefore be considered as 
a source of cerebellar waves The waves may orig- 
inate from spike potentials of small, unmyelinated 
axons having a selectively high resistance to 
anoxia, or from variations m the state of polariza- 
tion neural membranes, or from some unknown 
source 

Excitability of mammalian heart during the car- 
diac cycle the auricle Chandler! McC 
Brooks, Oscar Orias,* Jerome L Gilbert,* 
Arthur A Siebens,* Brian Hoffman* and 
E E Suckling * Dept of Physiology and 
Pharmacology, Long Island College of Medicine, 
the State Umv of New York, Brooklyn 


Excitability of the auricle throughout the car- 
diac cycle IS determined by observation of stimuli 
needed to produce extrasystoles Stimuli are 
applied to the auricle through attached non-polariz- 
able electrodes from a stimulator delivering rect- 
angular waves of variable intensity (from 0 to 30 
ma) and duration (from 0 1 to 15 msec ) The heart 
IS driven by a pulsing-oscillator at any desired 
rate Single testing stimuli can be applied at any 
position in the cardiac cycle w ithin an error of ± 2 
msec Strength-duration curves are obtained and 
reveal that transition from an absolutelj refrac- 
tory state to a normal resting state of excitability 
is not smoothly progressive Within the relative 
refractory period there are intervals of greater 
followed by intervals of lesser excitability as re- 
covery proceeds No supernormal-period is found 
The latency betw een testing stimulus and the re- 
sponse increases progressively as the stimuli are 
placed earlier in the refractory period A local ex- 
citatorj state created bj a single strong testing 
stimulus may outlast the refractoriness which fol- 
lows normal driven beats Progressive increases of 
testing-shock intensity at an> instant within the 
‘vulnerable-period’ produce first extrasj stoles, 
then fibrillation and finally no response at all (a 
‘disappearance-phenomenon’) The ‘disappear- 
ance-phenomenon’ IS thought to be due to large 
field effects of very strong stimuli Like fibrillation, 
it can be obtained only during a ‘vulnerable’ portion 
of the relative refractorj period 

Some biological and chemical properties of the 
citrovorum factor Harrt P Bhoquist,* E L 
R Stokstad and T H Jukes Lederle Lahs 
Division, American Cyanamtd Co , Pearl Rirer, 
N Y 

Recent studies have indicated that concentrates 
of natural materials active f orgrow th of Leuconostoc 
citrovorum reverse the toxicity of folic acid an- 
tagonists for some microorganisms under condi- 
tions in which pteroylglutamic acid (PGA) is in- 
effective In the present study further evidence for 
the abilitj of citrovorum factor (CF) concentrates 
to reverse 4-amino PGA for L citrovorum was 
found In studies wuth mice it was found that CF 
concentrates given either in the diet or by injec- 
tion could protect mice against the toxic effects of 
4-amino PGA, PGA w'as without effect in alleviat- 
ing this toxicity In counter current distribution 
studies by the method of Craig, it was found that 
the distribution curves for CF activity or folic 
acid activity were indistinguishable In other ex- 
periments it was found that CF was readily con- 
verted by exposure to HCl to a compound with 
properties similar to folic acid These findings 
coupled with the abilitj of CF concentrates to re- 
verse the toxicity of 4-amino PGA in microorgan 
isms and mice support the view that CF is 
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a hitherto unrecognized biologically active form 
of PGA 

Secretion of the gluconeogenic factor by the ad- 
renal ICathabike a Brownell Ohio Stale 
XJntv , Columbits 

The gluconeogenic factor secreted by the dog 
adrenal was assayed by virtue of its ability to 
cause deposition of liver glycogen Blood was col- 
lected from the left lumbo-adrenal vein, tied at its 
entrance to the vena cava in a heparized nembu- 
talized dog Transfusion of blood from a donor dog 
replaced that removed from the subject The hor- 
mone was separated from the adrenal blood plasma 
b} extraction rvith ethylene chloride A 5% ethyl 
alcohol solution of the hormone was injected in 4 
equal doses over an 8-hour period into adrenalec- 
tomized, 24-hour starved mice The amount 
of liver glycogen deposited was an indicator of the 
gluconeogenic hormone present Under the condi- 
tions of the experiment an appreciable amount of 
gluconeogemc hormone v as always being secreted 
Injection of ACTH increased the amount secreted 
per umt of time, but large amounts of epinephnne 
appeared to have little influence under experimen- 
tal conditions 

Axon as model of synapse new evidence of simi- 
larity of conduction and transmission Theo- 
dore Holmes Bullock Dept of Zoology, Univ 
of California, Los Angeles 
Death of the all or none impulse at a predisposed 
locus and rebirth of a new impulse beyond (Blair 
AND Erlanger, 1939, in frog fibers) nas restudied 
in invertebrate fibers n ith 4-gun cathode ray tube 
The necessary and sufficient condition is a loner 
curve of local response decrement mth distance 
than of return of excitability Tno conditions that 
seemed necessary in the frog experiments are 
shown not to be essential current eddies through 
nodes of Ranvier and a locus of artificially 
heightened excitability (cathode) within the criti- 
cal distance (ca 1 mm ) Present results emphasize 
the importance of actively (though decrementallv) 
propagated local response and the short distance 
over which crucial changes in excitability may 
occur One-way conduction was directly shown in 
single fibers (cf Bishop and Erlanger, 1926, 
Rosenblueth el al , 1949) with multichannel re- 
cording Its locus IS very^ restricted It can occur 
without polarization and as a result of either static 
conditions or fluctuating conditions associated with 
immediately preceding impulses After-discharge 
in fibers frequently takes the form of one-way 
initiation The synapse-like character is em- 
phasized by long and variable delays One-way in- 
hibition IS a consequence Excitability may locally 
change in discontinuous manner through several 
steps in rapid, erratic succession It is apparently 
critical that immediateh preceding impulses fol- 


low a certain temporal and spatial pattern The 
explanation seems to he in local response proper- 
ties The result amounts to genuine mtegration 
and introduces long, variable local delays Fin- 
ally, a labile facilitation of conduction rate has 
been found in fresh preparations of earthworm 
giant fibers 

Influence of tetraethylammonium chloride on the 
circulatory responses to the valsalva maneuver 
Ivan L Bunnell, David G Greene and Wil- 
liam W Kunz (introduced by Fred R 
Griffith, Jr )Depls of Physiology and Medicine, 
Univ of Buffalo School of Medicine and the 
Buffalo General Hospital, Buffalo, N Y 
The response of the arterial blood pressure to 
the Valsalva maneuver has been noted previously 
to be a useful indication of the completeness of 
autonomic blockade by various blocking agents 
Normally, after intrathoracic tension is released, 
there is an immediate drop in arterial pressure, 
follou ed by a nse to a level higher than that which 
existed before the maneuver This 'overshoot', a 
manifestation of increased vasoconstrictor activ- 
ity, IS abolished by autonomic blockade The adap- 
tive reflexes normally resulting from the maneuver 
produce not only changes in vasoconstrictor ac- 
tivity, but also changes in heart rate The presence 
of the latter provides another indication of an 
actively functiomng autonomic nervous system 
In the present study, arterial blood pressure has 
been measured m unanesthetized human subjects 
DUth a Hathaway blood pressure recording system 
attached to an indwelling arterial needle The in- 
fluence of intravenous infusions of tetraethylam- 
monium chloride for varying periods of time in 
abolishing both the 'overshoot' and the changes 
in heart rate will be described, and discussed with 
regard to the relative sensitivity of these 2 criteria 
of autononnc blockade 

X-ray observations on dogs following explosive 
decompression to 30 mm Hg Buford H 
Burch* and Fred A Hitchcock Lab of Ama- 
hon Physiology, Ohio State Univ , Columbus 
A senes of 12 dogs were explosively decom- 
pressed to a terminal pressure of 30 mm Hg and 
maintained at this pressure for 2 minutes Chest 
x-rays were taken 2 to 6 seconds after the explo- 
sion and subsequently at SO-second intervals Par- 
tin! collapse of the lungs occurred in all dogs 
shortly after the reduction of the pressure This 
collapse of the lungs is believed to be due to vapor- 
ization of the intrapleural fluid, producing a con- 
dition which we have called 'vnpo-thorax ’ When 
these dogs were returned to normal atmospheric 
pressure the lungs expanded, completely filling the 
thorax, indicating that there was no pneumo- 
thorax or rupture of the lungs Vapor usunlK 
appeared in the right heart 30 seconds after the ex- 
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plosive decompression and in the left heart about 
one minute later Vapor is usually found in the 
nght heart before it is noted elsewhere When 
vapor was present in the left heart the dog usually 
died Marked dilatation of the heart occurred in 
all dogs We bebeve that blocking of the coronaries 
by vapor is an important cause of death It is also 
possible that the presence of vapor in the right 
heart may, by producing circulatory vapor lock, 
be a significant factor in the precipitation of ven- 
tricular failure Two dogs survived In one there 
was no vapor visible by x-ray present in the heart 
The other surviving animal had considerable 
vapor in his right heart and show ed cardiac dilata- 
tion w hich persisted for about a week 

Permeability of the urinary bladder to radioactive 
phosphorus, mercury and gold L E Burgess,* 
D T Rolfe,* P F Haun and E L Caro- 
THERS * Dept of Physiology and Cancer Research 
Lab , Meharnj Med College, Nashville, Tcnn 
Female dogs weighing 8-16 kg w ere anesthetized 
by intravenous sodium pentobarbital The ureters 
were doubly ligated at the bladder, severed, and 
the proximal ends cannulated to collect the urine 
flow A catheter was introduced into the bladder 
and the latter was emptied and washed several 
times with a W'armed physiological salt solution 
Two to 5 m c of radioactive HjPOi, HgCl- and 
colloidal Au in warm physiological salt solution 
were allowed to flow slowly through the catheter 
into the bladder Analyses for P”, Hg"“ and Au'*® 
were made at hourly intervals for a period of 6 
hours on samples of blood taken from the external 
jugular vein and on samples of urine simultane- 
ously collected from both ureters The blood 
showed a marked uptake of P®’ during the first 
hour which reached its peak between the fourth 
and fifth hours The uptake of Hg®” bj the blood 
was found to be very low during the first hour but 
increased rapidly and reached its peak between 
the second and fourth hours Bj the end of tho 
sixth hour, a considerable absorption of both phos- 
phorus and mercurj^ had occurred from the radio- 
active materials instilled into tho bladder, ns 
revealed by analyses of the blood The rate of ex- 
cretion of P®* and Hg*'® by the kidneys, as shown 
by analyses of the ureteral urine, increased with 
the rise in blood levels of P” and Ilg*’® Work in 
progress appears to indicate some slight absorption 
of colloidal gold the urinary bladder 

A new view of relation between pressure and flow 
in a vascular bed, and validity of ‘peripheral 
resistance ’ Ai an C Burton, J T Niciiol,* F 
Girling,* and Wm Jerrard * Dept of Bio- 
physics, Univ of Weslcin Ontario Med School, 
London, Ontario, Canada 

Tho non-linear relation between pressure and 
flow of blood in vascular beds has been variously 


explained as due to the distensibihty of the ves- 
sels, changing the resistance with the pressure 
and to the anomalous viscosity of blood, changing 
with the velocity of flow Neither of these is the 
important factor Physical theory and experiment 
show that the equilibrium of the small vessels is 
unstable If the pressure within them falls below 
a critical value, dependent of their size and on the 
tension in the wall, they close abruptly and com- 
pletely' At pressures well above this ‘critical clos- 
ing pressure,’ direct observation shows that the 
small vessels act like almost rigid tubes Under 
vasomotor tone the critical closing pressure may 
be above 100 mm Hg (spasm) Experimentally ob- 
tained curves of resistance vs pressure show an al- 
most constant resistance until the critical pressure 
IS approached, when it rises quite abruptly to in- 
finitx The rise is more abrupt with Ringer’s solu- 
tion than with blood These results re-establish 
the usefulness, in haemodi namics, of the 'resis 
tance’ when combined with a knowledge of the 
‘critical closing pressure’ and also give a new view 
of tiic nature of spasm 

Bile cholesterol, bilirubin, and physical constants 
in the rat Sam-ord 0 Bxers, Mexer Fried 
MAN AND Fred Miciiaeiis * Harold Brunn Inst , 
Mount Zion Hospital, San Francisco, Calif 
An external bile fistula was created in 23 albino 
rats by inserting a catheter of plastic tubing into 
the bile duct and externalizing the free end of the 
tubing through the abdominal w all Each animal 
was restrained b\ a special technique, allowed 
w ater or 0 S% saline ad lib , and the entire 24-hour 
bilmn outjiut collected for determination of cho 
Icstcrol bilirubin and jilnsical constants The 
average concentration of free cholesterol (substan- 
tialh equivalent to total cholesterol) was 12 7 mg/ 
ItX) cc the average 24-hour total output was 1 S3 
mg Bilirubin w ns produced in total quantity of 1 2 
mg/24 hours (av 7 rats) The average volume of 
flow per 24 hours w as approximately 15 ml , or 5 

ml/100 grams boch weight Secretory pressure was 

22-24 cm of bile of average specific grnvitv 1 011 
The pii (glass electrode) v iried from 7 9 to S 5, 
average 8 3 

Human tolerance and responses to high positive 
pressure breathing Clarence C Cain, John 
A Wood and Dai id I Mahoney (introduced 
by I W Heim) Aero Med Lab , Air Materiel 
Command, Wright-Pattcrson Air Force Base, Bay- 
ton, Ohio 

An experimental study w as conducted to deter 
mine the time tolerance of a group of individua 
breathing oxygen at various positive 
from 30 to 60 mm Hg at room temperatures of 

F and96‘’F The heart rate, venous pressure, pul- 
monary ventilation and relative cardiac outpu as 
measured by' the ballistocardiogram, were e er 
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mined for certain pressures The end point of these 
time tolerance studies m ns sj mptoms of impend- 
ing sjncope A fairlj narrow time range of toler- 
ance occurred with the high pressures of 60 and 60 
mm Hg This range widened considerably at 30 
and 40 mm Hg approximating time tolerances of 
Imiu at 60, 7 min at 50, and 15 mm at 40 mm Hg 
Ylicn breathing on 30 mm Hg pressure, the time 
w ns extended to betw een 1 and 2 hours and the ex- 
posures w ere terminated due to fatigue rather than 
impending syncope However, at the same pres- 
sures at 50,000 feet it was neccssarj to terminate 
the exposures after 10 minutes on 2 subjects At 
pressures of 40 nmi Hg there occurred an average 
increase in heart rate of 50% and a reduction in 
cardiac output of approximatelj 42% The venous 
pressure increased but not in linear relationship 
to the increase in mask pressure These responses 
are in accord w ith the accepted view that impend- 
ing SJ ncope IS due to circulatorj stress The pul- 
monary ventilation on a group of 7 subjects at 
ground level breathing oxj'gen at a positive pres- 
sure of 30 mm Hg increased to 150% of normal dur- 
mg the first 5 minutes and decreased to 130% of 
normal at the end of 20 minutes The ventilation 
did not return to normal on anj of the subjects 
tested w'hile ex-posed to 30 mm Hg breathing pres- 
sure 

Relatively light doses of sesame oil on oxygen con- 
sumption and role of adrenal cortex Thomas 
B Calhoon* and Cliffoed A Angereh Dept 
of Physiology, Ohio Stale Univ , Columbus 
We have previously reported {Anal Rec Suppl 
105 142, 1949) the effects of large doses of sesame 
od on the oxygen consumption of ‘normal’ goldfish 
and that these effects w ere antagomzed by adreno- 
cortical extract Recent studies with light doses 
of sesame oil have shown that the previous results 
are open to a different interpretation Oxj-gen 
consumption determinations w ere made w eeklj'' on 
2 groups of goldfish over a period of 7 w eeks, using 
a respirometer developed in this laboratorj All 
fish were fasted from 12-18 hours prior to use to 
render them in a ‘basal’ state A group of 12 fish 
were given i m 0 0002 cc sesame oil/gm of body 
weight/everj^ other daj for a 7-week period At the 
end of the second w eek the mean metabolic rate in- 
creased 12% compared wnth controls This w as fol- 
low ed bj a sharp drop in oxj gen consumption until 
the 7th week when the mean value w as 40% below 
normal A second group of 12 fish w ere inj ected i m 
with 0 0002 cc sesame oil and 0 00036 cc Upjohn’s 
Adrenocortical Extract/gm bodj weight every 
other daj’^ for a 7-wcek period At the end of the 
second week the mean oxj gen consumption de- 
creased 35% from normal This w as follow ed bj a 
lex eling of these values at ca —37% Although the 
weights of all fish fluctuated greatlj , the mean 
weight of fish gix'cn sesame oil alone increased 3% 


at the end of the 7th week Fish given adrenocorti- 
cal extract plus sesame oil increased 26% at the 
end of this period 

Experimental analysis of electrical responses of 
inferior colliculus to sound and cutaneous sen- 
sibilities Beery Campbei i Dept of Anatomy, 
Univ of Minnesota Med School, Minneapolis 
Responses evoked in the inferior colliculus and 
associated structures by condenser discharges 
through a piezo-crj’stal near the ipsilateral or con- 
tralateral ears have been recorded by micro-elec- 
trodes using a cathode raj oscillograph Addi- 
tional data on the responses of these centers to 
spinal nerve stimulation is presented Correlation 
of structure and electric potential of cell groups 
and tracts is made on the basis of histological ex- 
amination of the needle tracts Monkej^s, cats, 
rabbits, and rats have been used in the experi- 
ments The potential evoked by a contralateral 
click in the inferior colliculus consists of 2 com- 
ponents, one a pick-up from the underlying nucleus 
of the lateral lemniscus responding at 4 msec , and 
a local potential commencing at the base of the 
colbculus and rising at a speed of from 0 5 to 1 0 
msec/sec to the dorsum Analysis of the sign 
changes and spike form of this potential indicates 
that it IS conducted as an upw ard nsing positive — 
negative wave The distribution of the potential 
of the lateral lemmscus shows that the cells, upon 
activation, form the center of a strong bipolar 
field, the dorsal side positive, the ventral negative 
This potential is marked throughout the colliculus 
and the underljnng tegmentum, hut spiking, and 
the highest voltage is seen at the nucleus Contra- 
lateral clicks evoke much less activity Stimula- 
tion of contralateral spinal nerves evoke poten- 
tials in the inferior colliculus These decrease the 
response of the inferior colliculus to auditory'' 
activation 

Flight response of drosophila to variations in tem- 
perature L E Chadwick Medical Div , Army 
Chemical Center, Md 

Data are presented to define the variations m 
wmg-beat frequency of flies as a function of age 
and temperature 

Positive pulse stimulation of anterior sigmoid and 
precentral gyn electric current threshold de- 
pendence on anesthesia, pulse duration, and 
repetition frequency William W Ciiambees, 
George AI Austin and John C Lilli (intro 
duced byAlAEGAEET Suxiw \lt AIcCoucii) Dcpl- 
of Anatomy, Neurosurgery and Biophysics, Unw 
of Pennsyhania, Philadelphia 
In determining current thresholds (J) for posi 
tixm pulses (durations (PD) from 0 1 ms -500 ms ) 
at frequencies (PRF) from 1/60 to 9000 pulscs/soc , 
trams (5 sec duration, 1/niin ) are sent through ui 
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Ag-AgCl-salme pore electrode (1 0 mm diameter) 
on a cortical motor zone m 3 series of animals For 
each stimulus the threshold current value and 
pulse waveform are determined by observation by 
means of a series resistor, a direct-coupled ampli 
fier, and a cathrode-ray oscilloscope The animals 
movements were observed by visual means Ex- 
posed cortex and anesthesia (dial 4 mg/kg ) were 
used in the first senes (I) {5 cats and 3 monkeys) , 
exposed cortex and none but local anesthesia in 
the second senes (II) (2 monkeys), and a closed 
cranium and only local anesthesia in the third 
{III} (1 monkey) Horsley -Clark fixation ^ as used 
ml, skull edge fixation in // and an implanted 
electrode mill 

The resulting curves of J versus PRF for con- 
stant PD were reproducible for several hours In I 
and II the ‘rheobase’ was 1 1 ma at 10 ms at all 
PRFs, at 1 0 ms above 600 cps and at 0 1 
ms above 1000 cps A low PRF (1/60-15/sec ) 
plateau (12 ma at 0 1 ms , 3-6 ma at 1 0 ms ) is 
connected by a uniformly falling curve to the high 
PRF ‘rheobase ’ In contrast in III, on the Ist 
day, the low PRF plateau is connected to the high 
PRF plateau by a ‘valley’ (minimum at 1 0 ms , 
200 cps and 0 65 ma , at 0 1 ma , 200 cps and 2 0 
ma ) , in the 2nd through the 3rd day this curve 
changes from the valley-type to the I and 1 1 type 
In the same animal, on other side, cutting out 
upper cortical layers caused unmediate flattening 
of the valley There was little if any impairment of 
voluntary use of responding part on either side 
at any tune during 8 days of observation 

Influence of pulmonary proprioceptive reflexes 
during electrophrenic respiration Paul O 
Chatpield* and Stanlev j Sarnopf DcpCs of 
Physiology, Harvard Med School, and Harvard 
School of Public Health, Boston, Mass 
During periodic stimulation of a phrenic nerve 
to produce descent of the diaphragm (electro- 
phrenic respiration), one obtains an inhibition of 
spontaneous respiration nhich is clinically useful 
smce it eliminates the conflict between the pa- 
tient’s spontaneous breathing and the imposed 
respiration It has been shown that this inhibition 
can be brought about by vagal reflexes alone or 
secondarily by hyperventilation In the present 
study, by recording muscle action potentials from 
the left (unstimulated) leaf of the diaphragm and 
from inspiratory intercostal muscles in dogs dur- 
ing application of electrophrenic stimulation to 
the right phrenic nerve, it n as possible to ascertain 
the conditions of electrophrenic respiration which 
facilitate the desired inhibition of spontaneous 
respiration It was found that inhibition depends 
on the integrity of the vagi (previously shown), 
that inhibition of spontaneous respiration is facili- 
tated by a) an increase in rate of electrophrenic 


respiration, 6) prolongation of inspiration and c) 
an increase in the depth of inspiration A changed 
state of excitability of the respiratory center (as 
from rebreathmg) may cause previously inhibited 
spontaneous respiratory discharge to resume 
Under many conditions, even when spontaneous 
respiration was not completely inhibited, there 
was synchromzation of spontaneous and electro- 
phrenic respirations The prompt suppression of 
spontaneous respiration seems much more easily 
obtained with an active diaphragmatic contrac- 
tion than with positive pressure breathmg The re- 
sults are discussed in the light of recent unitary 
analysis of pulmonary proprioceptors and their 
practical significance pointed out 

Studies on pharmacology of tetraethylthiuramdi- 
sulfide (Antabuse) and the ‘Antabuse-Alcohol’ 
syndrome in animals and man George P 
Child, Eugene Barrera,* Walter Osinski,* 
Zack Russ* AND George Hemsted * Depls of 
Physiology and Pharmacology, Neurology and Psy- 
chiatry, and Medicine, Albany Med College, Al- 
bany, N Y 

The duration to alcohol sensitization by Anta- 
buse w as tested in rats The sensitization reached 
a maximum 6-12 hours after giving an oral dose of 
Antabuse and it lasted for 10-15 daj s The dura- 
tion and degree of effect u ere determined largelj’’ 
by the dose of Antabuse given The ascending 
paralysis produced by large doses of Antabuse in 
animals could not be alleviated by prostigmine 
and was suggestive of the parnljsis caused by 
spinal cord interneuron blocking drugs This w as 
tested by giving white rats conimlsant doses of 
strychnine The Antabuse did not protect the rats 
from the cord stimulating effect of strjchnine 
Humans who are under treatment for chronic al- 
coholism w ere given a test dose of alcohol before 
and after the administration of Antabuse was 
started Among the signs and s^mptoIns of the 
Alcohol-Antabuse syndrome are hj^iotension, 
tachj cardia, hyperpnea, E C G changes, descend- 
ing erythema, feeling of warmth, diaphoresis, 
thirst, gastric hypermotility, nausea, confusion, 
blurred vision, vertigo, and above all the amaze 
ment on the part of the patient that such minute 
amounts of an alcoholic beverage can made one 
feel so peculiarly The temporal and intensitj^ rela- 
tions of these effects wall be presented At present 
the best antidote for this syndrome is intravenous 
ascorbic acid The effect of Antabuse alone is dis- 
cussed 

Use of intravenous ethanol in treatment of a case 
of opiate addiction, and other experimental 
therapeutic tests with intravenous ethanol in 
humans George P Child, Frank Clare* and 
John Farrell * Depts of Physiology and Phar- 
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viacologij, Ncurosurgcn/, and Suigcry, Albany 
Med College, Albany, N Y 
The phnrniucologic properties of mini venous 
ethanol ns nn nimlgcsic, euphoric antipyretic and 
\asodihtor ha^c been used bj us with good cfTcct 
m the treatment of phantom limb pain, peripheral 
vascular disease (to test the abilitj of the vessels 
to dilate), parcMa and m the management of in- 
tractable patients Another use, which deserves 
particular emphasis because of its significance if 
verified bj further work, is in the treatment of 
opiate addiction Three patients have, thus far, 
been under treatment Two of the patients had 
verj painful lesions and were receiving a consid- 
erable quantit} of opiate During the period of al- 
cohol administration it was possible to reduce the 
opiates and even eliminate them for a dn^ or two 
without producing withdrawal symptoms Be- 
cause of the lesions, however, it was felt that the 
opiates should not be w ithhcld The other patient 
had been receiving natural and 8^ nthctic opiates 
for approximately 3 jeers After surgical treat- 
ment for her lesion, attempts were made to cure 
her of addiction w ithout success She also had dia- 
betes and hj perthvroidism When the 5% intra- 
venous alcohol (Abbott) was started all opiates 
were discontinued On each of 6 successive dajs 
she was given from 1-J 1 of 5% alcohol in divided 
doses with a complete cure of addiction The only 
withdrawal effects noted were mydriasis, mild 
diarrhea and a pyrexna of 101® for one day 
Although this one case has thus been cured 
of addiction the result was so spectacular as to 
warrant publication 

Effect of depletion of extracellular electrolytes on 
the water intake in dogs Loms J Cizek,* 
Robeet E Semple,* K C Huakg* anb Mag- 
nus I Greqersen Dept of Physiology, College 
of Physicians and Surgeons, Columbia Unto , New 
York City 

The experiments were designed to test whether 
or not the degree of cellular hydration determmes 
the flmd intake Following a 2- to 3-week control 
period during which observations were made on 
levels of serum chloride, plasma protein, plasma 
volume, thiocyanate space, water intake and out- 
put, the animals were depleted of extracellular 
chloride and sodium by the intraperitoneal glucose 
procedure The dogs were then maintained on a 
low salt diet for a period of one to 3 weeks, 
throughout which the serum chloride, plasma vol- 
ume and thiocyanate space remained at low levels 
The dogs were lethargic immediately after the salt 
depletion but this lethargy wore off gradually^ in a 
day or two Within 48 hours the water mtake ex- 
ceeded the control intake Urme excretion like- 
wise increased The increase in water mtake varied 
from 33 to 85% One dog, however, refused to eat 


after salt depletion Ncvcrlliclcss his fluid intake 
and urine output were greater than when the same 
unininl in normal electrolyte balance was placed on 
a stirvalion regime With intravenous sodium 
chloride and restitution of salt to the diet, water 
intake, plasma volume, plasma protein etc re- 
turned to control levels Tliese findings are not 
in accord with the concept that the degree of cellu- 
lar hydration determines the fluid intake 

Thalamic loci of afferent stimulation in the cat 
SiDNEX M CouEN (introduced by Fred A. 
Mettler) Dept of Neurology, College of Physi- 
cians and Surgeons, Columbia Untv , New For/ 
City 

Upon electrical stimulation of afferent nerves 
(face, limbs) or tactile stimulation of skin, electri- 
cal activitj (50-200 uv , 5-40 msec duration) is 
recorded with needle microelectrodes in the ven- 
tral posterior thalamic nucleus The responses to 
face afferent activity have the shortest duration 
Contralateral stimuli produce greater activity 
than do ipsilateral Only forelinib stimulation eli- 
cits activitj' in a small region of the rostro-medial 
part of the nucleus Elsewhere, activity is elicited 
by afferents from hind-and forelimbs or face, 
though the responses differ in amplitude and dura- 
tion Potentials referable to pick-up of incoming 
actmtj' are observed over a wider region of the 
thalamus Cervical section of lateral columns does 
not affect thalamic activity, but section of dorsal 
columns abolishes thalamic responses to limb 
afferent impulses Electrical stimulation of one 
nucleus produces no response in the other Nor 
does division of antenor, middle or posterior com- 
missures alter responses of either nucleus Cross 
connections between nuclei are therefore lacking 
Latency of thalamic response remains nearly con- 
stant wath increasing afferent stimuli However, 
the time difference between arrival of afferent ac- 
tivity in the nuclei of the dorsal columns and the 
onset of the thalamic response is 1 0-2 0 msec 
greater for the forelunb activity than for that of 
hindlimbs 

Effect of intraluminal hydrostatic pressure on 
water and sodium movement across Intestinal 

f 

wall of dogs S T Coleman, R F Jones and 
M J Fogelman (mtroduced by Robert W 
Lacket) Dept of Exper Surgery, Southwestern 
Med School of The Univ of Texas, Dallas 
In an attempt to determine the causes for the 
collection of flmd m an ofastraucted intestine the 
effects of various intraluminal pressures on water 
and sodium exchange were studied in Thirj -Vella 
loops of trained unanesthetized dogs Forty ml of 
a 1% aqueous solution of D^O were placed into the 
Thirj -Vella loops and subjected to maintained 
pressures of 10, 20, 30 and 40 cm of w at or for 00 
minutes Samples for Na and D-0 determinations 
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were withdrawn by catheter from the lumen at 
graded intervals The heavy water analyses were 
made by the falling drop method and the sodium 
determinations by flame photometry At the ter- 
rmnation of the experiments the gut w as emptied 
with a catheter and the remaining volume meas- 
ured The rates of movement of water into and 
out of the intestine were calculated by the method 
of Visscher {Am J Physiol 142 660, 1944) There 
was no positive correlation between the intralu- 
imnal hydrostatic pressures and the rates of move- 
ment of water and sodium across the intestinal 
wall Eleven additional experiments using a con- 
stant initial volume of plain water and pressures 
varying from 10-40 cm of w’ater also failed to show 
a correlation between intraluminal pressure and 
net rate of movement of water across the intestinal 
wall 

Effect of X-irradiation on intestinal motility 
Robert A Conabb (introduced by Harvet M 
Patt) Biological Div , Argonne National Labora- 
tory, Chicago, III 

In VIVO studies have been carried out measuring 
kymographically contractions of the longitudinal 
muscle of rat jejunum immersed in constant tem- 
perature Tyrode’s solution During X-irradiation 
with doses of 100 r (250 kv, 100 r/min ), and above 
there is a typical pattern of intestinal activity pro- 
duced After a lag of about one minute there is an 
increase in tone accompanied by an augmentation 
of contraction w Inch continues for several minutes 
after the irradiation is terminated Tonus gradu- 
ally returns to the pre-irradiation level (w ith 100 
r in about 4-6 minutes) Larger doses of irradiation 
m general produce a higher and longer rise of tone 
Shielding studies and in vitro irradiation of iso- 
lated segments of intestine reveal that the con- 
traction response is largely due to a direct effect 
on the intestinal tract Atropine and nicotine 
strongly inhibit the response W'hile physostigmine 
augments and prolongs it Sj'mpathetic drugs have 
little or no effect Immediate vagotomj has no 
appreciable influence while vagotomy of a week’s 
duration gives an augmented response to x-ray 
The antihistamimc benadrjd has no effect These 
data suggest that the x-ray response is largely due 
to a direct effect on the intestinal tract, 
specifically, pn its parasympathetic elements 

Bicarbonate concentration of pancreatic juice dur- 
ing experimental acidosis S S Conlt,* J O 
Criber and j E Thomas Dept of Physiology, 
Jefferson Med College, Philadelphia, Pa 
Unanesthetized dogs wnth permanent gastric 
and duodenal fistulas fitted w'lth metal tubes w ere 
used, and the pancreatic juice collected during in- 
travenous administration of secretin The normal 
curve of bicarbonate secretion w as determined for 


each animal The concentration of bicarbonate 
was plotted on the ordinate and the rate of secre- 
tion on the abscissa With rapid rates of secretion 
the bicarbonate concentration appears to ap- 
proach a maximum asymptotically Acidosis was 
produced by the intragastric administration of 500 
cc of a 2% ammonium chloride solution through 
the gastric fistula at a rate of about 125 cc /hr 
Tw o or 3 days of such administration lowered the 
COj combining pow er of the blood plasma from a 
normal of 22-24 mu/l to 12-16 mn/l The bicar- 
bonate content of pancreatic juice as evoked bj 
secretin was determined for 2 or 3 days following 
the administration of ammonium chloride After 
this time the blood CO- had returned to normal 
and the bicarbonate of the pancreatic juice to nor- 
mal During the period when the blood CO* was 
lowered the CO- content of the pancreatic juice 
w as low cred for a given rate of secretion but the 
curve has the same general form as before the 
period of acidosis The bicarbonate content of the 
juice for a given rate of secretion was lower the 
second day than it was on the first day following 
the administration of the ammonium chloride and 
this at a time w hen the blood CO* w as approaching 
its former normal level 

EfTcct of electrical polarization on oxygen con- 
sumption of nenc Clarence M Connellt* 
AND Detlex W Bronk Dcpt of Biophysics, 
Johns Hopkins Univ , Baltimore, Md 
It IS w ell know n that the membrane potential of 
resting nerve is maintained by oxidative metabo 
lisra However, little or no information exists with 
respect to the effect on the oxy gen consumption 
of nerve of an imposed electrical polarization An 
attempt has been made to determine the degree of 
interaction between the mechanism maintaining 
the membrane potential of frog nenm and the reac- 
tion sx’stcm that consumes oxy gen Two tj'pes of 
experiment have been performed, using a polarized 
platinum electrode in contact with the nerve to 
determine changes in the rate of oxygen utiliza- 
tion In the first type of experiment, anodal or 
cathodal polarization was applied to a resting 
nerve in the region of the oxygen-recording plati 
num electrode The changes in the rate of 
utilization resulting from polarization (0^5- ^ 
microamperes, 1-10 minutes) were striking j 
small, being considerably' smaller than, or at mos 
of the order of, 1% of the resting rate The sen^ 
sitivity of the measuring sy stem was m this case 
determined in terms of the steady'-state ex ra 
oxygen consumption resulting from 1 impu 
In the second type of experiment, the repon 
nerve immediate to the oxy'gen electro e w^^ 
blocked with excess potassium ion During a per ^ 
in which local anodal repolarization of t e ” . 
relieved the block, it was found that the con 
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t\ou of impulses (100/ see , 60 see ) did not result 
in detectable c\tra-o\jgcn consumption 

Influence of diet composition on alarm reaction to 
acute stress P Conbtantiniu> s (introduced 
bj H Sbmb) hnlilut dc Mcdictnc cl Clnrurgic 
expert mciitafcs UnnersUe dc Monlrtal, Montreal, 
Canada 

Rats gavnged with isocalonc and isovitinnnic 
amounts of high-amino-acid and high-cnrbohy- 
drate diets wore exposed to various tjpes of acute 
subletlial stressors (cold, muscular exercise, for- 
maline, urethane, colchicine) for short periods of 
time It was found that in cverj instance the dic- 
tar\ intake significanth modified the ensuing 
alarm reaction Thus, in the ease of everj' stressing 
agent except colchicine, adrenal enlargement, cor- 
tical lipid discharge and Ijmphatic car^’oclasia 
were maximal on a high-amino-acid and minimal 
on a high-carbohj dratc intake The response to 
colchicine w as conditioned in the reverse fashion 
Chemical estimations of adrenal cholesterol, ad- 
renal ascorbic acid and liver glj cogen were sub- 
sequenth performed in animals exposed to cold 
for 1, 6, 16 and 30 hours During the first 15 hours 
the rats fed a high-amino-acid dietshowcd a con- 
siderablj greater cholesterol and gh cogen deple- 
tion than those on a high-carbohj drate diet, while 
at 30 hours of cold the difference between the 2 
nutritional groups decreased There was no dif- 
ference in the ascorbic acid response between 
groups at any interval The influence of protein on 
the pituitarj'-adrenal system under resting condi- 
tions has remained controversial up to date It has 
been shown by Selj e (/ Clin Endocrinol 6 117, 
1946) however, that high protein diets aggravate 
certain pathological changes provoked bj’’ pro- 
longed exposure to stress or anterior pituitary 
principles The present data demonstrate that the 
adrenal response to acute, short-lasting stress is 
also conditioned by the amount of protein or car- 
bohydrate in the diet 

Observations on the etiology of explosive decom- 
pression injury E L Coret and E G Lewis * 
Vniv of Virginia Med School, Charlottesville 
The explosive (0 64 sec ) decompression of rats 
(250) to 21 mm Hg was found to be innocuous even 
when frequently repeated (20 exposures) , provided 
recompression w'as immediate (> Isec ) Mortality 
was observed to be directlj^ related to post-decom- 
pression time under reduced pressure, and all rats 
succumbed when this interval was prolonged to 40 
seconds Ammals placed m an atmosphere of nitro- 
gen succumbed wuthin a comparable period (63 5 
sec ) However, such procedures as pre-oxj gena- 
tion and resuscitative measures (insufflation with 
air, Oi, CO;, O;- CO;) failed to produce striking 
reductions (av , 25%) in mortalitj Aeroembolism 
was never observed wuthin the vessels (jugular. 


mesenteric, renal, fcmoril) of ammals under 21 
mm Ug, although present in vitro in rat blood at 
tins pressure Alterations in autonomic activity 
(vagotomv , atropine, mecholyl) reduced mor- 
tality only 22% Hence aeroembolism and endog- 
enous autonomic activitv appeared to represent 
minor determinant factors On the other hand, 
anesthetics (cold, ether, cvipal, pentothal) en- 
abled all animals tested (29) to survive the nor- 
mally lethal time-interval under reduced pressure 
Indeed this period might be lengthened by as much 
ns 100% w ithout fatality m anesthetized rats It 
w as noted that the convulsive dj spnea character 
istic of normal animals under such conditions w'as 
absent On the basis of these experiments it wa-s 
considered that mtrapulmonar}' gas expansion per 
se, aeroembolism, and endogenous autonomic ner- 
vous influences do not constitute primary etiologic 
agents in explosive decompression injury, but that 
anoxic anoxia, with resultant convulsive dyspnea, 
represents the major factors producing lethal in- 
jury under the conditions cited 

Diuretic effects of sodium salts of organic acids in 
patients with cardiac and nephrotic edema 
Samuel A Corson , Euzabeth O’Leary,* Mit- 
chell W Spellman ,* Abraham L Siegel,* and 
Esther Harrison * Dept of Physiology, Toledo 
Hospital Inst of Med Research, Toledo, Ohio 
Following a period of bed rest, a 1 4 m solution 
of disodium succinate-fumarate was infused in- 
travenously to a patient with cardiac edema at the 
rate of 1 3 ml/min , giving a total dose of 2 8 ml/ 
kg body w t This led to a diuresis of 12 9 ml/min 
(average) for a period of 325 minutes (control = 
1 3 ml/min ) The total volume of urine during 
this period w as 4 2 1 The next day the patient 
show'ed no pitting edema The thiocyanate space 
was reduced from 27 I (34 5% of body wt ) to 19 I 
(25% of B W ) The patient remained edema-free 
for the duration of her hospital stay (one w eek) 
The rate of Cl and Na excretion increased parallel 
with the diuresis During the 325 minutes the pa- 
tient excreted 276 mEq Cl (2 2 mEq infused) and 
708 mEq Na (635 mEq infused) A similar infu- 
sion was given to a patient with longstanding rheu- 
matic heart disease and terminal renal insuffi- 
ciency (probably of obstructive origin) exhibiting 
progressive oliguria, uremia, ascites and pitting 
edema limited chiefly to the lower extremities A 
diuresis of about 3 1 was obtained w ithout signifi- 
cant improvement in the clinical condition Two 
infusions to one nephrotic patient with hj popro- 
teinemia, severe ascites and pitting edema led to a 
diuresis of 4 1 for a period of about 400 minutes 
both times At the end of both experimental 
penods the patient showed Na retention Another 
nephrotic patient failed to give any diuretic re- 
sponse This patient proved to have depressed 
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clearances of inulin and para-amino hippurate 
More detailed studies are in progress 

it^lation between heat balance and physiological 
strain in walking men clad in a ventilated im- 
permeable envelope F N Craig Medical Div , 
Army Chemical Center, Md 
Measurements of metabolic heat production and 
of heat removed by ventilation were made on men 
enclosed m an impermeable garment and walking 
on a level treadmill at 3 miles/hr in a room at 85° 
F Ventilating air was introduced at the 4 extremi- 
ties and the top of the head by means of an internal 
manifold, and left through an opening at the i\ aist 
The heat removed was caleulated from increase in 
temperature and moisture content of the ventilat- 
ing air Inspired and expired air w ere kept separate 
from the ventilating air with a gas mask Metabo- 
lism was determined bj"^ analysis of expired air 
Heat balance was altered by varying the flow rate, 
temperature and moisture content of the ventilat- 
ing air The physiological strain was measured in 
terms of an index obtained by adding sweat pro- 
duction in kg/hr , the rise in rectal temperature in 
degrees C/hour, and one hundredth the heart rate 
at the end of a 30-minute period In 28 tests the 
physiological index ranged from 2-5 The heat 
stress, defined as the metabolic rate m calories/ 
hour minus the heat removed by ventilation, 
ranged up to 300 calories/hour The index in- 
creased at the rate of one unit of strain ±05 unit/ 
100 calories of heat stress This formulation pro- 
vides a measure of heat stress free of a heat storage 
term depending on body temperature measure- 
ments, and so permits their use in an index 
of strain 

Some effects of oxine, carbostyril and quinoline 
on isolated, living bullfrog nerves Frederick 
Crescitelli Dept of Zoology, Univ of Cali- 
fornia, Los Angeles 

The role of metal-containing enzyme systems 
in numerous cellular reactions is recognized Such 
enzyme systems may be inhibited by agents which 
combine with the metal To test for the possible 
participation of a metal-enzyme system in the 
niechanisms which maintain the nerve resting 
potential and in the reactions which determine 
impulse conduction, the effects of 8-hydroxy- 
quinoline (oxine) on bullfrog nerve have been 
examined Oxine is a powerful chelating agent for 
a number of metals When a 0 003m solution of 
Oxine in Ringer fluid is added to a segment of 
nerve, block of the A fibers occurs in about 30 
ibinutes This block is reversible if the nerve 
segment is washed promptly, but if exposure to 
1)he oxine is continued for 10 or more minutes, 
restoration of conduction is incomplete or absent 
In addition, oxine produces an elevation in the 
nerve resting potential of about 0 5 mv It is 


doubtful, however, whether either of these effects 
can be attnbuted to interference with a metal- 
enzyme within the nerve This conclusion is based 
on the fact that 2-hydroxyquinoline (carbo- 
styril) and quinoline, both poor metal chelators, 
are also capable of producing nerve block, al- 
though concentrations of 0 006-0 008m are re- 
quired Moreover, quinoline is also capable of 
eliciting slight positivity Carbostyril has no 
measurable effect on the resting potential The 
similarity^ of action of all 3 substances, only one 
of which IS a good chelator, suggests some mode of 
attack other than through a metal-enzyme sy^stem 

Depression of capillary responses to epinephrine 
by ferrous iron J M Crismon Dept of Physi- 
ology, Stanford Univ , Stanford, Calif 
Mazur and Shorr identified the hepatic vaso- 
tropic factor (VDM) os ferritin (/ Biol Chem 
176 771, 1948) They attributed its action to the 
protein rather than the iron because injection of 
apoferntin depressed terminal vascular response 
to epinephrine as effectively^ as ferritin Laurell 
(Acta Physiol Scand 40 Supp 46, 1947) reports 
plasma Fe globulin up to 250 jig Fe/bter This 
could furnish Fe in sufficient amount to permit 
injected apoferntin to reach terminal vascular 
smooth muscle ns ferntin The action of Fe on 
epinephrine sensitivity u as tested on the Zweifach 
rat mesoappendix preparation by^ injecting FeSO< 
m doses calculated to saturate iron-carry mg glo- 
bulines in plasma Intravenoils Fe"*^ in doses of 
91 jig/kg raised the epinephrine threshold of the 
capillary' bed in exteriorized rat mesoappendix 
3- to 16-fold, a response greater than that obtained 
by 0 5 ml doses i v of saline extract of anaerobic 
liver or of edema fluid from rat legs after release 
of 4-liour tourniquets Thus, Fe"*^ produced vaso- 
depression without added specific protein The 
depressed responses in the vessels of the rat meso- 
appendix produced by Fe"*^ and by vasodepressor 
material from ischemic liver and muscle were 
both reversed by intravenous injections of rutin 
in propylene gly col in doses of 2 mg/kg , but rutm 
exposed to metallic iron lost its ability to increase 
capillary sensitivity to epinephrine The increased 
sensitivity to epinephrine after rutm may depend 
upon competition of rutm vuth epinephrine de- 
stroyung enzymes for Fe"*^ (Welch, A D Awi 
J Physiol 108 360, 1934) 

Pathogenesis of plasma transfusion reaction Wil- 
liam H Crosby and Mario Stefanini (intro- 
duced by David Rapport) ZiskindLabs {Hema- 
tology section) of the Joseph H Pratt and 
England Center Hospitals and the Dept of Medi- 
cine, Tufts College Med School, Boston, Mass 
Certain patients develop febrile reactions fol- 
lowing transfusion of compatible whole blood 
These reactions occur after plasma transfusion 
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but not after washed red rolls (Dameshek, W 
nndJ Never In press) Patirnls with pnrowsinal 
nocturnal hemoglobinuria, in addition to chill 
and fever, also do\clop i hcmoljtic crisis Since 
the hcmoljtic factor in pnro\jsmal nocturnal 
hemoglobinuria is probablj identical w ith a coagu- 
lation accelerator, (Crosbj’, W II and W Dame- 
shek 111 press) it was suspected that the plasm i 
transfusion reaction involves the clotting mecha- 
nism The behavior of the known clotting factors 
was studied during such reactions 1) The plate- 
let count fell sharplj just preceding the chill 
2) Clotting time became shorter Clot retraction 
became incomplete 3) Prothrombin activitj was 
shghtlj decreased (70%) after the reaction 4) 
Prothrombin consumption increased at the time 
of the chill, thereafter slightlj decreased 5) 
Serum coagulation accelerator activitj diminished 
sharplj' during the reaction but thereafter in- 
creased above the original value At this point, 
m patients w ith paroxjsmal noctural hcmoglobin- 
una, the hcmoljtic reaction began G) Plasma 
labile factor was increased (135%) at the time of 
the reaction Scrum labile factor varied inversely 
with the accelerator activitj 7) Fibrinogen was 
halved during the reaction S) Fibnnoljtic ac- 
tivity became intense The fibrin m clotted whole 
blood disappeared in an hour Fibinolj'tic activitj' 
appeared with the first subjective evidence of 
reaction, reached a peak one hour after the chill 
and 3 hours later disappeared Plasma transfusion 
reaction involves a severe disturbance of the 
equilibrium of the coagulation mechanism The 
precipitating cause of the reaction has not been 
established The drop m platelets suggests that 
the clinical sjunptoms maj' be due to platelet 
embolism 

Renal hemodynamic effects of Neosynephrine in 
man Ahcher P Chosley, Jr , John ICapp 
Clark and Harold G Barker (introduced 
by James E Eckenhoff) William Pepper Lab , 
Lepi of Medicine and Hamson Dept of Research 
Surgery, Univ of Pennsylvania Hospital and 
School of Medicine, Philadelphia 
The chmeal observation of oliguna in several 
postoperative patients treated w'lth Neosy- 
nephnne for the maintenance of blood pressure 
follow ing hypotensive states led to measurements 
of renal plasma flow' (PAH clearance) , glomerular 
filtration rate (endogenous creatinine clearance), 
urine flow, blood pressure (direct arterial) and 
pulse rate in 5 normal subjects before and after 
the intravenous administration of 3-5 mg of 
Neosjmephnne HCl Uniformlj in all 5 patients 
blood pressure rose, pulse was slowed, renal blood 
flow Was decreased and glomerular filtration and 
unnarj output were essentially' unchanged These 
data indicate that Neosj'nephnne results in renal 


vasoconstriction, located chiefly in the efferent 
artciiolc, with an increase in renal peripheral 
resistance greater than that of the body as a whole 
and a resultant shunting of blood away from the 
kidncj to other vascular beds Although no change 
in unnarj' volume was demonstrated in these 
normal individuals, m shock, where decreased 
renal blood flow may be a primary factor m causing 
oliguria, this drug may delay recovery of renal 
function 

Cerebral blood flow and oxygen metabolism fol- 
lowing head-up tilt in hypertensive patients 
after sympathectomy Charles W Crumpton, 
John H Mover, Herbert Wendel, Henry A 
Shenkin, William A Jeffers and Joseph H 
Hafkenschiel (introduced by H S Wigodskv ; 
Robinette Foundation, Med Clinic, Hospital of 
the Univ of Pennsylvania, Hamson Dept of 
Surgical Research, and Dept of Pharmacology, 
Med School, Univ of Pennsylvania, Philadel- 
phia 

Cerebral blood flow and oxygen uptake were 
measured in 14 post-sj'mpathectomj' patients, 
before and 20 minutes after 20° head-up tilt in 
order to evaluate the role of sympathectomy in 
the effects of semi-erect posture on the cerebral 
circulation of patients with primary hypertension 
The mean responses of the patients studied 3 
weeks to 2 years after bilateral thoracolumbar 
sj'mpathectomy were compared with data ob- 
tained similarly in 5 normotensive and 16 un- 
operated hypertensive patients Mean effective 
cerebral arterial pressure and cerebral vascular 
resistance were reduced with tilt after sympa- 
thectomy Cerebral blood flow was unchanged 
The oxj'gen content of the internal jugular venous 
blood was reduced and cerebral artenovenous 
oxygen difference increased Cerebral oxygen up- 
take increased but not significantly (p ■= 0 06) 
The other changes were significant (p < 0 02) 

A greater mean decrease in effective cerebral 
artenal pressure during tilt was noted in the 
post-sympathectomy patients as compared with 
the normotensive and hypertensive group re- 
sponse The post-sympathectomy patients ap- 
peared to differ in respect to cerebral blood flow 
with tilt, showing a decrease, whereas a majority 
of noimotensives showed an increase Otherwise, 
the data showed no evidence that the post-sym- 
pathectomy group of patients differed from the 
unoperated hj'pertensive group in the cerebral 
hemodynamic and metabolic adjustment to the 
20° head-up tilt 

Action potential of the Purkinje tissue of the ox 
heart Howard J Curtis and David Trams * 
Dept of Physiology, Vanderbilt Unit Med 
School, \ashville, Tenn 
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Certain of the false tendons of the o\ heart are 
composed of strands of PurLinje cells surrounded 
by a thick layer of connective tissue His- 
tologically the cells appear to be separate from 
each other, but the myofibrils appear to be con- 
tinuous from one cell to the next These strands 
were dissected out at a local slaughter house a 
few mmutes after the death of the animal, placed 
in iced Ringer’s fluid, and taken to the laboratory 
On warming, thc 3 ' seemed to be in excellent condi- 
dition These strands exhibit an injury potential 
of several millivolts In recording between a 
killed end and an active region it is found that on 
stimulation the injurj potential falls approxi- 
mately to zero and staj’s there for some time and 
then suddenly recovers In spite of the fact that 
histologically there appear to be a number of 
strands of cells m each bundle, the response is 
almost invanablj' all or-nonc The action poten- 
tial recorded between two electrodes on active 
tissue consists of a monophasic response follow cd 
by a T wave It is concluded that the Purkinje 
system of the heart is a functional s}mcytium, and 
that phj'siologically Purkinje tissue is qualita- 
tively identical to cardiac muscle 

Factors affecting acid secretion and cjfological 
structure 6f mouse stomachs incubated m vitro 
Horace W Davenport, Gottlieb L Sciinee- 
BELi* AND Virginia J Ciiavr£ * Depts of 
Physiology and Anatomy, Untv of Utah College 
of Medicine, Salt Lake City 
Conditions have been found which grcatlj in- 
crease the rate of acid secretion bj"^ mouse stom- 
achs in vitro The conditions include incubation 
for one hour at 3200 mm Hg pOj and distention 
of the stomach to 76 cm IRO Optimal concentra- 
tion of glucose is 15-30 mw/l , and lactate or pj ru- 
vatc partially replaces glucose as an adequate 
substrate No other adequate substrates have 
been found Secretion occurs without extrinsic 
stimulation, but it is further increased bj’^ carb- 
aminoylcholine or histamine The optimal con- 
centration of carbaminoylcholine is 0 1 mg %, 
and higher concentrations inhibit secretion CO* 
in addition to that produced b}^ the stomach is 
unnecessary The cj'toarchitecture of all cellular 
elements of the stomach is perfectlj' preserved, 
and the parietal cells are much larger and more 
granular than those in unincubated stomachs 
Parietal cells of unincubated stomachs when 
stained wath hcmatoxjdin and eosin do not appear 
to contain canaliculi, but the parietal cells of 
stomachs secreting in tnlro under optimal condi- 
tions contain large canaliculi which can bo seen 
to envelope the nuclei of the cells and lead to the 
lumina of the glands The frequencj' of occurrence 
and size of the canaliculi are directlj correlated 
with the rate of acid secretion 


Effect of chronic underfeeding upon electrolyte 
concentrations of the plasma, brain and muscle 
of rats Virginia D Davenport (introduced by 
Louis S Goodman) Dept of Physiology, Univ 
of Utah College of Medicine, Salt Lake City 
Plasma, brain and fat-free muscle of rats have 
been analjzed for sodium, potassium, chloride 
and water The rats have been fed a standard 
diet ad lib , or tliej’’ have been fed restricted 
amounts of the standard diet or synthetic diets 
high or low in sodium Rats underfed with the 
sjnlhctic diet high in sodium received the same 
quanlitj' of sodium as those eating the standard 
diet at will In all instances, regardless of the 
sodium intake, the plasma sodium concentration 
of underfed rats rose from a control level of 142 
mEq/kg to a maximum of about 148 mEq/kg 
The plasma chloride concentration rose con- 
comitanth , but there were no changes in the 
plasma potassium or water concentrations The 
sodium ind chloride concentrations of the muscles 
of chronicalh underfed rats increased, the po- 
tassium decreased, and there was no change m 
the water content However, the muscle sodium 
concentration of rats chronicalh underfed the 
low -sodium diet fell below the control lex’el despite 
the fact that tlic plasma sodium concentration 
was liigh Changes occurring in the brain elec- 
trolytes were smaller m magnitude With the 
exception of those in rats underfed the low -sodium 
diet they were also opposite in direction 

Ninlijdrin reaction with amines Dean F Dames* 
and Henri A Sciiroeder Hypertension Divi- 
sion, Dept of Internal Medicine, and the Oscar 
Johnson Inst , iVashington Univ School of Medi- 
cine, St Louis, Mo 

Of the various theories regarding the humoral 
factors in h^ pcrtcnsion, one with some experi- 
mental basis iinolves the production of pressor 
iiniincs by an ischemic kidney Investigation of 
this theory has been limited because of inadequate 
analy tical techniques for identification of pressor 
amines in biological fluids The present study 
deals with the techniques and results obtained 
in the first parts of a project designed to study 
amine metabolism in normal and hypertensive 
subjects Tlic reaction of mnhy’dnn with amines 
has been recognized for 36 y ears but has not been 
used Four approaches arc being made 1) Spectra 
absorption characteristics of the reaction between 
amines and ninhydnn, 2} separation of amines 
from ammo acids in blood and urine, S) iso a ion 
and identification of naturally occurring amines, 
and 4) quantitative estimation of plasma amine 
concentrations m normal and hypertenmve su 
jects Spectral absorption curves have een o 
tamed for the reaction between ninhy rin a 
methydamme, isoamvlaminc, artereno , D 
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nminc, t^rammc, phciu lcU\j liiminc, cthylamuic, 
l)ut\lnminc and lusliiminc Each of ilicso com- 
pounds gave 2 peaks of ma\imnl absorption, one 
ringing bcU\ccn 400 and 420 iiia, the second from 
500-000 npi All amines li id appro\imalch the 
sinie limits {0 04-0 12 him) of spectroplioLomctric 
dcferniination between which standard curves 
were cssentialh straight Gu iniiic, guanidine hj - 
drow laniine, epinephrine uid eliolme gave no 
color Since amino acids give i color w itli niiih 3 - 
drin, extraction methods for quantitative separa- 
tion of the bases from the acids arc being studied 
and identification of individu il amines bv paper 
clironi itographj w ill follow 

Effect of high potassium on respiration and de- 
marcation potential of a small locall) -perfused 
area of cerebral cortex P \V Dames anoR G 
GREiVELii Dcpl of Biophysics, Johns Ilopltns 
Lnu , and the Psychiatric Inst , Untv of Mary- 
land, Baltimore 

Using the technique of local perfusion, combined 
with an occlusion-tj'pc oxjgcn electrode, de- 
scribed 2 jears ago at these meetings, the oxygen 
consumption of a small area (approx 2 mm diam ) 
of the cat’s cerebral cortex has been measured 
With the aid of a capillarj pipette electrode the 
demarcation potential of the region has also been 
observed The perfusion media were modified 
Krebs solutions containing Knox gelatine, glu- 
cose, bicarbonate buffer, but no phosphate The 
standard solution, w ith all the ions in their normal 
concentrations, w as capable of maintaimng normal 
oxj’^gen consumption and brain wmve activity of 
the perfused area for about 2 hours, after which, 
especially if the perfusion pressure was high, 
local edema made measurements of oxi-^gen con- 
sumption by the occlusion techmque rather diffi- 
cult The colloid osmotic agent is essential in 
keeping respiration up (Grenell and Davies, this 
meetmg) Solutions high in potassium were made 
up by replacing a corresponding amount of NaCl 
Upon perfusing with high potassium (142 nm ) 
the rate of oxygen consumption rises, reaches a 
level more than twice the normal value, and then 
declines to an approxunatelj normal level in about 
10 minutes after starting the perfusion During 
this tune the demarcation potential of the area 
falls umformly and rapidlj , reaching an asjTn- 
ptotic level about 10 mx'^ below that of a distant 
unperfused cortical point Curves shownng the 
behawLor at other concentrations of potassium are 
given For example, when the potassium con- 
centration is 50 mil , the respiration rises to an 
intermediate level, but tends to maintain itself 
there 

Auditory action potentials in response to clicks 
H Davis, C FERNtxnEz* avd D R 


McAuniFrE * Central Inst for the Deaf, Si 
Louts, Mo 

Acoustic transients were produced hy passing 
square or cxponcntiallj' rising electrical pulses 
through a PDR-10 receiver Thej’’ were delivered 
to the car of a guinea pig through a closed coupler 
that included a G2 mra length of plastic tubing 
Strongly damped trains of waves at frequencies 
of 300, 2500 and 8000 cps could be identified in the 
aural microphonic These frequencies correspond 
to peaks m the frequency response of the receiver 
and coupler The pattern of action potentials 
was complex, but was nearly the same from holes 
in different turns of the cochlea Three groups of 
nerve impulses correspond to the 3 frequencies 
mentioned One or another could be largely sup- 
pressed bj' ]} local injurj>- or electro-coagulation 
at the appropriate turn, or 2) bj-- slowing the rise 
of the electrical wave (eliminating the 8000 cps 
wave), or S) reducing the intensitj (eliminating 
the 300 cps wave) At moderate intensity if the 
initial wave of the transient was rarefaction the 
several waves of action potentials (disregarding 
the late waves that apparently arise m the co- 
chlear nucleus) were nearly synchronous, in con- 
densation they were less synchronous and the 
latencies were in general longer, particularly for 
the 300 cps group The method offers opportunity 
for measuring the latenc}’’ of response of the cell 
bodies of the primarj-^ neurons (w here these poten- 
tials apparentlj’^ arise) as a function of intensity , 
polarity and wave form of the ‘click’ Preliminary 
results wall be presented 

Method for rapid measurement of mtrarenal 
and other tissue pressures John C Dams, 
Jb * ANT) H G Swann Dept of Phystology, 
Umv of Texas School of Medicine, Galveston 
Tissue pressures are measured by thrusting into 
the tissue a 20-gauge needle haMng several holes 
bored in its shaft The needle is connected with 
a device for recording pressure, 250 mm Hg of 
pressure is then suddenly imposed upon the 
system The elasticity of the pressure demce 
then rapidly forces a small amount of saline- 
hepann (about 10 cm ) into the tissue untd equi- 
librium is reached with the pressure of flmds in 
the tissue The point of equilibrium is recorded, 
thus giving an objective measure of tissue pres- 
sures The final equihbnum depends neither upon 
the volume of fluid forced into the tissue nor upon 
the pressure initially imposed upon the fluids in 
the needle The results obtained by this method 
agree closety wnth those found by other observers 
for intramuscular and subcutaneous pressures 
The mtrarenal pressure, as measured in the renal 
medulla, was ascertained in studies on dogs under 
sodium pentobarbital anesthesia or after dcccrc 
bration or in unanesthctized dogs with an ex 
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planted kidney and contralateral nephrectomy 
The pressure was found to average about 25 mm 
Hg and to range from 10-58 mm 

Effects of growth hormone on insulin hypersensi- 
tivity and glucose tolerance of hypophysecto- 
mized dogs R C de Bono, M Kurtz,* A 
Ancowitz* and S P Kiang * Dept of Phar- 
macology, New York Univ College of Medicine, 
New York City 

Previous work has shown {Federation Proc 
8 32, 1949) that while a potent adrenal cortical 
extract in massive doses exerted a marked 'anti 
insuhn’ action in hypophysectomized dogs, the 
charactenstic insulin response seen in normal dogs 
was never obtained Therefore we investigated 
the possibihtj' that lack of one of the anterior 
pitmtary hormones might be at least partly re- 
sponsible for the insulin hypersensitivity of hj'- 
pophysectomized dogs A purified preparation of 
growth hormone (Armour) was administered, 1 
mg/kg daily, to hypophysectomized dogs mam- 
festmg a maximal insuhn hypersensitivity (more 
than 60 tunes normal) Two doses of growth hor- 
mone, given in an 18-hour period preceding the 
insuhn exiieriment resulted in a very marked ‘anti- 
insulin’ action, in that the blood sugar fell only 
slightly but after 4 hours it still had not returned 
to its pre-injection level After daily administra- 
tion of growth hormone for several days the exag- 
gerated insulin response disappeared completely 
and the hypophysectomized dogs w ere even more 
resistant than normals when very large doses of 
insulin were used In addition to insulin resist- 
ance, the hypophysectomized dogs treated with 
growth hormone had abnormally high post-ab- 
sorptive blood sugar levels and diabetic glucose 
tolerance curves Neither glycosuria nor ace- 
tonuria was noted A marked lipemia was observed 
The dogs shows a very rapid increase in weight 
although their foot allotment was not increased 
Nitrogen, water and electrolyte balance studies 
are in progress 

Electrolyte and water excretion in the hypo- 
physectonuzed dog R C db Bodo, D P 
Earle, Jr , I L Schwartz,* S J Farber* 
AND E D Pellegrino * Depts of Pharma- 
cology, Medicine and Physiology, New York Univ 
College of Medicine, New York City 
The purpose of this investigation was to deter- 
nune whether hypophysectomized dogs, while 
mamfesting severe disturbances of carbohydrate 
and protein metabolism, reveal concurrent ab- 
normalities in electrolyte and water excretion 
The following observations were made on hypo- 
physectomized dogs after maximal insulin hyper- 
sensitivity (more than 60-fold increase ovet nor- 
mal) had developed {Federation Proc 7 116, 

1948) and fastmg produced h 3 fpoglycemic shock 


1) The dogs responded to salt deprivation (sodium 
intake roughly 2 mEq daily for 3 weeks) in a 
normal fashion in that urinary excretion of sodium 
and chloride became negligible and there were 
only minor decreases in serum sodium 9) The 
dogs’ tolerance to acute administration of po- 
tassium appeared normal During intravenous 
infusion of potassium at a rate of 0 5 mEq/min , 
potassium excretion increased promptlj approach- 
ing or equalling the filtered load S) The excretion 
of water administered by stomach tube was very 
markedly delayed When a water load of 40 ml/ 
kilo body weight was given only a small fraction 
was excreted in 3 hours (5-15%) 4) Glomerular 
filtration rate and renal plasma flow were reduced 
confirming earlier w ork of others Glucose-Tm w as 
also reduced It is concluded that the hypo- 
physectomized dog is able to conser\ e sodium and 
excrete potassium normally at a time when water 
excretion is impaired and the organic metabolism 
18 gravely' disturbed 

Absorption of phenol following application of 2% 
phenol in calamine and ‘campho-phenique’ to 
skin of experimental subjects William B 
Deichmann, R Ruedemann* and T Miller * 
Division of Pharmacology, Depts of Physiology 
and Pharmacology, and of Dermatology and Syph- 
tlology, Albany Med College, Albany, N Y 
One to 4 doses of 1 gm of phenol each were 
appplied at 2-hour intervals to the skin (back, 
chest and legs) of 19 experimental subjects in the 
form of cither 50 gm of 2% phenol in Calamine 
Lotion or 21 gm of Campho-Phenique liquid 
This preparation contains 4 75% phenol and 
10 86% camphor in aromatized nuneral oil In- 
dividuals donned clothing immediately after each 
application and did not remove them until ter- 
mination of a 24- or 4S-hour period of ex-posure 
Blood phenol levels were followed for 3 days, 
using the method of Deichmann and Schafer 
{Am J Chn Path 12 129, 1942) ‘Free’ blood 
phenol rose from a control of about 0 15 to ap- 
proximately 0 4 mg % after either one, two, three 
or four doses, each equivalent to 1 gm of phenol 
This indicated that under the conditions employ ed 
the ‘free’ blood phenol level was not increased by 
repeated doses ‘Conjugated’ blood phenol rose 
from about 0 35 to 1 0 mg % after application of 
one dose of 1 gm of phenol in either preparation 
Each additional dose induced a higher peak of the 
‘conjugated’ fraction The highest mean concen- 
tration of ‘conjugated’ phenol of 1 92 mg% 
obtained in the 4 subjects receiving 3 1-gm doses 
of phenol m Calamine These results show that 
phenol IS rapidly absorbed from the skin from 
these dilute preparations The bulk is rapid y 
detoxified, as evidenced by a prompt rise ® 
‘conjugated’ fraction Application over a peno 
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of 6 hours of 4 1-gm doses of phenol, as 2% phenol 
in Calamine or ns Campho-Phenique Liquid, to 
the chest, back and legs did not raise the ‘free’ 
blood phenol more than a single application It is 
quite possible that the clothing plaj'ed a role in 
retarding the absorption of phenol There i\ere 
no signs of local irritation or sjstemic intoxica- 
tion 

Distribution of muscle fibers in a single motor 
unit J S Denslow and Olwen R Gdten- 
SOHN * KtrksviUe College of Osteopathy and Sur- 
gery, Krrksville, Mo 

Ex-periments have been done in a study of the 
geographic arrangement of the group of muscle 
fibers in a single motor umt Attempts to isolate 
single motor fibers to the peroneus longus (cat) 
have been made b}' sectioning all motor nerves to 
the loner extremity, except the nerve to the 
peroneus longus, and bj' splitting 7 L anterior 
root under a dissection microscope until given 
bundles contain one fiber to the peroneus longus 
The identification of single fibers is made bj a 
number of methods When it appears that a given 
bundle contains but one fiber to the peroneus 
longus, pairs of recording electrodes are placed 
on the muscle and a “map’ of the location, pattern, 
etc of the muscle action potential on the surface 
of the muscle is made It has been bserved a) 
that the action potential of a smgle motor umt 
may appear all over the surface of the muscle, 
although concentrated in certain areas, it may be 
found in a narrow strip in the long axis of the 
muscle or it may be limited to one comer of the 
muscle, h) the action potential may be mono-, di-, 
tri- or polyphasic, depending apparently on the 
onentation of the electrodes to active fibers and 
c) one pair of electrodes ma} pick up the action 
potential from one group of fibers in the unit 
while another pair, within 2-3 mm may pick up 
another Experiments to determine the third 
dimension are now being done 

Physiological effect of plastic prosthesis for mitral 
valves in dogs G Rehmi Denton,* Benedict 
Mabtriani,* Ctjbtland Brown, Jr * and Har- 
old C WiGGEHS Dept of Physiology and Phar 
macology, Albany Med College, Union Untv , 
Albany, N Y 

A prosthesis, made out of polyethjdene, has 
been designed to replace mitral valves in dogs 
Constracted without moving parts, designs have 
been produced to fit various study problems such 
as a) the effects of an essentially normal replace- 
ment for mitral valves, b) the situation with vary - 
mg degrees of mitral stensosis and little regurgi- 
tation, c) the reverse, with no stenosis and marked 
regurgitation, or d) varying degrees of both 
stenosis and insufficiency After 14 operations the 
technic for satisfactory insertion of these valve 


substitutes was established We now have several 
healthy dogs uho show no ill effects 4-5 months 
after insertions of substitute mitral valves Elec- 
trocardiograms were taken before, during and at 
repeated intervals following valve insertion to 
estimate the degree of cardiac damage entailed 
Heart sounds and murmurs have been folloued 
constantly' and have been optically recorded 
Fluroscopic study of the heart and lungs has been 
earned out at frequent intervals Recognizing 
that insertion of these valves is relatively safe 
and that certain degrees of stenosis and/or insuffi- 
ciency can be tolerated, extensive cardiovascular 
and respiratory data are being collected on con - 
trol dogs, pnor to creating varying degrees and 
tyqies of valvular incompetence by insertion of 
‘substitute mitral valves ’ A stress test has been 
devised to measure the pulmono-circulatory' effi- 
ciency of dogs before and after insertion of sub- 
stitute heart valves The possible application of 
this procedure to the correction of valvular de- 
fects in the human is apparent 

Central summation following contralateral stimu- 
lation of tarsal chemoreceptors V G Dethieh 
(introduced by Arthur J Dziemian) Dept 
of Biology, Johns Hopkins Univ , Baltimore, 
Md 

When chemoreceptors on the leg of the blowfly 
are stimulated by certain sugars, the fly responds 
by extendings its proboscis Addition to sugar of 
a sufficient concentration of electrolyte or non- 
carbohydrate orgamc compound inhibits the re- 
sponse to sugar When one leg is exposed to a 
threshold concentration of sucrose and the contra- 
lateral leg simultaneously to a subthreshold con- 
centration of unacceptable compound (e g an 
alcohol), proboscis extension occurs As the con- 
centration of alcohol IS increased, a point is 
reached where the response to sucrose is inhibited 
This rejection threshold is identical with that ob- 
tained by exposing a single leg to mixtures of 
sucrose and alcohol If one leg is exposed to a 
mixture of threshold sucrose plus one ha If thresh- 
old alcohol and the contralateral leg to varying 
concentrations of alcohol alone, a rejection is 
obtained when the sum of the alcohol concentra- 
tions stimulating each leg approximates that 
which IS required to cause rejection when applied 
to a single leg These results indicate 1) that the 
tarsi contain at least 2 types of chemoreceptors, 
one of which can be stimulated by sugar and ini- 
tiates proboscis extension, the other of which can 
be stimulated by unacceptable compounds and 
prevents extension of the proboscis, or if the pro- 
boscis is already extended, causes its withdrawal , 
2) that inhibition of response to sugar is a central 
phenomenon, S) that within the CNS, possibly 
in the segmental ganglion, impulses from the 
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same tjpe of leceptors in the contralateral legs 
are summed 

Acid phosphatases of chicken bone marrow H F 
Diehmeieb* and V F Lindeman Depl of 
Zoology, Syracuse Univ , Syracuse, N Y 
The results reported here on the acid phospha- 
tases are the first of a comprehensive studj of the 
enz 3 Tne sj'stems of bone marrow The method of 
Fisk and Subba Row (J Biol Cheni 06 375, 
1925 ) was used to determine inorganic phosphorus 
released after incubation of a w’ater extract of 
marrow with the substrate for 15 minutes at 37“C 
Results are expressed os fig ( 7 ) of inorganic phos- 
phorus released /100 mg of heat coagulable pro- 
tem/min Two acid phosphatases were found to 
be present One, a phosphomonoesterase, with nn 
optimum pn of 5 5 released 185 5 7 from disodium- 
monophen} Iphosphate Mg or Mn ions had no 
effect on the activity in concentrations of 10 “^ 
to 10 ~< M but inhibited the activitj' approximatelj' 
50% when the concentration reached 10 “* m 
S torage of the extract at l^C for 5 hours did not 
decrease the activity of the extract After 24 
hours storage at 1°C 80% of the original activitj' 
remained Dialysis for 18^ hours against distilled 
water reduced the activity 25% Diab’sis for 19 
hours against 0 85% NaCl reduced the activity 
36% The activity is not restored by the addition 
of Mg ions This enzyme did not actively attack 
adenylic acid, glucose-l-phosphate, gljcerophos- 
phate (62% a), or fructose diphosphate A pyro- 
phosphatase was also found to be present It 
exhibits a broad pn optimum between pn 4 6 and 
5 1 At optimum pn and optimum substrate con- 
centration (0 004 to 0 005 m) , inorganic phosphorus 
IS released from sodium pyrophosphate at a rate 
of 292 66 7 , and from adenosinctriphosphate at a 
rate of 261 33 7 

Refractory period and excitability of isolated 
auricle and papillary muscle of the cat J R 
Di Palma and A V Mascatello * Dept of 
Medicine, Long Island College of Medicine, Brook- 
lyn, N Y 

A specially designed square wave dual pulse 
stimulator was used The muscles w ere suspended 
in oxygenated Locke’s Solution at a pn of 7 3 
Electrodes were of Ag coated wuth AgCl Strength- 
duration curves were determined on 22 auricles 
and 19 papillary muscles at a temperature of 
37 6 ° C For the auricle the mean rheobase was 
0 8 ma (S D ±0 14) and the mean chronaxie 
was 4 7 ms (S D ±17) The papillary muscle 
had a mean rheobase of 0 3 ma (S D ± 0 26) 
and a mean chronaxie of 3 6 ms (S D ±2 0) 
Thus the papillarj^ muscle w as rather more excit- 
able than the auricle This was confirmed in other 
experiments The absolute refractory period was 
determined over a range of rates of from 35 to 260 


per min and at temperatures from 24° to 39°C 
Both auricle and papillary muscle showed a 
shortening of the refractory period as the rate of 
stimulation increased This decrease in refractor}^ 
period followed an exponential curve A decrease 
in temperature of the bath increased the refractory 
period Betw een the temperatures of 27° and 36°C 
this relationship was a linear one In all compar- 
able instances the refractorj' period of the auricle 
was shorter than that of the papillarj muscle 
An interesting finding w as that under certain con- 
ditions the auricle and papillarj muscle showed 
summation to two successive stimuli In the 
case of papillary muscle at a temperature of 
below 27°C even incomplete tetanus could be 
demonstrated No relationship between refrac- 
tory period and excitability' was found 

A study of alkali hematin prepared from hemin 
Habold L Dobsox,* Joseph II Cast* and 
James A Gbeene Dcpls of Biochemistry and 
Mcdteinc, Baylor Univ College of Medicine, 
Houston, Texas 

In an effort to obtain a simple reproducible 
alkali hematin standard, IS samples of hemm were 
compared These samples were prepared by the 
method of Fischer, from human blood, to study' the 
effect of variations in temperature, amount of 
blood added, and stirring on the neld and purity 
After carefully’ washing and drjnng, but before 
recrj’stallization, these samples were compared 
analytically and spcctrophotometricallv The 
color intensity of the solution of hemm in 0 1 n 
sodium hj’droxide, measured on a Ixlett-Summer- 
son photoelectric colorimeter with filter no 54 
(maximum transmission 525-530 m/i), was fully 
developed within 5 minutes at room temperature 
and w ns stable over a period of at least 3 months 
The optical density was reproducible The cal- 
culated hemm content of an alkalmized sample 
of whole blood of know n hemoglobin concentration 
was arbitrarily accepted ns the alkahne hematin 
standard In comparison studies on the puntj of 
the samples there w os a 12 1 % difference between 
the iron and alkaline hematin analy’ses, wnth the 
iron giving the higher x'alues This difference may 
be eliminated bj’ adding a small amount of human 
plasma to the alkaline hematin determination 
Spectrophotometric studies indicate that there is 
a change m absorption over the first nine hours 
after the hemm was put into solution, after this 
period of time the spectrum remained stable 
Other absorption spectrum studies indicate that 
alkaline hematin, prepared from hemm, changes 
w ith the addition of fresh human plasma 

Adrenal cortex and water metabolism in the golden 
hamster Robebt L Dobset and W R Boss 
(introduced by Robebt Gaunt) Depl of Zo- 
ology, Syracuse Univ , Syracuse, N Y 
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Two hundred -thirtj' fasted adult normal or 
adrenalectomized male hamsters were adminis- 
tered 5% of bodj" weight of normal saline or dis- 
tilled water by stomach tube Normal animals 
receiving a single dose of distilled w ater or saline 
required an average of 2^ and 4 hours respectively 
to excrete 50% of the fluid administered Four 
hourly doses of wmter or saline retarded the 50% 
excretion time to 7 hours for water and 6 hours 
for the saline Three half-hourly doses of water 
produced water intoxication and four doses killed 
75% of the animals Small doses (0 25 mg ) of 
DCA protected against water intoxication and 
did so more effectively than 2 25 mg of I CA 
When ammals adrenalectomized 18 hours were 
hydrated wnth a single dose of water it required 
11 hours for the 50% excretion time Saline drink- 
ing solution was refused b}'' adrenalectomized 
hamsters, but maintained life and the diuretic 
response to w'ater when given by stomach tube 
DCA (0 25 mg /day) maintained both body weight 
and water diuresis Water diuresis tests exceeded 
normal in animals maintained on very small 
doses of DCA (0 025 mg/day) plus saline The 
hamster differs markedly from rats and mice in 
its relative inability to excrete water rapidly, in 
its susceptability to and s 3 Tnptoms of water 
intoxication, m the greater diuretic activitj' of 
DCA and saline both in normal and adrenalec- 
tomized ammals, and in its naturally low water 
exchange 

Pulmonary ‘capillary’ pressure as an index of left 
atrial mean pressure in dogs James W Dow 
AND Richard Gorlin (introduced bj^ George 
W Thorn) Dept of Pedtatncs, Children's Medt- 
ical Center, the Medical Clinic, Peter Bent Brig- 
ham Hospital, and the Depts of Pediatrics and 
Medicine, Harvard Med School, Boston, Mass 
In 18 dogs, weighing 8-18 kg , each previously 
anesthetized with Nembutal, no 7 or no 8 Cour- 
nand catheters were inserted under fluoroscopic 
control 1) via a jugular vein mto the pulmonary 
artery and advanced to occlude a terminal branch 
in order to measure pulmonary ‘capillary’ pres- 
sure, 8) via a femoral artery through the left 
ventricle into the left atrium Phasic and mean 
pressures w ere recorded in these areas by Sanborn 
electromanometers Alterations in pulmonary 
blood volume and flow and changes in respiratory 
excursion were effected by J) rapid intravenous 
infusion of 10% dex-trose in saline, 3) severe graded 
anoxia (0-6%), S) experimental atrial septal de- 
fect, 4) respiratorj outflow obstruction and mild 
positive pressure breathing The average differ- 
ence in mean pressures in the pulmonarj ‘capil- 
laries’ and left atrium was negligible under the 
abo\c conditions, although the range varied from 
0 to 4 mm Hg in 49 obsen. ations These experi- 


ments demonstrate that pulmonary ‘capillary’ 
mean pressure reliablj’’ equals left atrial mean 
pressure at rest and dunng major circulatory and 
respiratory' variations It is believed that either 
the gradient from pulmonary capillary' to left 
atrium approxumates the error of measurement of 
true pulmonary capillary pressure, or the pressure 
gradient is so small as to be undetectable by the 
recording methods utilized in this study 

Prototypal curves of dye concentration for cardiac 
output by injection method Philip Dow and 
W F Hamilton Dept of Physiology, Univ 
of Georgia School of Medicine, Augusta 
The validity' of the determination of cardiac 
output by' a single rapid injection of an intra- 
vascular dy'e depends upon graphical recognition 
of recirculation of the dye This is often difficult 
w hen flow is sluggish and intrathoracic blood vol- 
ume 18 large Previously' published attempts to 
circumvent this limitation by' ‘theoretical’ treat- 
ments have neglected one or another of the es- 
sential determinants The vary'ing velocity' of 
parts of a single stream, the different lengths of 
path traversed, the relationship between volume 
and flow' and the discontinuous filling and partial 
emptying of both sides of the heart must all be 
accounted for Therefore an empirical treatment 
has seemed a more promising approach to the 
problem of discovering umform characteristics 
which w ould permit use of the earlier, presumably 
less distorted, portions of the curves Current 
studies of several extensive series of experiments 
taken from departmental files have y'lelded evi- 
dence of significant uniformities among curves 
from extremely different cardiovascular condi- 
tions The relationship between peak time and 
appearance time exhibits a strong central tendency 
(average ratio 1 5) and its variation appears to 
be random rather than systematic Employment 
of a loganthnuc tune scale improves the sym- 
metry of rise and fall, but the scatter is much less 
satisfactory' Further manipulations, and compari- 
sons with direct Fick results are in progress 

Effect of ACh on simultaneously recorded ECG 
and cardiogram of the heart of Venus mer- 
cenaria Fenworth Dow'nino,* A L Dunn* 
AND A R McInttke Dept of Physiology and 
Pharmacology, Untv of Nebraska College of Med- 
icine, Omaha 

Simultaneous kymographic recordings b\ both 
a direct w nting ECG and mechanograph and by a 
C-R tube were made possible by the use of a 
Transducer (RCA 5734) arranged in sucli a manner 
that each systole deflected both the RCA 5743 
plate-shaft and a direct writing mechanograph 
A siher sih er-chloride tip on an enamelled No 
40 copper ware sened as one electrode and*also 
connected one end of the isolated heart to the 
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Transducer and thence to the writing lever The 
charactenstic ECG consists of a positive deflection 
of approximately 100 microvolts of 0 1-0 6 seconds 
duration followed by negative deflection of 500- 
900 microvolts Wide variations in these figures 
were found m ‘normal’ hearts The activity nor- 
mally arises in the atrium but reversal of ECG 
phase and direction of contraction is seen follow- 
ing drugs especially Ergotrate which may cause 
arrest in systole with electrical ‘silence ’ The 
isotonic contractions expressed as work may ex- 
ceed 16,000 gm/cm/24 hr ACh reduces the ECG- 
emf more than the mechanograph amplitude 
Observations of the ECG renders possible the 
detection of 0 000026 gamma ACh/ml Very low 
concentrations of ACh may slow the heart rate 
without changing the systolic amplitude and 
without affecting the ECG Full technical details 
and experimental data will bo published 

Peptidase activity of paraffin-embedded tissue 
W L Doyle Depl of Anatomy, Untv of Chi- 
cago, Chicago, III 

The preparation of accurately thin, serial micro- 
tome sections of frozen tissues for quantitative 
histochenucal studies on enzymes requires special 
and inconvenient procedures Except for certain 
notably resistant esterases, tlie manipulative ad- 
vantages of parafliin embedding have been dis- 
carded out of regard for the lability of most 
enzymes The denaturing action of fixatives prior 
to embedding can be avoided by quick-freezing 
followed by dehydration in vacuo in the frozen 
state (Altmann-Gersh technique) The stability 
of a relatively labile peptidase to subsequent 
heating is shown as follows Frozen-dried rabbit 
appendix was infiltrated with paraffin at 66°C 
in vacuo for 40 minutes The paraffin was subse- 
quently extracted with benzene at 45°C for tw enty 
minutes These times and temperatures exceed 
normal reqmrements With respect to the hy- 
drolysis of alanyl-glycine the treated tissue not 
only showed no loss of activity but also gave 
better aqueous extracts due to removal of fat 
The method has promise for other enzymes usu- 
ally considered too labile to permit embedding 
in paraffin 

Slope of the COi curve obtained by breathing into 
the rapid infra-red gas analyzer A B DuBois,* 
A SOFFEH,* R C Fowleb* and W O Fbnn 
Dept of Physiology and Vital Economics, Univ 
of Rochester School of Medicine and Dentislry, 
Rochester, N Y 

The gas analyzer of R C Fowler gives a photo- 
graphic record of the COi concentration as a 
function of time during a single expiration This 
curve of expiration in 17 normal subjects shows a 
rapiS S-shaped rise lasting 1 to 1 5 seconds 
abruptly changing to a plateau that gradually 


rises V, ith tune The plateau ascends more steeply 
ivith work and hyperventilation No plateau was 
reached in subjects with severe emphysema In 
one emphysematous subject, normal expiration 
gave 6% CO 2 , full expiration 10% CO- However, 
in normal subjects end readings of deep and 
shallow expirations delivered in the same time 
showed differences in percent COj which are 
small compared to changes m the plateau with 
time Thus, the ventilation to bloodflow ratio was 
not much altered at different lung volumes, al- 
though small differences defy observation The 
average slope of the COj plateau in resting normal 
subjects IS 0 11% COt/sec (±0 03) This is less 
than expected for overall CO- output Diffusion 
of COi from blood to alveolar air is greater during 
normal inspiration than expiration, being several 
times greater for a single deep breath This cannot 
be explained without postulating inordinately 
large changes in blood flow or a blood and tissue 
reservoir of CO- at alveolar concentration as a 
source of the extra COj appearing during in- 
spiration Such a reservoir also diminishes the 
expiratory CO- slope by acting as the mathe- 
matical equivalent of an additional or ‘phantom’ 
residual air 

Influence of pantothenic acid on response of 
adrenalectomized and intact rats to stress 
Maht E Dtjmm* and Elaine P Ralli Labs 
of the Dept of Medicine, New York Univ College 
of Medicine, New York City 
The response of adrenalectomized and intact 
rats to stress has been evaluated by f) determining 
the capacity of the rats to swum in water at 18°C 
S) following the total number of white blood cells 
and lymphocytes for 6 hours after swumming for 
25 minutes at 25‘’C and for 8 hours after the 
injection of ACTH, and 5) determining the blood 
sugar of rats (fasting and non-fastmg) after 
swimming 25 minutes at 25°C Intact rats receiv- 
ing experimental diets varying only in their 
pantothenate content, swam 62 ± 12 mmutes on 
4 mg of pantothenate daily, 29 ± 4 minutes on 
0 1 mg of pantothenate, 24 ifc 4 minutes on 4 mg 
of pantothenyl alcohol, and 17 ± 2 minutes on 
the dog chow diet which supplies about 0 1 mg of 
pantothenate daily Adrenalectomized rats swam 
38 ± 6 minutes on 4 mg of pantothenate daily 
and 19 ± 2 minutes on 0 1 mg of pantothenate 
Both in the adrenalectomized and intact rats the 
leucocyte and lymphocyte responses to swumming 
and to ACTH were modified by the presence or 
absence of pantothenate in the diet FoUowung 
swimming, the average blood sugars of non-fasted, 
adrenalectomized rats, receiving the 4 mg panto- 
thenate diet, fell from 119 ± 4 to 90 ± 4 mg %, 
compared with a decrease from 107 ± 6 to 69 ± 

4 mg % by the adrenalectomized rats on 0 1 mg of 
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pantothenate dailj , and a decrease from 101 dr 
6 to 71 rfc 9 mg % by the pantothenate deficient 
adrenalectomized rats In the fasted adrenalec- 
tomized rats on the 4 mg pantothenate diet the 
average blood sugar fell from 66 rfc 6 to 53 ± 4 
mg % compared mth a decrease from 71 rfc 3 to 
43 ± 3 mg % by the rata on the 0 1 mg panto- 
thenate diet, and a decrease from 59 to 46 mg % 
by the pantothenate deficient rats These results 
suggest that calcium pantothenate influences the 
ability of both intact and adrenalectomized rats 
to withstand stress 

Factors involved m evaluation of pulmonary edema 
at autopsy St^nlev H Durlacher, William 
G Banfield* and a Dorotht Bergner * 
Pathology Section, Medical Div , Army Chemical 
Center, Md 

The ratio of lung to body n eight has been de- 
termined m rabbits immediately and at intervals 
after sacnfice by a variety of procedures Methods 
of sacnfice have included exsanguination, air 
embolism, electrocution, ether, rabbit punch, pen- 
tobarbital sodium b}’’ vanous routes and intra- 
cardiac saturated magnesium sulfate solutions 
Histological examination of the lungs was made m 
all instances The ratio of lung weight to body 
weight mcreased after death by all methods except 
exsanguination The greatest increase occurred 
in ammals sacnficed with pentobarbital sodium or 
magnesium sulfate solutions when introduced into 
the blood stream rapidly and in such fashion that 
high concentrations were present m the pul- 
monary vasculature after death Under these 
conditions the lung weight to body weight ratio 
was 2 to 3 times greater after a 3-hour interval 
than was the ratio found m animals killed by the 
same materials administered by other routes 
Increase in lung weight was due largely to accumu- 
lation of proteinaceous fluid within the alveoli, 
although a small portion of the increased weight 
was due to clotted blood remammg in the pulmo- 
narj blood vessels When quantitative estimations 
of the degree of pulmonary edema present at 
autopsy are desired, rapid exsanguination is the 
most satisfactory method of sacrifice In instances 
where this procedure is not feasible, air embolism 
should be used 

Metabolic response of epileptic patients to adren- 
aline A Durt, J W Holler* and C Smith * 
Dom Lab Med Research, Bradford Hospital, 
Bradford, Pa and Depts of Medicine and Surgery , 
Untv of Rochester School of Medicine, Rochester, 
H Y 

The effect of a single 1 m injection of 0 4 ml aq 
adrenaline (1 1000) upon the plasma potassium, 
glucose, absolute number of eosinophiles, and 
other blood constituents was measured in epi- 
leptic and Addisonian patients, and normal adults 


The percentage change in these constituents from 
the overnight-fast level was calculated for the 
periods of 4, 20, 60, and 120 minutes after an 
injection of adrenaline The mean change of the 
blood glucose in normal adults was -f44% and 
-f47% after 20 and 60 minutes, respectively, and 
at pre-injection level after 120 minutes The mean 
change of the blood glucose in Addisonians was 
-f-27% and -f 22% and in the epileptics was -f 27% 
and -1-25% after 20 and 60 minutes, respectively 
The mean change in the plasma potassium in 
normal adults rose slightly after 4 minutes, was 
louest after 20 minutes and at pre-injection level 
and slightly above after 60 and 120 nainutes In 
the epileptics and Addisonians the mean plasma 
potassium levels were below preinjection means 
4, 20, and 60 minutes after adrenaline injection 
Maximum change in the Addisonians was —20%, 
and in the epileptics —8% The mean change in 
circulating eosinophiles after adrenalme injection 
decreased at a much slower rate and to a lesser 
extent in the epileptic group than the normal 
adults Placebo injection of phj^siological saline 
in epileptics did not induce any change in these 
blood constituents These data suggest that the 
mobilization of glucose into the blood and the 
metabolism of potassium in epileptic patients 
are comparable to Addisonians 

Physiologic responses of certain animals and 
isolated preparations to mirtures of snake 
venoms and egg yolk Murray Dworetzky 
AND P Boquet (introduced by F C Mann) 
Inst of Experimental Medicine, Mayo Founda- 
tion, Rochester, Minn and Pasteur Inst , Pans, 
France 

Each of S different snake venoms when incu- 
bated with 40% egg yolk produced a substance 
extremely toxic for rabbits, cats and guinea pigs, 
but less toxic for dogs Injections of equal amounts 
of the egg yolk emulsion alone were without toxic 
effect The snake venoms were added to the 
mixture in nontoxic doses or they i\ ere neutralized 
by antivenom or inactivated by boiling the mix- 
ture after incubation For convenience this ma- 
terial has been called the d-l substance since it 
was first described by Delezenne and Ledebt 
Its effects on the animals mentioned strikingly 
resemble those caused by large doses of histamine 
or by anaphydactic shock Hon ever, the d-l 
substance is not counteracted bi benadryl or 
epmephrme Furthermore, it causes immediate 
marked relaxation of the isolated guinea pig ileum 
when it has been contracted by histamine, acetil- 
choline or cobra venom These findings have led 
to the conclusion that the d-l substance is not 
histanune Mixtures of certain snake venoms 
incubated nith other materials such as lymph, 
homogenized milk, homogenized rabbit muscle 
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or bram did not produce a toxic substance The 
effects on the blood pressure and respiration of the 
rabbit and cat were indistinguishable from those 
folloi\mg clamping of the common pulmonary 
artery It has been demonstrated by vinyl acetate 
casts made of the pulmonary vascular system of 
cats and rabbits that death following the injection 
of the D-L substances resulted from occlusive 
spasm of the secondary pulmonary arteries 

Coronary vasodilation following intracoronary in- 
jections R W Eckstein, J Chambliss,* J 
Demming* and K Wells * Dept of Medicine, 
Western Reserve Univ , Cleveland, Ohio 
Total left coronary flow vas measured in anes- 
thetized heparinized open-chest dogs under arti- 
ficial respiration Blood was led from a carotid 
artery into a constant pressure chamber through a 
Shipley recording rotameter and thence into the 
common left coronary artery which was cannu- 
lated through the left subclavian artery Injec- 
tions Mere made through the rubber tube between 
the rotameter and the coronary cannula It was 
accidentally found that rapid injections of blood, 
saline, or plasma in amounts of 0 1-0 2 cc through 
small needles results in large increases in blood 
flow, lasting from 6-30 seconds not attributable to 
pressure or viscosity changes Likew’ise, when 
blood in a syringe is rapidly injected into large 
amounts of blood in a beaker, the blood in the 
beaker develops a potent vasodilator The activity 
of this matenal steadily decreases upon standing 
during a 30-46 minute penod, after which time 
activity IS absent There is evidence that this 
vasodilator is a product of the mechanical de- 
struction of red cells Its effect is not abolished by 
atropine and its behavior is not that of histamine 
Spectrographic analysis show's that it is probably 
ADP or ATP and is identical with ‘Fr(ih gift’ 

Adrenal cortex and survival of rats after x-irra- 
diation Abraham Edelmann Brookhaven Natl 
Lab , Upton, N Y 

Protecting the adrenals of male rats by means 
of lead shields placed about the glands sig- 
nificatnly increased the survival incidence follow- 
ing 850 r of x-irradiation (160 KVP, 10 ma, 0 16 
mm Cu) The x-irradiation (650 r ) shortens the 
lives of adrenalectomized rats from an average of 
8 days to 4 days Substitution therapy in the 
adrenalectomized rat is effective inasmuch as 
3 cc/day of a whole gland adrenal extract (Upjohn) 
or 6 mg/day of desoxj'corticosterone acetate re- 
sulted in 20 and 40% mortalities respectively at 16 
days after 600 r , whereas 90% of the adrenalecto- 
mized controls were dead at this time It is thought 
that the adrenal cortical response to x-irradiation 
is similar to that following any other stress 


Blood flow distribution m the heated dog N E 
Edehstrom Dept of Physiology, St Louis Univ 
School of Medicine, St Louis, Mo 
Dogs anesthetized with pentobarbital were 
warmed gradually bj' lamps until a lethal tem- 
perature was reached Blood flows were recorded 
from the foot pads and tongue by means of the 
photoelectric plethysmograph With an increase m 
rectal temperature blood flows m the foot pads 
decreased until they reached about one-half the 
normal as the lethal point of 46°C was 
approached In contrast, blood flows in the tongue 
increased with the rise in body temperature, 
reaching about double the normal level at 43°C , 
and then declined abruptly between 43 and 44° 
The foot pad surfaces, although shielded from 
direct heating, increased in temperature despite 
the drop in blood flows Calculation of the thermal 
equilibria indicate an increased convection by the 
blood stream due to a greater A-V temperature 
difference The tongue surface increased in tem- 
perature as flow increased, reaching a peak simul- 
taneously with blood flows at 43° Surface tem- 
peratures in both areas fell as blood flow declined 
at the approach of lethal body temperatures 
Blood pressure, heart rate, respiratory rate m- 
creased with the rise m body temperature, but 
declined near the lethal level These observations 
indicate that in hyperthermia the blood of the 
dog 18 shunted to the heat dissipatmg area pro- 
vided by the tongue, and away from the skin 
surface and consequent exposure to the hot en- 
vironment This redistribution of the blood m the 
non-sw eating dog is therefore opposite in direction 
to that occurring in a sweating man 

Urine amine levels in normotensive and hyper- 
tensive subjects Edward F Edinger, Jr* 
AND Norman S Olsen Hypertension Division, 
Dept of Internal Medicine, and the Oscar J ohnson 
Inst , Washington Univ School of Medicine, 
St Louis, Mo 

The presence of pressor substances in urine has 
been described previously by several workers 
These substances have been thought to be anunes 
For this reason the amine content of urine from 
normotensive and hypertensive subjects has been 
studied Using a modification of Richter’s picrate 
method for amines, freshly voided morning speci- 
mens of urine were analyzed Creatinme concen- 
trations were also measured and urme amine- 
creatinine ratios calculated It was found that the 
urine specimens from normal individuals con- 
tained significant quaptities of free amine, meas- 
ured in terms of isoamjdamme The urme 
amme creatinine ratios of normal non-smokers 
fell within a narrow range, whereas smokers 
tended to have higher ratios Certain hj^pertensive 
patients had low urine amine levels with reduced 
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amine creatinine ratios as compared inth the 
normal controls 

Oximetric determinations of cardiac output in 
man at rest and mild exertion James 0 Elaai* 
William Sleatob,* W N Elam* and H L 
White Lab of Thoracic Physiology and Dept of 
Physiology, Washington Umv School of Medicine, 
St Louis, Mo 

Changes in arterio-venous oxj'gen difference 
with the increased cardiac output of mild exertion 
in normal subjects nere studied by means of the 
modified oximetric method of Matthes previously 
described {Federation Proc 7 104) Arterial and 
mixed venous oxygen saturations were recorded 
while the subject breathed air and rebreathed the 
helium-alveolar air mixture The red and infrared 
light transmissions of the histamine-flushed pinna 
were recorded separately, with occlusion to 220- 
280 mm Hg to obtain bloodless values Oxygen 
saturations were deduced from the transmission 
data by means of a calibration curve previously 
established by means of Van Slj^ke analj’ses 
Greatest deviation of oximetric value from Van 
Slyke value was ±4% Hemoglobin determina- 
tions were used to obtain ox-j'gen contents from 
saturation values Arterio-venous oxygen dif- 
ference and oxygen consumption were determined 
after the subject had been sitting at rest for 30 
nunutes and at 5-minute intervals 10 minutes 
after exertion n as started Repeated cardiac out- 
put determinations while each subject was m a 
given steady state showed mean deviations from 
their means which averaged 4 2% for 48 measure- 
ments on 4 subjects Increase of oxygen consump- 
tion up to 20% above the resting value was 
sometimes accompanied by a decrease m arterio- 
venous oxygen difference When oxj'^gen consump- 
tion was increased more than 20% above the 
resting value the arterio-venous oxj'gen difference 
usually increased Except in one experiment, the 
percentage increase in arterio-venous difference 
was less than that in cardiac output 

Some responses of the ear to high frequency 
sound Donald H Eldredge, Jr (introduced 
by E \ Pinson) Aero Med Lab , Air Materiel 
Command, Wrtghl-Pailerson Air Force Base, Day- 
ton, Ohio 

Davis ct al (OSRD Final Report on Temporary 
Deafness Following Exposure to Loud Tones and 
A Oise, September 1943) showed that exposure to 
pure tones (speech frequenci range) produced 
temporari deafness principallj m the octave 
above the exyiosure tone This observation is 
shown to hold for audible tones at frequencies 
above 6000 cps, proiided the sound level is not 
high enough to oierload the ear Subjects ex^josed 


to tones from a siren (6-40 Keps) a t 150-158 db 
ref 0 0002 djmes/cm * reported hearing unusual 
sounds not present in the sound field and subse- 
quently shoved elevations of the threshold for 
pure tones at frequencies considerablj^ below the 
exposure tone Moderate background noise com- 
bined vith varying amounts of frequenc 3 '’ and 
intensity modulation made necessary experiments 
designed to separate the factors producing this 
elevation threshold A possible mechanism for the 
production of the low frequency hearing loss was 
indicated vhen subjects vere ex-posed to a very 
pure tone of 9200 cps and 140-146 db produced by 
an aluminum rod in longitudinal vibration The 
subject heard one or more of the subharmonics of 
the tone well enough to match them to a pure 
tone presented to the opposite ear The first 
subharmonic radiated from the subject’s ear and 
was heard by other observers The measured level 
of the radiated subharmonic was 60-80 db below 
the ex-posure tone 

Alterations m renal hemodynamics and excretion 
of electrolytes J R Elkinton, A P Croslet, 
Jr ,* H G Barker,* and J K Clark * Harri- 
son Dept of Research Surgery, School of Medicine 
Hospital, Umv of Pennsylvania, Philadelphia 
Following control penods renal dynamics were 
altered in normal human subjects by 3 procedures 
1) infusion of concentrated salt-poor albumin, 
B) injection of Neosjuephrme, and 5) tilting 60® 
from the horizontal position The glomerular 
filtration rate (GFR) was obtained from clearances 
of maimitol, inulin, or endogenous creatinine 
The renal plasma flow (RPF) was measured with 
paraminohippurate as effective flow by clearances 
in the Neosynephnne experiments and in the 
others as total flow bj' the direct Fick method with 
a catheter m the renal vein Folloving concen- 
trated albumin when the RPF rose markedly but 
the GFR was unchanged, the excretion rates of 
Na and K increased while that of Cl was essentially 
unaltered Following Neosynephnne when the 
RPF fell moderatelj’’ without change in the GFR, 
the excretion rates of Na, K and Cl fell, and that 
of Na returned to the control level when the RPF 
did likewise On tilting when both the RPF and 
the GFR fell, the excretion rate of Na decreased 
markedly , and failed to return to control levels 
when the RPF and the GFR were restored, excre- 
tion of K and Cl decreased in equivocal amounts 
These data indicate that, under the conditions of 
these experiments and within the limitations of 
the methods, sodium excretion apjiears to be 
determined by changes in tubular transfers rather 
than by changes in glomerular filtration, and is 
most closely correlated with changes in renal 
blood flow and filtration fraction The dissociation 
seen during reco\er\ periods in the tilt cxpcri- 
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menta supports the fact that the correlation does 
not necessarily result from a simple causal re- 
lationship 

Increased fragility of erythrocytes during experi- 
mental hypertension M M Ellis, M D Ellis* 
andG C Rau* Dept of Physiology and Pharma- 
cology, Univ of Missouri Med School, Columbia 
Chronic hypertension was induced m adult dogs 
by encapsulating first the right kidney and some 
14 days later the left kidney with plastic as de- 
scribed by Rau (in press) A 5-cc blood sample 
was drawn from the jugular vein of each dog every 
7-10 days throughout the 60-day period of the 
test, about 30 minutes after the i p injection of 
32 6 mg/kg of sodium pentobarbital (Nembutal) 
The blood was diluted immediatel 3 ' 1 100 with 
0 71% NaCl solution buffered to pH 7 4 with 
disodium phosphate The blood mixture was in- 
cubated in pyrex test tubes for 22 hours in an 
electrically operated water bath at 37°C Haemolj'^- 
sis was read with a spectrophotometer The blood 
pressure rose from normals around 120 mm Hg to 
160-180 after encapsulation of right kidnej'-, held 
or fell slightly until the left kidney was encapsu- 
lated, and then rose to 198 or better The amount 
of haemolysis at the end of 22 hours incubation 
increased with a slight lag, as the blood pressure 
rose When the blood pressure held or fell before 
the encapsulation of the second kidney the 22-hour 
haemolysis decreased but did not return to the 
normal level Following encapsulation of both 
kidneys the 22-hour haemolysis again increased 
as the blood pressure rose, remaining well above 
normal to the end of the experiment some 30 
days after the last operation These increases in 
22 hour haemolysis varied from 100 to 270% in 
terms of the normal values Comparable results 
were obtained using other strengths of saline 

Dose response data in man following orally ad- 
ministered or injected lipo-adrenal cortical ex- 
tract Feed Elmadjian (introduced by Hudson 
Hoagland) Worcester Foundation for Experi- 
mental Biology, Shrewsbury, Mass 
Lipo-adrenal cortical extract (Upjohn) was 
given to human subjects in doses of 20 cc , 10 cc , 

5 0 cc , and 2 6 cc intramuscularly and orally 
Changes from premedication levels were noted in 
the rate of urme excretion, creatimne, 17-keto- 
steroids, unc acid, potassium and sodium excre- 
tion as well as changes of blood lymphocytes and 
eosinophils at intervals during a penod of 5 hours 
after the administration of the extract Consider- 
ing the overall adrenal cortical responses noted in 
these dosage ranges the effectiveness of the orally 
administered extract proved to be comparable to 
that of the injected extract Of the adrenal cortical 
indices determined urme volume and eosinophil 
counts were more proportional to the dosage than 


the sodium, potassium and 17-ketosteroid excre- 
tions Unc acid excretion showed the least relative 
response to the quantitatively increasing dosage 
The directions of the changes obtained m the 
adrenal response measures for orally administered 
extract were the same as those produced by intra- 
muscular injection of the extract with all of the 
indices except that of sodium In all dosage ranges 
employed the intramuscularly administered ex- 
tract clearly showed a decrease m the sodium 
excretion especially in the penod from the 2nd to 
the 6th hour after the injection, while the orally 
administered hormone indicated an increase m the 
sodium excretion m the same penod 

Action of valves of the beating mammalian heart 
with simultaneous records of EGG, vibrations 
and sounds (motion picture) Hiram E Essex, 
H L Smith* AND E J Baldes MayoClimcand 
Mayo Foundation, Rochester, Minn 
The behavior of the pulmonic, aortic, mitral and 
tncuspid valves of isolated beating mammalian 
hearts w ill be shorni Attention w ill be given to the 
sphinctenc action of the aunculo-ventncular ring 
which constricts in systole and dilates m diastole 
It will likewise be shown that the mitral valves are 
inactive when fluid is drawn from the ventricular 
cavities and that auricular pressure is not neces- 
sary' for opening the valves since they open freely 
when the auricular walls have been incised and 
retracted The mitral and tncuspid valves will be 
excised and the effect on the cardiac sounds will 
be demonstrated 

Spreading cortical depression Carl F Essig* 
AND Wade H Marshall Intramural Research 
Branch, National Inst of Mental Health and Lab 
of Physical Biology, Exper Biology and Medicine 
Inst , National Inst of Health, Bethesda, Md 
A cat or monkey' preparation of exposed cortex 
maintained under phy'Siological conditions rarely 
produces spreading depressions We have de- 
veloped 3 almost certain methods of producing the 
reaction I) radical internal dehy'dration , 2) cool- 
ing the surface of the cortex approximately 10°C , 
and S) exposure to room air for several hours A 
4th but uncertain method is some unknown trau- 
matic factor in surgical procedure An occasional 
monkey' preparation wall yaeld the reaction wathin 
the 1st hour after ex-posure to room air Failures of 
reactions are correlated with highly negative 
cortical base line voltages The chilled cortex 
(monkey) shows 4 definite components Dl, D2, 
D3, and D4 Dl jumps the central sulcus, D2 
follows the cortex or pia membrane Dl and D2 
velocities are approximately 0 03 mm/sec D3 
velocity 18 about 0 0053 mm/sec , and D4 velocity 
18 about 0 0036 mm/sec The Dl, D2, and D3 
reactions are obtained after prolonged exposure to 
room air but at 1 6-3 times the above velocities 
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la both cooled aud room air exposed preparation 
D4 IS not alwaj^s seen The reactions develop 
gradually to the same pattern that can be obtained 
in 10 mmutes by cooling the cortex The initial 
stages of development of the phenomena can be 
seen nuthin 16 minutes after exposure to room air 

Plasma and erythrocytic ion concentrations m 
infant diarrhea J N Etteldoef* and R R 
OvEHMAN Divisions of Pedtainca and Physiology, 
Univ of Tennessee College of Medicine, Memphis 
Determinations of plasma Na, K, Cl, Ca, CO* 
content, protein, erythrocyte Na, K, Cl, blood pn 
NPN, and hematocnt were made on the following 
groups of infants 81 normal, 26 with diarrhea 
before treatment, 40 with diarrhea receiving 
parenteral NaCl, sodium lactate, blood and/or 
plasma, and glucose, 95 with diarrhea receiving 
the above treatment plus KCl (Solutions ad- 
ministered contained 5 6 to 16 0 mEq/1 of K) 
In normal infants average values were similar to 
those of normal adults except the erythrocyte Na 
was higher (19 4 compared to 16 3 mEq/1 ), hema- 
tocrit lower (35 6%), and plasma protein lower 
(6 3 compared to 7 6 gm %) The following obser- 
vations were made on patients before treatment 
a) Plasma reduced K (4 6-3 8 mEq/1 ), Na (141- 
133 mEq/1 ), CO, (54-37 vols %), pH (7 4Ch7 36), 
normal Cl, b) Erythrocytes reduced K (102-95 
mEq/1 ), Cl (64-60 mEq/ ), elevated Na (194-20 2 
mEq/1 ), c) Blood NPN elevated (30-44 mg %) 
In treated infants receiving no K, plasma Na was 
higher (136 mEq/1 ) but K lower (3 3 mEq/1 ) than 
the untreated group, erythrocyte Na was defi- 
nitely elevated (23J2 mEq/1 ) but K and Cl un- 
changed CO, content and pH were normal but 
NPN remamed high (39 mg %) The average 
plasma K of all infants receiving K was not sig- 
nificantly higher than that of the precedmg group, 
erythrocyte Na was less elevated (21 4 mEq/1 ) 
Otherwise the 2 groups of treated infants were 
similar A senes of diarrheal patients are being 
investigated to whom larger doses of KCl are 
being adnumstered 

Studies on the physical properties of bone F 
Gatnoh Evans and Milton Lebow (mtro- 
duced by Ehnest Gaednbh) Dept of Anatomy 
and Engineering Mechanics, Wayne Univ , De- 
troit, Mich 

The tensile strength and modulus of elasticity 
were determined for 103 samples of human bone 
from 9 femora of 3 Negro females and 5 white 
males All but 2 bones were from dissecting room 
cadavers In contrast to most earlier studies of 
this nature, the samples nere tested under direct 
tension The tests were made in a Baldwm-South- 
nark Universal testing-machine calibrated to an 
accuracy of 2% The deformations were measured 
bj a Porter-Lipp extensometer over a one inch 


gauge length Samples were obtained from the 
compacta of the antero-lateral, antero-medial, 
postero-lateral and postero-medial quadrants of 
the proximal, middle and distal thirds of the shaft 
An attempt was made to standardize the size of 
the samples A fairly complete senes of samples 
was obtained from the femur of a 26-year-oId 
and a 45-year-old Negro female and a 64-year-old 
white male In these 3 bones the samples from the 
lateral half of the shaft had a higher average 
tensile strength than those from the medial half 
This difference was most consistent and con- 
spicuous in the proximal third of the shaft Where 
the sample series was complete the average tensile 
strength of all quadrants of the middle third of 
the shaft was the greatest No consistent relation- 
ship between tensile strength and age of the 
individual was noted Similar studies on other 
bones will be reported 

Pyruvate metabolism in rabbit bone marrow 
John D Evans (introduced by Datton J 
Edwabds) Dept of Physiology, Cornell Univ 
Med College, New York City 
Previous in intro studies have shown that mar- 
row cells suspended m Ringer-bicarbonate at pH 
7 3 exhibit a respiratory quotient of 0 84 m the 
absence of glucose If glucose is added to the 
medium the R Q of marrow is raised to 0 95 In 
the present study it is observed that when pyru- 
vate IS added to marrow, active utilization occurs 
and the RQ is elevated to 1 11 At a concentration 
of 1 mg of pyruvate/ml of marrow suspension 
40% of the pyruvate disappears in 4 hours, but 
despite this rapid disappearance the rate of oxygen 
consumption is not increased In 36 experiments 
the average rate of pyruvate utihzation is 5 7 
ng /mg of cell protem/hr There is an average 
production rate of 3 1 ng of lactic acid/mg/hr 
and an average evolution of 3 2 pi of respiratory 
CO,/mg/hr These figures represent a pyruvate 
lactate carbon dioxide ratio approximatmg 2 1 4 
It IS concluded from the aerobic expenments that 
marrow preferentially metabolizes added glucose 
and pyruvate, thereby producing high respiratory 
quotients which approximate the theoretical 
values for those substances Anaerobically, pyru- 
vate IS converted to lactate in approximate^’’ all 
ratio The amount of pyruvate utilized in the 
absence of oxygen averages 4^ pg /mg/hr 

Fibrinolysokinase activity in tissues John H 
Ferguson and Jessica H Lewis Dept of 
Physiology, Univ of North Carolina, Chapel Hill 
Tissue substances capable of activating pro- 
fibrinolysin to active fibnnohain have been de- 
scribed by Astrup and Pcrmin, Permin, and 
Tagnon Various dog tissues ■cere fractionated 
into 7 fractions, of different particle size, b\ 
differential centrifugation and each of these frac- 
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tions was tested for fibrmolysokinase activity on 
dog serum profibrinolysm The 37 different tissues 
studied were divided into three groups Group I, 
those tissues having one or more fractions which 
showed appreciable kinase activity, Group II, 
those tissues having one or more fractions which 
showed minimal kinase activity, and Group III, 
those tissues from which no fractions showed 
kinase activity Kinase activity was usually con- 
centrated in Fractions IV (Claude’s large gran- 
ules) and VI (Claude’s microsomes) Fraction VII, 
the saline soluble portion, never showed kinase 
activity and, m fact, usually contained some 
antifibrinolysin Tissues included in Group I 
were lung, uterus (pregnant and non-pregnant), 
pancreas, gall bladder, lymph gland, vein and 
urine Fractions W and VI of lung were chosen 
for special study Kinase activity could not be 
extracted with common organic solvents The 
kinase was unstable, disappearing rapidly at ST^C 
or higher, slowly at room temperature, and very 
slowly at 0°C Freezing and storage at —20“ 
resulted m a marked initial loss of activity, with 
little change thereafter The activation of pro- 
fibrinolysin with the lung fractions was found to 
be slow in comparison to that produced bj staph}'- 
lokinase but apparently the same enzjme pre- 
cursor was activated in each case Whole serum 
and plasma treated wnth these fractions showed 
little fibnnolj’tic activity in comparison with 
partially purified profibrinolysm 

Comparison of the A-A gradient determined by 
different methods Benjaiiin G Ferris, Jr 
(introduced b}' William H Forbes) Dcpl of 
Physiology, Harvard School of Public Health, 
Boston, Mass 

Alveolar-arterial (A-A) gradients were deter- 
mined by the method described by Riley and 
Lilienthal (Am J Physiol 147 191, 1946) and 
compared with values obtained by Dill and Pen- 
rod’s method (J Applied Physiol 1 409, 1948) 
The latter were obtained by subtracting the sum 
of the artenal pO:, pCOj, pHjO, and pN- from the 
prevailing barometric pressure In certain patients 
Bohr’s method of graphic integration was used to 
determine the diffusion coefiicient for oxj'^gen, and 
from this procedure the Bohr A-A gradient was 
obtained from the final Ap02 The similarity be- 
tween the Rilej^-Lilienthal and Dill-Penrod meth- 
ods was shown in normal persons, where the mean 
A-A gradient was 9 mm Hg (Riley -Lilienthal), 
and 10 mm Hg (Dill-Penrod) IVhen these 2 
methods were compared in cases with emphysema, 
pulmonary vascular disease, and cirrhosis of the 
liver, this close similarity was not as pronounced 
The Dill-Penrod method juelded a 5 mm Hg 
higher value In this group, the final ApOi in 
the Bohr integration resulted in an A-A gradient 


intermediate between these 2 values Further 
comparison of the Dill-Penrod and Rilej -Lilien- 
thal methods in other patients showed a slightly 
better agreement The Dill-Penrod values were 
still 3 mm Hg higher on the average than the 
Riley-Lilienthal values Possible reasons for these 
discrepancies were presented and it was pointed 
out that the Dill-Penrod method, although ap- 
parently less accurate, does give one much useful 
information wuth only a single analj sis of artenal 
blood 

Influence of tonic contracture upon the composi- 
tion of mammalian skeletal muscle, especially 
upon its electrolyte content Ernst Fischer 
AND Helen V SKOwmimD * Dept of Physiology, 
Med College of Virginia, Richmond 
The electrolyte content of left and nght identi- 
cal normal rabbit muscles shows little differences 
The chlonde content of different anatomical mus- 
cles vanes more than 16%, while the values for 
potassium and sodium differ about 5% and 10% 
respectively However, if one calculates the K and 
Na concentrations existing inside the muscle 
fibers, assuming that chloride is restncted to the 
tissue spaces, rather uniform K and Na values are 
found for different muscles The earlj contracture 
of neurological origin developing m tenotomied 
gastrocnemii, which can be prevented bi denerva- 
tion, decreases K content much more than can be 
explained b} the relative increase in connective 
tissue caused bj the higher rate of atrophy Na 
enters the muscle fibers to a large extent and re- 
places the lost K The muscle membranes become 
rather permeable for Cl, and finalb" about 20% 
of the total Cl is apparently located inside the 
fibers Experiments with the radioisotope K'*’ re- 
vealed that contracture increases considerably 
the permeability of the muscle membranes for K 
Besides the changes in electrolyses, early' con- 
tracture causes a decrease in total protein con- 
centration, a deterioration of the specific muscle 
proteins myogen and mvosin, and a decrease in 
the aldolase and adenosinetnphosphatase activity 
quotient of the isolated myogen and mj'osin 
respectively 

Internal water exchange in normal and hypo- 
tensive dogs M J Fogelman and P 0 'B 
Montgomery (introduced by Carl A IMoter) 
Dept of Exper Surgery, Southwestern Med 
School of The Univ of Texas, Dallas 
A study was undertaken to determine the rates* 
of exchange of w ater between the vascular and 
extra-vascular spaces using D.O as a tracer- 
The studies w ere designed so that the differential 
rates of water movement were determined in 
each dog both under normal conditions and fol- 
lowing subjection to a constant hypotensive level 
induced by bleeding D-O was determined by a 
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modification of the falling-drop method on purified 
samples of lyophilized whole blood Plasma volume 
was determined uith T-1S24 A known amount 
of DjO in isotonic saline (approximately 0 5 
cc/kg/bw) "nas injected intravenously and 
heparinized arterial blood samples drawn at fre- 
quent and close intervals for periods ranging 
from 40-90 minutes Time concentration curves 
were constructed and the equations for these 
curves derived according to the method of Flexner, 
et al {Symposia on Quant BioJ 13 88, 1948) The 
calculations reveal that in the normal dog approxi- 
mately 72% of total blood water moves extra- 
vascularly/min Follomng subjection to a con- 
stant hypotensive level of approximatelj’' 75 mm 
Hg mean arterial pressure an average of 41% of 
total blood water passes across the vascular 
membrane/min Further calculations reveal that 
in the normal dog approximately 23% of total 
body water moves across the vascular membrane 
in each direction/min , and that in the animal 
subjected to hypotension approximately 12% of 
the total body water moves across the vascular 
membrane/nun The reduction in exchange rates 
of DjO following hemorrhage are tentativelj’- 
ascribed to the reduction in the functional dif- 
fusion area induced by the loss of blood The sig- 
nificance of these results and their relationship 
to water and electrolyte movement in vanous 
conditions will be discussed 

Application of a technique for sampling respiratory 
gases m non-cooperative subjects C A Foks- 
SANDEB (introduced by C White) Dept of 
Physiology, Umv of Pennsylvania School of 
Medicine, Philadelphia 

By applying an oral suction technique developed 
for the collection of samples of alveolar air it has 
been possible to obtain estimations of the CO- 
tension of the mixed venous blood entering the 
lungs, within 6-12 seconds of breathing mixtures 
of COj and oxygen, and mthout interfering with 
the respiratory pattern Reproducible levels of 
CO- equilibrium have been found at 6, 16, 21 and 
24 seconds In a basal subject breathing 10/min , 
the CO- tension of the alveolar air after one normal 
breath of gas mixture was 46 mm Hg, after 2 
breaths 48 8 mm Hg, 3 breaths 49 5 mm Hg, 4 
breaths 53 mm Hg The rise in CO- tension after 
12 seconds is interpreted as being due to recircu- 
lation Before 12 seconds the rise is due either to 
delaj m mixing of the inspired gas with the 
residual air, or ma\ reflect the volume of the 
pulmonarj blood flow These results are demon- 
strated if the deadspace air is removed before 
introduction of gas mixtures and before sampling 

■‘Resonance’ of muscle to central stimulation 
A \ Foster (introduced bi Hat^s Lowex- 


bach) Dept of Anatomy, Duke Umv , Durham, 
N C 

It has been previously demonstrated and we 
have confirmed the gross fact that frequencies 
below approximately 17 stimuli/sec applied to the 
proper point in motor cortex of a dog, under 
sodium pentobarbital (Nembutal), produce ex- 
tension of the contralateral hind limb Frequences 
from 17-21 s p s produce flexion Frequencies just 
below 34 s p s produce extension and good flexion 
results from 34-37 stimuli/sec Grossly these phe- 
nomena indicate resonance of flexors to 17 and 34 
stimuli/sec The distal branch only of the nerve 
to that double muscle, the semitendinosus, was 
cut and a neurogram taken distal to that cut 
The sensorj^ responses to the twitching of the 
extensor portion folloned one to one up to 17 
s p 8 but became irregular thereafter Just below 
34 the response was again regular but only to 
alternate stimuli These responses again failed 
to pass 17 as the stimuli passed 34 The extensors 
apparently can follow up to 21 or one half 42 
stimub/sec These ‘drop out points’ nse and f all 
slightly with nse and fall of intensity of stimula- 
tion This indicates a relaxation oscillator tjqie 
of action In general tetany, extension is the rule 
due to the greater strength of the ex-tensors It is 
therefore concluded that the normal pattern is 
extension but between 17 and 21 s p s the ex- 
tensors are not respondmg to every stimulus while 
the flexors still are and so the latter prevail over 
their antagonists The flexors enjoy a similar 
advantage in the band just above 34 stimuli/sec 

Effect of lithium on the renal excretion of po- 
tassium James G FouiiKS,* Gilbert H 
Mudqe* and Alfred Gilman Dept of Pharma- 
cology, Columbia Univ College of Physicians 
and Surgeons, Neiv York City 
The renal excretion of electrolyte during the 
infusion of isotonic lithium chloride was studied 
in dogs under barbiturate anesthesia Cations 
were determined by direct flame photometry 
The volume distribution of lithium varied with 
the rate and duration of the lithium infusion, but 
uniformly exceeded the extra-cellular fluid volume 
The calculated lithium space was 30 to 60% of the 
bodv weight The proportion of filtered lithium 
excreted in the unne was relatively constant over 
a wide range of serum lithium concentrations 
(1-25 mEq/1), lithium clearances averaged 30% 
of the filtration rate (range 18-48%) The excre- 
tion of lithium vas not altered significant Ij bi 
mercurial diuretics The infusion of lithium con- 
sistentlj elevated rates of potassium (K) excre- 
tion A.t serum lithium concentrations of 4-5 
mEq/1, K clearances of 50-80% of filtration rale 
were generalK observed K clearances in excess of 
filtration rate nere prompth obtained nhen 
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bthium infusion was combined with a moderate 
osmotic (SiOi) diuresis Lithium mduced mcre- 
ments m the rate of K excretion are interpreted as 
representmg tubular K secretion, since they are 
markedly reduced by mercunals Simultaneous 
infusion of lithium and K failed to reveal evidence 
of competitive excretion 

Measurement of ventilatory dead space in sub- 
jects with uneven pulmonary ventilation Wabd 
S Fowler (mtroduced by J H Comhoe, Jr ) 
Dept of Physiology and Pharmacology, Umv 
of Pennsylvania, Graduate School of Medicine, 
Philadelphia 

Measurement of ventilatory dead space requires 
identification of alveolar gas The Nj concentra- 
tion — expired volume curve of gas expired after 
one inspiration of O 2 by normal subjects and 
patients with pulmonary disease — shows three 
phases N- concentration successively 1) equals 
mspired concentration, 2) changes in an S-shaped 
fashion, S) is rectilinear Previous studies of 
normal subjects indicate that phase S is alveolar 
gas, following dead space wash-out (phases 1 and 
2) In certain patients, the intersection of phases 2 
and S IB less definite, smee the slope of the last 
part of the S-curve changes little and approaches 
the slope of phase S When such patients inspired 
Oj followed without interruption by air, the sign 
of slopes of phases £ and S were dissimilar, clarify- 
ing the point of intersection The expired volumes 
corresponding to the intersection point were simi- 
lar with mhalations of Oj alone, or Oj air Such 
studies indicate that after maximal inspiration 
expired volume required for patients with pul- 
monary disease to wash out the dead space is not 
greater than normal, and that a valid alveolar 
concentration can be obtained for measurement 
of ventilatory dead space in patients if their 
expiratons show a third phase which is linear, 
even though sloping (1 e expired alveolar gas 
composition vanes) 

Mechanical impedance of surface of human body 
and its relation to elastic properties of skeletal 
muscle Ernst K Frankb (introduced by H M 
Sweeney) Aero Med Lab , Air Materiel Com- 
mand, Wright-Pallerson Air Force Base, Dayton, 
Ohio 

In order to investigate the mechanical behavior 
of the human body surface when brought in con- 
tact with various vibrating structures, measure- 
ments were made with a small, sinusoidally vi- 
brating piston applied to the body surface From 
the vibratory forces exerted by the piston on the 
body, measured by means of a vanable reluctance 
pressure gauge, the mechanical response of the 
body was calculated in terms of impedances, a 
procedure widely used in acoustics It is shown 
that the results justify establishing a simple 


harmonic vibratmg system with lumped constants 
as a model of the mechanical behavior of the 
body surface The constants of this model are 
calculated and their mearung is discussed In 
order to mvestigate the nonlinear characteristics 
of muscle, some further measurements were made 
to determme the stiffness constant as a function 
of the pressure used to apply the piston From the 
results obtained, the equation of motion of a 
hammer hitting the body surface was established 
In this way it was possible to compare the results 
of the impedance measurements with measure- 
ments of contact time and rebound obtamed by a 
ballistic method recently published by E Simon- 
son et al (J Applied Physiol 1 512, 1949) 

Propagation of surface waves over the human 
body Ernst K Franke, Hans Oestreicher 
AND Wolf W von Wittern (introduced by 
H M Sweeney) Aero Med Lab , Air Materiel 
Command, Wright-Patterson Air Force Base, Day- 
ton, Ohio 

A well established wave pattern appears on a 
body surface, such as that overlying the rectus 
femons, when the surface is in firm contact with 
and driven by a small piston (diameter 1 in ) at 
frequencies near 100 cps This pattern is easily 
observed and photographed by stroboscopic hght 
The wavelength was determined by measunng, 
through several wavelengths, the change of phase 
of the deflection as a function of distance from the 
center of the piston For this purpose the vibra- 
tions were detected by a capacitative device 
which used the body as one electrode and a small 
disc at a suitable distance as the other This 
arrangement did not disturb the wave propaga- 
tion Changes of capacity due to the vibrations 
are converted mto electneal signals by operatmg 
the condenser in a high frequency resonant circuit 
The propagation velocity was found to be constant 
at about 160 cm/sec in the frequency range 15-150 
cps When the amplitude of the exciting piston is 
held constant, 1) at any frequency the wave ampli- 
tude vanes inversely with the square of the dis- 
tance, and £) at any distance the wave amplitude 
vanes inversely with frequency Theoretical con- 
siderations concermng the wave propagation in 
viscous-elastic media give a general picture of the 
mechanism of the waves and their relation to the 
elastic properties of the medium Such considera- 
tions show also that the waves are essentially 
shear waves m this frequency range 

Descriptive analysis of vasomotor responses in 
footpad of the dog F E Franke, W C Ran- 
dall, J W Gox,*W F Alexander* AND A B 
Hertzman Depts of Physiology and Anatomy, 
St Louis Univ School of Medicine, St Louts, 
Mo 

Reflex vasoconstrictor responses m the footpad 
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of the dog as recorded by the photoelectric ple- 
thysmograph were compared with those responses 
mduced by direct faradic stimulation of the sym- 
pathetic chain In many constrictor responses, a 
decrease in amplitude of the volume pulse pre- 
ceded the reduction m volume of the part by 0 6 
to 6 0 seconds In some responses, the decrease in 
volume pulse and blood volume occurred almost 
simultaneously The frequently observed striking 
differences in onset of these two phases of the 
vasoconstnctor responses strongly suggest the 
operation of separate artenomotor and venomotor 
mechanisms After cessation of a strong stimulat- 
ing current, the vascular constriction persisted 
for as long os 20-30 seconds before relaxation of 
the vessels first became apparent Recovery was 
marked first by an increasing amplitude of the 
volume pulse followed by a progressive rise in 
volume of the part In all cases the recovery was 
slow, and in many instances following constriction 
to complete obliteration of the pulse, the total 
recovery period extended over 3-5 minutes The 
latent period from the tune of stimulation to the 
appearance of the first phase of the constriction 
was approximately 0 5 to 1 0 second longer in the 
reflex responses as compared with the response to 
direct stimulation of the chain, and m both 
instances was several times as long as in the 
somatic reflex arc 

Effect of physical factors on radiosodinm clear- 
ance in dogs Frederick R Franks,* Joseph 
B Boatman,* Robert S George* and 
Campbell Moses Addison H Gibson Lab , 
Umv of Ptllshurgh School of Medicine, Pitls- 
burgh, Penna 

The clearance of radiosodium from injected 
sites under varjung conditions has been studied in 
a senes of 31 experiments on dogs under pento- 
barbital sodium anesthesia Injections of 0 25 to 
1 0 cc of saline carrying approximately 6 0 micro- 
curies of Na’* were made subcutaneously and 
intramuscularly The dechne of activity over the 
injected area was measured with a shielded thin 
window Geiger-Muller tube coupled to an auto- 
scaler Dechne of activity was expressed as slope 
constant (clearance constant) based on change in 
activity per unit tune Control observations have 
been made and clearance constants under various 
conditions have been detemuned The mean intra- 
muscular clearance constant in a series of 27 de- 
terminations was 0 0473, the mean subcutaneous 
clearance constant of 5 experiments, 0 0071 Varia- 
tions in muscle clearance have been produced by 
local application to the injected site of ice-salt 
mixtures and radiant heat Alteration of the clear- 
ance constant to almost zero vas seen with 
external interruption of venous return by applica- 
tions of an abdominal pressure cuff The addition 


of hyaluronidase to subcutaneous injections pro- 
duced an increased clearance constant of almost 
sixfold over the subcutaneous control Prelmunary 
studies support the view that clearance of radio- 
sodium from intramuscular sites may be made 
a quantitative test for detection of early con- 
gestive failure 

Direct measurement of I"’‘ thyroid gland uptake 
and turnover in relation to thyroid function in 
normal and pathologic states A Stone Freed- 
BERG, David L Chamovitz and Alvin L 
Uheles (mtroduced by H L Blumqart) Medi- 
cal Research Labs , Beth Israel Hospital and 
Dept of Medicine, Harvard Med School, Boston, 
Mass 

The successful development of a quantitative 
method (Freedberq, Uheles and VanDilla, 
Federation Proc 8 50, 1949) for the measurement 
of thyroid I*” radiation has permitted more exact 
study of thyroid gland function in respect to I*’* 
metabohsm in man Utilizing this 4 Geiger-Mueller 
tube method, uptake and turnover of I^’^ in the 
thyroid gland following oral doses of 150 jic , 
earner-free, have been studied m 171 patients 
Evaluation of thyroid function was made by 
climcal entena, basal metabolic rate, serum cho- 
lesterol and, in some instances, serum protein- 
bound iodine In 32 normal euthyroid subjects 
(Group A) the 24-hour uptake averaged 29% (S D 
4 8) , in 27 euthyroid patients with nodular goiters 
(Group B), 36% (S D 110) In 17 patients 
(Group C), euthyroid for 5 to 39 (av 19) months 
after P’* therapy for hyperthyroidism, the 24- 
hour uptake averaged 38% (S D 11 3) The dif- 
ferences between the means of Groups A and B, 
and A and C are statistically significant In 48 
thyrotoxic patients (Group D) the 24-hour uptake 
averaged 69% (SJ) 13 1) In 7 patients with 
mild hypothyroidism the 24-hour uptake averaged 
18% (range 13-23), m 10 patients with marked 
hypothyroidism, 8% (range 4-13) The biologic 
half-life (turnover) m Group A was 7 5 (S D 0 9) 
dajrs. Group B, 7 5 (S D 0 5), Group C, 4 7 (S D 
0v8) and Group D, 5 7 (S D 11) In 18 patients, 
persistently hyperthyroid after P*' therapy 
(Group E), the turnover was 4 3 (S D 11) days 
The differences between the means of all groups, 
except A and B, and C and E, are statistically 
sigmficant The influence of various drugs and 
pathologic states are described 

Comparative study of ascorbic acid levels In 
gastric secretion, blood, urine and saliva 
Joseph T Freeman* and Roberta Hafkfs 
BRING Depls of Medicine and Physiology, 
Woman’s Med College of Pennsylvania, Phila- 
delphia, Penna 

Ascorbic acid determinations of fractional gas- 
tric specimens, whole blood, saliva and urine 
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(24-hour) were made on 100 apparently normal 
individuals The purpose v as to establish a stand- 
ard for comparative studies of mtrinsic gastro- 
intestinal diseases All determinations were on 
individuals fasted 15 hours and with a low vitamin 
C intake for the preceding 24 hours Roe and 
Kuether’s method was used (J Bxol Chem 
147 399, 1943) The average gastric vitamin C 
was 1 04 mg %, range 0 04-3 9 mg % The average 
whole blood C was 1 00 mg % , range 0 26-2 1 
mg %, salivary content was 0 10 mg %, range 
0-0 36 mg % , and the urine was 1 62 mg % with a 
range of 0-9 mg % The average 24-hour urine 
excretion was 15 00 mg with a range of 0-80 mg 
Allowing a deviation of 0 05 mg , there was a 
correlation between blood and gastric vitamin C 
m only 4 cases, in 59 cases the blood ascorbic 
level was higher, while in 33 the gastric ascorbic 
level was higher No apparent relationship was 
noted between the blood gastric ascorbic content 
and free or total acidity The same conclusion 
holds for these 2 measurements when correlated 
with the salivary vitamin C content and the 24- 
hour urmary output of vitamin C The evaluation 
of all possible correlations of these figures in 
normal mdmduals suggests that ascorbic acid in 
gastric juice may be a function of gastric cells 
Application of these results is already being made 
in vanous types of abnormal conditions 

Functional regeneration after nerve root trans- 
plantation in the guinea baboon L W Free- 
man, J C Finneban* and L R Radioan * 
Labs of Surgical Research, Indiana Univ School 
of Medicine, Indianapolis, and Labs of Physi- 
ology and Surgery, Yale Univ School of Medicine, 
New Haven, Conn 

The vigorous capacity for regeneration demon- 
strated by spinal nerve roots has led to a pre- 
liminary investigation of the possibilities of nerve 
root transplantation The male Guinea baboon 
characteristically maintains a relatively constant 
penile erection After sacral nerve root denerva- 
tion intradurally this power is lost Bilateral lum- 
bar sympathectomy in two preparations has failed 
to alter penile erection In five preparations anasto- 
mosis of the coccygeal (1), third lumbar (1) or 
fourth lumbar (3) nerve roots to the sacral innerva- 
tion has been followed in a period of approxi- 
mately 8 months by a return of erectile ability 
Stimulation experiments in one animal definitely 
established the neural continuity of the anasto- 
mosed nerve roots Anatomic specimens of all 
have shown neural continuitv 

Chemical changes occurring during symphyseal 
relaxation Edward H Frieden* and F L 
Hisaw Biological Labs, Harvard Univ, Cam- 
bridge, Mass 

Relaxation of the pelvic symphysis of the 


guinea pig is accompanied by a considerable 
change in the v eight of the symphysis This 
weight increase, which in extreme cases may be 
4- or 6-fold, appears to be due largely to infiltra- 
tion of plasma, together with some extravasation 
of whole blood The available histological evidence 
suggests alteration in the state of the ground 
substance as well as changes in the collagenous 
matrix of the tissue In a search for clues to the 
mechanism of the action of relaxin, comparative 
chemical and enzymatic analyses have been made 
of control and relaxed (pregnant rabbit serum or 
purified relaxin) guinea pig symphjses Assays 
for phosphatase and glucuronidase reveal no differ- 
ences significant enough to implicate these en- 
zjmes m the relaxation process Tissue analyses 
of the distribution of N, hydrolyzable reducmg 
groups, and hydrolyzable hexoseamine indicate 
little, if any, recognizable effect upon a polysac- 
charide or mucoprotem substrate The most sig- 
nificant finding has been that the ratio of collagen 
N to total insoluble N decreases during relaxation 
Collagen, as determined by alkali extraction or 
trj'ptic digestion, constitutes from 60-80% of the 
total residue protein of the unrelaxed symphysis 
In the relaxed animal, the range is 40-70%, in 
comparable experiments the range of overlap is 
small, and the decrease in collagen may be cor- 
related with the extent of relaxation 

Purification and properties of relaxin Edward H 
Frieden* and F L Hisaw Biological Labs , 
Harvard Univ , Cambridge, Mass 
The problem of the preparation and purification 
of relaxin has been re examined Aqueous saline 
or acid extracts of pregnant sow ovaries contain 
relaxin in combined form, as evidenced by the 
fact that the physical and physiological properties 
of the active fraction vary^ with the extent of 
purification The combination appears to be a 
relatively labile one, and may readily'’ be split by 
the addition of alcohol Subsequent purification is 
effected by a combination of isoelectric and 
ethanol precipitations The most active fractions 
will induce good symphyseal relaxation in the 
gumea pig at a level of about 10 micrograms, cor- 
responding to a purification of 500- lOOO-fold 
compared with the original fresh tissue There is 
evidence that this preparation represents the 
hormone m nearly pure form Purified relaxin is a 
relatively low molecular weight protein, as indi- 
cated by dialysis studies and positive reactions to 
common protem reagents, and is quite stable It 
contains 12 7% N and 10 5% reducing sugar upon 
hydrolysis, about half the latter is hexoseanune 

Histochemical differentiation of substrate specific 
alkaline phosphatases in tissue of the rat 
Jonas S Fbiedbnwaed and Gertrude D 
Maengwtn-Davies * Wilmer Ophthalmologica 
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(24-hour) were made on 100 apparently normal 
individuals The purpose w as to establish a stand- 
ard for comparative studies of mtrinsic gastro- 
mtestinal diseases All determmations were on 
individuals fasted 15 hours and with a low vitamin 
C intake for the preceding 24 hours Roe and 
Kuether’s method was used (I Bxol Chem 
147 399, 1943) The average gastric vitamin C 
was 1 04 mg %, range 0 04-3 9 mg % The average 
whole blood C was 1 00 mg % , range 0 26-2 1 
mg %, salivary content was 0 10 mg %, range 
0-0 36 mg % , and the urine was 1 62 mg % with a 
range of 0-9 mg % The average 24-hour urine 
excretion was 15 00 mg with a range of 0-80 mg 
Allowing a deviation of 0 05 mg , there was a 
correlation between blood and gastric vitamin C 
in only 4 cases, m 59 cases the blood ascorbic 
level was higher, while in 33 the gastric ascorbic 
level was higher No apparent relationship was 
noted between the blood gastric ascorbic content 
and free or total acidity The same conclusion 
holds for these 2 measurements when correlated 
with the salivary vitamin C content and the 24- 
hour urinary output of vitamin C The evaluation 
of all possible correlations of these figures in 
normal individuals suggests that ascorbic acid in 
gastric juice may be a function of gastric cells 
Application of these results is already being made 
in various types of abnormal conditions 

Functional regeneration after nerve root trans- 
plantation in the guinea baboon L W Fbee- 
MAN, J C Finnekak* and L R Radigan * 
Labs of Surgical Research, Indiana Univ School 
of Medicine, Indianapohs, and Labs of Physi- 
ology and Surgery, Yale Univ School of Medicine, 
New Haven, Conn 

The vigorous capacity for regeneration demon- 
strated by spinal nerve roots has led to a pre- 
liminary investigation of the possibilities of nerve 
root transplantation The male Guinea baboon 
characteristically maintains a relatively constant 
penile erection After sacral nerve root denerva- 
tion mtradurally this power is lost Bilateral lum- 
bar sympathectomy in two preparations has failed 
to alter penile erection In five preparations anasto- 
mosis of the coccygeal (1), third lumbar (1) or 
fourth lumbar (3) nerve roots to the sacral innerva- 
tion has been followed in a period of approxi- 
mately 8 months by a return of erectile ability 
Stimulation experiments in one animal definitely 
established the neural continuity of the anasto- 
mosed nerve roots Anatomic specimens of all 
have shown neural continuitv 

Chemical changes occurring during symphysea! 
relaxation Edwabd H Frieden* and F L 
Hisaw Biological Labs , Harvard Univ, Cam- 
bridge, Mass 

Relaxation of the pelvic symphysis of the 


gmnea pig is accompanied by a considerable 
change m the weight of the symphysis This 
weight increase, which in extreme cases may be 
4- or 6-fold, appears to be due largely to infiltra- 
tion of plasma, together with some extravasation 
of whole blood The available histological evidence 
suggests alteration in the state of the ground 
substance as well as changes in the collagenous 
matrix of the tissue In a search for clues to the 
mechanism of the action of relaxin, comparative 
chemical and enzymatic analyses have been made 
of control and relaxed (pregnant rabbit serum or 
purified relaxin) guinea pig symphyses Assays 
for phosphatase and glucuronidase reveal no differ- 
ences significant enough to implicate these en- 
zymes m the relaxation process Tissue analyses 
of the distribution of N, hydrolj'zable reducmg 
groups, and hydrolyzable hexoseamine indicate 
little, if any, recognizable effect upon a polysac- 
charide or mucoprotein substrate The most sig- 
nificant finding has been that the ratio of collagen 
N to total insoluble N decreases during relaxation 
Collagen, as determined by alkali extraction or 
tryptic digestion, constitutes from 60-80% of the 
total residue protein of the unrelaxed symphysis 
In the relaxed animal, the range is 40-70%, m 
comparable experiments the range of overlap is 
small, and the decrease in collagen may be cor- 
related with the extent of relaxation 

Purification and properties of relaxin Edward H 
Frieden* and F L Hisaw Biological Labs , 
Harvard Univ , Cambridge, Mass 
The problem of the preparation and purification 
of relaxin has been re-examined Aqueous saline 
or acid extracts of pregnant sow ovaries contain 
relaxin in combined form, as evidenced by the 
fact that the physical and physiological properties 
of the active fraction vary with the extent of 
purification The combination appears to be a 
relatively labile one, and may readily be split by 
the addition of alcohol Subsequent purification is 
effected by a combination of isoelectric and 
ethanol precipitations The most active fractions 
will induce good symphyseal relaxation m the 
guinea pig at a level of about 10 micrograms, cor- 
responding to a purification of 500- 1000 -fold 
compared with the original fresh tissue There is 
evidence that this preparation represents the 
hormone in nearly pure form Purified relaxm is a 
relatively low molecular weight protein, as indi- 
cated by dialysis studies and positive reactions to 
common protem reagents, and is quite stable It 
contains 12 7% N and 10 6% reducmg sugar upon 
hydrolysis, about half the latter is hexoseamine 

Histochemical differentiation of substrate specific 
alkaline phosphatases in tissue of the rat 
Jonas S Fribdenwadd and Gertrude D 
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turned off Frogs positioned so that ultrasound 
was incident on the dorsal surface over the lumbar 
enlargement evidenced paralysis of the hmd legs 
after 4 3 seconds exposure (at room temperature) 
and produced paralysis after 7 3 seconds exposure 
(atl°-2°C ) Histological examination of the sciatic 
nerves showed extensive degeneration of nerves 
and examination of the spmal cord showed marked 
pathology of the lower motor neurones Tempera- 
ture measurements mdicated that peripheral nerve 
and crayfish ventral nerve cord exhibited a maxi- 
mal nse of l‘’-2°C The spinal cord of mtact frogs 
exhibited temperature rises as great as 40°C 
By using frogs cooled to 1°C and reducmg the 
ultrasound exposure to two 4 3-second pulses 
interrupted by 4-minute coolmg off period, it 
was demonstrated that temperature rises did not 
exceed 16°C and that paralysis of the hind legs 
occurred dunng the second 4 S-second exposure 
Similar experiments on frogs (room temperature) 
indicated paralysis upon exposure to ultrasound 
pulses of 0 080 second, delivered at a rate of 
2 O/sec and no paralysis upon exposure to sound 
pulses of 0 010 second delivered at a rate of 20/sec , 
yet the latter procedure produced a higher cord 
temperature than the former 

Characteristic response of isolated frog skin po- 
tential to neurohypophyseal principles and its 
relation to transport of sodium and water 
Frederick A Fuhrman and Hans H Ussing ♦ 
Lab of Zoophysiology, Univ of Copenhagen, 
Denmark, and Dept of Physiology, Stanford Univ 
School of Medicine, Stanford, Calif 
Previous experiments of one of us have mdi- 
cated a close correlation between the potential 
difference and the sodium transport across the 
isolated frog skin The present experiments which 
deal with the effect of neurohypophyseal principles 
on Na transport, water transport and P D across 
the isolated skin of Rana esculenla, bear out very 
clearly the above mentioned relationship The 
apparatus used has been descnbed previously 
(Ussing Acta Physiol Scandinav 17 1, 1949) 
Na influx and outflux were determined with Na“, 
and the water uptake was calculated from the 
radioactivity measurements Commercially pre- 
pared fractions of vasopressor and oxytocic prin- 
ciples, as well as whole powdered posterior lobe of 
the blue whale, markedly mcreased the P D This 
increase in P D varied inversely with initial P D , 
but within wide limits was nearly independent of 
hormone dose Both with and without hormone 
the influx and outflux of Na showed a nearly 
linear increase with increasing P D The influx 
was always higher than the outflux and the net 
Na influx increased with increasing P D After 
addition of the hormones, however, a higher P D 
was obtamed for a given Na influx Thus, after 


hormone addition, more work has to be done to 
transport Na actively against the electrical force 
Increase m net uptake of water from the outside 
solution occurred after addition of the hormones 

Blood flow in transillumined membranes after 
stasis and under pathological and traumatic 
conditions (motion picture) George P Fulton 
AND Robert P Akers (mtroduced by Lbland 
C Wyman) Dept of Biology, Boston Univ , 
Boston, Mass 

Motion picture records were edited to demon- 
strate the characteristics of the circulation m the 
transillummated retrolmgual membrane of the 
frog and the cheek pouch of the hamster under 
pathological and traumatic conditions, and after 
stasis In hamsters with advanced tumors of 
carcmogemc origin, the blood appears thm with 
relatively few erythrocytes, but vast numbers of 
leucocytes apparent even on the walls of the 
artenoles Numerous white cells are also seen m 
hamsters with a staphylococcus mfection In 
both cases erythrocytes are seen at tunes m groups 
separated by plasma and white cells, resemfalmg 
sludged blood However, individual components 
of the group can be separated readily by ma- 
nipulation of the vessel wall with a microprobe 
Pictures taken with reflected light at low power 
(X 54, X 90) suggest sludged blood, but those 
taken with transmitted light at higher power 
(X 200), accompanied by imcroprobmg, indicate 
that the erythrocytes are not agglutmated The 
circulation is shown in animals under severe 
traumatic conditions Erythrocytes are unag- 
glutinated in prolonged stasis as shown by micro- 
probing of vessels packed for several days with 
noncirculating red cells and by the escape of the 
erythrocytes as individual corpuscles from vessels 
severed with a microknife Platelet accumulation 
18 shown following release from venous occlusion 
in the cheek pouch Groups of platelets break off 
continuously from the accumulating mass and 
circulate Additional platelets adhere at the same 
point In larger vessels, blood flow forms complex 
channels through the adherent mass of platelets 

Food deprivation and sexual reflexes W Horsley 
Gantt Pavloman Lab , Phipps Clinic, Johns 
Hopkins Vniv , Baltimore, Md 
Sexual conditional reflexes (crs) were formed m 
3 male dogs (Poco, age 7, Chester, 4, Choptank, 

4) These Chesapeake Bay dogs formed sexual 
crs quickly (to stimulation of the external geni- 
talia) and retained them for at least 7 months 
without remforcement All male dogs do not form 
overt sexual reflexes under laboratory conditions 
In some dogs where there is no motor sexual cr 
(erection), a cardiac component gives evidence 
of sexual cr formation (Robinson and Gantt 
Bull Johns Hopkins Hospital 80 231, 1947) The 
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Synergism of thromboplastin extracts from brain 
and lung Cliffoed F Gehber* and Ernest W 
Blanchard Research Labs , Schieffelin and Co , 
New Yorh City 

When saline extracts of brain and lung are 
combined the resulting mixture exhibits greater 
thromboplastic potency than either of the original 
extracts The same synergism is obtained if a 
salme extract is prepared from a mixture of the 
two tissues Identical potencies are obtained in 
all proportions of the tissues, from 70% bram 
plus 30% lung to 30% brain plus 70% lung The 
synergism was given by bram and lung mixture 
from the several species used and by dried tissues 
as well as fresh There are time and temperature 
factors for the full development of the synergism 
indicating that a definite interaction occurs Ex- 
tracts of the two tissues were made separately 
Each extract was then subjected to ether extrac- 
tion The ethereal solutions were added to the het- 
erologus tissue extract The lung sahne extract plus 
brain ethereal solution showed almost complete 
restoration of activity The brain saline extract 
was unaffected by the addition of lung ethereal 
solution This expenment indicated that neither 
tissue IS a complete thromboplastin and that 
excess lipoid is supplied by the bram extract to 
the lung ex-tract 

Further observations on metabolic fate of chlor- 
amphenicol (Chloromycetin) Anthony J 
Glazko, Wesley A Dill* and Loretta M 
Wou * Research Laboratories, Parke, Davis and 
Company, Detroit, Michigan 
Earlier reports from this laboratory have shown 
that chloramphenicol is converted in the body 
to a microbiologically inactive monoglucuronide 
derivative which is excreted in the urme and bile 
along with small amounts of unchanged chloram- 
phenicol Further studies have been made on the 
metabolic fate of this glucuronide in the rat, using 
material isolated from human urine Studies with 
isolated intestinal loops in the rats mdicate that 
the glucuronide as such is poorly absorbed from 
the intestinal tract Parenteral administration 
results m the appearance of chloramphenicol ns 
well as inactive nitro compounds in the unne, 
probably due to enzymatic hydrolysis of the con- 
jugate m the tissues prior to absorption Sinular 
activation has alread}’^ been demonstrated m intro 
with d-glucuronidase Antibiotic activity is also 
found in the caecum and large intestine of the rat 
after adrmnistration of the glucuronide deriva- 
tive, due to the hydrclj-tic action of bacterial 
enzj-mes A portion of the liberated chlorampheni- 
col IS then reabsorbed This process may con- 
tribute to the maintenance of effective antibiotic 
levels m the blood and tissues, providing a cjmlic 
mechanism for return of a portion of the metab- 


olized drug to the body in an active form In 
addition to the activation process, large quantities 
of aromatic amines are produced by bactenal 
reduction of the nitro group in the intestinal tract 
of lower animals 

The effect of clothing on the physiological ad- 
justments of human beings to sudden change in 
environment N Glickman, T Inouye,* R W 
Ejeeton S E Telser*andM K Fahnestock* 
Dept of Medicine, Univ of III College of Medi- 
cine, Chicago, and Dept of Mechanical Engineer- 
ing, Untv of III , Urbana 
Physiological adjustments to sudden changes 
m ambient environment of 7 subjects weanng 
standard summer weight clothing (SCI) iiere 
compared with those of 10 subjects weanng a 90% 
cotton full length union suit (US) Exposure for 
one hour in the comfortable room (CRl) at 24 4°C 
with water VP of 9 2 and 24 4 kilodynes/cm^ was 
followed by one or two hours in the hot room (HR) 
at 37°C with water VP of 41 1 kilodynes/cm*, then 
re-entry into the comfortable room (CR2) for one 
hour All data were analyzed statistically The 
SCI with its several layers of matenal compared 
with the single layered US effected only slight 
differences m the physiological adjustments of 
the subjects, these occurred pnmanly during the 
first 10 minutes of exposure to the changes m 
environment The buffenng effect of clothmg was 
evident on entering the HR and on re-entering 
CR2, upon entering the HR the MT, and pulse 
rate increased less for the SCI group than for the 
US group and decreased less upon re-entenng 
CR2 Subsequent changes in these and other fac- 
tors vere sinular for both groups, except that dur- 
ing the second hour in the HR the MT, and Ts 
increased more for the SCI group Greater differ- 
ences of ambient temperature undoubtedly would 
have shown the effect of clothing more clearly 
Evaporative weight loss, thermal sensations, 
clothing temperatures (MTci), gradients between 
MT, and MTci, and the rapidity and magnitude 
of certain adjustments are discussed 

Osmotic behavior of isolated nuclei Lester Gold- 
stein AND Clifford V Harding (introduced 
by L V Heilbrunn) Dept of Zoology, Untv 
of Pennsylvania, Philadelphia 
Nuclei from the oocytes of the frog, Rana 
pipiens, were isolated by hand, and the osmotic 
behavior of these large nuclei was then studied by 
following the volume changes after immersion in 
various solutions Nuclei from full-grown oocides 
and from small, unpigmented oocytes were com- 
pared The nuclei from oScytes of both stages were 
found to be freely permeable to salts and sugars, 
sinular results with the large nuclei have recently 
been reported by Callan The rates of penetration 
of Ca-free frog Ringer’s solution and 1 5 molal 



March 1950 


AMERICAN PIIYSIOl.OCICAL SOCIETY 


49 


sucrose solution across the mcmhrnncs of the 
jouuRor (smaller) nuclei were found to be greater 
than across the membranes of the older (larger) 
nuclei Egg albumin, however, did not penetrate 
the membrane and it was found possible to obtain 
an isotonic solution We can therefore determine 
the colloid osmotic pressure of the nucleoplasm nt 
the two different stages of oocatc development 
Results indicate that the colloid osmotic pressure 
of the nucleoplasm within the smaller oocates is 
sigiiificantlj greater than in the larger oocates 
In comparing nuclei of small and large oocvtcs, 
the obscra^cd difTercncc in rates of penetration of 
salt and sugar solutions is probabla due, nt least 
in part, to this difference in colloid osmotic pres- 
sure, and it may also be due in part to permeability 
diflcrenccs This latter possibility is now being 
ina’cstigated 

Myocardial glucose, lactate and pyruaate metab- 
olism of normal and failing hearts studied by 
coronary venous catheterization In man Wait- 
TER T Goodhue, Robert E Olson* and 
Donald B Hacked* Peter Bent Brtgham Hospi- 
tal, Dept of Mcdictnc, Harcard Med School, and 
Dept of Nvlnlton, Harvard School of Public 
Health, Boston, Mass 

Studies on 9 subjects revealed significant differ- 
ences between artenal and coronary venous blood 
concentrations of glu cose, lact jite a nd pyruvate, 
refle cting, e x trac^ on and presu mpHve u ti lf^ ion 
of these metabolites by the mjmcardium In terms 
of coronary arteriovenous difference, extraction 
of each metabolite was related directly to its own 
arterial level The slopes obtained by plotting 
extraction against artenal level for each metab- 
olite compared closely with those obtained in 
intact dogs by similar techniques, except that 
glucose values in man showed much less scatter 
At average non-fasting artenal glucose, lactate 
and pyruvate levels of 103, 7 5 and 1 3 mg % 
respectively, the average coronarj'' artelaovenous 
differences were 10 7, 2 7 and 0 4 mg % respec- 
tively Oxi dation of this q uftptit.y of Hiihst.rAtp 
could account for 90-100% of the simultaneous 
oxjgen extraction At low fasting artenal levels, 
glucose, lactate and pyruvate extractions were 
small, suggesting a dependance of the myocardium 
upon other substrates duri ng fasting Three pa- 
tients with multivalvular dTseaiein congestive 
failure with low cardiac outputs, showed low 
coronary' venous oxy'gen saturations of 10, 17 
and 18% (normal 29-38%, 7 coses) My ocardial 
gl ucose, lactate and pyruvate utilization w as 
normal, indicating a maintenance of a normal 
aerobic oxidation pattern Related studies on 
similar cases wuth Bing et al showed that left 
ventricular blood flow /lOO gm of my ocardium was 
normal or slightly increased, with increased total 
flow bv virtue of cardiac hypertrophy Thus there 


ajipcars to be no defect in oxidative energy produc- 
tion, but rather a failure to convert this energy to 
effective mechanical work 

Changes in muscle phosphorylasc and hexokinase 
nctnilics produced by inanition in the rat E S 
Goranson, Nanci M Danoff and Elizabeth 
F PuRDiF (introduced by E A Sellers) 
Dept of Physiology, University of Toronto, To- 
ronto, Canada 

It has previously been reported that the muscle 
phosphorylnse activity' of rats increased after a 
short period of starvation and that this increase 
was reversed by rcfceding (K Lundbaek and 
E S Goranson Ac(a physiol Scandtnav 17 280, 
1949) More recent studies show a reversal of this 
increase in phosphorylasc activity on refeeding 
with carbohydrate but not on refeeding wuth an 
isocalonc fat diet after a period of inanition A 
reversal of activity was also observed one hour 
after the simultaneous administration of glucose 
and insulin but not after the injection of insulin 
alone Glucose per se, one hour after its injection 
into fasted rats, had a variable effect in reversing 
the activity' of the enzyme While an increase in 
muscle phosphorylnse activity w as observed after 
a period of inanition, starvation produced a 
significant lowering in muscle hexokinase activity 
The possible significance of these changes will be 
discussed 

The adrenal gland and hemopoiesis m the rat 
Albert S Gordon and Sam J Piliero * Dept 
of Biology, TFas/irngton Square College of Arts 
and Science, New York Univ , New York City 
Female rats (140-170 gm ) were adrenalec- 
tomized and maintained on 1% saline given as 
drinking water Hematologic determinations were 
made at 7-10 day intervals Reductions in red 
cell numbers and hemoglobin values occurred 
wuthin a few days and became maximal at about 
3 weeks This was followed by a gradual return of 
the red ceU and hemoglobin values to almost 
normal levels by approximately 60 days Reticulo- 
cyrtosis and decreased red cell fragilities accom- 
panied the anemia Sedimentation rates mcreased 
slightly and total and differential white cell counts 
were unaffected by adrenalectomy The vanous 
hemic alterations induced by adrenal removal 
could be prevented by administration of adrenal 
cortical extracts To evaluate further the role of 
the adrenal in blood formation, adrenalectomized 
and control rats were subjected to the stress of 
lowered barometric pressures (311 mm Hg) for 
periods up to 21 days Adrenal removal did not 
impair the ability' of the rat to respond with 
increased red cell, hemoglobin and reticulocyte 
values to this stimulus Bone marrow myelograms 
of the pressure-exposed adrenalectomized rats 
were no different from those of the controls 
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Following a 3-week rest period, however, greater 
numbers of granulocytes and decreases in the 
numbers of nucleated erythroid cells with a 
resultmg lowered erythroid-myeloid cell ratio 
became apparent in the marrows of the adrenalec- 
tomized rats It is concluded that although 
adrenalectomy in the rat results in alterations in 
the red cell production and/or destructive mecha- 
nisms, the adrenal is not essential for the response 
to the erythropoietic stress imposed by lowered 
barometric pressures 

Pyrogen fever in rabbits effects of adrenalectomy 
and thyroidectomy Ronalb Ghant, J Dohotht 
Hiesch and Bahbara B Hiksch (introduced by 
Fhank W Weymouth) Dept of Physiology, 
Stanford Untv , Caltf 

Effects of pnor adrenalectomy and thyroidec- 
tomy on changes in rectal temperature (RT), ear 
temperature (ET), respiratory rate (RR) and 
oxygen consumption (OC) following i v injection 
of pyrogens, have been determined Normal fever 
includes two phases of rising RT associated with 
lowered ET and RR An interpolated phase of 
stable or declming RT is associated with increased 
ET and RR The first nse in RT is aided by a 
bnef increase m OC not usually due to shivermg 
Adrenalectomy (accessories not removed, ani- 
mals kept on DCA) had no marked effect on any 
of the changes listed, but shivenng seemed to 
participate more in increasing OC At room 
temperature (22°) thyroidectomized animals are 
hypothermic, the initial nse in RT is normal, but 
the secondary rise absent Shivering is marked and 
stimulation of OC prolonged ET and RR are low 
initially and show no marked changes Thyroxine 
medication largely restores the normal responses 
At 36° heat defense mechanisms are active, pyro- 
gen causes normal changes in ET and RR and a 
weak biphasic fever No shivenng occurs Most of 
the differences after thyroidectomy can be at- 
tributed to the low metabolic rate It is concluded 
that neither adrenal nor thyroid secretions are 
essential intermedianes in fever but that absence 
of either gland causes increased participation of 
shivenng In thyroidectomized animals this is 
attributed to hypothermia In adrenalectomized 
animals it may be due to removal of inhibition 
normally exerted by epinephrine 

Influence of carotid body removal upon the poly- 
cythemic response to discontinuous anoxia 
Wilson C Grant Dept of Physiology, Columbia 
Umv College of Physicians and Surgeons, New 
York City 

Carotid bodies were destroyed and/or aortic 
nerves sectioned with the nght vagus in rabbits 
Chemoreceptor removal n as demonstrated by 
lack of NaCN response, marked depression of 
artenal O 2 saturation and PO 2 , and absence of 


hyperpnea when exposed to low O 2 mixtures Loss 
of the carotid bodies was verified histologically 
The carotid bodies were responsible for the great 
bulk of chemoreceptor activity in the imanes- 
thetized rabbits smce their removal alone abol- 
ished the NaCN response The artenal O 2 satura- 
tion of an animal with unilateral carotid removal 
breathing low O: was halfway between that of the 
normal and bilaterally operated No lasting hyper- 
tension was observed Anoxia was produced in a 
chamber mamtamed at 400 mm Hg (16,500 ft ) 
for approximately 6 hours/day, 6 days/week 
The average cumulative exposure was 150 hours 
The denervated animal was accompanied in the 
chamber by a ‘dummy operated’ control Three 
animals with carotid body and aortic nerve re- 
moval, as well as 5 with only carotid body removal, 
showed polycythemia The hematocnt value rose 
39 to 72 %, O 2 capacity 23 to 36%, R B C 23 to 62 
% above pre-anoxic control levels and the reticulo- 
cyte peak was 4 to 12 % Control values were 
re-established in about 40 days after removal from 
chamber Values m the normal animals varied 
from zero to 10 % above control levels with no 
appreciable reticulocytosis Incomplete carotid 
removal usually resulted in intermediate blood 
changes Because of the lack of hyperpnea, a 
severe anoxic anoxia was produced without the 
acapnia present in normal animals Preliminary 
investigation of the influence of carotid body 
removal upon the erythropoiesis following hemor- 
rhage or cobalt administration yielded results 
similar to those from normal animals 

Observations on in vivo inaction of testosterone 
propionate by liver of white rat John T Gbat- 
HACK* AND W W Scott James Buchanan 
Brady Urological Inst , Johns Hopkins Hospital, 
Baltimore, Md 

A study IS being made of the effects of various 
manipulations such as starvation, dietary defi- 
ciency, carbon tetrachloride poisoning and hypo- 
physectomy on the ability of the liver of the cas- 
trate adult male rat to inactivate testosterone 
propionate The animals were castrate for a period 
of at least 3 weeks before 10 mg pellets of testos 
terone propionate were implanted subcutane- 
ously and intrasplenically They were then sub- 
jected to the manipulations outlmed above to 
test the testosterone propionate inactivating 
power of the liver under these conditions The size 
of the prostate was used as an indicator of andro- 
genic activity in the general circulation Our 
results thus far indicate that the mechanism by 
which the liver inactivates testosterone propionate 
persists even in the face of apparently severe 
damage to this organ , this is contrary to the effec 
of liver damage on inactivation of estrogen by t e 
liver 
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Simullnncous sludjcs of heart and kidnc> func- 
tions m human subjects D M Gun n, A D 
JonNSOM*, W C Bmnoi s,* .1 II Li hmann* 
AND F Guai • Dept of Mcdicnic, Utnv of WoMi- 
inglon School of jlffdicinc, Srottfe, IFnsh 
Combined cardiac and renal functional measure- 
ments were made on Cl patients The functions 
measured included cardiac output, mean blood 
pressure, glomerular filtration rate, renal plasma 
flow and evtracellular fluid volume The subjects 
were so selected ns to present an extensive range of 
values for the functions studied Little correlation 
was demonstrated between cardiac output and 
the other functions measured Wide differences in 
filtration rate, plasma flow and extracellular fluid 
volume were observed among patients whose 
outputs were approximately equal Renal plasma 
flow was found related to glomerular filtration 
rate Both functions were inversely related to 
systemic blood pressure When the eflect of renal 
plasma differences was held constant by the 
partial correlation technique, the relation of fil- 
tration rate to blood pressure became nonsigni- 
ficant Extracellular fluid volume did not correlate 
well with any of the other functions measured 

Constancy of responses to Intra-arterial injections 
of mecholyl in isolated blood-perfused extrem- 
ity source and influence of constrictor sub- 
stances produced by blood donor animal Har- 
old D Green, J Maxwell Little, Lewis 
T Franklin* and Howard H Wayne* Depl 
of Phyetology and Pharmacology, Bowman Gray 
School of Medicine of Wake Foresl College, IFins- 
ton-Salem, N C 

The blood flow responses to intraferaoral artery 
injections of mecholyl in a dog’s hindleg, perfused 
from its aorta vaned with spontaneous fluctua- 
tions of vasomotor tone and perfusion pressure 
(F ederaiion Proc 8 60, 1949) To prevent changes 
of perfusion pressure a constant-pressure pump 
was inserted between the aorta and femoral 
artery In this preparation flow decreased pro- 
gressively from around 10 cc to around 2 cc/100 
gm/mm m about 3 hours mdicatmg marked 
vasoconstriction which was humorally mediated, 
smee it was prevented by neither nerve section 
nor complete amputation with perfusion by blood 
from a separate blood donor dog Splanchnic 
section, adrenalectomy or nephrectomy m the 
blood donor dog had little eflect, pithmg or pro- 
longed spinal ischemia by elevation of the C S F 
pressure caused a momentary further decrease in 
leg flow coineident with the nse in mean arterial 
pressure in the blood donor dog Within about 30 
minutes the blood donor’s mean arterial pressure 
fell to around 40 mm Hg and simultaneously the 
leg flow rose to or above the imtial rate where it 
remained for several hours The initial rate of leg 


flow' also could be restored temporarily by sub- 
stitution of a new blood donor The percentile 
responses to injections of mecholyl varied in- 
versely w ith the control leg flow throughout these 
procedures Since none of the above changes 
could lie accounted for by the recorded altera- 
tions in blood viscosity the progressive reduction 
in control flow and increase m response to mech- 
oljl must be due to a constrictor agent produced 
by the blood donor dog under the control of its 
nervous system in response to some stress induced 
by the perfusion system 

Effect of oral cinchona alkaloids on circulation of 
dogs with experimental renal hypertension 
Inez Greene* and E P Hiatt Physiology 
Dcpl , Uiuv of Norik Carolina School of Medi- 
cine, Chapel Hill 

We have found that oral doses of quinine or 
quinidine have very little effect on the blood pres- 
sure of dogs with renal hypertension, which is m 
marked contrast to the previously reported de- 
pressor effect of these alkaloids on dogs with 
experimental neurogenic hj^pertension Five dogs 
were made hypertensive by the application of 
clamps to both renal arteries according to the 
method of Goldblatt Oral doses (16 mg/kg ) of 
one of the alkaloids were given to each dog several 
times a day for 3 days and the effect on its artenal 
blood pressure and renal hemodynamics was meas- 
ured Blood pressure was recorded optically from 
a needle inserted into a femoral artery Glo- 
merular filtration rate was estimated by the renal 
clearance of creatinine and effective renal plasma 
flow was determined by the clearance of p-ammo- 
hippurate The concentration of the alkaloids m 
the plasma was measured at corresponding inter- 
vals At plasma levels which in normal or neuro- 
genic hypertensive dogs cause marked vasodilata- 
tion, the dogs with renal hypertension showed 
practically no such effect These experiments are 
considered to be additional evidence that the site 
of the vasoddator action of these drugs in this 
concentration range is on the neuromuscular 
junction and not directly on the arteriolar smooth 
muscle The maintenance of blood pressure in 
these dogs with alkaloid concentrations up to 8 
mg/1 also mdicates that cardiac function is not 
markedly depressed 

Parathyroids and vitamin D in mineral stress 
Rot 0 Gheep and Clary J Fischer * Harvard 
School of Denial Medicine, Boston, Mass 
Intact and parathyroidectomized young rats 
received for 4 weeks punfied diets which embraced 
a wide range in calcium phosphate ratios and 
absolute quantities Each mineral combination 
was also fed with no vitamin D to each category of 
ammal In intact and operated animals the blood 
levels of calcium and phosphate showed a marked 
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tendency to reflect the relative concentration of 
these substances in the diet Excursions in blood 
levels we~e, in general, more extreme after para- 
thyroidectomy, indicating a definite but limited 
parathyroid capacity to maintain a mineral home- 
ostasis In parathyroidectomized rats fluctuations 
in blood phosphate produced by diet reciprocally 
altered blood calcium concentration in an op- 
posite direction Conversely, changes in blood 
calcium had little or no effect on phosphate In 
intact rats the magnitude of the blood calcium 
and phosphate-raising effect of vitamin D was 
greatest in imneral deficiencies and least, or 
negligible, in their excess Parathyroidectomized 
rats responded to vitamm D more uniformly, ex- 
cept that with high phosphate intakes the blood 
calcium was actually reduced due to excessive 
elevation of blood phosphate Vitamin D is not 
essential for growth of intact rats given an ade- 
quate calcium phosphate intake and may impair 
growth in mineral imbalances, given to para- 
thyroidectomized rats ivith normal nuneral intake 
growth was greatly improved The skeleton was 
weakened by every dietary mineral deficiency 
High calcium diets produced calculi m the bladder 
and ureters high phosphate diets caused severe 
nephrolithiasis Observations on tetany and bone 
ash will bo reported 

Respiration of cerebral cortex in vivo, in the 
absence of glucose R G Grenell and P W 
Davies Psychiatric Inst , Univ of Maryland 
and Dept of Biophysics, the Johns Hopkins 
Untv , Baltimore, Md 

With the aid of the oxygen electrode, and a 
technique which permits perfusion of a localized 
area of cerebral cortex (through cannulation of a 
pial arteriole), in vivo measurements have been 
made of activity and rate of oxygen consumption 
of the cortex of the Suprasylvian gyrus of the cat, 
in the presence and absence of exogenous carbo- 
hydrate The perfusion fluids used were modified, 
bicarbonate buffered Krebs solutions, equilibrated 
with 5% COj at 38° C Either Knox gelatine or 
crystalline serum albumin was added to maintain 
the normal colloid osmotic pressure, and these 
standard solutions with glucose have showm them- 
selves capable of maintaining the normal pre- 
perfusion metabolic level over periods of as much 
as 2 hours, although they faded to do so when the 
gelatine or albumin were omitted The animals 
were under sodium pentobarbital (Nembutal) 
anesthesia, and the temperature of the exposed 
area of the brain was carefully maintained at 38° 
C The followmg observations have been made 
1) Up to 2 hours (the longest period durmg which 
perfusion has been earned out thus far) in the 
absence of carbohydrate, there has been no drop 
in the rate of the local cortical oxygen consump- 


tion 8) Lack of glucose has thus far shown no 
appreciable effect on the spontaneous electrical 
activity of the cells in the local area 3) That the 
local oxygen consumption and activity can be 
altered has been demonstrated by perfusion with 
vanous concentrations of Nembutal, citrate, po- 
tassium, etc Nembutal in 0 6 nm concentration 
drops the respiration to about 75-80% of normal, 
and at a concentration of 10 mir, the oxygen 
consumption has reached zero The 0 5 mii con- 
centration causes marked depression of the local 
electrocorticogram These experiments w ould indi- 
cate that the brain cells, at least of a local area of 
the cortex, can use something other than carbo- 
hydrate as a substrate 

Interrelationship of cardiac output, blood pres- 
sure, and peripheral resistance during respira- 
tion Atitbvr L Groppbr and Arnold H 
Williams (introduced by John R Smith) 
Hypertension Division, Dept of Internal Medi- 
cine, Washington Univ School of Medicine, St 
Louis, Mo 

It IS well known that cardiac output and blood 
pressure vary during respiration Starr and Fried- 
land (/ Clin Investigation 25 43, 1946) showed 
that ballistocardiographic complexes enlarge dur- 
mg inspiration and diminish with expiration 
They found that the outputs of both the left and 
right hearts varied, the latter to a greater 
degree Right heart output increased and left 
heart output decreased (e g , systemic blood pres- 
sure dropped) during inspiration, and vice versa 
As the size of the BCG complex reflects the sum of 
right and left heart outputs it is probable that the 
variations of output are greater than those which 
the size of the complexes would mdicate In the 
control periods of some recent experiments in 
normotensive patients (Williams, A H and H 
A Schroeder, Proc Am Physiol Soc Sept , 
1949) BCG complexes showed phasic changes of 
26% whilst variations of blood pressure were 
small Even 10% changes of left heart output 
would have produced greater variations of blood 
pressure than those obtained if no compensatory 
adjustments had been made in peripheral resist- 
ance Studies are in progress to demonstrate the 
reciprocal interrelationships of left heart output, 
blood pressure and regional peripheral resistance 
during respiration in normotensive and hyper- 
tensive subjects 

Study of protein fractions of gastric juice obtained 
by electrophoretic separation Allan L Gross- 
BERG,*S A Komarov AND Harrt Shat Samuel 

S Pels Research Inst , Temple Univ School of 
Medicine, Philadelphia, Penna 
Protem material of canine gastric juice secrete 
in response to sham feeding was analyzed electro- 
phoretically Juice was collected di”“ctly into 
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phosphite huffer ;m 6 1, (he fiiml pii never fell 
below GO, thus prcoludint; (he possil)ili(\ of jiulo- 
(hgcs(ion This mitennl wiis (Imhred npuinst 
enter it O'C until snlt free niid (lieu liopliilircd 
Elcctroplioresis of solutions of this iiinlcrinl wns 
performed nccordinp to stniidnrd iiroccdiircs (c K 
Loncswouth, L G Chem Kev 10 323, 1012) 
Upon elect rojihoresis 1 penks rciircscntint; the 
nnjor jinrl of the protein mntenid were con- 
sisteiith obscr\ed One or 2 nddition il less jiromi' 
nent jic iks were also occnsioimlli observed Two 
elcctroiihorcticnlh wclUdcfincd frictions Imviiip; 
elect ro))horc( 1 C mobilities, = — 1 5 X 10'®cinV 
^olt/sec md = —7 0 X 10~‘ cm "^olt/see in 
pii 6 OS phosphstc buffer, r/2 = 01, were obtained, 
but jirobsbh neither represents i chemic d cntit\ 
These fractions contain miicoiiroteins of different 
nature, as indicated b\ lilierition of liexosimiiio 
and uronic acid nfter acid hidrohsis, m ehar- 
actcristicalh different proportions The lowest 
ratio of hexos inline to uronic acid w is obtained in 
the fastest moxiiig protein and was lower than in 
anj of the specimens of sham feeding juice nna- 
hzed without fractionation The highest ratio 
approximated \alues obtained from spontaneous!}' 
secreted alkaline gastric mucus The fractions of 
intermediate mobilitj also had intermediate 
laluos for the relative concentration of hexos- 
aminc and uronic acid All fractions upon acidifi- 
cation exhibited peptic activitx The data are 
interpreted as further evidence for the existence of 
more than one mucoprotein m gastric secretion, as 
reported previousl} (GnossnEnc, Komahov and 
Shat Federation Proc 8 02, 1949) 

Intraarterial pressures before and after aortic 
resection for coarctation in man Robeht F 
GnoiEn,* Hextit Swaa, II* aad Clarence A 
Maaske Depts of Physiology and Phamiacology, 
and of Surgery, Univ of Colorado Med Center, 
Denier 

Simultaneous recordings of the electrocardio- 
gram and intraradial and intraferaoral arterial 
pressures were made by means of resistance tj’pe 
strain gauges in 7 patients with coarctation of the 
aorta A comparative analysis of these records 
indicated that the femoral-to-radial pulse pressure 
ratio and the magnitude of the onset-to-peak 
interval of the femoral pulse wave were the most 
Bigmficant criteria for estabbshmg the existence 
nf a coarctation These same criteria have now 
been emplojed to evaluate the effect of aortic 
resection on the hemodjmamic status of these 
patients The average femoral-to-radial pulse 
pressure ratio prior to surgery was 0 IS When 
again determined an average of 6 weeks post- 
operative!} , the average ratio had been elevated 
to 0 69, a significant alteration toward the normal 
of 1 0 In every case, the onset-to-peak interval 


of the femoral pulse was reduced to within normal 
limits These changes imply a marked improve- 
ment 111 (he vascular dynamics of these patients 

Increased sodium entr} into squid giant axons 
during activity at high frequencies and during 
rcicrsiblc inactivation of cholinesterase Harry 
Grumuist and David Naciimansohn Dept 
of Neurology, Columbia Unw College of Physi- 
cians and Surgeons, New 1 orl City 
Squid giant axons are able to carry 300 impulses/ 
sec for several hours hlaxiinum carrying rate for 
times 11 )) to G minutes lies lietwcen 350 and 400 
iinpulscs/scc Recent association of the spike 
with trinsiciit increased permeance of sodium 
suggests that the higher the rate and duration of 
nerve activit} , the greater should be the entry of 
sodium into tlic n\opInsm In a preliminary senes 
of experiments, individual giant axons were ex- 
posed to continuously flowing artificial seaw'ater 
cont-iiiimg a moiety of while stimulated at 
100, 200 and 300/scc up to 30 minutes Sodium 
entn was calculated from the radioactivity of 
the extruded axoplasm Net entry because of 16 
minutes activit} (subtracting entry into resting 
nerve) doubled (5 mxi/gm to 11 mxi/gm) by in- 
creasing rate of activity from 100 to 300 impulses/ 
sec Under the same conditions 30 minutes activity 
produced net entry 6 4 and 14 6 mxi/gm Axons 
inactivated by DFP or esenne under reversible 
conditions showed still larger net sodium entry in 
15 minutes, approximately 10 and 15 mu/gm 
Present concepts of ion transport across cell 
membranes will be discussed in the light of these 
experiments, and include the possibility that 
cholinesterase is associated xvith 'sodium pump’ 
mechanism, that its combination with acetyl- 
choline or esterase inhibitors may alter the dy- 
namic ionic equilibrium by inactivating this 
mechanism 

Dissolution of fibrin clots in the presence of con- 
centrated purified thrombin M Mason Guest 
AND Arnold G Ware * Dept of Physiology 
and Pharmacology, Wayne Umv College of Medi- 
cine, Detroit, Mieh 

Fibrin clots prepared by the action of thrombin 
on 0 6 % fibrinogen solutions are later completely 
dissolved by the thrombin at 37 6°C The rate of 
solution 18 a linear function of the log of the 
thrombin concentration plotted against the log 
of time Thrombin in a concentration of 9,000 
units/ml produces clotting and dissolution of the 
clot 90 minutes later Antifibnnolysin (antiplas- 
min) has no effect on the rate of breakdown of the 
clot while soybean antitrypsin has only a slight 
retarding effect when present in high concentra- 
tion The clot dissolving property of thrombin is 
destro}ed b} heat at a rate equal to the destruc- 
tion of the clotting activity of the thrombin 
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Relation of the biological activity of progesterone 
to the extent of its conversion to pregnanediol 
H S Guterman Dept of Metabolic and Endo- 
crine Research, Med Research Inst , Michael 
Reese Hospital, Chicago, HI 
The excretion of urinary pregnanediol was 
studied following the administration of progester- 
one to women The results indicate that the con- 
version of progesterone to pregnanediol is in- 
fluenced by the physiological state and more 
specifically by the corpus luteum and/or the 
placenta Pregnanediol amounts to less than 20% 
of the administered progesterone m the non- 
pregnant state in the absence of corpus luteum 
activity (6-19%) and in those pregnancies as- 
sociated with apparent decreased progesterone 
secretion which end m abortion (7-19%) More 
than 26% of the progesterone is converted to 
pregnanediol when the corpus luteum is active in 
the non-pregnant state (26-44%) and when the 
corpus luteum and/or placenta is functional in 
normal pregnancy (28-44%) and pregnancy re- 
tained in spite of symptoms of threatened abor- 
tion and apparent decreased progesterone secre- 
tion (27-60%) From these observations it appears 
that the conversion of progesterone to pregnane- 
diol IS mcreased m the presence of the functioning 
corpus luteum or placenta The enhanced con- 
version pattern m pregnancies which are retamed 
suggests that a metabolic factor is introduced by 
these endocnne structures which may have sig- 
nificance in maintaining the mtegnty of gestation 

Evidence for adrenergic sweating in man Henkt 
Haimovici (introduced by H B Van Dtke) 
Surgical Dtv , Montefiore Hospital, New York 
City 

Dibenanune, an adrenergic-blocking agent, was 
found to inhibit spontaneous sweating in man 
This observation raised the problem of the pres- 
ence of an adrenergic component m the nervous 
mechanism of sweating in man (Haimovici Proc 
Soc Exper Biol d Med 68 40, 1948) In the 
present investigation, the anhidrotic effect of 
Dibenanune was demonstrated by a oolonmetnc 
method in 31 subjects and by the electrical skm 
resistance in 12 subjects The sudomotor response 
to adrenergic drugs was studied by intradermal 
injections Epinephrme (0 1 7 to 0 3 7) induced 
sweatmg in 84 0% of the subjects Its sudomotor 
effect was consistently inhibited by Dibenamme 
Norepinephrine (0 1 7 to 0 37) induced sweatmg m 
74 0% of the subjects, while Isuprel (0 1 7 to 0 3 7) 
provoked no response in 60 8% and delayed posi- 
tive response m 32 1% of the subjects The results 
obtained with norepinephrme and Isuprel suggest 
that sympathm E and the excitatory component 
of epinephrme are responsible for the sudomotor 
ability of the adrenergic systems Intradermal 


mjections of epmephrme and acetylcholine or 
Mecholyl mto the same pomt indicate that the 
secretory activity of the sweat glands is aug- 
mented both by cholinergic and adrenergic stim- 
ulation These agents exert therefore a synergistic 
sudomotor action Since sweatmg in man can be 
elicited by adrenergic agents and mhibited by an 
adrenergic-blocking agent, it is concluded that, 
in addition to the known cholinergic fibers sup- 
plymg the sweat glands, there is also an adrenergic 
component m the nervous mechanism of sweatmg 
m man 

Absolute numbers of circulating eosinophil blood 
cells m dogs starved for three days F Hal- 
BERG,* J R R Bobb and M B Visscher 
Dept of Physiology, Univ of Minnesota, Min- 
neapolis 

Thirty-five unselected dogs, previously de- 
wormed, under standard housmg conditions were 
used simultaneously in this study The week pre- 
ceding each experiment they were mamtamed on 
a diet consisting of J pound meat, multivitamins, 
biscuits and water ad libitum Eosmophils were 
determined m the countmg chamber m blood 
withdrawn from the jugular vein, on the first day 
4 samples from each dog at exactly 4-hour inter- 
vals (6 am till 7pm) and 2 daily on the followmg 
two days (6 to 7 a m and 6 to 7 Pii ) The data 
collected durmg the 60-hr fast — as well as those 
obtained from a second experiment earned out 
2 weeks later on the same dogs, starved for 84 
hours — did not support the concept of a regular 
or considerable eosmopema (exceeding a —30% 
change) in the dogs starving for 60 hours or less 
(the only dog which showed a fall of 86% at the 
count after 60 hours of fasting died the same day 
from an infection) However, the results obtamed 
after 84 hours of fastmg averaged —61% of the 
starting value which under the conditions of our 
experiment may be considered as the time of 
manifestation of starvation eosmopema in the 
dogs mvestigated 

Inactivation of gonadotrophins by liver and liver 
homogenates B Vincent Hall (introduced 
by Austin M Brues) Univ of Illinois, Urbana, 
and Biological Division, Argonne National Lab , 
Chicago, HI 

It IB well known that gonadotrophic hormones 
rapidly disappear or lose their effectiveness after 
release or mjection into an animal To investigate 
the possible role of hver in the inactivation of 
gonadotrophins, implants of anterior lobes of rat 
pitmtanes were made on 4 consecutive days either 
directly beneath the capsule of the spleen, into 
the abdominal cavity or subcutaneously m 72 
immature female rats The ovaries of the animals 
with subcutaneous implants vere distinctly larger 
at 6 days than those receiving intrasplemc or 
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mtrnpcriloncnl iinplnutH The o\nrics of niiinmls 
rcccninp intrn'^plciuc iinplnnln were Icnst. dc- 
\ eloped Incubilioii of rhonome ponndotroplnnfi 
for 1 hour nt 37''C witli fee'll! ri»l Incr liomog- 
emtes resulted lu i Mpmfirant roduetion m 
hormonnl octnitv ns tested h\ inerensc in sire 
of o\nnes nnd uteri of imninlurc rnts lueuhntion 
for 1 hour with hent inuetivntcd Incr homog- 
enates, orwithpnline solutiouR alone, will effect 
somemnetn alion of the chorionic RonadotrojiliiiiB, 
but not to the extent result inp from iiieubnf ion 
with fresh In or homoponntos The results suppest 
that the rapid disappearance of ponadotrophins in 
the organism mai bclnrpeh iluctoiiiact nation in 
the Incr 

Pattern of gas expulsion from human lungs during 
rapid decompression F G IIaii, Dcpl of 
Physiologu ond Pharmacology, Dale Univ School 
of jUcdicinc, Durham, X C 
The pattern of pas expulsion from the lungs of 
eaeh of G medical students subjected to rapid 
decompression from 22’> mm Ilg pressure to 5G5 
nun Hg in an allitiidc chamber was recorded by 
an optical manometer From the rheopneumo- 
grams thus obtained the aelocitics and volumes of 
gases expelled were determined for various rates 
of decompression Results of these determina- 
tions arc compared n ith the residual and reserve 
air determinations for the same individuals 

Mechanism of magnesium hypothermia in the 
rabbit V E Hall anu F A Ellis * Dept of 
Physiology, Stanford Umv School of Medicine, 
Stanford, Calif 

A dose of 2 6 mM/kg of magnesium chloride 
given intraperitoneally to unanesthetized rabbits 
at an environmental temperature of 28°C caused 
a body temperature fall of 0 32°C Since the Oj 
consumption -was not signiGcantly altered, the 
reduction in body temperature was attributable 
not to a reduction m heat production, but to 
increased heat loss by means of the polypnea and 
cutaneous vasodilatation, which have been found 
under these conditions by Heagy and Burton and 
by ourselves The same dose given at an environ- 
mental temperature of O'C caused a body tem- 
perature fall of 1 62°C The O 2 consumption, which 
before injection was approximately double that 
at 28°C , was reduced following MgCIj administra- 
tion by 29 9% (average of 10 experiments) Since 
we have shown that m cold environments MgClj 
does not cause either polypnea or cutaneous 
vasodilatation, the fall m body temperature under 
these conditions appears to be due largely to a 
reduction in heat production, attributable to an 
interference with the nervous mechanism of de- 
fense against cold The significance of these find- 
ings relative to the effect of magnesium salts on 
temperature regulation will be discussed 


Complclc indnidunlily of canine blood as the 
source of nn urticaria-producing factor Angie 
S Hamilton and Beut Monnow (introduced 
b> .1 E Rhoads) Harrison Dcpl of Surgical 
Research, Umv of Pennsylvania Schools of Medi- 
cine, Philadelphia 

III the absence of crjlhrocjte incompatibility 
(Hamilton Am f Physiol 151 525, 1948) and/or 
iion-sjiccific factors (c g particulate matter or 
coagulant factors), tlic reaction to the mdividual- 
itj factor (IF) (Fheemav, N E , and A E 
SciiicTin Science 9G 30, 1911) contained in 
heparinized or citrated plasma and scrum is 
manifested lij urticaria in infused recipients and 
b\ stniiiiiig of a bleb following intrndcrmal injec- 
tion HI the jircscncc of circulating dj’C (T-1824) 
Auto-scrum fails to produce these pbenomena in 
normal or lijpcrsciisitivc dogs \ skin nssa} test 
for qualitative and semi-quantitative determina- 
tion of the amount of IF contained in heparinized 
plasma or serum has been perfected The test re- 
quires circulating dje, otherwise onl}' hyper- 
sensitive dogs or so-called 'allergic’ humans show 
qualitative difTercnccs in response to auto- and 
ISO sera Methods of handling blood affect the 
responses to iso sera The content of IF is mini- 
mized by immediate separation of plasma from 
cellular elements at 4®C It is increased by short 
contact with cellular elements tn intro at 
Heparinized plasma gives stronger reactions than 
citrated plasma Pooling is ineffectual The IF is 
thermolabile, being significantly decreased by 
heating at G2‘’C for 30 mmutes Stress conditions 
in recipients and in donors have been studied 
Recipient response to iso-sera is decreased by 
anesthesia and by severe illnesses Moderate to 
severe blood loss immediately precedmg blood 
sampling markedly decreased the responses of 
other dogs to the serum of the bled donor 

Relation between the size of the heart and the 
stroke index W F Hamilton Dept of Phys- 
iology, Umv of Georgia School of Medicine, 
Avgusta 

In a senes of dogs the heart size was calculated 
from the x-ray shadow and the stroke index was 
derived from the pulse contour These two vari- 
ables were compared dunng hemorrhage, epineph- 
rine infusion, and durmg the action of acetyl- 
choline, histamine, and other drugs Balloons on 
catheters were passed down the vena cava to 
various sites and inflated This procedure cut off 
various fractions of the venous return and tended 
to diminish the heart size and stroke volume 
Increase m aortic pressure tends to decrease stroke 
volume and to increase heart size whereas in- 
crease in venous pressure and diastolic time tend 
to increase both stroke volume and heart sire 
Data are being accumulated wath it in mind <0 
work out interrelationships among these factors 
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Comparative toncity of chloral hydrate and chloral 
alcoholate Phillip V Hammond,* Donald E 
Stullken* and William A Hibbtand Lab of 
Animal Physiology , Dept of Biological Sciences, 
Purdue Univ , Lafayette, Ind 
According to popular belief the mixing of chloral 
hydrate with an alcoholic beverage results in the 
formation of chloral alcoholate, a product sup- 
posedly having greater hypnotic properties than 
the hydrate, the mixture bemg known as a ‘Mickey 
Finn ’ A comparative study of the toxicities of 
the two compounds was undertaken by deter- 
mining their ldr) Wistar rats and mice of the 
Hygienic and Swiss strains were used, the former 
being injected intrapentoneally, the latter sub- 
cutaneously with varying amounts of 4% solu- 
tions In all experiments a total of 161 mice and 
123 rats was used ldbo was calculated by Wright’s 
method All surviving animals were discarded 
In terms of gm/kg dosage in both species the 
toxicity of chloral hydrate proved greater than 
that of the alcoholate The ldbo of chloral hydrate 
intrapentoneally in rats was 0 628 gm/kg , of 
chloral alcoholate 0 756 gm/kg The ldbo of chloral 
hydrate subcutaneously m mice was 0 909 gm/kg , 
of chloral alcoholate 0 946 gm/kg These results 
agree m prmciple with those of Adams who used 
intragastric administration (Adams, W L J 
Pharmacol 78 340, 1943 ) 

Reaction to pain as determined by galvanic skin 
response James D Habdt and Manuel 
Fuker * Depts of Physiology and Medicine, 
Cornell Umv Med College, New York City 
A study of the galvanic skin response as a 
reaction to graded standard pain intensities w^as 
carried out on 4 normal subjects Pams were 
induced by intense thermal radiation and graded 
from threshold to 8 dole, in steps of 2 dole The 
galvamc skin response was measured wnth chloro- 
dized sdver electrodes attached to the palmar 
surface of the index and middle fingers Three 
series of experiments were performed 1) the sub- 
jects, in a relaxed state, were exposed daily over a 
6-month period to pains presented in a fixed order 
of 0, threshold, 2, 4, 6 and 8 dols The galvanic 
skin response to each pain was recorded S) The 
subjects were similarly studied in hot and cold 
environments 5) Studies were made during and 
^fter events calculated to mduce anxiety The 
followmg observations were made 1) In contrast 
to the uniform accuracy with which the pains were 
perceived, there were marked variations in the 
reaction to the pains S) In the first senes of 
experiments the pains on daily repetition grad- 
ually lost their effectiveness m evoking a reaction 
Several weeks were required for complete adapta- 
tion of the response and the time required for 
adaptation was different for each subject 5) The 
magnitude of the galvanic skin response increased 


m proportion to the intensity of the experimental 
pains 4) In the second senes of studies exposure 
of the subjects to very hot (50°C ) or very cold 
(7°C ) environments reduced or suppressed the 
galvanic skin response S) In the third series of 
experiments situations designed to increase the 
subjects anxiety increased the galvanic skin re- 
sponse to the pains for a few days, but adaptation 
to the new situations was rapid 6) The subjects 
could not predict the degree of their responsive- 
ness to the pains or correlate it with estimates of 
their emotional states 

Phases of ectopic ventricular activity following 
experimental coronary occlusion A Sidney 
Harris Dept of Physiology , Baylor Untv Col- 
lege of Medicine, Houston, Texas 
Ligation of the anterior descending coronary 
artery of the dog produces ventricular ectopic 
activity in phases related to time elapsed smce 
occlusion The first phase begins about 2 nunutes 
and ends about 10 minutes after occlusion This 
18 a period of increasing frequency of idioventricu- 
lar complexes and danger of early ventricular 
fibrillation This phase can be eliminated by two- 
stage occlusion The second phase follows and 
lasts about 4J to 8 hours It is characterized by 
absence or low frequency (0-5 per minute) of 
ectopic beats, with exceptions related to the 
anesthetic Following hgation under pentothal 
sodium, ectopic frequencies up to 60 per minute 
have appeared 2J to 4^ hours after occlusion 
Following pentobarbital sodium significant ec- 
topic frequencies have appeared 3i to 4J hours 
after occlusion Following ether no animal out of 
4 operated has exhibited increased ectopic fre- 
quencies earlier than 4 hours after occlusion and 
only one earlier than 4i hours Following mor- 
phine-barbital sodium occlusions and following 
pentobarbital sodium occlusions combined with 
upper thoracic sympathectomy no increased ec- 
topic activity has occurred during the first 4} 
hours Second phase ectopic impulses are sup- 
pressed by barbiturate administered after they 
develop The third phase develops most intense 
ectopic ventricular activity Following its onset 
4§ to 8 hours after occlusion the ectopic frequency 
increases rapidly'^ to high levels This activity 
follows occlusions under all anesthetics and after 
upper thoracic sympathectomy It can develop 
soon after the administration of barbiturate, and 
persists if barbiturate is given after they develop 

Suppression of ventricular ectopic impulses ac- 
companying acute myocardial infarction by di- 
phenylhydantoln sodium and barbiturates A^ 
Sidney Harris and Robert H Kokbrnot 
Dept of Physiology, Baylor Univ College of 
Medicine, Houston, Texas 

Experimental occlusion of the anterior descend- 
mg artery of the dog’s heart produces ectopic 
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\cutnculnr Inolncnrdi I iflor i lalciir^ of l^toS 
hourh Tins coincuii's wit h t he durat uni of isi henna 
required to produce histoloniral siciis of iiccrosiH 
There IS CMdenee th it eetoine inqnilhes orium ite 
III the hound ir\ of the iiifaret It is jiroli ilde that 
sonic product of necrosis letiiiR within tlie luper- 
c\cit ihlc hoiiiidarv e iiises the diseh irges In 
focal einlepsi tlic soirures ire initiated 1)\ ncr\o 
cell dischart'cs nrisinn in the l)oundar\ of the 
brain lesion, and excised einleptoccnic tissues ire 
found to eont iin ircas of leute necrosis Ilccausc 
of these apparent snml intics, driiRS that prexent 
focal seizures ire heiiip tried is possible sii])))rcs 
sors of xentriculir ectopic rh\ thins Di- 
plicnx Iln dantoin sodium (dilantni) uncn to 
unaiicsthctizcd dops with ectojiic vcntneuhir 
taclncardin at its iiiaxim il intensitx causes cessa- 
tion of ectopic beats for a \ an iblc period and 
greatlx diminishes ectoinc frcquciicx inanx hours 
if 200 mg/kg is gixen in divided doses within T or 
4 hours Later, with less intense ectopic drixe 
smaller amounts sufhcc In some animals clTectixc 
doses of dilantin during the intense stage produce 
involuntary muscul ir moxements, but not in all 
Phenobarbital sodium, uji to GO mg/kg , fails to 
control ectopic activity, when intense, but po- 
tentiates dilantin After phenobarbital sodium, 
dilantin, 10 to 25 mg/kg , has produced lasting 
restoration of normal rhjthm Pentobarbital so- 
dium potentiates dilantin also Barbiturates in- 
crease the tOMcitx of dilantin, but the po 
tentiation of ectopic impulse suppression olTacts 
the increased toxicity 

Hypothalamic control of the secretion of adreno- 
corticotropic hormone Geoffrex W Harris 
and J de Groot (introduced by Robert S 
Morison) Physiological Lab , Cambridge, 
England 

In previous work (xxith the collaboration of Dr 
H F Golfer) it has been shown that emotional 
stress in rabbits is followed by a marked drop in 
the absolute number of blood lymphocytes, and 
that this response IS abolished by hypophysectomy 
In order to investigate the pathway between the 
brain and adenohypophysis which underlies this 
lymphopenic response, different regions of the 
hypothalamus and hypophysis have been elec- 
trically stimulated by the remote control method 
m unanesthetized, unrestrained rabbits It was 
found that stimulation of the posterior region of 
the tuber cinereum or mammillary body resulted 
in a lyTuphopenia which was similar in time rela- 
tions and magnitude to that followong an emotional 
stress stimulus Stimulation of other regions of the 
hxqiothalamus or hy pophy^sis did not elicit the 
response The lymphopenic response xxhich fol- 
lowed an emotional stress stimulus in normal 
rabbits was abolished by lesions in the zona tu- 
beralia (2 cases), and, m most cases, abolished or 


(limiiiislicd by transverse lesions in the posterior 
region of (he tuber cinereum or in the mammillary 
bodx .Similar lesions in the jiosterior part of the 
pars (lisInliK, jiars inlermedia, or lesions xvhich 
iiilorrupl the infuiidibnlnr stem, were compatible 
xxilli normal responses Tlit conclusion is draxxn 
Ill'll 'interior jiiluitiiry' secretion of the adreno- 
lorlicotrojiie hormone is under neural control via 
the hx pothnhimiis and the hvpophysinl portal 
vessels 

Secretion of fat factor of the adrenal Frank A 
IIartxixn AM) T Y Liu* Ohio Slate Umv , 
Columbus 

Blood from the left adrenal of heparinized 
iicmbiitabzcd dogs was assayed for the fat factor 
Blood removed x\as replaced by blood from a 
sccoikI dog The hormone xxas extracted from 
the j)l isinii by means of ethydcnc chloride It was 
assayed on idrcnalectomizcd starved mice Six 
of 14 dogs secreted X'ory little fat factor In the 
dogs that xxcrc secreting appreciable amounts of 
the hormone there was no change produced during 
4-C hours of the experiment Injections of ACTH 
xxhich produced marked increase in gluconeogenic 
hormone xxcre ineffective on fat factor secretion 

Inability of dcsoxycorlicosterone acetate to pre- 
sent the sodium excretion produced by mannitol 
diuresis R B Harvet,* D H Simmons,* 
T HOSIIIKO* AND M B ViBSCHER Dept o/ 
Physiology, Umv of Minnesota, Minneapolis 
Recent xxork of Pitts and others suggests that 
humoral mechanisms may play a role in the in- 
creased rate of sodium excretion occurrmg durmg 
mannitol diuresis In our laboratory unanesthe- 
tized dogs xvere subjected to osmotic diuresis 
xvith 1 32 molar mannitol given intravenously at 
the rate of 0 2 cc/lb/min after haxong been on 
salt-poor (rice) diets for one to two weeks Under 
similar conditions, but with administration of 
1 mg/lb/day of desoxycorticosterone acetate 
(DCA) m sesame oil subcutaneously for 6 to 8 
days previously , the experiments were repeated on 
the same animals Determinations were made of 
unne and serum sodium concentrations, rate of 
urine flow, urine and serum total osmotic pres- 
sures (Hill-Baldes vapor tension method), and 
creatinine clearances before and after the injection 
of mannitol It was found that the injection of 
mannitol increased the rate of sodium excretion, 
either m terms of moles/lb/min or as tubular 
rejection fraction of sodium, 50 to 300 times over 
control values It was also observed that urine 
flow was increased up to 50% of glomerular filtra- 
tion rate The plasma sodium level fell an average 
of 17 mmol/liter yet the serum total osmotic 
pressure rose by'’ an amount equivalent to as much 
as 30 mEq of sodium chloride per liter None of 
the variables measured was significantly altered 
after the administration of DCA 
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Radiophosphorus in mosquitoes C C Hassett 
(introduced by W H Chambers) Medical 
Div , Army Chemical Center, Md 
Data are presented showing paths of absorption 
of P” and its distribution in the tissues of Aedes 
aegypli, as studied by radioautographs and by 
Geiger-tube counting technique 

Mechanism of fibrous pepsin-albumin digestion 
Teeh Hatashi and Geohqe a Edison Dept 
of Zoology, Columbia Univ , New York City 
A mixture of pepsin and albumin buffered at 
pH 4 4 (mixture pn) when placed dropwise on the 
air-water interface of a Langmuir trough buffered 
at pH 4 0 (trough pn) forms a monomolecular film 
at several dynes pressure Compression of the 
film forms a fiber which, when immersed in HCl 
at pH 1 6, undergoes autodigestion No autodi- 
gestion occurs if the pepsin and albumin are placed 
separately on the same air-water interface They 
must be m mixture prior to the formation of the 
film, showing that 1) the autodigestion is due to 
the fibrous pepsin rather than contaminating 
native pepsin and IS) that an interaction between 
pepsm and albumin occurs at the mixture pH of 
4 4, this mteraction being a necessary part of the 
enzymatic action of pepsin Mixture pn’s of 6 0, 

6 0 and 6 6 are found to be progressively less 
effective in promoting autodigestion A mixture 
pH of 7 2 shows no autodigestion The interaction 
between pepsm and albumin may be shown by 
titration with saturated ammonium sulfate The 
precipitate thus formed is measured photomet- 
rically by the amount of non-scattered light at 
420 mu passing through the suspension The results 
show that at mixture pn’s of 4 4, 6 0, 6 0, a complex 
of pepsm and albumin is formed, but that at pH 

7 2, no complex formation occurs It is concluded 
that 1) the autodigestible albumm-pepsm fiber 
IS a stabilized enzyme-substrate complex and S) 
the formation of enzyme-substrate complex is 
dependent on the establishment of linkages, prob- 
ably salt linkages, between the pepsm and 
albumin 

Comparison of hemodynamics in pulmonary and 
systemic circulations in various diseases 
Florence W Haynes and Lewis Dexter * 
Med Clinic, Peter Bent Brigham Hospital, and 
Dept of Medicine, Harvard Med School, Boston, 
Mass 

By means of venous catheterization, pressures 
m the right auricle, right ventricle, pulmonary 
artery (PA), pulmonary ‘capillaries’ (‘PC’) and 
brachial artery have been recorded, as previously 
described, m normals and m patients with pul- 
monary hypertension (HT) A graph of progres- 
sive pressure changes through the lesser circula- 
tion compared with those accepted for the 


systemic circulation emphasizes the following 
points In normals the gradient between mean PA 
and ‘PC’ pressures is 4-10 mm Hg and the ‘PC’ 
pressure approximates the PA diastolic pressure 
In contrast, the artenal-capillary gradient in the 
systemic circulation is many times that m the 
lung In patients with pulmonary HT and normal 
‘PC’ pressure, as m pulmonary vascular disease, 
the PA- ‘PC’ gradient may reach 40 mm Hg and 
the PA diastolic pressure is usually well above 
the ‘PC’ pressure This HT in the pulmonary 
circuit is in some respects analogous to arterial 
HT in the systemic circuit In Eisenmenger’s 
complex the gradient may equal that on the sys- 
temic side In patients with elevated “PC’ pres- 
sure, as in mitral stenosis and left ventricular 
failure, the mean PA pressure is elevated either 
with a normal PA- ‘PC’ gradient or, if the ‘PC’ 
pressure is excessive, with a widened gradient 
This association of PA and ‘PC’ pressure eleva- 
tions has no analogy of comparable degree in the 
systemic circulation Since in none of the cases 
discussed has the pulmonary blood flow been m- 
creased above normal, an increased PA-TC’ 
gradient represents mcreased resistance In sys- 
temic HT without cardiac failure, normal PA 
and ‘PC’ pressures exist 


Characterization of corticosteroids released from 
perfused cow adrenals Oscar Hechter Worces- 
ter Foundation for Experimental Biology, Shrews- 
bury, Mass 

Previously, it was shown that perfused bovine 
adrenals respond to the addition of ACTH by a 
marked increase m the release and biosynthesis 
of corticosteroids (Hechter, Federation Proc 8 
70, 1949) In this study, the corticosteroids se- 
creted by perfused preparations, in the absence 
and presence of ACTH, have been fractionated in 
a manner designed to estimate the number and 
character of the corticosteroids released Adrenal 
perfusate extracts (Hechter et al , Arch Bio- 
chevti , m press) were fractionated by chromatog- 
raphy on silica gel Under standardized conditions, 
the polarity of solvents requisite to elute reference 
steroids was determined by following the formal- 
dehydogenic steroid (F S ) content of successive 
eluates Desoxycorticosterone was removed from 
columns by benzene-ether mixtures (1 1—1 2), 
but not by benzene, whereas corticosterone was 
eluted by ether-ethyl acetate mixtures (1 1), but 
insignificantly by ether In adrenal perfusates, 
wherein ACTH was not employed, two peaks of 
F S were observed in the benzene-ether eluate 
range From color tests, it appears that one of 
these peaks may represent desoxycorticosterone 
There is no or only a slight peak of F S m the 
ethyl acetate eluate range in such perfusates In 
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preparations where VCTH was employed, in addi- 
tion to the peaks previously described there was, 
111 2 or 3 experiments, the appearance of a new 
high peak of F S in the fractions eluted by ethyl 
acetate ether mixtures This material released 
by \CTH has m one case been crystallized and 
appears to bo 17-(a-)-hydroxy corticosterone, as 
evaluated by mixed melting points and appro- 
priate color tests 

Studies on biological and photochemical action of 
ultraviolet radiation at low temperatures F 
Heinmets and W W Tatloh (introduced by' 
Orr E IIetnolds) Depts of Biophysics and 
Bacteriology, Naml Med Field Research Tjab , 
Camp Lcjcunc, N C 

There is a large number of studies concerning 
the fundamental mechanism of the action of the 
ultraviolet radiation on biological materials and 
chemical substances For the liquid medium, it is 
difScult to differentiate between the primary and 
the secondary processes during the irradiation 
This paper deals with studies of ultraviolet radia- 
tion on B action Coh bacteria in the frozen state 
The rate of inactivation depending on various ex- 
perimental parameters has been determined The 
photo reactivation of bacteria, which had been 
subjected to ultraviolet irradiation at low tem- 
perature, has also been studied Various factors, 
such as temperatures, storing time after irradia- 
tion, etc influencing the photo reactivation rate, 
have been investigated At the same time, the 
photo-chemical decomposition of the tyrosine 
and alcohol soluble protein Zein has been investi- 
gated As a decomposition measure, the changes of 
the absorption charnctenstics of the solution 
Under study, have been used There is evidence, 
that in the frozen state, the secondary chemical 
reactions are mhibited This is revealed in the 
changes m the absorption characteristics of pro- 
tem or ammo acid solution, when compared with 
the experiments in the liquid phase An attempt 
Wall be made to compare the photo-decomposition 
data with the biological inactivation results 

Vacuum Spark discharge with Iiquid-jet electrode 
as a radiation energy source for photochemical 
reactions and biological inactivations F Hein- 
mets AND W W Tatdor (introduced by Orr E 
Reynolds) Depts of Biophysics and Bacteri- 
ology, Naval Med Field Research hob , Camp 
Lejeune, N C 

The Vacuum Spark has been used m the field 
of spectroscopy as a source of high energy photons 
An experimental arrangement for studies of photo- 
chemical reactions and biological inactivations, 
by the vacuum spark discharge with one liquid-jet 
electrode, is described and the general instru- 
mental set-up presented The decomposition of 


ty rosinc solution is used to demonstrate the photo- 
chemical action of the vacuum spark discharge 
The influence of various experimental factors, 
such ns gas pressure, electrode potential, velocity 
of jet flow , etc on the rate of tyrosine decomposi- 
tion has been studied, and experimental data will 
bo presented The action of the vacuum discharge 
spark on various bacteria has been studied, and 
m certain experimental conditions, complete in- 
activation of the bacteria was obtained Further, 
the influence of various experimental parameters 
on the inactivation rate of bactena will be dis- 
cussed Experimental results of the bacterial 
inactivation and the photochemical decomposition 
of tyrosine will be compared and analyzed Fur- 
thermore, the vacuum spark discharge and ultra- 
violet irradiation action on tyrosine solution have 
been studied on a comparative basis, and the 
resulting cliangcs in the ultraviolet absorption 
characteristic analy'zed for both cases 

J 

A quantitative method for measuring pulmonary 
edema in the extirpated lungs of guinea pigs 
Allan Hemingwav Dept of Physiology, Umv 
of Minnesota, Minneapolis 
The present methods now used in determming 
pulmonary edema usually consists of a gross ex- 
amination of the extirpated lung and a visual 
inspection to determine qualitatively the presence 
of congested areas, petechia, fluid in the bronchi, 
the texture of the lung and its general color The 
sole quantitative determination has consisted of a 
measurement of the lung weight In order to obtain 
more quantitative information on determining 
the degree of pulmonary edema investigations 
have been made on chenucal analytical methods 
for determination of those changes which have 
occurred as a result of the edema A method has 
been devised w’hereby guinea pig lung is divided 
into four fractions 1) insoluble protein nitrogen, 
the nitrogen remaming in the insoluble residue 
after grinding with sand and extractmg with one 
per cent NaCl solution, 2) the pulmonary hemo- 
globin, determined spectrophotometrically from 
an abquot of the salme extract but using a special 
extraction procedure for elimination of turbidity 
due to lipids, S) the soluble protein fraction con- 
sisting of soluble protein nitrogen, other than 
hemoglobin nitrogen, in the saline extract, and 4) 
non-protein nitrogen of the saline extract de- 
ternuned by soluble mtrogen remaining after pro- 
tem precipitation with tungstic acid In addition a 
method has been devised for measuring density 
and volume of the extirpated lung Normal values 
with their biological variations have been estab- 
lished on a series of guinea pigs 

Factors influencing venous pressure in foot of 
erect human during quiescence J P Henry, 
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0 H Gauer* and E E Martin * Aero Med 
Lab , Atr Materiel Command, Wright-Patteraon 
Air Force Base, Dayton, Ohio 
Three subjects were submitted to 6 series of 
tilt table expenments m an air-conditioned room 
adjusted to induce vasomotor responses ranging 
from sweating to shivering states The rate of 
increase of venous pressure in the foot after tilting 
from the honzontal to upright posture depended 
upon the degree of vasodilation When hot the 
pressure attamed 80% of the full potential value 
of approximately 100 mm Hg in less than 20 
seconds, when comfortable, this required 90 sec- 
onds and, when cool, 3 minutes after tilting the 
pressure was still less than 50% of the full value 
Tests dunng quiet standmg showed that normal 
postural activity reduced the mean venous pres- 
sure when cool and when comfortable to approxi- 
matelj 55 and 65 mm Hg, respectively When 
sweating, these movements were insufficient to 
sustam a low pressure and the mean level became 
90 mm Hg This pressure exceeds by 30 mm Hg 
anjr probable counter-balancmg combination of 
osmotic and tissue pressures The rhythmic infla- 
tion of counter-pressure clothing (anti-g suits) 
can be substituted for the massaging effect of the 
muscles on the vessels Thus during standing- 
walking, when hot, the mean pressure in 9 subjects 
was 67% and when cool, 41% of the restmg value 
When seated and using the suit, the corresponding 
values were 72% and 47% It is suggested that 
such clothing might be employed to aid circulation 
in the lower extremities in certain clinical 
conditions 

Maximal oxygen intake and renal plasma flow in 
patients with aortic insufficiency Austin Hen- 
scHEL, Thomas B Gibbons* and Garleton B 
Chapman * Lab of Physiological Hygiene, Univ 
of Minnesota, Minneapolis 
The maximal oxygen intake and renal plasma 
flow were measured m 8 normal young men and 7 
male patients of smular age, physique and exercise 
habits, who had mild to moderate aortic in- 
sufficiency due to rheumatic feyer Renal plasma 
flow was measured using a constant injection of 
para-aminohippurate at rest, durmg two 16-min- 
ute periods of walking at 3 miles per hour on a 
10% grade, and at supme rest for 40 minutes 
followung the work Maximal oxygen intake was 
detenruned from 1 minute 45 seconds to 2 minutes 
45 seconds of a 3-miaute run at 6 miles per hour on 
a grade adjusted to the performance capacity 
of each subject The maximal oxygen intake was 
44 03 cc/kg/imn and 37 43 cc/kg/mm for the 
normal and cardiac subjects, respectively The 
15% difference m maximal oxygen intake for the 
2 groups of subjects is statistically highly sig- 
nificant The mean resting renal plasma flow cor- 


rected to 1 73 sq meters of body surface was 495 
and 576 cc/min in the patients and normal 
subjects, respectively, the difference is statisti- 
cally significant During exercise the renal plasma 
flow was decreased by 25% of the restmg value for 
each group Forty minutes after the cessation of 
the exercise the renal plasma flow had returned 
to the pre -exercise resting level in most of the 
normal and cardiac subjects 

Dielectric properties of tissues important in micro- 
wave diathermy J F Herrick, D G Jelatts* 
and G M Lee * Mayo F oundation, Rochester, 
Mtnn 

Microwave diathermy has become an integral 
part of medical diathermy since it was approved 
by the Council of Physical Medicine and Rehabili- 
tation of the American Medical Association This 
relatively new type of diathermy has proven to 
be an efficient method for heating certam localized 
areas of the body The ultimate objective m 
studying the dielectric properties of animal tissues 
was to understand the heating of these tissues by 
microwaves We wished to explam, if possible, 
the experimentally observed temperature distn- 
bution produced in the tissues by microwaves 
The amount of heat developed m biological tissues 
by microwave diathermy is dependent on the 
dielectric properties of the tissues Smce these 
properties vary with frequency, it is desirable to 
measure them at the actual frequencies used for 
microwave diathermy Observed values are pre- 
sented for the dielectnc constant and loss of 
freshly excised samples of such tissues as liver, 
muscle, fat, bone and bone marrow The dielectric 
properties of certain body fluids will also be pre- 
sented The design of a ‘transformer’ for increasing 
the transfer of microwave poner into a particular 
tissue such as muscle is given as an example of 
the utility of the dielectric data The equipment 
used for measuring dielectric constant and loss 
was the micronave dielectrometer which was de- 
signed and constructed by one of us 

Simultaneous partitional calorimetry and estima- 
tion of blood flows in mam skin regions of the 
body Alrick B Hertzman and Walter C 
Randall Dept of Physiology, St Louis Univ 
School of Medicine, St Louis, Mo 
Cutaneous evaporative, radiative and con- 
vective heat losses and blood flows were estimated 
repeatedly and approximately simultaneously in 
the forehead, cheek, chest, abdomen, arm, fore- 
arm, thigh, calf, hand and foot of nude subjects 
in the operative temperature range of 27-37 °C 
over an observational period of 4 hours Although 
each region exhibited variations in the rate of 
heat loss during an observational penod, compari- 
son of the mean values for the total 4-hour heat 
loss from each region indicates a tendency toa ards 
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constnncA in cnch nrcn. \mHi Hid exception of the 
forehead (heat loss rises) and arm (heat loss falls) 
ns the operative temperature rises Scatter in the 
indnidunl data appear with the onset of sweat- 
ing, increases with the rise in temperature and 
correlates with the sudomotor jiatterrs of indi- 
Mdual subjects The simultaneous estimations 
of the cutaneous blood flows from the skin pulses 
and also from the thermal data gcneralh agree 
with respect to the onset and development of 
the cutaneous dilatations m all areas Skin pulse 
estimates of blood flow (calculated from the flow 
equivalent of the finger pad pulse) were usuallj 
about 40% higher than the thermal estimates in 
all areas other than the forehead and dorsum of 
the hand and foot The three latter areas exhibited 
large discrepancies in flow estimates Both critenn 
agree on the existence of high flows m head skin, 
palm and sole of foot as mnj be predicted from 
vessel counts 

Energy cost of flying multi-engined aircraft Fhed 
A Hitchcocic Med Research Lab , Cnnl Acro- 
nanhcs Admtn , Acronaulical Center, Oklahoma 
City, OUa 

As the first phase of an investigation of the 
factors involved in pilot fatigue, the respiratory 
metabolism and energi' output of pilots while 
fiving multi-engined aircraft (DC-4) has been 
measured The subjects were all experienced pilots 
who were enrolled in refresher courses at the 
Aeronautical Center The procedure followed was 
as follows The subject rested for 20 minutes on a 
bunk located just to the rear of the pilot’s com- 
partment Then expired air was collected for 10 
minutes by means of an A-14 mask and Dougins 
Bag During this part of the experiment the plane 
was in the air wath another student pilot at the 
controls After being in the air for about one hour 
this student landed the ship and the pilot who was 
serving as subject for the day took over the 
controls After he had had the ship in the air for 
about 10 minutes expired air was collected for a 
second period of 10 minutes while he executed 
various maneuvers with the aircraft The volume 
of expired air was measured with a calibrated dry 
test meter Samples were collected over mercury 
and analyzed by means of the Haldane Air Analy- 
sis apparatus The ventilation volume, Oi con- 
sumption, CO 2 production, total calories and 
calories per sq m of body surface were then 
calculated, a) while the subject was resting and 
b) while he was flying the aircraft The average 
for 10 such tests show that the caloric output while 
flying the plane is about twice that while resting 

Facilitating effect of local strychninization on 
pressor responses evoked from cerebral cortex 
E C Hopf, H G Langfohd,* J W Vester,* 
W W Beckner* and P R Thomas * Neuro- 


logical Science Lab of Med College of Virginia, 
Richmond 

Hoff and Green (Awi J Physiol 117 411, 1936) 
reported that stimulation of certain areas of the 
frontal lobe results in transient elevations of 
blood pressure From the cat’s cortex posterior 
to this pressor area ns far back as the sylvian 
fissure, blood pressure falls have been elicited 
These alterations in pressure arc regularly repro- 
ducible and under standardized conditions exhibit 
constant latency , amplitude, and duration In 
the present experiments, the influence of local 
strychninization upon the excitability^ of the 
pressor areas has been examined in cats In control 
animals, weak faradic stimulation of symmetrical 
foci on the left or right anterior sigmoid gyrus 
evoked rises of blood pressure of 20-40 mm Hg, 
enduring 16-20 seconds Four to 6 minutes after 
local application of 3% aqueous solution of strych- 
nine sulfate to the excitable focus on the left or 
right anterior sigmoid gy’rus, stimulation of the 
strychninized focus or the symmetrical contra- 
lateral focus gave greatly enhanced pressor 
responses These blood pressure rises after local 
stry chnimzation were of the order of 80-150 mm 
Hg above the baseline, the arterial tension sub- 
siding m 4-20 minutes This facilitation of blood 
pressure responses from the pressor area of the 
feline cortex is derived from the localized action 
of strychnine at the application site, or may be 
due to more generalized effects upon the excita- 
bility of the CNS as a result of absorption into 
the blood stream Experiments are in progress to 
determine this point 

Effect of oxygen on response of living cells to 
X-rays with special emphasis on bacteria 
Alexander Hollaendeh, G E Stapleton* 
AND F L Martin * Biology Division, Oak Ridge 
Natl Lab , Oak Ridge, Tenn 
Suspensions of bacteria saturated wath air are 
considerably more resistant to x rays if nutrient 
broth IS used as a medium than when irradiations 
are done in physiological salt solution or phos- 
phate buffer If air is replaced by Nj, the resistance 
of the bacteria increases manyfold, there being 
little difference if they are suspended in broth or 
salt solution There is an increased response, with 
decrease of number, of bacteria m the suspension 
at low concentration (<10‘ bac/cc ) as well as a 
decreased response with an increase of concentra- 
tion of the broth Five times as many' roentgens 
are necessary to produce an equivalent killing 
effect when irradiations are done in the absence 
of oxy gen than when Oi is present At 60,000 r the 
survival is 10,000- to 50,000-fold greater in Nj 
than in O- Similar but less pronounced effects 
were observed with fungi {Aspergillus terreus) 
There is very little, if any , effect at the energy 
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values used here if bacteria or fungi are added to 
the BUBpension after irradiation of the medium 
In all expenments great care must be taken that 
the suspensions are well saturated with the gas 
under investigation The moderate decrease of 
sensitivity of living cells to x rays by reducing 
the supply of air has been reported in a few scat- 
tered publications Striking reduction in per- 
centage of chromosome deletions in Tradescantta 
(Gii^s AKD Riley) and percentage of se\-linked 
lethals in Drosophila (Baker and Sgotjrakib) 
if air IB replaced by nitrogen during irradiation, 
has been descnbed from this laboratory 

Appetite studies in a patient with complete eso- 
phageal obstruction and jejonostomy Franklin 
Hollander and Herbert A Sober * Gastro- 
enlerology Research Lab , Mount Sinai Hospital, 
New York City 

The subject was an ambulatory male, 18 years 
old, with cardio esophageal obstruction and jeju- 
nostomy for alimentation He was fed our pre- 
digested aliment as the sole source of nutrition 
Food was ingested orally, as prompted by appe- 
tite, but it never passed the esophageal obstruc- 
tion and was regurgitated shortly after ingestion 
Hence, the influence of daily intake of jejunal 
aliment upon body weight and appetite, measured 
by calories ingested orally, could be studied The 
investigation of this and other phenomena lasted 
for about 1 5 years, during which time the subject 
was employed in the Laboratory specifically for 
this purpose Three sets of observations, each 
lasting about one month, indicated that appetite 
IB inversely — though not precisely — related to nu- 
tritional intake Subsequent repetitions of these 
experiments, however, failed to confirm this, 
1 e oral intake varied during consant jejunal 
intake, and sometimes the two were correlated 
directly The latter was encountered during pe- 
riods of overt emotional upset, not manifested 
during the earlier part of the study In conclusion 
1) there is evidence that appetite diminishes as 
nutntional intake increases, even when no food 
can enter the stomach, 2) this relaton may be 
upset and even reversed by emotional dis- 
turbances, S) generalized inferences regarding 
physiological reactions of man, from observations 
on a single individual, must derive from extensive 
repetition of the experiments, and should prefer- 
ablj’^ be held in abeyance until confirmed on other 
subjects These precautions are particularly im- 
portant for work wuth patients possessmg gastro- 
intestinal fistulae, because of the profound 
emotional disturbances frequently encountered 
in such cases 

Metabolic response to adrenaline of pre- and 
post-operated patients J W Holler,* A Dory, 
R Burton,* E H Keutuann* and C SznTH * 


Dom Lab Med Research, Bradford Hospital, 
Bradford, Penna , and Depis of Medicine and 
Surgery, Vniv of Rochester School of Medicine, 
Rochester, N Y 

The effect of a single intramuscular injection of 
0 4 ml aq adrenaline (1 1000) upon the plasma 
potassium, glucose, absolute eosinophiles and 
other blood constituents was measured m patients 
before and 3 days post-operative The surgeries 
were of the type classed as minor operations The 
percentage change in these blood constituents 
from the overnight-fast level was calculated for 
the periods of 4, 20, 60, and 120 minutes after an 
injection of adrenaline The mean change levels 
m the surgical patients after adrenaline were 
compared with those calculated for normal adults 
and Addisonian patients after a like mjection of 
adrenaline The eosinophile response m the pre- 
operated group was similar to the normal adults 
60 and 120 nunutes after adrenaline After surgery, 
the eosinophiles were unaffected by the adrenaline 
stimulus The mean change in the blood sugar of 
the pre-operated and normal adult groups were 
comparable 20 and 60 minutes after adrenaline 
The pattern of change after adrenaline in the 
blood sugar post-operative was similar to the 
Addisonians and of much lesser extent than the 
normals The mean change m plasma potassium 
in the pre-operated patients was similar to, but of 
lesser extent, than in the Addisonians after the 
adrenaline injection in all the time penods The 
mean changes in plasma potassium in the post- 
operated group after adrenaline were slightly 
above the preinjection level in all the time periods 
and suggest very little response to the adrenaline 
stimulus These data indicate minor surgery can 
affect glucose and potassium metabolism, and the 
responsiveness of the adrenal (eosinophile de- 
crease) to adrenaline stimulus to an extent com- 
parable to that observed in Addisonian patients 

Induction of convulsions in rats Steven M 
Horvath and G M Austin * Univ of Pennsyl- 
vania, Philadelphia, and State Untv of loica, 
Iowa City 

This paper deals with the effects of continuous 
radar pulsations at short distances on a group of 
47 rats The dorsal surface of the head w as exposed 
to a wave length of 12 2 cm for varying periods of 
time Sixteen rats were exposed to a 60-watt 
energy output at 2 5 cm distance, and 26 rats ex- 
posed to a 90 watt output at zero distance from 
the skull In 6 rats the director was focused over 
the spinal cord Those rats exposed to a 60-watt 
output showed clonic type convulsions in a mean 
time of 2 8 minutes These rats had an average 
increase in rectal temperature of 4 2°F Those 
exposed to 90-watt output convulsed in a mean 
time of 1 2 minutes There was no generalized 
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lopcrthcrnuft in these rats Brmn temperature 
measured in 8 rats showed an average temperature 
ofll0 4'’F immcdiateh after onset of convulsions, 
although in those evposed to 90 \\ atts there w as no 
associated increase in rectal or thigh muscle 
temperature No pathological changes were found 
in am of the brains of sacrificed rats severe enough 
to explain the convulsions Mild pjknosis, in the 
Purkinje cells of the cerebellum, in the Pyramidal 
lajer of Ammon’s Horn, and in the third layer of 
the cerebral cortex were the onlj findings outside 
ef moderate congestion It is suggested that a 
specific rise in the temperature of the brain itself 
IB the most important factor in these convulsive 
attacks 

Possible renal vascular shunt In dogs during 
intravenous epinephrine C Riley Houck Divi- 
sion of Physiology, Untv of Tennessee, Memphis 
Phj-Biologic evidence for a shunting of blood 
from the cortex to the medulla of the dog kidney, 
Trueta shunt,’ during the injection of epinephnne 
hjdrochlonde was sought using the clearance, 
tubular saturation and extraction techniques 
(renal vein catheterization via jugular vein), 
simultaneously wherever possible In 14 dogs 
under Nembutal, doses of epinephrine from 21 to 
81 -y/kg were given intravenously over a period 
of from 8 to 20 minutes Mean blood pressure, 
renal resistance, renal extraction and consump- 
tion of oxygen and the hemoconcentration of 
renal vem blood were substantially increased to a 
degree proportional to the dose Filtration rate, 
unne flow and renal blood flow were decreased 
to a degree proportional to the dose The Tra of 
glucose was normal The Tm of PAH at low doses 
was normal but 70% reduced at high doses The 
filtration fraction (creatinine extraction) was ele- 
vated at low, depressed moderately at intermediate, 
and mcreased at high doses Extraction of PAH 
was normal at doses from 21 to 67 but decreased 
30% at 81 -y/kg Smee extractions of PAH, crea- 
tmme and oxygen, and the Tm’s of glucose and 
PAH were not sigmficantly decreased by moderate 
doses of epinephnne in the presence of a moderate 
to marked decrease in glomerular filtration rate, 
unne flow and renal blood flow, no appreciable 
shuntmg of blood from the kidney cortex to the 
medulla was indicated Such an interpretation 
was less certam with larger doses 

A carbonyl reaction differentiating the fetal zona 
reticularis of the human adrenal cortex from 
the mouse X zone Evelyn Howakd and 
R S Benua * Depl of Physiology, Johns Hop- 
kins Univ School of Medicine, Baltimore, Md 
The involution of the X zone of the mouse 
adrenal cortex is a process which occurs after 
sexual maturity in females and earlier in males 


It has been suggested that the mouse X zone 
might be comparable to the human fetal reticu- 
laris primarily because its degeneration consti- 
tutes a spontaneous regression of a large part of 
the inner portion of the cortex, occurring ap- 
parently as a part of the normal maturation of 
the gland The application of the histochemical 
technique of iVshbel and Seligman for the detection 
of lipoidal carbonyl groups has now revealed a 
clear-cut differentiation between these zones in 
mouse and human adrenals, in that the human fe- 
tal reticularis is strongly positive for the presence 
of lipoidal carbonyl groups, whereas the mouse 
X zone gives no indication of the presence of 
appreciable amounts of these compounds This 
test substantiates histogenetic indications of dif- 
ferences between these adrenal zones It is con- 
cluded that there can be no simple homology 
betw'ecn the mouse X zone and the human fetal 
reticularis The facts that the mouse X zone does 
not reveal free ketosteroid, and that it occurs as 
an independently proliferating part of the cortex, 
direct attention to the possibility that reticularis 
cells without free ketosteroid may have a special 
function, and are not merely waiting for senescence 
under all circumstances The X zone has been 
further characterized in that it has been found to 
be markedly suppressed by a low protein diet on 
which body growth is reduced 

Effect of desoxycortlcosterone and pitressin on 
the water balance of amphibia Kuanq-Mei 
Hsibh (introduced by Robert Gaunt) Dept 
of Zoology, Syracuse Univ , Syracuse, N Y 
It has been demonstrated (Brunn) that frogs 
injected with posterior pituitary extracts show a 
temporary gam in body weight when m suitable 
environments due to the uptake of water We have 
attempted to deternune whether this action of 
postenor pituitary extracts in amphibians can 
be antagonized by admmistration of adrenal corti- 
cal steroids as can the effect of such extracts on 
water excretion in mammals The uptake of water 
by Rana pipiens injected with 0 5 units of postenor 
pituitary extract (pitressin) has been confirmed 
Three hours after injection control frogs had lost 
0 17 gm while those receiving pitressin had gamed 
4 02 gm Frogs injected wuth 0 1 or 0 2 mg of DCA 
showed no significant weight change when com- 
pared with untreated controls (untreated ■= — 1 83 
gm , DCA-treated = —0 42 gm ) One ml of 
adrenal cortical extract (Upjohn) also was wathout 
effect When frogs were injected with 0 2 mg DCA 
and 0 5 units of pitressin together there was a 
questionable potentiation of the action of pitressin 
by DCA In order to determine the effect of pitrcs- 
sm and the adrenal steroids on the rate of w ater 
excretion, frogs were given distilled water ( 
ml/10 gm body weight) by stomach tube an e 
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urine excreted was measured over a period of 9 
hours Pitressm (0 5 units) caused a tempoary 
inhibition of urine flow which lasted for less than 
3 hours Both DCA (0 2 mg ) and cortical extract 
(1 0 ml ) caused an inhibiton of urine excretion 
which lasted over the 9 hour period of observation 
When DCA and pitressm were given together 
there vere no additive effects and the duration of 
action of DCA appeared to be reduced It is 
apparent that the effect of these hormones in 
frogs differs markedly from that seen in mammals 

Blood volume studies at 5,280 feet altitude David 
M Huey* and Joseph H Holmes Fitzsim- 
mons General Hospital and Dept of Medicine, 
Univ of Colorado, Denver 
In view of the higher hematocrit values at this 
altitude (5,280 feet) studies of blood and plasma 
volumes were undertaken in 3 different groups 
The first group o) comprised 60 active duty 
soldiers stationed at Fitzsimmons General Hos- 
pital (average age 27), the second group 6) 32 
male medical students (average age 28), and the 
third group c) 22 female hospital workers (average 
age 25) For the soldiers the plasma volume was 
41 8 cc/kg , the blood volume was 80 7 ccAg . and 
the hematocrit was 60 0% For the medical stu- 
dents the plasma volume was 39 8 cc/kg , the blood 
volume was 77 0 ccAg , and the hematocrit was 
49 5% For the female hospital workers the plasma 
volume was 41 4 cc/kg , the blood volume was 71 0 
cc/kg , and the hematocrit was 44 1% When com- 
pared with average values obtamed by Gregersen 
and co-workers near sea level on 53 normal male 
medical students the effect of altitude would 
appear to be an increase in the percentage cell 
volume and hematocrit values and a decrease in 
the plasma volume Values obtained for serum 
protein concentration and circulating protein per 
unit body weight were not significantly different 
from the values obtained by Gregersen near sea 
level 

Factors influencing active ion uptake by the 
isolated frog skin Ernst G Hue Dept of 
Physiology, MedicalCollegeof Virginia, Richmond 
The net uptake of Cl", Na+, HjO from Ringer’s 
solution (R ) by the surviving frog skm has been 
studied using skin bags The bags (epithelium 
inside) were filled with 5 ml ofR and immersed for 
12 hrs in 2 5 1 of R of the same concentration 
{Federation Proc 8 78, 1949) Cl" and Na+ were 
determmed lodometncally and flame photo- 
metrically respectively After 12 hours amount 
and ion concentration of the fluid in the bag had 
diminished The changes were dependent on 
salt concentration, pH and temperature of the R 
The net uptake of ions and H^O from 0 4 R (48 X 
10"’ mEq Cl" or Na+/ml ) was only slightly less 
than the uptake from 1 0 R (120 X 10"’ mEq /ml ) 


The Cl" and Na"*" gradients across the skm after 
12 hours were higher in experiments w ith 0 4 R 
than in experiments with 1 0 R Acid reaction bf 
the R or lowenng its temperature (3) decreased 
the net uptake of ions and H 2 O from 0 4 and 1 0 R 
In the majority of experiments more Na+ than 
Cl" was absorbed by the epithehum The apparent 
Cl" excess (Na+ deficit) in the bag increased with 
increasing temperature The solution touching 
the epitheluim became more acid than the solution 
touching the chorion side of the skin It can be 
calculated from Q 02 that enough acid metabolites 
are produced to combine mth the apparently 
unbalanced amounts of Na+ taken from and of 
Cl" left over in the solution in the bag 

Muscle spindle excitation by efferent fibers in 
cat Carlton C Hunt* and Stephen W 
Kuffler Wilmer Institute, Johns Hopkins Med 
School, Baltimore, Md 

Stimulation of small diameter (3-8 p) nerve 
fibers which comprise 25-30% of the lumbosacral 
ventral root outflow in cat does not cause in- 
creased muscle tension These nerve fibers in- 
fluence the discharge from stretch receptors in 
muscle spindles, presumably by excitation of the 
muscle elements within the spindles, the mtrafusal 
muscle fibers (Leksell, Kuffler and Hunt) The 
cat’s small-nerve system therefore differs from 
that found in the frog where motor nerves of 
about 6 p cause considerable tension by setting 
up localized contractions around the neuromuscu- 
lar junctions (Kuffler and Gerard) The small- 
nerve effect on the afferent discharge from spindles 
was detected in vanous ways, particularly by 
stimulating individual efferent nerve fibers in the 
ventral roots while recording the discharges from 
a spindle in an appropriate smgle afferent nerve 
fiber in the dorsal root When an efferent small- 
nerve fiber IS stimulated repetitively (69-120/sec ) , 
it can produce in a single afferent fiber a response 
rate which, after a short period of facilitation, 
follows the stimulating rate This 'driving’ of 
the spindle discharge depends to a large ex’tent 
on the external stretch applied to the muscle and 
not all units can be driven in such a manner The 
efferent spindle response can be maintained by 
small-nerve excitation for long periods A similar 
driving can be obtained by applying mechanical 
oscillations to the tendon or body of the muscle 
and certain stretch receptors can ‘follow ’ a tuning 
fork vibration at 50-200/8ec if the muscle is 
under appropriate external stretch It is sug- 
gested that in both instances of driving the 
mechanism of excitation is similar One may 
assume that the intrafusal muscle fibers, when 
stimulated through their nerves, can stretch and 
thus excite the sensory nerve endings wathin a 
spindle This excitation is superimposed on that 
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alreadj provided by a given e\ternal stretch 
The most reasonable explanation of the above 
phenomenon appears to bo that the intrafusal 
fibers in the spindles can respond vith distinct 
tension increments to each small-nerve impulse 
at relatively high frequencies 

Development and loss of resistance to cell division 
blocking action of nitrogen mustards John 0 
Hutchens and Betti Podolskv * Dcpl of 
Physiology and the Toxicity Lab , Univ of Chi- 
cago, Chicago, III 

Methyl, bis (/3-chloroethj 1) amine (HN-2) and 
•tris (/S-chloroethyl) amine (HN-3) at 10”“ — 10”'‘M 
produce the following sequence of events when 
added to cultures of Chilomonas paramecium 
growrng (logarithmic phase) m ammonium acetate 
media 1) cell division continues until 30-60% 
of the cells have divided, 2) division then ceases 
for about two cell generation times (12-24 hours 
depending on temperature) the cells meanwhile 
growing larger, 3) the division rate briefly exceeds 
the control rate to which it finally returns Re- 
sumption of division occurs while the medium 
contains active mustard as evidenced by the fact 
that previously unexposed cells exposed to it at 
this time are inhibited Addition of freshly pre- 
pared mustard solutions to inhibited cultures 
about to resume division does not prevent or 
further delay division This resistance is main- 
tained if the cells are continued in a mustard- 
containing medium Sensitivity to mustard action 
IS regained (<3 cell generation times) when the 
cells are returned to mustard-free solutions The 
observed effects are difficult to explain on the 
basis of genetic mutations It seems more likely 
that the cells discover an alternate metabolic 
pathway for synthesis of a constituent critical 
for cell division We have previously shown that 
HN-2 and HN-3 do not seriously affect respiration 
or carbohydrate metabolism m this range of con- 
centrations Protem, pentose nucleic acid and 
desoxypentose nucleic acid synthesis are all 
affected, however It seems most likely that the 
critical constituent lies m one of these categories 

Effect of sustained elevation of renal venous 
pressure on sodium excretion in the unanesthe- 
tized dog W Hwang,* L Aksian,* A Miller,* 
E Silber,* J Stamler* and L N Katz 
Cardiovascular Dept , Medical Research Inst , 
Michael Reese Hospital, Chicago, III 
Influence of increased renal venous pressure 
(RVP) on sodium excretion was studied in 5 
trained unanesthetized dgos Renal plasma flow 
(RPF), glomerular filtration rate (GFR), and 
sodium excretion (wrth and without mtravenous 
hj-pertomc sodium input loads) were studied 


serially before and after partial ligation of the 
inferior vena cava just above tbe renal veins 
Venous pressure distal to the ligation was con- 
sistently maintained at elevated levels of 250-350 
mm of saline for at least 2 weeks postoperatively 
The initial postoperative clearance studies (Jrd 
daj postoperatively) revealed the increased R^^? 
to be uniformly associated with a depression of 
GFR and therefore with the amount of Na pre- 
sented to the tubules Under these circumstances, 
3 of the dogs exhibited depressed Na excretion, 
while the other 2 showed normal Na excretion 
Thus, depressed GFR w as frequentlj , but not 
uniformly, associated with depressed Na excre- 
tion Depression of GFR persisted for 5-8 daj^s 
postoperatively, returning thereafter to control 
rates despite persistent elevation of RVP Na 
excretion also returned to control levels Thus 
under our experimental conditions, sustained in- 
creases in renal venous pressure did not neces- 
sarilj cause reduction of sodium excretion It 
would appear that no simple cause and effect 
relationship exists between chronic renal venous 
pressure elevation and Na excretion m the dog 

Effect of purified growth hormone on the glycogen 
content of tissues of the rat Barbara A 
Illingworth* and Jane A Russell Dept 
of Physiological Chemistry, Yale Univ , New 
Haven, Conn 

A single mtrapentoneal injection of purified 
growd,h hormone (1-2 mg/100 gm bod} weight) 
into fasted normal adult albino rats results in 
an increased accumulation of glycogen in gas- 
trocnemius, heart and diaphragm muscles at the 
end of 6 hours This effect is observed in animals 
in which the fast is continued and m those fed 
glucose by stomach tube The liver also shows an 
increase in the treated fasted rats The magnitude 
of the net increase can be accounted for by assum- 
ing a decreased catabolism of carbohj drate The 
minimal effective dose in glucose-fed ammals was 
of the order of lOOy/lOO gm for several different 
preparations of hormone That the action of 
growth hormone on carbohydrate metabolism is 
probably not mediated through an increased secre- 
tion of msulin 18 mdicated by the following a) 
The mmimal effective dose of growth hormone is 
not hypoglycemic, 6) a dose of insulin (0 1 /i 
protamine zinc insulin/kg ) resulting in a hypo- 
glycemic response similar to that due to the 
higher dose of growth hormone fails to augment 
the glj cogen content of tissues other than the 
diaphragm, and c) the respirator} quotient is 
depressed b} growth hormone and elevated bj 
insulin administration Experiments w ith ad- 
renalectormzed rats fed glueosc showed tint 
whereas neither growth hormone nor a minimal 
dose of A C E (0 5 cc of Vilson’s aqueous ex- 
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tract) alone have any effect, simultaneous treat- 
ment results in a significant elevation of 
carbohydrate stores 

Comparison of effects of a stress on the glycosuria 
of force-fed partially depancreatized and of 
partially depancreatized-adrenalectomized rats 
Dwight J Ingle Research Labs , Upjohn Com- 
pany, Kalamazoo, Mich 

The activation of the adrenal cortices during 
stress might be evpected to intensify the diabetes 
of partially depancreatized rats To the contrary 
(Ingle, in press), the injection of toxic amounts of 
formaldehyde caused some decrease m gljmosuria 
In the present experiments on 40 mildly diabetic 
rats, 20 were adrenalectomized and treated with 
amounts of adrenal cortex extracts (ACE) which 
sustained the pre-adrenalectomj'' level of glyco- 
suria Subcutaneous injections of 1 5% formalde- 
hyde were made twice dailv in doses of 0 26, 0 5 
and 1 0 cc for periods of 7 days and of 0 25 cc 
for 28 days m both adrenalectomized rats The 
animals were force-fed a medium carbohydrate 
diet All rata shoved a decrease in glycosuria 
during stress, but the fall was more striking in the 
adrenalectomized rats These data support the 
hypothesis that the increased secretion of adrenal 
hormones during stress goes to meet an increased 
‘need’ and tends to maintain homeostasis rather 
than to represent hypercorticalism The increased 
cortical activity dunng the stress did have a 
positive effect upon carbohydrate metabolism in 
that it tended to prevent the fall in glycosuna 
noted m the adrenalectomized rats whose intake 
of cortical hormones was uniform 

Nature of influence of pn on hemolysis by sodium 
oleate M H Jacobs and Caboltn Stout * 
Dept oj Physiology, Umv of Pennsylvania School 
of Medicine, Philadelphia 
The peculiar nature of the pH dependence of 
sodium oleate hemolysis illustrates the manner m 
which the mteraction of several factors, each in 
itself relatively simple, may lead to situations 
which when not properly analyzed appear to be 
hopelessly complex, difficult to reproduce, and at 
times bizarre Three such factors have so far been 
separated by the methods here employed The 
first IS a direct effect of the oleate on the cell 
surface, leadmg to a condition of free cation- 
permeability, within a pH rage of approximately 
6-8 it decreases with increasmg pH The second is 
the swelling of the cation-permeable cell through 
the operation of the Donnan ionic equilibrium, 
this IS greatest at the acid and alkaline ends of the 
range and least near its middle The third is a 
‘protection’ of the altered cells, apparently bj 
interfacial layers of oleate, which prevent the 
escape of hemoglobin under conditions where it 
would otherwise occur This effect is favored by 


aciditj , and is opposed, or may even be reversed, 
by alkalinity The interaction of the 3 factors is 
influenced not only by the pH of the medium but 
by the concentration of the oleate, the number of 
cells on which a given amount of it may act and the 
temperature Other things being equal, the effect 
of any given pH change depends on its simul- 
taneous, and in general dissimilar influence on the 
three factors in question, and possibly on others 
of an as yet unknown nature 

Structure of gels from ovalbumin and serum al- 
bumin Martin P Jaggi* and David F Waugh 
Dept of Biology, Massachusetts Inst of Tech- 
nology, Cambridge, Mass ' 

Gels have been prepared from Armour ciystal- 
line ovalbumin and serum albunun Ovalbumin 
Appropriate combinations within the ranges 0 5 
to 7%, pH 4 2 to 2 4, ionic strength less than 0 01, 
will jueld gels when heated for 2 minutes at 100°C 
Above 1% protein gels form over a small pn range 
(at 2% protein pH 4 3-4 7) which decreases as the 
protein concentration increases Electron nucro- 
graphs of viscous solutions prepared by heating 
0 01% protein at pH 4 4 reveal fibrous networks 
whose strand width is approximately 200 A 
Reversion of 2% gels by sodium hydroxide at 
pH 11 0 and 23‘’C for 10 minutes produces products 
resembling native ovalbumin m molecular weight 
and gel-forming properties Serum Albumin Ap- 
propriate combinations within 1-8% protein, pH 
4 16-3 9 and ionic strength 0 1 (acetic acid buffer) 
yield gels when heated for 2 minutes at 100‘’C 
Several gels show strong static double refraction 
Electron microscope examinations were made on 
4% gels centrifuged at 240,000 g for 120 minutes 
and dispersed by ultrasonic treatnuent The speci- 
mens were famtly^ shadow cast wth chromium 
Dispersed fibrils with approximate dimensions 
200 X 2000 A were observed Alkaline reversions 
of the original gels gave products resembling the 
native protein The basic structure of both gels 
appears to be a cross-linked system of fibrils 
Although reversion products have not shown to 
be identical with initial protein they suggest 
that individual fibrils may be constructed of 
corpuscular units 

Maturation of pituitary-adrenal axis in the new- 
born rat Joseph W Jailer Depts of Medicine 
and Obstetrics and Oynecology, Columbia Umv 
College of Physicians and Surgeons, New York 
City 

Exposure of adult rats to stress results in an 
almost immediate fall m adrenal ascorbic acid m 
intact but not in hypophysectomized animals 
The adrmnistration of adrenocorticotrophic hor- 
mone produces the same effect without regard to 
the absence or presence of the animals’ pituitary 
(Long, Sayers et al ) The purpose of this in- 
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vestigntion 'wns to determine i\liethcr the pitui- 
tary-ndrennl axis can be similanlv stimulated in 
the lien born rat as it is in the adult The 
subcutaneous administration of 0 04-0 05 mg of 
epinephrine to infant rats, 2, 4 or 6 days of age, 
fails to cause a decline in adrenal ascorbic acid 
At S-10 days of age, the same procedure results in 
a fall of approximate! j 30% in adrenal ascorbic 
acid Rats 4, 6, 7, 11 and 14 days of age were 
refrigerated at 5°C for from 75-100 minutes 
mthout producing ani alteration in adrenal as- 
corbic acid However, 16- and 25 daj old rats 
exposed to the same experimental conditions 
responded with a 20% decline in adrenal ascorbic 
acid Mdien rats 1 , 4 and 6 daj's of age arc treated 
wnth ACTH they respond wnth a decrease in 
adrenal ascorbic acid of about 30% Consequently , 
it would appear that when exposed to stress the 
newborn rat’s pituitary cannot respond by liberat- 
ing adrenocorticotrophic hormone but their ad- 
renals are capable of responding to exogenous 
ACTH Further evidence has also been adduced 
which shows a lack of response to stress in the 
new born rat, as compared with older animals 

Relation of urinary pepsinogen excretion to gastric 
secretory activity in man Henbt D Janowttz* 
AND Frankun Hollander Gaslroenierology Re- 
search Lab , Mount Sinat Hospital, New York 
City 

The relationship between gastric secretory ac- 
tivity (HCl and pepsm) and unnary pepsinogen 
excretion in man was studied by simultaneous 
complete collection of gastric secretion and urme 
It 18 generally held that a parallelism exists, 
but this IB inadequately supported Sixty-one 
subjects, with a wide range of gastric secretory 
levels, were employed for this study Some of 
these were ulcer patients Simultaneous collection 
of unstimulated gastnc juice and of urine was 
made under resting conditions for penods of 3 
hours Gastnc pepsm activity was measured by 
Bucher’s modification of the Anson-Mirsky 
method, adapted recently in this Laboratory to a 
lyophihzed hemoglobin substrate, and was ex- 
pressed in terms of roEq of tyrosme liberated 
Uropepsm was measured by I A Mirsky’s modi- 
fication of this procedure HCl was measured by 
colonmetnc titration The production of acid and 
pepsm, and excretion of uropepsm were calculated 
in terms of average hourly^ output In these sub- 
jects, the gastnc acid output ranged from 0 to 
7 9 mEq /hr the pepsin output from 0 to 21,219 
units/hr , the unnary pepsmogen output from 
0 to 373 umts/hr In these ranges the excretion of 
unnaryf pepsmogen vaned directly with gastnc 
pepsm output, this supports the concept of an 
exocnne-endoenne partition of gastnc pepsmogen 
and justifies the use of uropepsm determinations 


as a measure of gastnc enzyme secretory activity 
under resting conditions The correlation of acid 
and pepsm outputs m the interdigestive phase 
may' account for the association of acid pro- 
duction and uropepsm output noted by others 
These relations will be evaluated statistically 

Comparison of pressure and flow pulses in the 
unopened carotid artery of the dog ICenneth 
E JocHiM Dept of Physiology, Umv of Kansas, 
Ijowrencc 

Flow pulses were recorded from the unopened 
carotid artery' of anesthetized dogs by' means of 
the electromagnetic flowmeter Pressure pulses 
were recorded simultaneously' from the same point 
m the artery' with a Lilly' capacitance manometer 
by introducing a fine catheter into the vessel 
through a small branch Control records in differ- 
ent animals consistently' show ed that the sy'stolie 
rise began simultaneously in both pressure and 
flow pulses, but that maximum flow was reached 
earlier than maximum pressure The incisural 
drop in flow' was relatively greater in magnitude 
than the corresponding drop in pressure The 
diastolic portion of the flow curve was more vari- 
able than that of the pressure curve, sometime it 
presented a very gradual descending slope, and 
occasionally a prominent positive wave was evi- 
dent In some animals a momentary backflow 
occurred at the end of systole Epinephrine in 
doses ranging from 0 5 to 10 0 gamma/kg de- 
creased mean carotid blood flow, the larger de- 
creases (more than 50%) occurring with the larger 
doses The ratio mean carotid pressure/mean 
Carotid flow was increased, sometimes by more 
than 300%, for penods of 8 minutes or more 
Histanune intravenously in doses of 100 gamma/ 
kg decreased the carotid flow by as much as 66% 
and reduced the pressure/flow ratio by almost the 
same percentage Both flow and pressure pulses 
were altered m such a way that they became al- 
most exactly superimposable 

Effect of theophylline, theophylline ethylene- 
diamine and 8-chlorotheophylline on electro- 
corticogram of rabbits R J Johns* and H E 
Himwich Medical Div , Army Chemical Center, 
Md 

Theophy'lline, theophylline ethylenediamine, 
and 8-chlorotheophyllme were admmistered i v 
to locally anesthetized, curanzed, artificially re- 
spired rabbits and electrocorticograms and 
electrocardiograms were recorded from monopolar 
electrodes with a 4-channel Grass electroencepha- 
lograph Preliminary' experiments showed that 
with low rates of injection it required more drug 
to produce seizures than was required at high 
injection rates Furthermore, at very low rates 
(about 1 mg/kg/min ) no amount of drug would 
invoke seizures For that reason the rates of in- 
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jection \\ere based on animal’s eight and theo- 
phj lime content of the drug, being 4/mg/kg/min 
for theophj lime, 5 mg/kg/mm for theophyUme 
eth 3 lenedianune, and 4 75 mg/kg/mm for 8- 
chlorotheophjdline With theophylline and theo- 
phylline ethjdenediamine grand mal-like cortical 
seizures i;vere obtained at comparable dosages 
(156 mg/kg of theophjdlme and 204 mg/kg of 
theophjdlme ethjdenediamine which is equivalent 
to 163 mg/kg of theophylline) 8-chlorotheo- 
phjdlme produced no changes m the electrocortico- 
gram at this rate of adrmnistration, nor did it 
produce seizures when given more rapidly and m 
much larger doses (up to 1333 mg/kg ) Further 
work IS being done to investigate the marked 
difference between 8 chlorotheophyllme and the 
other 2 drugs, whether due to pharmacological 
inactivation from chlorination in the 8 position, 
low solubilitj , or to an inability to permeate the 
blood-brain barrier 

Inhibition of luminescence by homologous senes 
of carbamates Frank H Johnson, Rich- 
ard Simpson,* Elizabeth A Flagler* and 
ICatherine McGeer * Biological Lab , Prince- 
ton Univ , Princeton, N J 
The action of a representative series of car- 
bamates from n-methyl to n-octyl, as well as some 
other denvatives, on bacterial luminescence was 
studied in relation to drug concentration, tem- 
perature and hydrostatic pressure At Ion tem- 
peratures and normal pressure, each caused a 
reversible inhibition involving a ratio of between 
1 and 2 carbamate molecules/enzyme molecule, 
and the concentration required for a given in- 
hibition appeared directly related to the activity 
coefiBcient of the derivative, from methyl to butyl 
but not all the nay to octjl carbamate The 
amount of inhibition at a given concentration was 
various affected, among the different derivatives, 
by a rise m temperature The data indicated that 
a given carbamate formed multiple equilibria 
with the enzime affected, the predominant equi- 
librium depending upon conditions of drug con- 
centration, temperature and pressure At optimum 
temperature, pressures up to 8,000 lbs /sq in 
decreased initially moderate inhibitions by methyl, 
ethj 1 or propjd carbamates, had little influence on 
moderate inhibitions by butyl or amyl carbamates, 
and increased the initiallj^ moderate inhibitions 
caused bj' hexyl or octjd carbamates 

Ether concentration in gas and blood samples ob- 
tained during anesthesia in man and analyzed 
by mass spectrometry Cecil S Jones,* Ed- 
n ARD J Baldeb, and Albert Fahlconeh, Jr * 
(with the techmcal assistance of John Saaki) * 
Mayo Clinic, Rochester, Minn 
Various authors reporting on the concentrations 
of ether in respired gas mixtures, on the concentra- 


tion of ether in arterial and venous blood, and 
on the ratio between the concentrations of ether 
in a blood and a gas phase at equilibrium (dis- 
tribution ratio) , have presented conflicting values 
for such measurements during ether anesthesia in 
ammals and in human beings As a preliminary 
to further study of these problems, methods of 
utilizing the mass spectrometer for qualitative 
and quantitative analysis for di-ethyl ether in 
samples of gas and blood were evolved These 
methods require refinement to increase their ac- 
curacy They were applied to the determination 
of ether concentrations in samples drawn from 10 
surgical patients receiving ether anesthesia and 
to the determination of the in vitro values for the 
distribution ratio The results so obtamed do not 
depart too widely from the generally^ accepted 
figures given in standard tests Values for the 
distribution ratio for ether for the samples of 
blood from 14 subjects ranged between 12 2 and 
16 9 Between the thirtieth and sixtieth minutes 
of ether anesthesia, the concentrations of ether 
in arterial blood varied with the depth of anes- 
thesia, between 78 mg and 153 mg ether/100 ml 
of blood The mean value of 100 mg ether/100 ml 
venous blood falls within the extremes reported 
for man m respect to concentration of ether 
Concentrations of ether in the inspired gas mix- 
ture varied, the mean value being 8 5 volumes of 
ether vapor % Analj'sis of samples of tracheal 
air showed that the inspired ether mixtures were 
diluted in their passage toward the lungs 

Effects of excess potassium followed by Ringer’s 
solution on responses of skeletal muscle Ar- 
thur J ICahn* and Alexander Sandow 
Washington Square College of Arts and Sciences, 
New Yorh Univ , Nero York City 
The current studies are a continuation of re- 
search previouslj’’ reported (Federation Proc 8 
177, 1949) Muscles immersed in a 48 mg % K 
Ringer’s solution produce a depth (R) of latency' 
relaxation in isometric twitches which mthin 4 
minutes is 270% of normal and then rapidly de- 
creases to zero in about 50 minutes Tension out- 
put (T) shows a siimlar time course, although 
the initial increase is only 25% We interpret the 
immediate enhancing effects on R and T as an 
indirect consequence on the contractile system 
of the direct action of K on the membranes of the 
muscle fibers, and the later depressant effects as 
due to penetration of K and its direct action on 
the contractile system When a muscle is immersed 
in the K-ennched solution for 4 minutes, thus 
developing the enhanced R and T responses, and 
18 then returned to normal Ringer’s, the enhanced 
effects are nevertheless maintained always above 
normal, though with some decreases, for about 2 
hours The continuance of the enhanced respon- 
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ses of the muscle in Rmgcr’s after the initial K- 
treatment indicates 1) that the initial K-treat- 
ment has resulted in some relatively permanent 
alteration of the si stem responsible for generation 
of the latencv relaxation and tension output, and 
3) that the absence of the depressant effects is 
exidence that their production, vhen the K acts 
continuously beyond the initial 4-minute interval, 
IS due to its penetration and thus direct action on 
the contractile system 

Enzymatic activity of surface denatured catalase 
J GonDo^ Kapl-xn (introduced by W W Wal- 
cott) Depi of Zoology, Columbia Umv , New 
York City 

That a ‘surface-denatured’ enzyme may' retain 
its enzy matic properties has already' been demon- 
strated for the pepsin-albumin system An intra- 
cellular enzyme, catalase, i\as studied for activity 
in the surface-denatured state, since this class of 
enzy'mes probably exists nithin the cell at the 
surface of cellular structures A suspension of 
crystalline beef-liver catalase buffered at pa 6 9 
was placed drop-vise on the air-vater interface 
of a Langmuir trough buffered at the same pH, 
alloved to form a monolay'er and then compressed 
into a solid fiber (Devaux effect) which was lifted 
from the trough by' a needle These fibers, after 
washing, were the site of a vigorous bubble forma- 
tion when they were covered vith a dilute H.O. 
solution, after heating at 100°C for a few minutes 
all their activity was lost A comparative study 
of the effect of temperature on the enzyme in 
solution vs the enzy'me as fiber revealed a striking 
difference between the two Heating at fiO’C 
up to 4 hours increases the activity (residual) of 
the fiber, vhereas it decreases the activity' of the 
catalase in solution All measurements were made 
in the Warburg respirometer The evidence per- 
mits the following conclusions a) The change in 
behavior of the fiber is due to its altered physical 
properties, and 6) The difference in behavior 
suggests that it is the fiber, not contaminating 
native molecules in solution, which possesses the 
enzymatic activity 

Testicular and crystalline hormone implants in 
the rat seminal vesicle Setmoub Katsh (intro- 
duced by' Harht a Chahippek) Washington 
Square College, New York Umv , New York 
City 

Testis autografts (averaging 2 5 mg ) and homo- 
grafts (averaging 11 6 mg , from 15-day-old rats) 
serve to maintain the reproductive accessories of 
castrated adult hosts yyhich receive these trans- 
plants to the seminal vesicle The criteria 
employed are v eights, and histological and cyto- 
logical emdence of stimulation of the vesicular- 
prostate complex The greatest androgemc effects 
are seen in closest proximity to the grafts Micro- 


scopic examination of the serially sectioned im- 
planted-vesiclcs reveals the autografts to be more 
severely disorganized than the homoiografts Im- 
plants of pancreatic, salivary , thy roid, fetal mem- 
brane, and placental tissues and cholesterol, 
estrone and progesterone crystals have no andro- 
genic effects as measured by' the three above- 
mentioned criteria, but the efficacy' of testosterone 
propionate is veil demonstrated since each vesicle 
receiving these crystals veighs more than twice 
the normal and shovs more intense cytological 
activity The contralateral vesicles and ventral 
prostates of the testosterone-implanted animals 
are morphologically and histologically' normal 
Thus the results of the testicular and testosterone 
senes indicate the establishment of an androgenic 
field V ith greatest potency' at the site of implanta- 
tion in the testicular senes a tall columnar 
epithelium is found close by the graft while more 
distantlya lowepithelium is seen, the testosterone- 
treated vesicles are at least tv ice as large as their 
mates Previous studies vith adrenal and ovanan 
implants support these results 

Effect of intravenous hydrochloric acid-ammo 
acids on plasma chloride Yale J Katz (intro- 
duced by George E Fahr) Clinical and Lab 
Service, St Barnabas Hospital, Minneapolis, 
Minn 

Occasions arise v hen it is desirable to administer 
intravenously the chloride ion without the use 
of the sodium ion Significant amounts of chlorides 
cannot be given in the form of free hy'drochlonc 
acid A nuxture of 0 05 molar HCl and a 5% com- 
mercial protein hy drolysate was found to have a 
pH of 4 0, and 0 10 m HCl in 5% ammo acid to 
have a pH of 3 3 , V hile unbuffered 0 05 n and 0 1 n 
HCl are pH 1 4 and p 1 1 respectively' Commercial 
protein hydroly'sate vuth 3 3 gm HCl added per 
liter vas injected into the ear vein of the rabbit, 
in an amount of 20 cc/kg The plasma chloride 
content was increased an average of 24 mg % 
(Expressed as NaCl it would be 39 mg % ) Pro- 
portional rises were found with repeated injec- 
tions Since ammo acids are metabolizable the 
chloride remains m excess A decrease m the 
alkaline reserve results This type of solution 
should provide the clinician a means of simul- 
taneously' treating hv pochloremia and alkalosis 

Age and serum cholesterol concentration in nor- 
mal man Aiscel Ixevs, Olxf Mickelsen, Rus- 
sell Hates* and Ehma v O IMilleh * Lab 

of Physiological Hygiene and the Students Health 
Service, Univ of Minnesota, Minneapolis 
Serum total cholesterol concentrations vere 
measured in 2050 urban Minnesota students, busi- 
ness and professional men vho vere found clini- 
cally normal in detailed examinations Both 
Liebermann-Burchard Bloor extract and Sperrv- 
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Schoenheimer digitomn methods were used 
without significant differences between results 
For 1114 males from 17 through 45 the relation 
holds 7 = 126 8 + 2 35Z, = ± 0 18, where 7 

= cholesterol mg %, X= age, Ei ■= standard 
error of the slope For 287 males 45 through 55 
3 ^ears the equation is 7 = 187 9 + 1 21X, Eb = 
± 0 71 For 52 males aged 55 through 78 the equa- 
tion 18 7 = 476 6 — 3 66X, Eb = ± 0 75 These 
slopes are all significantly different For 564 
females aged 17 through 30 years we have 7 = 
134 4 + 1 987, Eb = 0 43, compared with 7 = 
126 0 + 2 397, Ei, = ± 0 33 for 1025 males of the 
same ages For age 22 0 years estimated values 
for males and females are, respectively, mean = 
178 7, 177 8, S D = ± 33 9, 31 2, S E = ± 1 06, 
1 31 The least-squares equation for 30 normal 
boys aged 6 through 12 is 7 = 176 1 + 1 197, 
Eb — ± 2 91 For all ages the standard deviations 
are between 24 and 36 mg ± The data demonstrate 
a marked curvilinear relation, with minimal values 
m late adolescence, maximal values in the 50’s, 
and progressive decrements in old age Preliminary 
norms and fiducial limits are established for ages 
17 through 78 (females 17 through 30) for compar- 
able populations For ages 20, 30, 40 , 50 , 60, and 
75, the means are, respectively, 173 8, 207 3, 230 8, 
248 3, 267 0, and 202 1 

Further studies on prophylaxis and therapeusis of 
experimental renal hypertension with renal ex- 
tracts J P Kiely,* J M Kielt,* Bess G 
Osgood,* John Mabshall* and G E Waker- 
LiN Untv of Illinois College of Medicine, Chi- 
cago 

During the past 10 years our research has con- 
clusively demonstrated that certain renal extracts 
are very effective in the treatment and prophy- 
laxis of experimental renal hypertension in dogs 
During the past year the following progress was 
made toward determining the mechanism of the 
antihypertensive action and toward achieving 
optimal methods of extraction Of 5 renal hyper- 
tensive dogs treated with crude hog renal cortex 
extract contaimng renin 2 showed good, one 
questionable, and 2 no reductions m blood pres- 
ure Of 4 renal hypertensive dogs treated with 
semi-purified hog renin (70 Du/mg N) 2 showed 
good and 2 no reductions in blood pressure 
Prophylaxis of 4 dogs with crude hog renal cortex 
extract contaimng renin was successful in 3 of 
the animals The results suggest that a 48-hour 
aqueous extract of aceton-ether desiccated and 
defatted hog renal cortex powder is less effective 
than a 16-hour extraction, that a previous course 
of extract of whole hog kidney interferes with 
the therapeutic effect of crude hog renal cortex 
extract containing renin and of semi-punfied hog 
renin, and that anti -renin may be involved in 


the therapeutic and prophylactic effects seen 
Renal clearance studies strongly suggest that 
the therapeutic and prophylactic effects i\ ere not 
due to changes in glomerular filtration rate or 
renal blood flow We are now conductmg further 
therapeutic and prophjdactic experiments with 
semi-punfied hog renin (for which a high yield 
method of preparation has been developed), with 
crude hog renal cortex extract containing renin, 
and with hog renal medulla extract 

Psychomotor aspects of the orbitofrontal cortex 
H E ICiNG (introduced by Cahnet Landis) 
Dept of Research Psychology, New Yorl State 
Psychiatric Inst , Neto York City 
In an investigation of the effects of frontal lobe 
damage upon higher motor functions in the human 
it has been found that the surgical procedures of 
prefrontal venous ligation (the bilateral occlusion 
of all the cortico-dural veins visible between a 
point 2 cm caudal to the tip of the frontal pole 
and a point 2 cm caudal to the coronal suture), 
superior topectomy (the bilateral excision of 
Brodmann’s cortical areas 9, sometimes 10, 8 
and 32) or orbital topectomy (bilateral excision 
of areas 11, sometimes 47, 10 and Walker’s 13) all 
significantly decreased motor performance when 
measured at a period 10 days after operation, but 
measures made 3 months after operation revealed 
the patients to again perform at their preoperative 
level of ability Measures have been made of 
response time, speed of continued movement and 
movement dexterity upon these operative groups 
When all cases (24) were considered together the 
reduction in performance following operation was 
approximately 15%, and was statistically signifi- 
cant When different operative subgroups were 
considered separately they were seen to be affected 
differentially, wath the superior topectomy cases 
showing the greatest temporary reduction, pre- 
frontal venous ligation cases showing the next 
greatest reduction and the orbital topectomy 
cases showing the least interference with per- 
formance It appeared unlikely that these reduc- 
tions could be explained in terms of general post- 
operative sluggishness and inattention since no 
such alteration was noted in a large number of 
sensory tests admimstered at the same testing 
intervals which required close attention for their 
adequate performance It would appear that 
operations involving the orbitofrontal cortex con- 
stitute a temporary interference with a motor 
integrative system at the higher levels, this inter- 
ference being greater when the damage is on the 
superior surface of the brain 

Longevity as a function of diet in the C3H mouse 
Joseph T King and M B Visscher Dept 
of Physiology, Univ of Minnesota, Minneapolis 
Several workers have reported increased life 
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spun in rats and mice on caloric restriction In 
tins studj-- C3H males w ere used in order to avoid 
the problem of mammary cancer The mice were 
housed individually, put on the diets at weaning, 
and kept in an air-conditioned room One group 
was fed ad libitum on commercial chow , the other 
three groups were given the semi-purified diet 
described by Visscher ct al A control group was 
fed ad libitum One restricted group received 
approximately 66% of the normal caloric intake, 
with normal protein, vitaimn and mineral intake 
The other restricted group received approxi- 
mately 50% of normal caloric intake with about 
15% restriction of protein, vitamins and minerals 
The group on 33% restriction had the longest life 
span (av 755 4 daj s) Those on 50% restriction 
ollow ed (av 652 9 daj s) , the controls were next 
(av 623 5 days) Those fed commercial chow 
show ed the shortest life span (av 585 8 da> s) 
Moderate calorie restriction results m the greatest 
life span 

Hemolysis by intracellular crystal formation 
Bruno Ivisch Fordham University and Marine 
Biological Laboratory, New York City and Woods 
Hole, Mass 

In eels caught in a deadly sick condition a kind 
of hemolysis was observed up to now unknown in 
hematology One or more crystals of prismatic 
shape developed in red blood cells, there stretch- 
ing and growing up to twice the length of a normal 
erythrocji;e, finally rupturing the cell membrane 
These crystals are not hemoglobin but are soluble 
m water In the polarizing microscope the extinc- 
tion occurs at 90° It is supposed that an infectious 
disease, probably a virus infection, is the reason 
for this type of hemolysis 

Ventricular complex of the electrocardiogram of 
birds Bruno Kisch Mount Sinat Hospital and 
Yeshiva Univ , New York City 
Previous hterature on birds states that the elec- 
trocardiogram of birds has no B but only a deep S 
as mam ventricular imtial deflection In 20 experi- 
ments seagulls and chickens were mvestigated and 
the following results were obtained The usual 
extrenuty leads, taken with needle electrodes 
show left axis deviation with a very low voltage 
m Lead I Leads II and III are very similar to 
each other A small R and a deep S is nearly always 
present m Leads II and III T is upright in II 
and III, very low m I Chest leads taken in the 
level of the ventricles with Wilson’s Central 
Terminal, show at the right side of the chest no R 
as a rule but a QS Those from the left side of the 
chest show an rS always Direct V-leads show a 
QS on the pectoral surface of the right ventricle, 
a small R and deep S on the left x entricle and a 
QS on the dorsal surface of the ventricle T is 
diphasic, often wnth a quick deep final phase 


Inside each of both the ventricles and auricles 
the ventricular complex starts with a high up- 
stroke (R) In most cases there is no, or a very 
small, S, and alw ays an inverted T The same type 
of ventricular cardiogram can be registered from 
the surface of both auricles and of the aorta 
The ventricular complex in the unipolar extremity 
lends IS characterized by a high R in the VR po- 
tentials Because these high R waves exist nowhere 
on the surface of the ventricle of the investigated 
birds but are typical for both cavity potentials, 
this IS a proof that the right arm potentials really 
reflect the cavity^ potentials of the ventricle By 
changing the position of the heart the R in the 
right and left arm potential can be ehanged too 
The average of the heart rate of 12 chickens was 
380, their rectal temperature was between 107° 
and 109° , the average heart rate of 8 seagulls was 
found to be 450 and the temperature between 
104 5° and 106° Auricular fibrillation can be pro- 
duced in birds by local application of acetyl 
choline on the auricles 

Analysis of retrograde conduction to the atna 
from premature ventricular contractions, a com- 
mon occurrence in the human heart Albert 
D Kistin* and Milton Lan downs Cardio- 
vascular Research Unit, Veterans Admin , Wash- 
ington, D C 

Retrograde conduction to the atria from pre- 
mature ventricular contractions, generally con- 
sidered rare, was demonstrated in 15 of 33 unse- 
lected mdividuals by means of esophageal electro- 
cardiographic leads, although rarely detectable 
in a simultaneous lead II In esophageal leads 
P waves due to retrograde conduction occur within 
a limited range of tune (0 09-0 46 sec ) following 
the premature QRS They differ in contour from 
sinus P waves and/or are premature In the 
latter case the interval to the next sinus P wave 
IS longer than a sinus P-P interval Atrial fusion 
complexes occur Ventriculoatrial conduction time 
IS not consistently greater than atrioventricular 
conduction time Thus there is no evidence for 
‘normal’ unidirectional block m the human In 
two cases where analysis was possible, ventricu- 
loatrial conduction time varied directly wuth the 
degree of prematurity of the ventricluar contrac- 
tion and inversely wnth the sinus rate This sug- 
gests relative refractory period and vagal influence 
upon retrograde conduction, similar to conditions 
governing normal antegrade conduction In addi- 
tion, there were two discontinuous orders of mag- 
nitude of x'^entriculoatnal conduction, differing by 
0 11 sec m one case and 0 23 sec in the other, two 
retrograde pathw ay s w ere hx pothesized The 
limited degree of prematurity of retrograde atrial 
activation following an antecedent premature 
ventricular contraction, faxors spontaneous d'" 
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charge of the sintis node rrhich may explain the 
‘compensatory pause’ frequently observed In 
some cases, however, retrograde atrial activation 
Has sufficiently premature to invalidate this ex- 
planation, and in these the 'compensator!' pause’ 
is unexplained or fortuitous 

Protein content and tryptic activity determined 
by several methods in canine pancreatic juice 
under different conditions of stimulation S A 
Komahov, Herman Siplet* and Harry Shat 
Samuel S Pels Research Inst , Temple Umv 
School of Medicine, Philadelphia, Penna 
Protein content was determined by trichlor- 
acetic acid precipitation (Komarov, S A , G O 
Langstroth and D R McFae, Canad J Re- 
search 17 113, 1939), ipj^ptic activitj was deter- 
mined after activation with various enterokmase 
preparations by 1) a modification of Mett’s 
method (Mett, S G , Diss St Petersburg, 1889), 
2) by the method of Tomahelli, R M , J Char- 
net AND M L Harding J Lab & Chn Med 
34 428, 1959, and S) the photoelectric method of 
Riggs and Stadie as adopted by Friedman, M 
H F , Gastroenterology 7 626, 1947, for pancreatic 
juice In dilution experiments with different ty'pes 
of pancreatic juice obtained in acute experiments 
1) after secretin alone, £) secretin and ‘urecholine’ 
stimulation and S) postprandial secretion from 
dogs with chronic pancreatic fistula, only Mett’s 
method gave a rectilinear relationship consistently 
over a wide range of dilutions up to 1 20 Results 
with the other methods gave a rectilinear rela- 
tionship for velocity constants only over a narrow 
range of dilutions and even then not consistently 
(<50% of the experiments) In experiments with 
secretin alone and with Urecholine stmiulation 
superimposed Mett’s method showed a better cor- 
relation between protein content and units of 
trjqitic activity (coefficient of variation from 14 7 
to 33 3%) than did the Tomarelli method (C V = 
11 8% to 123 2%) or Friedman’s adaptation of the 
Riggs and Stadie method (C V =14 4% to 54 6%) 
Urecholine in wide range of dosage when superim- 
posed on secretin stimulation consistently pro- 
duced a significant increase in the output of en- 
z Junes when measured by the output of protein 
nitrogen or by the Mett method, while the other 
methods failed to show tins increase in some ex- 
periments 

Effect of inhalation of oxygen at high partial pres- 
sure upon cerebral circulation and cerebral 
oxygen consumption in man R H Rough,* 
D Y Cooper, Jr ,* G L Emmel,* H H 
Loeschcke,* C j Lambertsen* and C F 
Schmidt Lab of Pharmacology , Vniv of Penn- 
sylvania, Philadelphia 

To measure the effects of high tensions of in- 
spired oxygen on cerebral blood flow (CBF), cere- 


bral oxygen consumption (CMR 02 ) and cerebral 
vascular resistance (CVR) 3 groups of healthy 
young men were studied by the nitrous oxide 
method of Kety and Schmidt Group 1 (6 subjects), 
the control group, breathed dry air through a de- 
mand regulator for one hour Measurements A 
were made at the beginning and measurements B 
were made at the end of the one-hour period The 
conditions of Group 2 (S subjects) differed from 
those of Group 1 in that 100% oxy gen w as substi- 
tuted for air after measurements A were 
made The conditions of Group 3 (6 subjects) dif- 
fered from those of Group 2 in that the last 15 
minutes of oxj'gen breathing were at an ambient 
pressure of 3i atmospheres Group S was con- 
sidered to be in the preconvulsive stage of acute 
oxygen toxicity when measurements B were made 
Means of measurements are tabulated below in 
terms of 100 gm of brain/min 


1 

1 

GROUP 1 

1 

osorp 2 

CSOOP 3 

A 1 

B 

A 1 

1 

B 1 

A 

B 

CBF (cc ) 

1 

56 

53 

1 

55 

47 

58 

43 

CMRo, (cc O 2 ) 

3 3 

3 1 

3 4 

3 5 

3 4 

3 5 

CVR (mm Hg/cc ) 

1 3 

1 3 

1 2; 

1 5 

1 

1 1 

1 6 


The table indicates that a high tension of inspired 
oxj'gen, either directly' or indirectly , may cause a 
decrease in cerebral blood flow, an increase in 
cerebral vascular resistance, but no appreciable 
change in cerebral oxy gen consumption 

Valves of the hamster caecum Hugo Krueger 

AND Rudy Rieschel, Jr * Dept of Zoology, Ore- 
gon State College, Corvallis 

The caecum of the hamster is slightly sacculated 
and divided into an apical and a basal portion In- 
ternally', this division is marked by' a semilunar 
valve and externally' by' a groove in the w all of the 
caecum, the groove eorresponding to the fixed bor- 
der of the semilunar valve At least 4 y'alves can 
be found in the caecum of the hamster the ileo- 
caecal valve, an apico-basal semilunar valve, a 
basal semilunar valve and a chevron valve The 
ileo-caecal valve located at the ileo-caecal 
junction has a semilunar lip which projects into 
the lumen of the ileum The apico-basal semilunar 
valve is located immediately' on the apical side of 
the ileo-caecal junction This valve projects into 
the lumen of the caecum and may be considered as 
a continuation of a portion of the ileal w all into the 
caecum Aided by partial constriction of the cae- 
cum the apico-basal semilunar valve could pre- 
Bumabl> prevent caecal contents from reaching the 
apex of the caecum and as a result the contents 
coming from the ileum would be shunted into the 
colon The basal semilunar valve is parallel with 
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the apico-bnsal valve and is located about 5 mm 
toil ard the colon from the apico-basal semilunar 
valve The chevron vaUe at the caccal-colomc 
junction IS formed b^ the terminations of the mnnj 
ends of muscular chevrons found in the colon The 
first of these chevrons projects into the caecal 
lumen and forms a pocket on the caecal wall 

Preparation and phjsical properties of crustacean 
sinus gland hormone Eloise Kuntz (intro- 
duced b^ RuthE Conklin) Brown UnwersUy, 
Providence, R I , and Fnssnr College, Pough- 
hccpsic, N I* 

A method of isolating crustacean sinus gland 
hormone from extracts of e\estallvs b\ repeated 
adsorption on Norite A has been developed Elu- 
tion is accomplished with 10% NH^OH in 50% 
ethanol at 70°C The preparation causes expansion 
of the dark chromatophores of Uca minax It is 
also effective m prolonging the life of ei estalkless 
U minax when given in frequent injections The 
preparation exhibits ultraviolet absorption peaks 
at 2S0-2S5 and 335-340 my Measurements of rela- 
tive fluorescence intensitj at different hjdrogen 
ion concentrations reveal a broad peak extending 
from pH 2 5 to 6 5 in the presence of phosphate 

Unipolar electromyograms of patients with derma- 
tomyositis E H La^ibert, Sibtl Beckett,* 
C J Chen* and L M Eaton * Secltona on 
Physiology and Neurology, Mayo Foundation and 
Mayo Chntc, Rochester, Minn 
The electneal actmtj of muscle m 15 patients 
with dermatomi ositis was detected w ith unipolar 
needle electrodes and recorded bj a cathode-raj 
oscilloscope In resting muscle, numerous poten- 
tials indistinguishable from single-fiber potentials 
occurred spontaneouslj There was also increased 
imtabilitj to needle movement Involuntarj con- 
traction, muscular weakness was associated pri- 
marilj with a decrease in size (amplitude and 
duration), rather than in number of motor-unit 
action potentials, the latter, in some instances, 
approaching the appearance of single-fiber poten- 
tials PoRqihasic motor -unit potentials were in- 
creased m number The motor-unit action poten- 
tials in mjositis were similar to those found m 
progressive muscular dj strophj and to those pro- 
duced bj the injection of curare in normal muscle 
Average values for motor-unit potentials of muscle 
biceps brachii in mj ositis were amplitude, 198 ± 
14 uv (n 137) , total duration, 5 7 ± 0 3 msec (n 
= 136) , spike duration, 2 1 ± 0 09 msec (n = lOS) , 
negative phase, 1 4 ± 0 06 msec (n = 106) Com- 
parable values in normal biceps were 507 ± 15 
uv , 8 4 ± 0 2 msec , 3 4 i 0 07 msec and 2 2 ± 
0 05 msec , respective!! (n =>■ ISO) In contrast, 
values in low er motor neuron disease w ere 2011 ± 
218 uv , 12 9 ± 0 5 msec 4 6 ± 0 25 msec and 2 S 
rfc 0 14 msec , respectu eh (n = 58) The electro- 


mj ograms indicate that in myositis disintegration 
of motor units occurs bi successive loss of muscle 
fibers from the unit The occurrence of single-fiber 
potentials at rest, together with biopsj studies, 
suggests that this occurs liy derangement of nerve 
terminals or motor end-plates Degeneration of 
muscle fibers maj also occur, but nerve trunks are 
intact 

Effects of Inhalation of oxj gen at high partial pres- 
sures upon arterial and internal jugular blood 
gas content, tension and pH C J Laxibertsev, 
G L Emmel, D \ Cooper, H H Loeschcke 
and R H Kolgh (introduced bj^ A N 
Richards) Lab of Pharmacology, Umv of Penn- 
syhama, Philadelphia 

In studies of the effects upon man of inhalation 
of OX! gen at high partial pressure (OHPP) samples 
of arterial and internal jugular blood were col- 
lected during control periods of air breathing at 
sea level and from the same subjects during oxj gen 
inhalation at an ambient pressure of 3 5 at- 
mospheres Several subjects developed convulsive 
seizures due to toxicitj of oxj gen at the high ar- 
terial pO; produced The table presents average 
results of measurements on 10 normal men, ex- 
pressed in conventional units 


BtOOD ITEASTJSEltEXTS 

1 

AIR, SEA LEVEE 

Oj, 3 3 A° 

Art. 

Yen 

Art 

Yen. 

0- content 

18 6 

12 3 

25 8 

17 7 

% Hb sat 

96 3 

64 0 

100 

89 7 

pO- 


37 

2350 

74 

CO- content 

50 2 

56 1 

47 3 

55 4 

pCO- 

44 

56 

40 

59 

pH 

7 38 

7 32 

7 41 

7 28 

i 


At 3 5 atmospheres the arterial plasma oxj gen con- 
tent of 6 5 volumes % nearly met cerebral 
metabolic requirements, as indicated by the near- 
artenal level of jugular hemoglobin saturation 
OHPP produced a decrease of arterial and increase 
of jugular pCOi The former suggests a moderate 
increase in pulmonarj^ ventilation which was ob- 
served but not routinelj measured It is not pos- 
sible to state whether these findings were related 
to pulmonarj' irritation or to central effects of CO- 
retention Alteration of internal jugular pCO. and 
pH h\ OHPP are probabh not important factors 
in development of oxj gen convulsions 

Fragmentation of biliary calculi by ultrasound 
H-arold La!Iport, Herbert F New !Iax and 
Rvlph D Eichhorn * Lah of Physiology, ^ ale 
I mt School of Medicine, Xcw Haicn Conn ,and 
Beth Israel Hospital, A etc 3 orl City 
Man! t!-pes of human biliar! calculi, whether 
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fresh or dned, were fragmented when placed in 
water in cellophane bags and exposed to a strong 
400-kilocycle ultrasomc beam from a Crystal Re- 
search Laboratory generator m an oil bath for 5-60 
seconds Because of the change in acoustic impe- 
dance at the oil-tissue interface, the ultrasound 
was attenuated and excessive heat and destruction 
of tissue resulted when skin or flmd-filled intestine 
were placed in the oil ultrasonic beam Even 
though the beam was attenuated on passing into 
water, its subsequent tissue-heating effects ceased 
to be serious, as measured by the appearance of 
tissue immediately after 16 seconds of irradiation, 
although longer periods still can damage tissue 
Since the gall bladders of the easily available 
laboratory animals are not large enough, the small 
intestine and appendix of the rabbit have been 
studied preliminarily Approximately 80% of 
biliary calculi placed in exteriorized loops of in- 
testine filled with saline, but with blood supply 
mtact, were fragmented during exposures of 10 
seconds No immediate change in the gut 
appeared The later results of exposure of intestine 
and gall bladder to calculus fragmenting intensi- 
ties of ultrasound have not yet been determined 
The superior efiSciency of the strong ultrasonic oil- 
propagated beam on the cellophane-encased stones 
as compared to that of the attenuated beam prop- 
agated m water suggests that a short exposure to 
a more intense ultrasonic beam may fragment 
biliary and perhaps other calculi without damage 
to surrounding tissue 

Effects of hypophysectomy on the respiration and 
cellular components of rat bone marrow David 
Landau* and Albert S Gordon Dept of 
Biology, Washington Square College of Arts and 
Science, New York Univ , New York City 
Male hypophysectomized rats (24-4 months 
post-operative) and intact littermate controls of 
the Sprague-Dawley-Hoizman strain were used 
The marrow cells were suspended in partially neu- 
tralized serum from animals of the same endocnne 
status and the cu mm O 2 consumed/mg tissue 
mtrogen/hour determined by the standard War- 
burg techmque The percentages of mature 
erythrocytes and nucleated cells as well as the dis- 
tribution of cell types in the latter group were de- 
termined from marrow smears of the suspensions 
The Qoj (N) for the bone marrow of hyqiophysec- 
tomized rats — 39 2 ± 0 6 (S E ) — was not signifi- 
cantly different from that of the controls — 41 3 ± 
1 5 The mean nucleated cell content of the normal 
rat marrow suspensions was 58 6% as compared to 
69 3% in hypophysectomized rat marrow Since 
mature erythrocytes have an extremely low O; up- 
take, recalculation was made of the respiratory 
metabolism in terms of the percentage of nucleated 
cellular elements. On this basis, the Qo; (N) of the 


marrow of hypophysectomized rats is found to be 
19% lower than that of normal rat marrow 
Hypophysectomy did not result in any alteration 
of the concentration of nucleated erythroid cells 
but did induce an increase of lymphocytes and a 
decrease m the numbers of immature neutrophilic 
myelocydes within the marrow Prehrmnary ex- 
periments mdicate that the bone marrows of 
hypophysectomized rats injected with purified 
growth hormone show a sigmficantly higher Qoj 

Chronic studies of effect of hydroquinone on man 
S Lang,* N R Brewer and A J Carlson 
Physiology Lab , XJniv of Chicago, Chicago, III 
As was previously reported to the Society m 
April 1949, h 3 'droquinone added to food fats in the 
amount of 0 01% decreases the rate of oxidative 
rancidity from 2 to 50 times To further study the 
effects of hydroquinone 19 adult human subjects 
volunteered to participate in senes of experiments 
Two males ingested 500 mg of hydroqmnone/day 
for 6 months after an initial control period of one 
month Eleven subjects, male and female, ingested 
300 mg of hydroquinone/day for 6 months after an 
initial control period of one month Five males 
and one female ingested 300 mg of hydroquinone/ 
day for 3 months Thus our subjects mgested 
amounts approximately equivalent to o) a 30-year 
supply of hydroquinone in 6 months, h) a 16-year 
supply in 6 months, and c) a 10-year supply in 3 
months, assuming that a 70 kilogram man was to 
ingest 1 gram of f at/kg /daj' and all of the fat w’as 
treated with 0 01% hydroquinone Periodic blood 
and urine analysis were made throughout the dura- 
tion of the experiments Analj^is of blood included 
percentage hemoglobin, red blood cell count or 
hematocrit, differential white blood count, sedi- 
mentation rate, platelet count, coagulation time 
and icteric index Analysis of unne included al- 
bumen, reducmg sugars, white blood cells, red 
blood cells, casts and urobibnogen None of 
the subjects showed any sumptomatology of toxic- 
ity dunng the course of experiments and in no case 
were the analyzed data significantly deviant from 
accepted human norms 

Bladder function following acute denervation and 
in spinal shock L L Langlet and J A White- 
side (introduced bj John M Bruhn) Dept of 
Physiology, Med College of Alabama, Birming- 
ham 

The urinary bladder adapts to varying volumes 
maintaining a low, approximately constant pres- 
sure Whether this is an inherent ability of 
the bladder musculature or is due to reflex action 
has been questioned In experiments on more than 
20 dogs we find that the bladder retains its 
capacity to accommodate to changmg internal vol- 
ume following complete denervation, during spinal 
shock at vhich time the micturition reflex is ab- 
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sent, ns well ns following Etnmon ((ctrncthylnm- 
monmm chloride) ndminislrntion in sufTicicnt 
doses to block micturition Wo conclude that tins 
phenomenon is nn inherent property of the bladder 
musculature Ton cc of saline introduced rapidly 
into the normal bladder causes an increase in pres- 
sure of approximately 3 cm II-O If the pelvic 
nerves are cut the average increase upon the in- 
troduction of 10 cc saline is 6-7 cm This sharp 
rise IS duo to a marked increase in the tonus of the 
bladder wall Severing the hj pogostne nerves re- 
sults in no marked or consistent change w hen they 
are cut cither before or after the pelvic nerves are 
cut Following complete section of the spinal cord 
at T» the micturition reflex cannot be elicited 
During this period of spinal shock 10 cc saline in- 
creases the pressure only 1-2 cm , that is, the blad- 
der is atonic How ever, if the pelvic nerves arc now 
cut, or if Etamon is given the bladder becomes hy- 
pertonic Loss of the bladder’s ability to accom- 
modate to varj'ing volumes is seen in spinal shock 
only if the bladder has previously been over-dis- 
tended 

Do anesthetics depress nerve cells by depressing 
oxygen consumption? Martin G Lahhabee, 
Juan Garcia Ramos* and Edith Bulbring * 
Depl of Biophysics, Johns Hopkins Untv Bal- 
timore, Md 

Effects of anesthetics or neuronal metabolism 
and synaptic transmission were compared by 
simultaneous measurements of oxygen consump- 
tion and transmission in excised superior cervical 
sympathetic ganglia of rabbits A ganglion was 
placed in flowing solution in a small chamber in 
which oxygen concentration w as measured with a 
polarized platinum electrode Rate of oxj^gen con- 
sumption was determined by measuring the rate 
of fall of oxygen concentration when the flow of 
solution was stopped Transmission was meas- 
ured by height of postganglionic action potential 
evoked by preganglionic nerve stimulation All 
anesthetics tested except urethane (chloretone, 
Nembutal, ether, chloroform, also alcohols from 
methanol to octanol) depressed synaptic trans- 
mission reversibly without slowing the resting 
oxygen consumption Urethane reversibly slowed 
oxygen consumption by a small amount which did 
not seem to increase significantly as the concentra- 
tion rose from levels sparing to those block- 
ing transmission All anesthetics slowed resting 
oxygen consumption markedly at sufficient con- 
centrations When oxygen consumption was de- 
pressed by Nembutal or chloretone, it could be 
restored by methylene blue, but depressed trans- 
mission could not The extra oxj'gen consumption 
caused by repetitive activity was readily de- 
pressed by anesthetics, but only^ in direct propor- 
tion to depression of activity In contrast with 
anesthetics, azide and cyanide reduced the resting 


rate of oxygen consumption considerably, before 
depressing transmission Cyanide depressed the 
extra oxy gen consumption of activity more than 
the activity itself These facts suggest that anes- 
thetics depress neurones by some mechanism 
w Inch docs not interfere w ith oxy gen consumpi ion 
Further interpretations arc assisted by observa- 
tions on sympathetic nerve trunks 

Constancy of responses to Intra-arterial injection 
of mccholyl in isolated blood-perfused extremity, 
perfusion with pump-oxygenator system Ben J 
Lawrence, Jr,* Adaxi B Denison, Jr,* J 
Maxweld LittIvE and Harold D Green 
Dept of Physiology and Pharmacology, Bowman 
Gray School of Medicine of IFa/Lc Forest College, 
Winston-Salem, N C 

Fluctuations in blood flow in an isolated extrem- 
ity perfused by an animal arc due in part to a con- 
strictor produced by the animal (Green, el al 
Federation Proc 1950) To eliminate such humoral 
factors we substituted a constant pressure pump 
and an oxy genator composed of glass beads for the 
animal In this preparation flow was initially 10- 
20 cc/min/100 gm , it dropped to 2-4 cc during the 
first 2 hours, rose almost to the initial level at 3-4 
hours then decreased practically to zero at 6-8 
hours The percentile responses to intra-artenal 
mccholyd varied inversely with the flow except 
during the terminal drop w hen they decreased pro- 
gressively Edema, as evidenced by leg weight 
gain, appeared early and increased rapidly during 
the terminal decline in flow but the resulting in- 
crease in viscosity w^as insufficient to account for 
the reduction in flow Addition of Chloromycetin, 
aureomycin or streptomycin, which prevented 
bacterial contamination, prolonged the experi- 
ments to 18-24 hours without materially affecting 
the sequence of flow changes or edema formation 
Tetraethylammomum administered to leg and 
blood donor dogs, addition of the B complex vita- 
mins to the perfusion system, regulation of blood 
pH, and, preliminary’’ deplatelization of the blood 
by centrifugation at 3200 rpm for 15 minutes, to 
one hour were all without significant effect Stor- 
age of pooled blood for 3-5 days at 9°C with daily 
addition of heparin and streptomycin minimized 
the flucutuations in flow 

Influence of dietary protein or thyroglobnlin on 
liver and plasma protein levels of thiouracil-fed 
rats J H Leathem Bureau of Biological Re- 
search and Dept of Zoology, Rutgers Univ , New 
Brunswick, N J 

Adult male rats were fed either 78 % or 18 % 
casein diets with or without thiouracil (0 5 %) for 
20 days Liver protein was greatest following 
thiouracil and 78 % casein but was significantly 
increased and to the same extent by 78 % casein 
alone and by 18 % casein plus thiouracil Liver 
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weight, however, was only markedly increased by 
thiouracil Liver water content was unchanged 
Thiouracil feeding increases total plasma protein 
levels due to an increase in plasma globulin 
in addition to its effect on the liver When adult 
male rats were fed thiouracil (0 26 per cent) , thy- 
roglobulin (0 05 per cent) (Proloid) or both for 20 
days the plasma and liver protein effects of thiou- 
racil vere abolished Thyroid, pituitary and liver 
weight increases induced by the goiterogen were 
counteracted by thyroglobulin whereas the car- 
diac hypertrophy induced by th 3 woid was antago- 
nized by thiouracil 

Conversion of acetate and lactate to succinate in 
the intact mammal Jm Shuan Lee* aaid 
Nathan Lifson Dept o/ Physiology, Umv of 
Minnesota Med School, Minneapolis 
After the administration of CHjC‘*OOH plus 
normal malonate to fasted rats, C'TlOHCHiCHi- 
C^’OOH vas recovered from the urine (Lee and 
Lipson, Proc Soc Exper Biol & Med 70 72S, 
1949) Similar studies have been made of the con- 
version of the f ollon mg labeled compounds to suc- 
cinate NaHC^’Os, Ci'H,C‘»OOH, CH,CHOHC'»- 
OOH, C'*HjC*’HOHCOOH The results may be 
summarized as foUons 1) — > C”- 

OOHCHsCHiC'KDOH, S) CHjC^OOH -v C‘>- 
OOHCHsCHjCtKlOH, S) C”HjCi»OOH -> C'»- 
OOHCi>H,Ci>H2C”OOH, 4) CHjCHOHC>’OOH 
COOHCHjCHjCOOH, 5) Ci>H,C”HOHCOOH 
— + C^*OOHC**H5 Ci’HsC^’OOH In the case of re- 
sult (1), the concentration of labeled carbon was 
of borderline sigmficance only These isotope dis- 
tribution patterns in the urinary succinate are 
consistent with the in vivo operation of the tn- 
carboxyhc acid cycle as influenced by malonate 
inhibition of the conversion of fumarate to suc- 
cinate 

Nutritional and metabolic factors in peripheral 
vasomotor reactions vasocompensatory im- 
pairment induced by avitaminosis C Richard 
E Lee (introduced by B W Zweifach) Dept 
of Medicine, Cornell Univ Med College and The 
New York Hospital, New York City 
As compared to 12 pair-fed controls and an ade- 
quatelj' supplemented synthetic diet, 11 guinea 
pigs deficient in vitamin C for 21-23 days show no 
demonstrable differences in blood pressure or in 
their ability to respond in pressor manner to in- 
travenous and intra-arterial injections of epineph- 
rine Hon ever, when subjected to standardized 
graded hemorrhage, in contrast to the animals on a 
fully supplemented diet, the vitamin-C-deficient 
ammals nere consistently incapable of elaborat- 
ing the renal humoral vasoexcitor material, VEM 
Tests were earned out on the unfractionated 
plasma usmg the rat mesoappendix method In 
addition, these animals were much less resistant 


to hemorrhage than their pair-fed controls The- 
amount of blood loss necessary to reduce the blood 
pressure to i its initial value n as approximately 
50% of that of the controls The removal of an 
additional cc of blood, which was well tolerated 
bjr the supplemented animals, was followed by a 
gradual fall of blood pressure to zero in 8 of the as- 
corbic-acid-deficient animals 

Effects of the shear bacterial polysaccharides upon 
cardio-vascular response Chester E Lebse, 
William E Poel* and Harold Berman * Dept 
of Physiology, George Washington University Med 
School, Washington, D C 

Rabbits were given doses of polysaccharide from 
100 to 1200 gamma/kg This substance has been 
shown to be effective in destrojung cancer tissue, 
but posseses strong toxic properties Electrocar- 
diograms showed tachycardia as the most persis- 
tent finding w ith inversion of the P and T waves, 
and abnormally high S-T takeoffs All irregulari- 
ties were reversible and disappeared within 6 hours 
after intravenous administration Blood pressure 
dropped within 10 to 40 seconds after polj saccha- 
ride administration, and was maintained at i to 
J of its original level for 5 to 10 minutes A grad- 
ual return to normal limits was then observed, 
which required 16 to 40 minutes Following 
recovery of the pressure level, injections of the 
agent had no appreciable effect It appears 
that the depressor action may be tachyphvlactic 
in nature Histamine was suggested as the depres- 
sor agent because of the destructive power of the 
polj'Saccharide upon cancer cells Antihistamine 
drugs did not prevent the depressor response Cir- 
culation time was increased in response to poly- 
saccharides, measured bj' the cyanide method The 
recommended dose of cjmnide proved fatal in sev- 
eral instances followng polysaccharide, but was 
never fatal to the controls 

Degradation of fatty acids to ‘acetate’ by neuro- 
spora Joseph Lein and Patricia S Lein (in- 
troduced bj*^ W W Swngle) Dept of Zoology, 
Syracuse Umv , Syracuse, N Y 
A mutant of Neurospora crassa, S210, which grew 
in minimal medium supplemented with oleic acid 
was isolated Further study showed that the mu- 
tant did not grow when supplemented wth ammo 
acids or water-soluble vitanuns but did grow ^vel 
in acetic acid Growth of the mutant in acetic acid 
could be very markedly inhibited by arginine or 
lysine but not by other ammo acids Exiieriments 
were earned out m which oleic acid or acetic acid 
was used as the sole carbon source, and it 
was found that the mutant could derive its carbon 
as well as its necessary supplement from 
both acids This result was thought to indi- 
cate that the mutant was actuaUy an acetate mu- 
tant and that its acetate could be denved from 
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olcic icid The possilnhU also cmsIs that acetate 
itself IS not the fragment formed from the fatty 
acid but rather that a compound closely related to 
it maj bo the one produced in vivo With this reser- 
vation in mind, naturalh oocurnng fatty acids 
were tested to see if thci could serve ns ‘acetate’ 
donors for the mutant Tlic compounds v ere tested 
for inhibition effects using v ild tj ])c so that inhibi- 
tion phenomena would not mask their abilitj to 
enable the mutant to grow From the growdh 
studies it appeared that N curospora crassa can de- 
grade butjric, caproic, capnlic, capnc, lauric, 
mjnstic, oleic, linoleic and linolcmc acids into 
‘acetate’ enabling the acetate mutant to grow 
Stearic and palmitic acids were not degraded to 
usable ‘acetate’ compounds 
Positivil} in ventral horn during bulbar reticular 
inhibition of motoneurons Jerome Y Lettmv 
A^D Paul C Dell (introduced bj Warren S 
McCulloch) Manteno Stale Hospital and Dept 
of Psijchialrtj, Untv of Illinois College of Medi- 
cine, Chicago 

We have previouslj show n that the suppressor 
bulbar reticular fibres in the ventrolateral fascicu- 
lus terminate in the internuncial nucleus of the 
Lateral Column of Ramon j Cajal (the Tractus 
Cellularum Intercornualis Lateralis of Jacobsohn) 
and that stimulation here inhibits and onlj in- 
hibits the motoneurons even when the current is 
strong enough to e\cite initiall} the motoneurons 
themselves We nowr show that this inhibition is 
accompamed by a long positive potential in the 
motoneuron pool resembling the positive ‘synap- 
tic potential’ recorded by Eccles with interseg- 
mental reflex inhibition 

Effect of insulin on transport of certain substances 
across cell barriers R Levine, M S Gold 
stein* and B Huddleston * Dept of Metabolic 
and Endocrine Research, Med Research Inst , 
Michael Reese Hospital, Chicago, III 
The intimate mechanism by which insulin acts 
has been looked for in a ‘biocatalytic’ effect on one 
or several of the enzymatic steps of the intermedi- 
ary metabolism of glucose However, insulin may 
not exert any direct action whatever upon the 
known enzyme systems of the accepted carbohy- 
drate scheme, but it may act by promoting the 
rate of transfer of glucose (and perhaps other sub- 
stances) across certain cell membranes Accord- 
ingly we are mvestigating the effect of insulin upon 
the rate of entry into tissues of substances other 
than glucose, preferably non-utihzable, orgamc, 
naturally occurring compounds We have recently 
reported that insulm increases the rate and extent 
to which galactose is distributed in the tissues of 
eviscerated nephrectomized dogs {J Biol Chem 
179 985, 1949) On the basis of existing evidence it 
w as then assumed that the administered galactose 
was not ‘utilized’ (transformed in an> waj) This 


has now been experimentally demonstrated The 
above experiments w ere repeated using evis- 
cerated nephrectomized rats and analyzing the 
whole carcass Our data show that at the end of 
the experimental period none of the administered 
galactose has disappeared ns a result of insulin ad- 
ministration It can be concluded, therefore, that 
insulin IS affecting some ‘permeability’ process by 
which galactose gains entrance into cells Prelim- 
inarj experiments indicate that this type of insulin 
effect can also be obtained by using fructose and 
lactate but that insulin docs not affect the dis- 
tribution of urea, creatinine or sucrose 

Quantitative determination of fluorescein passage 
through capillaries following ultraviolet irradia- 
tion of transparent rabbit car chambers Ed- 
ward A Lighter* and Alfred A Schiller 
Dept of Physiology, Univ of Illinois College of 
Medicine, Chicago 

hlodificd transparent chambers, similar to those 
described bj Ebert, have been inserted in rabbit 
cars to study the manner in w hich fluorescein dye 
injected i v enters and leaves the tissue spaces 
under various dosage levels of ultraviolet irradia- 
tion calculated to affect changes in capillar} per- 
meability The radiation was directed through the 
polished quartz table of the chamber in dosage 
levels approximating rabbit bellj threshold 
erj themal responses Alterations in the size of th- 
vascular bed were determined from serial photo- 
micrographs taken during the control and expene 
mental periods Approximately 4-5 hours after 
ultraviolet irradiation of the chamber, 50 mg/kg 
of Na fluorescein in 5 % solution was injected 
intravenously followed by measurements of the 
intensity of fluorescein fluorescence in a given 
microscopic field in the chamber at 1- to 2-iiunute 
intervals for a period of 60-90 minutes Fluores- 
cence was determined photometrically by a sensi- 
tive, suitably filtered, multiplier photocell 
adapted to the microscope ocular The photocell 
was standardized against a piece of stable fluores- 
cent glass placed on the microscope stage above 
a constant intensity lamp The anthemetically m- 
tegrated areas delimited by the time-intensity 
(fluorescence) curves provide indices of compari- 
son between control and irradiation conditions In 
several animals under comparable experimental 
conditions, it was observed that the rate and peak 
intensity of dye transudation and resorption w as 
greater following irradiation, each chamber serv- 
ing as its ow n control Characteristic deviations of 
the experimental chamber from the control, dur- 
ing 3 successive 20-mmute intervals, were a) 
103% increase in dye, b) 11 % decrease, and c) 
27 % decrease, respectively' 

Non-chronotropic T-wave changes produced by 
acetylcholine Irving Liebow and Herman 
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K Hellerstbin (introduced by Victor Lor- 
ber) Dept of Medicine, School of Medicine, 
Western Reserve Untv , Untv Hospitals, Cleve- 
land, Ohio 

The effects of acetylcholine upon the blood pres- 
sure and upon intracavitary and evtracavitary 
leads of the electrocardiogram of the intact nem- 
butahzed dog were studied Acetylcholine in 
amounts from 0 01 microgram to milligrams was 
injected into the right atrium and mid abdominal 
aorta via indwelling catheters f ) Intra-atrial and 
intra-aortic doses as small as 0 01 /ig produced a 
significant fall in blood pressure The former route 
produced changes in the electrocardiogram 
Acetylcholine therefore is effective in minute doses 
in the intact anesthetized animal 2) PTa depres- 
sion and increase in the amplitude of the T wave 
(extracavitary leads) were found to be early and 
independent of the blood pressure changes PTa 
depression occurred in 31 of 34 experiments before 
blood pressure fall and in the absence of chrono- 
tropic effect The same was true of T wave changes 
in 9 of 31 experiments The changes are considered 
to be a direct effect of acetylcholme S) Acetyl- 
choline produced greater negativity of the intra- 
cavitary T wave and greater positivity of the ex 
tracavitary T wave On the basis of current con- 
cepts, acetylcholine either hastens repolarization 
of the ventricular sub-epicardial lamina or retards 
it in the sub-endocardial lamina 

Electro-icono-grams from the cerebral cortex 
(cats) at the pial surface 'spontaneous’ activity 
and responses to endorgan stimuli under anes- 
thesia John C Lilly and William W Cham- 
bers (introduced bv H C Bazbtt) H R John- 
son Fndn for Med Physics, Univ of Pennsyl- 
vania, Philadelphia 

A new technique and some of the results of its 
use are described brief!} The Bevatron (A I E E - 
IRE Symposium Volume on Instrumentation in 
Medicine and Nucleonics, to be published by the 
American Institute of Electrical Engineers m 1960) 
records some 2 dimensional cross sections of the 3- 
dimensional electrical activity of the brain (elec- 
tro icono-grams) The input field is picked up by 
25 electrodes in a 5 \ 5 square array (8 mm by 8 
mm ) on the pia, is amplified by 26 amphfiers, and 
used to intensity-modulate 25 light sources in a 5 \ 
5 square array at the output The moving and fixed 
figures and forms of the electrical input field are 
thus transformed into corresponding patterns of 
variation of luminositv of the output field The 
output field IS photographed v ith a motion picture 
camera at 128 frames/sec to obtain the records 
called electro-icono-grams or E I By project- 
ing the El Gb at 16 grames/sec on a screen sub- 
tending a visual angle of 0 1° to 1 0°, the following 
results can be seen by the observe I) In deep bar- 
biturate anesthesia, the cortical responses to nor- 


mal endorgan stimuh can be seen to spread in the 
primary afferent areas in a stereotyped fashion 
from the zone first activated £) ‘Barbiturate 
waves’ are seen to be simple forms which travel or 
which ‘grow’ around a focus and fade away in 
place S) Spontaneous activity m the conscious 
animal has traveling, shifting figures of various 
velocities, sizes, and forms, depending, grossly, on 
previous stimuli 

Behavioral and EEG changes following chronic 
brain stem lesions D B Lindslet, L H 
Schreiner,* W B EInowles* and H W Ma- 
QOHN Depts of Anatomy and Psychology, North- 
western Untv , Evanston, III 
The possibility that wakefulness and EEG 
desynchronization, in the arousal reaction to affer- 
ent stimuli, might depend upon an ascendmg in- 
fluence of the brain stem reticular formation, 
rather than upon the influence of afferent volleys 
arriving at the cortex over classical sensory paths, 
was explored by observmg the behavior and EEG’s 
of cats with large, chronic lesions of the midbram 
or diencephalon After destruction of the anterior 
midbrain tegmentum or hypothalamus, sparing 
sensory connections to thalamus and cortex, the 
animals usually appeared asleep Their EEG’s ex- 
hibited slow waves and spindle bursts Ordinary 
stimulation was ineffective, but stronger auditory 
or nociceptive stimuli evoked motor responses 
and EEG desynchronization Arousal was brief, 
usually not outlasting stimulation After mesen- 
cephalic interruption of the medial and lateral 
lemnisci and spinothalamic tracts, the animals 
were not abnormall} sleepy and showed waking 
EEG’s When relaxation or sleep occurred, arousal 
and EEG activation w as readily induced by affer- 
ent stimuli and usually persisted for long periods 
after stimulation Of these two systems influencing 
the cortex, that through the tegmentum and hypo- 
thalamus thus appears of greater importance in 
maintaining wakefulness and inducing EEG 
arousal upon afferent stimulation However, after 
large rostral tegmental or hypothalamic lesions, af- 
ferent stimuli are still able both to arouse theanimal 
and activate its EEG These effects seem attribut 
able either to the direct influence of afferent volleys 
upon the cortex, or to collateral excitation of dif- 
fuse projection nude at the thalamic level T e 
consequences of chronic thalamic lesions are under 
study 

Nature of muscle membrane potential Gilbert 
Lino (introduced by R W Gerard) Dept of 
Physiology, Univ of Chicago, Chicago, III 
Earlier work led to the view that the membrane 
potential (MP) of skeletal muscle fibers (smgle 
unpaled frog sartorius fibers) is of the Don- 
nan t}'pe and vanes with metabolic and other con- 
ditions as the balance of permeable and unperme- 
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able ions is altered Thus (he A potential (55-SO 
niV) nas shown to dcjiend on impermeable CrP 
and to fall in proportion ns this splits to 
pcrmcahle PO4 and Cr The B potential (O-WmV), 
less metabolism scnsitue, has been related to 
other 10ns, cspecinlh cnrnosine and he\ose phos- 
phates If hexose C P is increased hj soakinp in 
adrenaline, the B potential is proportioiiallj in- 
creased The late rise of B potential, previously 
found under lAA action, has similnrlj been shown 
to parallel a rise in hexose phosphates It is also 
associated with a rise of internal cations, not of K 
at this stage (though some hound K may become 
free) but of NH4, released from split ATP, and 
probably others Such appearance of extra ions 
inside reflects itself in an increase in osmotic pres- 
sure, and in fact muscle weight increases in strict 
parallelism with the B potential The normal MP 

. ,RT K, ,RT, (R.) 

should equal -— In — and also equal — In 


Ko 


F (Ko) 


+ 


(Nao) 


, where (Ri) is the total inside concentra- 


(R,) 

tion of impermeable anions From the known or 
directly measured values in these equations, the 
MP calculates, respectively, to 105 and 100 mV 
The directly measured MP (corrected for junction 
potential) is 97 6 ± 5 7 mV, maximum 110 Under 
non-equilibnum conditions, ns in LAA poisoned 
muscle, when NH4 is being produced at the same 
time as is leaking out the more complete equa- 
tion of Hodgkin and Katz (J Physiol 108 37, 
1949) IS preferable, as the inside-outside ratios of 
different permeable ions are temporarily unequal 


Role of changes in metabolism in acclimatization 
of albino rats to reduced barometnc pressure 
Jehome L Lipin* and Wileiam V Whitehorn 
Dept of Physiology, Univ of Illinois College of 
Medicine, Chicago 

Re-investigation of possible reduction in 
metabolism in acclimatization to oxygen lack was 
suggested by reports of such decrease in congemtal 
heart disease Twenty-four 170 gm male albino 
rats were acclimatized to 18,000 feet simulated al- 
titude by exposure for 30 days, the final pressure 
being attained gradually over a one-week period 
Maintenance of growrth and increase m hemoglobm 
indicated true acclimatization Oj consumption 
was measured by an open circmt method with 
specially designed mask and valve system 
Metabolism of experimental animals declined 32 7, 
38 5 and 40 5% from control values after 0, 2, and 4 
weeks at reduced pressure, respectively, and re- 
mained at —38 5 and —36 8% for 2 weeks follownng 
return to ground level pressures Values for btter- 
mate controls at ground level pressures declined 
23 1, 23 1, 32 7, 38 6 and 34 6% on corresponding 
dates Decreases from control levels are statisti- 
cally significant in both experimental and control 


groups but not bctw'ccn these groups, and 
arc probably due to factors of training and mcreas- 
mg age of animals These data on growing rats 
thus support the concept that reduction in total 
O2 consumption plays no role in acclimatization to 
anoxia and raise a question as to the presence of 
(rue acclimatization in congenital heart disease 

Effect of egg white injections upon excretion of 
hemoglobin in the rat Richard W Lippman 
AND 1Ieie> J Ureex (introduced by' Harry 
Goedbeatt) Inst for Med Research, Cedars of 
Lebanon Hospital, Los Angeles, Calif 
We have previously reported that when hemo- 
globin IS administered intravenously', after the 
production of proteinuria by' intraperitoneally ad- 
ministered bovine albumin, there is a sharp in- 
crease in the rate of hemoglobin excretion and a 
pronounced depression of the threshold serum 
hemoglobin concentration, when compared with 
control animals that have received mtrapentoneal 
saline solution In current experiments we have 
investigated the effect upon hemoglobin excretion 
of intraperitoneally administered crude egg white, 
with concomitant proteinuria Experiments were 
made according to the plan of previous work Rats 
received 3 injections of saline solution intrapen- 
tencally, the second injection contaimng 1 gm 
crude egg white Hemoglobin was admimstered 
intravenously after subsidence of the edema and 
vascular disturbance that follows egg white ad- 
mimstration, but durmg maximal proteinuria It 
was found that, under these conditions, the thresh- 
old serum hemoglobin concentration is slightly' in- 
creased, but the rate of excretion at higher con- 
centrations IB slightly' diminished Creatmine 
clearances were determined simultaneously and, 
when corrections for the change in glomerular fil- 
tration rate are introduced, it appears that egg 
white reduced the tubular reabsorption of hemo- 
globin but did not significantly affect glomerular 
permeability to hemoglobin This is m contrast to 
the effect of bovine albumin, which reduced tubu- 
lar reabsorption of hemoglobin but which sharply 
increased glomerular permeabdity to hemoglobin 

Effect of remn upon excretion of hemoglobin in 
the rat Richard W Lippman and Heeen J 
Ureen (introduced by Harry Goldblatt) 
Inst for Med Research, Cedars of Lebanon Hos- 
pital, Los Angeles, Calif 

By the technique previously reported, the effect 
of intravenous remn admimstration upon the ex- 
cretion of intravenously administered hemoglobin 
was studied in the rat Anunals were gix en 3 intra- 
peritoneal injections of saline solution, succeeded 
by intravenous administration of hemoglobin solu- 
tion containing 4 Goldblatt dog units of renin 
Control animals receixed similar injections, ex- 
cept for omission of the renin Simultaneous ere- 
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atinine clearances were performed When correc- 
tion was made for the slight fall m glomerular 
filtration rate which accompanied renin administra- 
tion, it was seen that there had been a sharp in- 
erease in the rate of hemoglobin excretion, when 
compared with control animals at comparable 
serum concentrations This is considered to indi- 
cate a pronounced increase in the glomerular per- 
meability to hemoglobin under the influence of 
remn Preliminary results mdicate that the tubu- 
lar reabsorption of hemoglobin, after remn ad- 
mmistration, is significantly increased 

Serial determinations of morning gastric secretion 
in patients with peptic ulcer A Littman,* C 
E Rosiere* and a C Ivt Dept of Clinical 
Science, Univ of Illinois College of Medicine, 
Chicago 

At intervals, usuaU} of 2 to 4 months, ne aspi- 
rated the fasting unstimulated morning gastric 
secretion for 90 minutes in 16 ambulatory patients 
with duodenal ulcer These studies were carried 
out for 1- to 3-year periods to determine the pos- 
sible relationships of the acid and volume output 
to the patients’ climcal courses, treatment and 
other variables In 8 cases there were sharp drops 
m hourly acid output after the first tests, these 
patients aU had typical ulcer sjTnptoms at the time 
of the first test Hon ever 5 of the 8 patients failing 
to mamfest such a drop nith remission also had 
active symptoms Of 9 cases in nhich tests nere 
done during subsequent recurrences, in 8 there 
were no accompanying rises in acid output, indi- 
cating that mormng gastric secretion was not in- 
fluenced bj ‘activitj ’ of the ulcer However, all 
recurrences under observation n ere of brief dura- 
tion prior to testing, while the episodes present at 
the tune of the first tests were sometimes 
protracted and severe, suggesting that sharp falls 
from initially high levels in the first tests occurred 
most often in association with remission from pro- 
longed and severe clinical episodes In only a few 
instances was there a possibility that antacid ther- 
apy nas related to fluctuations in acid output 
Also, treatment nith atropine in 3 of 7 cases re 
suited in pronounced diminution of acid secretion 
although medications were always withheld for 36 
hours before each test Stopping atropine in these 
three cases v as follon ed bj sharp rises in acid out- 
put 

Gastric secretory inhibitor factor in canine gastric 
jmce George R Livermore, Jr * and 
Charles F Code Section on Physiology, Mayo 
Clinic and Mayo Fndn , Rochester, Minn 
Gastric juice was collected from Heidenhain and 
Pavlov tj pes of gastric pouches while these were 
secreting in response to subcutaneous injections 
of mecholjl or histamine After neutralization, a 


fraction of the juice was precipitated by the addi- 
tion of ethanol until the concentration of ethanol 
in the sample was 80% The gastric secretory in- 
hibitor activity of this precipitate after it had been 
dissolved or suspended in ph 3 'siologic saline solu- 
tion was determined by the assay procedure of 
Code, Blackburn, Livermore and Ratke (Gastro- 
enterology Dec , 1949) In most instances the in- 
travenous injection of the precipitates inhibited 
gastric secretion The inhibitor factor nas most 
concentrated in juice from Pavlov pouches after 
stimulation with mecholyl and least in juice from 
Heidenhain pouches after stimulation inth hista- 
mine A higher concentration of the active ma- 
terial was present in juice from a Heidenhain 
pouch after stimulation Mith mecholyl than in 
juice from a Pavlov pouch after stimulation with 
histamine but the inhibition produced by equal 
weights of the 2 types of precipitates was slightly 
greater in the case of the juice from a Pavlov pouch 
after injection of histamine Changes in body tem- 
peratures during the assaj^s n ere recorded and the 
correlation between these and the amount of in- 
hibition has been studied It was found that in 
many cases a correlation did exist between body 
temperature and inhibition but in addition it was 
noted that a high degree of inhibition sometimes 
occurred i\ ithout fever and converselj' a high fever 
was sometimes present without sigmficant gastno 
secretory inhibition 

Establishment and relief of asphyxial blocks m 
spinal motoneurons David P C Llotd Labs 
of Rockefeller Inst for Med Research, New York 
City 

An exploring electrode ma^ be so placed on, or 
in, the cord that antidromic responses of in- 
tramedullary myelinated axons (M-segment), im- 
tial axonal segments (I-segment), bodies, and den- 
drites of motoneurons are distinguishable Inter- 
pretation of asphyxial changes in these responses 
is facilitated b}^ observations on cocaine block of 
nerves in volume conductors Below a block nor- 
mally triphasic, responses become monophasic 
positive deflections Above a developing block, the 
2nd (negative) phase increases pan passu with loss 
of the 3rd phase, demonstrating that intensity of 
the sink at a point increases when that point does 
not subsequently become a source for sinks de- 
veloping bejond that point Thus, in volume, 
blocks are located between points at vhich nega- 
tive phases increase and points at v hich negative 
phases disappear On asphi'Nia M segment re- 
sponses, normal for some 3 minutes, increase 
rapidly to a maintained maximum, vhile all other 
responses disappear Promptlj , on restoring ven- 
tilation, M-segment responses decrease precipi- 
tately, but incompletely, I-segment responses re- 
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co\cr md o\orshoot, while deiulnlic re'iponscs re- 
mam ah'icnt Then, slowh , dendritic responses 
recover, M sepment responses further docrcisc, 
and I scgnienl responses deehiie from overshoot 
lc\cl tow ird norm il Therefore, nsplnvid block, 
cstddished between i\oii sepmeiits, on rc\cntiln- 
tion shifts toward the dendrites before resolving 
Vftcr repeated aspln \i d insult , blocking tunc in- 
creases and, coincident ilh , the inlhicnce of 
asphwial hvpercvcitabilitv becomes apimrent as a 
transient augmentation, before block is recst ib- 
hshed, of response in depressed dendrites As- 
plijsival changes in dendritic rcs))onse now re- 
semble somew hat those, described bv IBrooks and 
Ecclcs, in the ‘antidromic foe il potential’ of spinal 
cords depressed b\ sodium pentobarbital (Xem- 
butal) 

Sodium as inhibitor of potassium cflect upon frog 
nerve fibers Andehs LesDnEnc. (introduced bj 
U Lorente de X6) Ttocl cfcllcr Inst for Mai 
Research, New York City 

Treatment of frog nerve (spinal roots or sciatic 
nerve trunk) w ith sodium chloride at 2-3 times the 
concentration present m Ringer’s solution (0 In) 
results onlj in a slight depolarization of the nerve 
fibers, nevertheless, the presence of an excess of 
sodium ions in the external fluid of the nerv e fibers 
markedly inhibits the depolarizing action of a 
given excess of potassium ions, insofar as both the 
rate at which the depolarization is established and 
the maximal depolarization itself are considerablj 
less than when the excess of potassium ions is 
present in an isotonic (0 1 n) solution On the other 
hand, decreasing the tonicity of the solution bj 
mthdrawal of sodium chloride results in an in- 
crease m the rate of depolarization by potassium 
chloride (0 05 n) An oscillographic analj'sis has 
been carried out of the effect of an excess of sodium 
ions upon the nerve fibers Even after several 
hours 0 33 N sodium chloride does not block con- 
duction of impulses The most remarkable change 
observed consists in a reduction in the fast elec- 
trotonus 

Circulation in membranes of the frog and hamster 
after stasis, trauma and under pathological con- 
ditions Beenton R Lutz, Geohge P Fulton* 
and Robert P Akehs * Depi of Biology, Bos- 
ton Vniv , Boston, Mass 

Blood flow in small vessels of the frog retrolin- 
gual membrane, vocal sac, bladder and mesenterj , 
and of the hamster cheek pouch was studied for 
sludged blood, under normal, pathological and 
surgical conditions, and after stasis Reflected and 
transmitted light were used with magnifications 
from X 54 to X 620 True sludged blood was not 
found in hamsters wnth adv anced tumors, staphv - 
lococcus infection or surgical trauma, nor in frogs 


traumatized or with ‘red leg ’ Apparent sludged 
blood occurred in some hamsters in vessels ex- 
amined by reflected light at low magnifications 
(X fil, X 90) The same vessels seen by trans- 
mitted light at higher magnification (X 200) 
showed crvthrocvtc groups separated by plasma, 
white cells and platelets When these erythrocjte 
groups were compressed b}' a microprobe, the in- 
dividual erv throcj Ics sep iratcd frcelj , and passed 
scpiratch into capillaries After stasis for dajs, 
erv throev tes packed in vessels remained unagglu- 
tinatcd and flowed induidualh when the vessel 
w ns rubbed w ith a microprobc or cut w ith a micro- 
knifc A significant result of venous occlusion, for 
20-45 minutes bv clamping check pouch vessels, 
w IS mass platelet accumulation on some vessel 
walls at release Individual platelets or small 
groups broke off into the stream, then additional 
jilatelcls collected at the same place Frequently 
channeling of blood flow through complex routes in 
adherent platelet masses occurred, but sludged 
blood was not observed under these conditions 
These platelet masses max be the basis of local or 
remote thrombus formation following injury and 
stasis 

Determination of amount of ice formed in blood 
at various freezing temperatures Basile Luyet 
AND Paul Schmidt * Dept of Biology, St Loins 
UmVfSt Louis, Mo 

Though freezing is a classical method for pro- 
ducing hemoljBis, it has been reported that blood 
can be frozen solid, above — 3‘’C , without appre- 
ciable hemolysis (Strumia Conference on Blood 
Preservation Harvard 1949, p 160) It was sug- 
gested (Luyet, ibid , p 144) that the erj throcji;e3 
escape congelation and injurj because they 
become graduallj dehj drated by exosmosis in the 
concentrated plasma left when water crystallizes 
out of blood m the process of freezing itself To 
check this possibilitj’^ w e determaned calonmetn- 
cally the amount of ice formed m blood exposed to 
temperatures from —1° to — 25‘’C The blood to be 
frozen — oxalated ox blood — was sealed in glass 
ampules, and these w ere cooled m a mercurj bath 
maintained at the desired temperature The follow- 
ing values, taken from a curve obtained w ith the 
blood of one animal, represent the essential find- 
ings 

Temperature (°C ) —2° —4“’ —6 — S 

% of w ater-content frozen 75 8 84 S 89 0 91 6 

The amount of ice formed did not increase further 
when the temperature was lowered from —8 to 
-25° Thus at -2° onlv some i of the water is 
frozen (59% of the entire blood, the water-content 
being 77 9%) , this is enough to make the blood 
appear ‘frozen hard,’ but sufficient room is left in 
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the interstices for the partially dehydrated eryth- 
rocytes to be preserved in ‘cold storage ’ 

Resumption of rhythmic contractions by amniotic 
muscle after its solidification in liquid nitrogen 
Babile Ltjtet and Fedehico Gonzales * Dept 
of Biology, St Louts UmvcTsity, St Louts, Mo 
Excised fibers of skeletal muscles were reported 
previously to respond to electric stimulation after 
they had been solidified in hquid nitrogen if the 
rate of coohng and rewarming was of the order of 
several hundred degrees/sec The present report is 
concerned with the resumption of rhythmic con- 
traction after the same treatment in a system 
which IS spontaneous!}' contractile, the nerve-free 
smooth muscle of the amnion Pieces of amnion of 
the chick were partially dehydrated by immersion 
in a solution of ethylene glycol, then, after the ex- 
cess solution was blotted off, they were dipped in 
liquid nitrogen, finally they were rewarmed 
rapidly by immersion m Tyrode solution at 40 
Rhythmic contractions were usually resumed upon 
contact with a glass rod and they continued spon- 
taneously for 16-30 rmnutes Some mjury resulted 
from the low temperature treatment contractions 
were often less pronounced than in the controls, 
the percentage of responsive strips was smaller 
and the survival time was shorter The nature of 
the conditions permitting recovery — ultra-rapid 
cooling, ultra-rapid rewarming and dehydration — 
and dependence of the degree of injury on the non- 
fulfillment of these conditions, support the view 
that life IS preserved to the extent to which 
crystallization is avoided 

Substitutes for procaine m ventricular tachycar* 
dia E L McCawlet, J E Stanwood* and N 
A David Dept of Pharmacology, Untv of 
Oregon Med School, Portland, Ore 
Surgical manipulation during operations in- 
volving the great vessels (Blalock, Smithwick) and 
coarctation predisposes to ventricular arrhyth- 
rmas especially when the most preferred anesthesia, 
cyclopropane, is used While procaine hydrochlo- 
ride has been found effective in preventing these 
arrhythmias, a large dose is required and its action 
is bnef We have undertaken an investigation of 
the possibility of using other compounds for this 
purpose Using dogs, ventricular arrhythmias have 
been produced by cj clopropane-epinephrine and 
chloroform-barbiturate-epinephnne combinations 
and by traumatic manipulations m the thoracic 
and abdominal cavities during cyclopropane anes- 
thesia The mesenteric Paciman corpuscles appear 
to be particularly involved as a source of stimulus 
initiating irregularities in the sensitized heart 
Diphenhj dramine (J M White and E L Mc- 
Cawlev, Ahslracls, Pharmacology Soc Meeting, 
Indianapolis, 1949) has proven superior to pro- 
caine in preventing the ventricular arrh} thmias 
initiated bv these various procedures Diphenhj - 


dramme has a lower minimally effective dose and 
a greater duration of action If diphenhydramine 
solution IS administered slowly, no significant hy- 
potension occurs IMiile there appears to be no 
change in the level of anesthesia, muscular twitch- 
mgs may occur We found ‘Pronestyl' (N'-(2-di- 
ethylamino eth}l)-p-aminobenzamide) also effec- 
tive and to have a longer duration of action than 
procaine Ventricular fibrillation occurs in one- 
fifth of the animals developing arrhythmias if no 
protective drug is administered Procaine, diphen- 
hydramin and Pronestyl markedly reduces this 
incidence In no case, however, could ventncular 
fibrillation, once established, be reversed 

Location of receptors for tonic neck reflexes G P 
McCouch, T H Ling,* I D Deering* and D 
Scott, Jr * Depls of Physiology and Anatomy, 
Unit of Pennsylvania School of Medicine, Phil- 
adelphia 

In 8 decerebrate, labryinthectomized cats, the 
tonic neck reflex to head tummg was retained 
after either section of all muscles connecting head 
with neck and atlas with axis (4 cats) , or bilateral 
section of muscular branches of the first 3 cervical 
nerves (2 cats), or section of both muscles and 
nerves (2 cats) In 6 decerebrate, labjrmthecto- 
mized cats the first 2 or 3 cervical nerves n ere ex- 
posed with as little dissection of muscle as 
possible The tonic neck reflex to tummg the head 
was clearly present An attempt was then made to 
denervate the upper neck joints by circumseotion 
of the first 2 or 3 cervical nerves at their emergence 
through the intervertebral ligaments without in- 
juring muscular branches When this was done um- 
laterallj', the neck reflex was abolished m the ipsi- 
lateral extremities, nhen bilaterally, it was absent 
in all 4 limbs In a few preliminary experunents de- 
signed to study the discharge of jomt receptors, 
discharges have been recorded from atlanto occi- 
putal and atlanto-axial ligaments and from the re- 
gion of the 2nd cervical root between its emergence 
from the ligament and the ganglion after section 
of branches traversing muscle These discharges 
have been elicited bj flexion and extension and by 
rotation of the head It is concluded that receptors 
for the tonic neck reflex to turmng the head are 
located in the atlanto-axial and occiputo-atlantnl 
joints If there be muscular receptors which facili- 
tate this reflex, their effect in isolation is sublim- 
inal under the conditions of these experiments 

Physiological and pharmacodynamic studies of 
blood from x-ray personnel David I Macht 
AND Stanley H Macht * Depls of Pharma- 
cology and Radiology, Sinat Hospital, and Dept 
of Radiology, Baltimore City Hospitals, Ballt- 
more, Md 

The senior author has called attention in many 
publications to the fact that certain seedlings 
grown in hj droponic plant-phj Biological solutions 
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under slncUy controlled ccoloRicid condvliona, ncr 
able to deled abnormal or I o\ic conat iluont s in 1% 
solutions of Idood scrum, c\en thougli those arc 
not detect able bj ordiunr\ pbarmacoloRical or bio- 
chemical methods Thus it nas shown that blood 
sera of various animals, including men, exposed to 
x-rnjs arc dcfiniteh toxic for the growth of Lu- 
pimis Alims roots In the present investigation, 
studies w’crc made in two Baltimore hospitals of 
blood specimens taken from phjsicians, students, 
technicians, clerks and other personnel cmplojcd 
m their radiological departments Pii> topharma- 
cological tests were made on the one hand and 
morphological examinations on the other hand It 
was discovered that almost all of the blood sera 
from x-ray personnel possessed phj totoxic proper- 
ties, even before morphological changes could be 
discovered in the blood smears A considerable 
number of the subjects also revealed changes in 
the blood cells, such as Icucocj'tosis, etc The find- 
ings point to the fact that straj' radiations 
do occur in x-raj laboratories in spite of all the 
ordinary precautions taken to keep them out This 
was corroborated by tests with supcrscnsitive 
films The hygienic implications of the above find- 
ings are obvious 

Phytotoxic properties of normal and some patho- 
logical spinal fluids Daxxd I Macht Dept of 
Pharmacology, Sinai Hospital, Baltimore, Md 
The author has been studying for 25 years the 
phytotoxic properties of normal and pathological 
blood sera As a result of these studies, it w'as defi- 
nitely established tliat the blood sera of a 
few pathological conditions produced defimte phy- 
totoxic effects, mainly inhibition of root grow th of 
Lupinus Albus seedlings grown under stand- 
ardized, ecological conditions m plant physio- 
logical solution (/ Lab & Clin Med 26 697, 1941 
and Bull Torrey Botanical Club, 76^5, 1949) 
Thus, it was shown that the follownng conditions 
produced marked inhibition of root growth cata- 
mema, permcious anemia, leprosy, trachoma, 
pemphigus and various psychoses More recently 
studies were begun on spinal fluids It w as found 
that a 2% solution of normal spinal fluid yields an 
average index of growth of 92% Experiments with 
spinal fluids from menstruating women, and from 
patients affheted with permcious anemia, pempni- 
gUB, and both functional or orgamc psychoses all 
yaeld characteristic phytotoxic indices of grow'th 

Changes in vital capacity following release of 
tourniquets obstructing venous return I F S 
Mackay Dept of Physiology and Pharmacology , 
Unit College of the West Indies, Jamaica, 
BW I 

It 18 well knowm that the vital capacity dimin- 
ishes when the recumbent position is assumed The 
mechanism responsible has been examined bv 
Hamilton and Morgan (Awi J Physiol 99A26, 


1932) These authors suggest that when a subject 
lies down, blood is poured from the depend- 
ent veins into tlie lungs In support of this they 
showed that tourniquets applied to the four limbs 
at diastolic pressure caused an increase in vital 
capacity The changes in vital capacity following 
the release of the tourniquets in the recumbent 
position form an interesting pattern There is 
firstly an immediate and sharp decline m vital 
capacity followed by a rise and then a fall to a 
plateau The technique used w as that of Mackay 
(/ Physiol 107 89, 1943) 



SUBJ A' 

i 

SDBJ B 

Recumbent vital capacity, liters 

1 


With tourniquets 

4 77 

4 90 

After tourniquets arc released (at 



i min intervals) 



0 5 

4 55 

4 62 

1 0 

4 G6 

4 62 

1 6 

4 62 

4 72 

2 0 

4 68 

4 68 

2 5 

4 51 


3 0 

4 47 

4 66 

4 0 


4 77 


Cardiac acceleration to atropine cannot be condi- 
tioned Thayer M Mackenzie* and W Hobs- 
DBT Gantt Pavloman Laboratory, Phipps Clinic, 
Johns Hopkins Univ , Baltimore, Md 
This laboratory has been concerned with 
the laws governing conditional reflex (cr) forma- 
tion The criterion as to whether a reaction can be 
conditioned depends not upon the reaction but 
upon the method of its production Previous 
studies from this laboratory have shown that a 
response involving central nervous system excita- 
tion can be conditioned, but the same re- 
sponse produced by peripheral stimulation can 
hardly be conditioned Thus a) salivation evoked 
by pilocarpin, gastric secretion from histanune m- 
jection, and hyperglycemia from adrenaline injec- 
tion cannot be conditioned, but b) sabvation and 
gastric secretion as components of food reaction, 
and the emotional hyperglycemia are readily con- 
ditioned In cases under o) effect is produced by 
action on afferent nerve endmgs or directly on 
tissues, while m b) the action is result of central 
nervous excitation Similarly w e have formed car- 
diac ers where acceleration occurs os a component 
of central excitation, e g food, pain Atropine was 
injected from another room by' special technique 
to elinunate presence of experimenter, a marked 
unconditional increase to atropine could not be 
conditioned Usmg saline as a conditional stimulus 
and 0 1 mg/kg atropine sc as unconditional stim- 
ulus the results were (average of 10 experiments) 
Rhett atropine 93 control to 141 and saline control 
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116 to 106, 13th minute after injection Eliza atro- 
pine 94 control to 181 and saline 103 control to 93, 
11th nunute after injection The cardiac like other 
reactions, to be conditioned, must result from cen- 
tral rather than peripheral excitation 

Effect of lithium on the electrocardiogram of ani- 
mals ViCTOB A McKusick (introduced by 
James A Shaj^non) Cardiovascular Clinic, U S 
Marine Hospital, Baltimore, Md 
Elevation of serum potassium produces a 
pathognomonic sequence of electrocardiographic 
changes m animals and m the human This study 
had as its objective a definition of the electrocar- 
diographic effects of the lithium ion In experi- 
ments roughly parallel with those of Winkler et al 
{Am J Physiol 124 478, 1948) for the potassium 
ion, isotomc (0 66%) lithium chloride solutions 
were infused intravenously in 6 dogs, 1 cat and 2 
rabbits Intermittent electrocardiographic observ- 
ations were made and the blood level of 
lithium correlated therewith In 6 guinea pigs the 
lithium chloride solution was administered mtra- 
pentoneally in intemuttent doses and only the 
lithium blood level at cardiac arrest was deter- 
mmed, although the full sequence of EKG changes 
was recorded In all these animals a consistent 
series of EKG events was observed 1) amplifica- 
tion of the T waves, S) auricular standstill or fibril- 
lation, S) widening of the QRS complex, and 4) 
appearance of a bizarre biphasic QRS-T complex 
at a low rate — omen of cardiac arrest This is the 
same sequence as observed with potassium How- 
ever, roughly 2-3 tunes as high a lithium level was 
necessary to produce a given change as is required 
of potassium With the hyperlithemia, it was ob- 
served that there was progressive increase in the 
concentration of serum potassium from about 4 0 
mEq/1 to about 10 mEq/1 The electrocardio- 
graphic effects of lithium may be secondary to its 
effects on the concentration of potassium m the 
heart muscle and in the extracellular water or in 
the ratio of these two 

A critical study of the Shay rat Robert J Maji- 
DEN AND Helen H Ramsbueo (introduced by 
M 0 Lee) Experimental Biology and Medicine 
Inst , Natl Insts of Health, Bethesda, Md 
Large numbers of male Sprague-Dawley rats 
were preoperatively starved for 24 hours, the py- 
lorus ligated and starvation continued postopera- 
tively for 18 hours, water being withheld This 
standard method gave a weight (gm )/volume (cc ) 
of gastric secretion ratio of 12 ± 5 cc , the pu 
varied from 1 1 to 1 8 and 80% of such rats de- 
veloped forestomach ulcerations The stomachs of 
these rats were greatly distended but not neces- 
sarily to an unphy^siological degree as shown by 
three lines of evidence The vital dye benzo sky 


blue (C I 620) was injected intravenously into 
rats whose stomachs were distended and ulcerated, 
and simultaneously into control rats whose stom- 
achs were equally distended but because of 
therapy with aluminum hydroxide had no ulcers 
In both cases the dye umformly stained the tissues 
proving that capillary' circulation was functiomng 
in the ulcerating tissue Intragastric pressure in 
these rats averaged 6 7 cm of water Finally, 
direct observation showed that capillary flow did 
exist in the ulcerating tissue The volume of 
gastric secretion could be increased by postopera- 
tive hydration with saline or decreased by addi- 
tional preoperative starvation and dehydration 
Rats placed on an adequate purified diet 10 days 
prior to operation and compared to those on 
a stock diet showed no significant differences post- 
operatively Ligation of both vagi, ureters or com- 
mon bile duct produced a profound reduction in 
gastric juice volume and forestomachs free of ul- 
ceration 

Normal blood sugar in sheep and lambs David 
E Mann* and M X Zxrrow Purdue Univ , 
Lafayette, Ind 

It has been reported that the normal blood sugar 
of sheep is consistently Ion compared to that of 
man Dukes in ‘Physiology of Domestic Animals,’ 
(1936) gave a range of 40-66 mg % and Hitchcock 
and PhiUipson {J Physiol 106 42, 1946) reported 
that 72% of their values n ere between 38-50 mg % 
and 16% were lower A senes of blood sugar values 
were obtained m 4 normal sheep of the Dorset and 
Shropshire stram throughout the months of No- 
vember and December Blood was obtained either 
from the jugular vein or an ear vem and deter- 
minations made by the Folin-Wu micromethod 
The average blood sugar for this group was 67 
mg % with a range of 66 to 75 mg % Approxi- 
mately half of the values were between 70 and 75 
mg % In 3 nursing lambs an average blood sugar 
of 126 mg % was obtained with a range of 63 to 
225 mg % It is apparent that though there is a 
tendency towards low blood sugar level in sheep 
a large percentage of the values approach the 
lower Imuts observed for other species The nide 
variations observed in the lambs was probably due 
to the fact that the blood was obtained at different 
intervals after nursing v\ hich would also account 
for the high concentration of the blood sugar 

Effect of neuro- and adenohypophysectomy on 
water metabolism and on hypothalamic nuclei 
in the rat Thomas H Maren and David 
Bodian (introduced by E K Marshall, Jr ) 
Dept of Pharmacology and Exper Therapeutics, 
and Dept of Epidemiology, Johns Hopkins 
Univ , Baltimore, Md 

Hypophysectomies of several types were as- 
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fc'j'-od qiiaiitit iln< 1\ 1>\ '■Inilv of •-i mil M'rlmim 
oftliclind Ci'll roiiiit-J won in itli- of fnipnioptit 
and para\( nfnrulnr nui’li’t 11\ potli iliiiuns luid 
modnn rininonri' wore iniinjon d Si\n on iiniimila 
were ol)''(’r\od for f'(t inontliv pos> opiritnch 
Tlic amm da f ill into 1 proitpa on (lie li i^ia of nnn 
tomical mill jiln audopir il liiidinps In (troup t 
(7 ruts) anterior lolio fnintion ipjio iri d norm d 
and 5j)-100% of tint pi ind roin iim d W itirintnKo 
was markedh olo\ itod in all o i^i a, and r inpi <1 
from 100-170 nil/21 hr In (\(r\ oiai', tin inuro 
Iijpoplnsisw isonK pirlidh thi iti d, llio inionnl 
of noniial ippoinnp romn ml liomp H-71% (»' 
50%) Uosponap to water diun'ais w la norm d 
The tapical anti-duintie i ffoet of nieotnn was 
abolished m G of the 7 r its In (>ro>ip II ((i r its) 
the neiiroln jjojdn ais w is lEo jiirlialh iildiiled, 
remnant being 12-70% of norm d (a\ 57%), but 
the anterior lobe was tot dU renioM d with eorre- 
Eponding loss of funetioii I'lii n w is no poK- 
dipsia 'Water diuresis wasshiriih diminislied, 
but eould be restored In ndminislratioii of desow - 
corticosterone In Group III (T rats), there was 
subtotal removal of both lobes, anterior rcninanl 
was 7-18% and posterior 10-13% There was mild 
poljdipsia, and moderate water diuresis Nicotine 
effect was abolished In the ln|)Othnlanius a 
striking difference, as act uncNjilaincd, was found 
betw een Groups I and 7 /, w here neurolu pophj sinl 
remnants had similar volumes (50, 57%), but in 
Group II there had also boon tot il adonohjpo- 
phjsectomj These latter animals showed greater 
loss in the magnoccllular hjpothalamic nuclei, 
this was most notable in the paraventricular, 
where Group I averaged 35% remaining cells, and 
Group II only 16% 

Relation of length to tension in double-function 
muscles J E Mabkee and M F Williams * 
Depl of Anatomy, Duke Univ , Durham, N C 
We have previously reported that those thigh 
muscles such as the gracilis^ semitendinosus, and 
biceps femoris which act as double muscles possess 
the physiological characteristics of flexors in one 
part of the muscle, and of extensors in the other 
part That is, the flexor portion fatigues more 
rapidly, develops less tension per unit of weight, 
and develops effective tension through a larger 
proportion of the range of shortening of the fibers 
^an does the extensor portion of the same muscle 
The present study deals with further details of the 
ability of the flexor portion of these muscles and 
some of the flexor muscles which act over the ankle 
of the dog to develop effective tension through 
most of the range of movement, whereas the ten- 
sion developed by the extensor portion of these 
muscles, or by adjacent extensors is markedly 
i^uenced by the length of fibers at the tune of 
the contraction In the case of the flexor muscles 


or 111 xor ))orl ions of the double muscles, increasing 
llie length of the fibers results more rapidly m an 
inereusid resting tension and less rapidlj in an 
nereiised told tension which can be developed 
during eontraetion Consciiucntly, the active ten- 
sion IS mniicnccd less bj the length of the fiber 
tliaii IS true of the extensor unit Flexor muscles 
or till til xor jiortion of doiililc muscles arc able to 
ex( rl almost inaxiinum aetivc tension throughout 
more tli in three fourths of that range of sliorten- 
ing which the fillers could accomplish in situ 

Cholinergic scnsiliMt) in an afferent cerebral 
sxsteni Amfdfo S Maukazzi axd E Ross 
H \iiT * Toxicology Section, Mai Div , irmy 
Chemical Center, Md 

In the )mst, efferent cortical cells have been 
let i\ at cd b> large doses of acetx Icholine protected 
In e'-iriiic The size df the doses required has made 
ph\>5iologicid interpret it ion difficult In the cat 
it has been jiossible. In subm iximallj activating 
the o])lic tract elcclncallj and recording the 
exoked jiost sxnaptic potentials from the optic 
cortex, to studj tlic effects of drugs on the 2 
SMiapscs between the tract and cortex ((1) Mak- 
nAZzr, A S , Federation Proe 2 33, 1943) In these 
experiments, the drugs reached the tissues in a 
natural fashion through the blood supply and m 
reasonably small quantities With intracarotid 
njcction in cats lightly anesthetized wuth sodium 
pentobarbital, the following consistent group of 
findings was obtained a) acetylcholine, 2 5 
gammas, produced a marked, quickly reversible 
augmentation in the potentials evoked from both 
optic cortices on stimulating one optic nerve, 6) 
DFP produced a prolonged augmentation, c) 
atropine sulfate decreased the augmented re- 
sponse The blocking action of atropine indicates 
that the anticholinesterase action of DFP was 
involved Experiments in progress will test 
whether the actions may not be localized exclu- 
sively to the synapses The effects of acetyl- 
choline, of an anticholinesterase and of the block- 
ing agent, atropine, illustrate an unequivocal 
cholinergic sensitivity in the cerebral portion of 
the optic system and therefore a mechanism po- 
tentially capable of participating in synaptic 
transmission The mechanisms suggested by the 
above results and the previously described adren- 
ergic inhibitory effects on the same system 4) 
could constitute a humoral, perhaps accessory, 
system transmitting excitation and inhibition in 
an afferent pathw'ay in the central nervous sj^stem 

Quantitative micro-analysis of nucleic acid purines 
and pyrimidines without prior isolation of the 
nucleic acids A Marshak and H J Vogel * 
Dept of Chemistry, Neio York Univ — Bellevue 
Med Center, New York City 
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Thirty mg hpid-free, trichloracetic acid-ex- 
tracted material are digested in an open tube with 
0 16 ml 12 N perchloric acid at 100°C for 1 hour, 
dduted with water to 1 ml and centrifuged Ali- 
quots of the supernatant are subjected to paper 
chromatography Base recovery (as n) is 97% 
from calf thymus desoxypentosenucleic acid and 
95% from yeast pentosenucleic acid Lipid- and 
acid-soluble-free Arbacia sperm and Arbacia eggs 
contain, respectively, 0 98 and 0 91 gram-moles 
bases/gram-atom phosphorus Pentose- and de- 
soxypentose-bnked pynmidmes may be estimated 
since differential splitting is obtamed under ap- 
propriate conditions Analyses, as molar ratios 
relative to adenine 



ABE 

NINE 

CUA 

NINE 

CYTO 

SINE 

TIEA- 

CIL 

TEA- 

VONE 

Arbacia sperm 

1 00 

0 70 

0 64 

0 00 

1 01 

Asterias sperm 

1 00 

0 69 

0 62 

0 00 

0 91 

Arbacia eggs 

1 00 

1 37 

1 06 

0 46 

0 00 

M tuberculosis (H37Rv) 

1 00 

1 86 

1 92 

0 28 

0 61 

M tuberculosis (H37Ra) 

1 00 

2 01 

1 86 

0 30 

0 56 

M sp (M 2) 

1 00 

1 60 

1 21 

0 68 

0 12 

M sp (B5-1) 

1 00 

1 64 

1 25 

0 56 

0 12 

PNA, yeast 

1 00 

1 13 

0 71 

0 73 

0 00 

DNA, calf thymus 

1 00 

0 70 

0 69 

0 00 

0 97 


Nucleic acids from diverse sources may have 
similar or very different base ratios The tetra- 
nucleotide theory is not supported ilf Ivhercidosts 
contains uracil Since B5-1 contains Feulgen- 
stainable nuclei while M 2 does not, cytochemical 
procedures for determimng DNA dependmg upon 
microscopically visible amounts of Feulgen-posi- 
tive material are not reliable 

Some liver function tests on dogs in adrenal 
cortical insufficiency Constance R Mabtin* 
AND W D CoDDiNQS Dept of Physiology, Stale 
Univ of Iowa, Iowa City, and Michigan Slate 
College, East Lansing 

Control values for several liver function tests 
vere obtamed on 5 dogs After complete 2-stage 
adrenalectomy, the tests were repeated with the 
dogs in varying stages of adrenal insufficiency 
resulting from treatment with different dosage 
levels of adrenal cortical extract (ACE) (Eschatm) 
or desoxycorticosterone acetate (DCA) (Percor- 
ten) Bromsulphalem (BSP) excretion was main- 
tained at control levels in the operated animals 
on mamtenance doses of ACE or DCA BSP re- 
tention occurred durmg periods of inadequate 
therapy The retention roughly paralleled rises 
in serum non-protein nitrogen, but often preceded 
changes in hematocrit and blood pressure Changes 
in serum alkaline phosphatase were mconsistent, 
3 animals had increased phosphatase activity 
during mild insufficiency providing food intake 


was adequate During severe adrenal deficiency, 
phosphatase fell sharply, probably because of 
inamtion Albumin/globulin ratios were better 
maintained with ACE than with DCA, but albu- 
min fell and globulin rose, prior to serum sodium 
changes, in all mildly adrenal-deficient dogs 
Once the ratio fell below control levels, it was not 
restored by any therapy The galactose tolerance 
test was performed on 4 of the dogs Mamtenance 
of preoperative values was best with ACE, although 
control values were never achieved m 3 dogs fol- 
lowing adrenalectomy Galactose tolerance always 
fell as the therapy dose was reduced, but this was 
not dependent upon hemodynamic changes Aver- 
age values follow 



CON- 

THOL 

irrrji 

INSUIT 

SEVEBE 

INSUIP 

BSP % ret 30 mm 

2 7 

6 6 

12 6 

Serum A/G 

2 17 

1 63 

1 01 

B1 Galactose 120 min 

0 

16 

40 


Central nervous stimulation by implanted high 
frequency receiver Aeevandeb Mauko, P D 
Wall, L M Davey and A M Scheb (intro- 
duced by D H Babbon) Lah of Physiology, 
Yale Univ School of Medicine, New Haven, 
Conn 

The receiver consists of a parallel resonant cir- 
cuit of 4 turns of No 30 enamelled vnre i" sq , 
tuned by a 60 mmfd condenser It employs a 
germanium diode rectifier, and is sealed m an 
envelope of pure polyethylene One output lead 
IB connected to a silver plate which projects from 
the envelope and the 2nd to a monopolar stimu- 
lating electrode Implantation on the motor cor- 
tex mvolves placmg the envelope in the sub- 
apneurotic space and fastenmg it to the pen- 
cranium The stimulating electrode is inserted 
through the dura via a bone button and is imrao- 
bilized by s itching to the du a The pulser em- 
ploys a low-power oscillator, driving a power 
amplifier tuned at 30 megacycles Repetition rate 
and pulse width can be widely varied The pulser 
can be coupled to the receiver either by a single 
5' loop or by 3 loops at right angles to each other 
around the animal’s cage In the monkey, the 
receiver has been mamtained in use for long 
penods without complications The entire system 
has been operated mtermittently during the past 
2 years and has proved to be practical Present 
uses mclude investigations on the motor cortex, 
antiepdeptic drugs, control of gastric secretion, 
and stimulation of the hippocampus and rhinen- 
cephalon 

Instantaneous electrocardiographic equipotentlal 
lines for right and left bundle branch block and 
left ventricular hypertrophy Alexandeb 
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Mvuuo,* Louts II A’ajium, lIiMAN M Cm n- 
NOt 1 * vM» Hajindi n S Sikam) * Ixth of I’/u/rj- 
ologii, Yah Iniir School of Medicine, New Haven, 
Conn 

The elect rocnrdioRruphic cquipotcutml lines on 
the both surface for a piven inst int ha\c alrcnth 
been charted Iia the authors for normal humans 
and nncstbetired doRS In the present study the 
obscr\ations have been extended to jiat tents with 
lulraventnculnr block of the right and left bundle 
branch tApe, ns well ns to jiaticnts with left ven- 
tricular Inpcrtropln While the plots var\ from 
one individual to another, tlioA all exhibit a) 
unusual complexitA of the individual cquipoten- 
tial lines, h) marked nsvmmetry of their distribu- 
tion c) complete absence of am central potential 
line about winch the entire distribution ‘rotates’ 
from instant to instant These obscn'ations sup- 
port the conclusions alreadj derived from the 
studj of normal individuals that at no time in 
the cardiac cj cle docs a surface doublet distribu- 
tion exist 

Exchange of albumin between plasma and lymph 

H S AIateeson and Ixarlman Wabserman * 

Dept of Physiology, School of Medicine, Tulanc 

Univ , Ncio Orleans, La 

Human serum albumin, tagged with radioactive 
I (P*0, has been injected into the jugular veins of 
dogs and its appearance followed in thoracic duct 
Ijunph for periods of from 2-36 hours Curves 
draw n from specific activity determinations show 
that the radioactive lodo-albumin leaves the 
plasma exponentially at a very slow' rate, the 
average k value being 0 0009 Thus, at the end of 
5 hours, only approximately 20% of the radio- 
active lodo-albumin has left the circulation A 
second injection, given approximately 2 hours 
after the first, yields a disappearance curve the 
slope of which is similar to that derived from a 
single injection Radioactive lodo-albumin first 
appears in the lymph in measurable count in from 
10-20 minutes after the injection depending on 
the rate of lymph flow Analysis of curves drawn 
from specific activity determinations indicate the 
consistent presence of 3 slopes 1) a relatively 
steep slope, lasting about 40 minutes in most 
experiments, 2) a more gradual slope lasting ap- 
proximately 70 minutes, 3) a still more gradual 
slope persisting until equilibrium is reached with 
respect to the specific activity of albumin in 
plasma and lymph This equilibrium, as deter- 
mined by extrapolation, is reached in approxi- 
mately 14 hours after the initial injection 
Thereafter, the albumin disappears from both 
tissues at approximately the same rate Experi- 
ments m progress are designed to elucidate the 
significance of these slopes Tentativelj , it would 
appear that the initial slope represents the appear- 
ance of Ij mph from the liver and that the second 


and more gradual slope indicates the mixture of 
liver lymiih with lymph from the intestines and 
other more remote areas The final slope may be 
interpreted as rcjircscnting tliat of radioactive 
lodo albumin after the Ijmph from all parts has 
become homogeneous with respect to the radio- 
active lodo ilbuniin 


Dcccrcbralc rigiditj produced bj discrete lesions 
Marii .1 Maxo (introduced bj W S Wilde) 
Dcpl of Physiology, Tulane Untv School of 
Medicine, New Orleans, Tm 
Attempts were made to imitiatc the gross tran- 
section of the brain-stcm ncccssan to produce 
decerebrate ngidit} bj producing multiple dis- 
crete lesions witli stercotaxicallj' directed elec- 
trodes 111 an clTort to determine which structures 
were significantly involved Since rigidity is best 
obtained when the brain is transected just above 
the lat oral vestibular nuclei, this level w as selected 
for the placement of the lesions Cats were placed 
under ether anesthesia, the lesions placed, and the 
animal allowed to recover from the anesthesia 
Following this the reflexes and muscle tone were 
observed and the animal photographed The cn- 
tenon of totality of ngiditj was based on the 
determination of increase of rigidity by subse- 
quent ischemia produced above the level of the 
lesion following ligation of the carotid and basilar 
arteries It was found that the lesions which con- 
sistently produced the best decerebrate rigidity 
were those which involved both the superior 
vestibular nuclei and the corticospinal tracts 
Lesions in either structure alone produced no 
effect or flaccidity Lesions of the superior vestibu- 
lar nucleus and the medial inhibitory reticular 
formation produced decerebrate rigidity but to a 
much less extent than when both the superior 
vestibular nuclei and the corticospinal tracts were 
destroyed The latter rigidity was never increased 
by subsequent ischemic decerebration 


Effects of vitamin Bn and thyroprotein on growth- 
inhibiting action of diethylstilbestrol in rats. 
Joseph Meites and H W New land * Dept 
of Physiology and Pharmacology, Michigan Stale 
College, Blast Lansing 

Growth depression induced lij diethj Istilbes- 
trol in rats has been accounted for on the basis of 
reduced appetite (Meites 4 hi J Physiol 159 
281, 1949) It was hypothesized that these inhibi- 
tory effects were induced by increasing certain 
vitamin needs and/or decreasing fhryoid secre- 
tion This hypothesis was tested by treating 
evcnlv divided groups of 50 male rats for 20 i avs 
Diethylstilbestrol and thvroprolein were fed m 
a commercial ration, while I?i- was inject oi sti 
cutaneouslv at a level of 0 2 /ig did' uring i 
fir=t 10 (lavs, B,. faded to counter let the grow 
depression induce 1 In dictln Islilbestrol but P u 
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tially overcame the effects of the latter during the 
last 10 days Thyroprotein plus diethylstilbestrol 
induced greater growth inhibition than the latter 
alone Addition of Bj. to the diethylstilbestrol- 
th}froptotein combination completelj counter- 
acted the grou th-inhibiting action of the latter 
and only slightly that of the former Food intake 
was increased both by Bn and thyroprotein 

Measurement of resistance in the human digital 
vascular circulation Milton Mendlowitz 
Mount Sinai Hospital, New York City 
The relationship between pressure and flow in 
the human digital circulation was studied by 
graded compression of the brachial artery with a 
special clamp, sympathetic nerve tone having 
been released bj indirect heating Pressure was 
measured with a Gaertner capsule and flow with 
the digital calorimeter When plotted on logarith- 
mic paper using the formula Q = aP'-, a and A. 
bemg constants, k was found to vary from 0 8 to 
1 1 This contrasts with the pressure-flow relation- 
ship observed in animal perfusion experiments in 
which fc IS 1 4r-l 8 This difference is believed to be 
attributable to the fact that in the vasodilated 
finger tip the preponderance of flow is through 
digital arterio-venous anastomoses rather than 
through capillaries Poiseulle’s law is hence more 
applicable to the digital circulation than to the 
circulation as a whole Application of the law 
enables measurement of f) vascular configuration 
volume index, S) digital vascular caliber, 3) resis- 
tance m dyne seconds per cm*, and 4) resistance 
in dynes The normal variations and the changes 
in hypertension and polycythemia are discussed 

Urolipase m normal and depancreatized dogs 
H C Menq (introduced by Chables E Ejng) 
Dept of Physiology, Vanderbilt Univ Med 
School, Nashville, Tenn 

The pathological and phj Biological significance 
of urinary hpase (urolipase) is poorly understood, 
and some investigators even question its existence 
The purpose of this investigation was to attempt 
to find the origin of urolipase and determine its 
significance m relation to fat metabolism Cathe- 
tenzed urine specimens were obtained from nor- 
mal healthj dogs, and it can be stated definitely 
that urolipase appeared in the urine, but there 
was considerable variation m concentration be- 
tween different dogs and from time to time in the 
same dog Ten of these dogs were given 3 0 gm 
of olive oil/kg by stomach tube, and 8 of them 
showed a significant increase of urolipase How- 
ever, the increase was not correlated wuth the in- 
crease in serum lipase Dogs receiving 3 gm of 
olive oilAg intravenously as a 10% emulsion 
show ed a still more marked elevation of urolipase 
Depancreatized dogs showed a somewhat smaller 
increase of urolipase following intravenous injec- 


tion of fat emulsion It thus seems likely that part 
of the urolipase originates m the pancreas 

Immediate increase In adrenaline ‘sensitivity’ of 
the sympathectomized nictating membrane of 
the cat following SC-1950 Geohge W Mever* 
AND Ejeith S Crimson Dept of Surgery, Duke 
Univ School of Medicine, Durham, N C 
Increased contraction of sj mpathectomized mc- 
tating membranes wnth epinephrine is a phenom- 
enon commonly attributed to degeneration of 
post-ganglionic fibers A new' quaternary amine, 
2,6 dimethyl, diethyl pipendmium bromide, SC- 
1950, blocks autonomic ganglia and has been used 
to test this hj'pothesis Dose of SC-1950 used was 
4 mg/kg and of epinephrine or nor-epinephnne 5 
pg Left ganglionectomy and right pregangliomc 
sympathectomy was performed in 9 cats 7-9 days 
before tests Then epinephrine in 7 and nor- 
epinephrine in 2 caused contraction of the left 
nictating membrane greater than the right Im- 
mediately followung first or occasionally second 
injection of SC-1950 in 8 of the 9 cats, contraction 
of the left preganglionic side increased With 
epinephrine in 6 increase was partial in 4 from an 
average of 2 5 cm excursion of the wTiting lever 
(Rt ) and 6 1 (L ) before SC-1960 to 4 3 (Rt ) and 
6 0 (L ) Increase was complete in 2, average 1 5 
(Rt ) and 4 9 (L ) before to 4 8 (Rt ) and 4 9 (L ) 
after SC-1950 With nor-epmephrine increase was 
partial in one and complete in one Epinephrine 
or nor-epinephnne was given to 3 cats a w eek after 
left ganglionectomy, leaving the right normal with 
no increase on either side following BC-1950 Also, 
ganglionectomy w as performed on each side m 2 
cats and a w eek later contractions were equal and 
did not change after SC-1960 The isolated supe- 
rior cervical sympathetic ganglion of the cat a 
week after decentralization evidently exerts a 
buffering influence against nictating membrane 
contraction vnth epinephrine 

Parathyroid extract hyperphosphatuna in hypo- 
parathyroidism Alexander J Michie and 
Jeannette McConnell Shorbv (introduced 
by Homer W SmTu) Harnson Dept of Surgical 
Research, School of Medicine, and Hospital, Univ 
of Pennsylvania, Philadelphia 
As parathyroid extract causes little or no in- 
crease in the minute excretion of phosphate in 
voided urine or normal subjects we wished to 
determine the renal mechanism by which para- 
thyroid extract causes hyperphosphatuna m pa- 
tients suffering from hj^poparathy roidism The 
subjects had had a previous resection of their 
thyroid follow mg w hich they developed symptoms 
of hypoparathyroidism, i e tetany, etc Their 
hypocalcemia was treated with either vitamin D 
of AT-10 supplemented with oral calcium The 
vitamin D or AT-10 was stopped a month prior 
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to (he performnnee of the rciinl clciirauccs Renal 
plasma flow and p;lomcrular filtration rate were 
determined in the nsnil manner Bloods and 
urines were an ih red so that the minute excretion 
of phosphate in the bladder urine and the minute 
tubular rcabsoriit 1011 of phosph ite were meisurcd 
Then 200 u of piritlnroid exlrnct were gnen i v 
and these examinations ro|)eatcd During the sub- 
sequent 3 hour period there was no significant 
change in the tubular reabsorption of ]ihosphatc 
Howexer, the amount of phosphate a])pearing in 
the bladder urine per minute increased -l-fold 
The increase in phosphaturia was secondarj to a 
slight increase in glomerular filtrition rate This 
caused an increased amount of phosphate to be 
presented to (he tubule which did not respond 
cither bx increased or decreasing its phosphate 
reabsorption rate 

Glycogen deposition in the Incr and the inter- 
scapular fat bodj of the mouse Louise Micki e- 
x\ EIGHT (introduced by J Waitee Wilson) 
Brown Umv , Providence, R I 
A diurnal cycle of glycogen deposition in the 
interscapular fat body , similar to that in the liver 
has been observed in the mouse, this similarity is 
particularly exndcnt in animals xxhosc feeding is 
restricted to certain hours Two groups of mice, 
aged 7 weeks and 35 weeks, respectively, were 
allowed to feed between 5 p xt and 9 p xi only 
Animals were killed at 7 a xt , 3 p xt , 9 p m , and 
1 A It , the gh cogen content of the liver and fat 
body was studied cydochemically The amount of 
glycogen in both liver and fat body xxas maximal 
at 1 A xt , at 7 A XI there w as a slight decrease and 
the minimal level in both xx as observed at 3 p ii 
The glycogen cycle is less clear-cut m animals 
whose feeding is not restricted In 35-xveek-old 
imee the cy cles in the fat body and the liver were 
similar The amount of glymogen was highest at 
1 A it and for the remainder of the 24 hours was 
much lower and rather constant In 6-week-old 
mice the fat body contained the maximal amount 
at 1 A M but the glycogen content of the liver xvas 
highest at 9 A xi In these young mice the lowest 
content in the liver occurred at 9 p xi but the 
lowest amount in the fat wms observed either at 
9axi,1pxi orSpxi Within the interscapular 
fat body' the distribution of glycogen among the 
cells 18 not uniform even when the total amount 
of glyxogen is maximal 

Certain effects in dogs of inspiring 15-30% carbon 
dioxide Fletchee A Millee, E B Beoxvn, 
AND Richaed L Vaeco (introduced by' Owen H 
Wangensteen) Depl of Physiology and Sur- 
gery, Umv of Minnesota, Minneapolis 
Normal mongrel dogs were anesthetized wuth 
sufficient sodium pentothal to permit tracheotomx 
or tracheal intubation Control respiratory mi- 


nute volumes and blood pressures xxcre recorded 
with the animal anesthetized below the exeitation 
plane Carbon dioxide oxygon mixtures containing 
15, 20, 25, and 30% CO- xverc administered via an 
inspiritory demand valx'o regulator After 3CM5 
minutes brcatliiiig each of these mixtures, the 
respiritory minute volume was measured and an 
arterial blood sample drawn for pii and CO- con- 
tent From these data pCO- and BHCOj eontent 
were calculated and compared xxitli preanesthetic 
x'alues High pCO- apparently exerts an anesthetic 
effect ns indicated by the lack of need for addi- 
tional jicntothal following administration of 15% 
or higher CO- mixtures Respiratory depression 
did not regularly begin until the dogs breathed a 
mixture containing COi in concentrations greater 
that 15% In vivo plasma CO- absorption curves 
h ix'c Iicen constructed xxith pCO- as great as 300 
mm Hg Maximum BHCOj concentration is usu- 
ally reached at a pCO- of 140-160 mm Hg and 
from this point the increase in total plasma CO 2 is 
accounted for solely by' dissolved CO- Arterial 
blood pii X'alues of C 6 to 6 7 have been obtained 
regularly from the blood of dogs breathing 30% 
CO- for 30-60 minutes 

Unidirectional permeability of the vaginal wall of 
the rabbit N Millman,* C G Haetxian, J 
Stavoeski* and j Botti * Ortho Research Foun- 
dation, Rantan, N J 

As has long been known, many classes of chem- 
icals are readily' absorbed from the lumen of the 
vaginal tract, as indicated by their appearance in 
appreciable quantities in the blood This is true 
of such diverse substances as salts, sugars, pro- 
teins, dyes, alkaloids, chemotherapeutic agents 
and antibiotics However, the experiments here 
recorded indicate that the reverse process occurs 
only' to a minimal extent, if at all Thus one may 
build up tremendous concentrations of substances 
in the blood for long periods and yet be unable to 
detect any of them in the vagmal tract Even 
when high local concentrations are built up, as by' 
injections of the perineal fasciae, there is no re- 
lease into the lumen These findings w'ere confirmed 
by tn vitro tests m which the vagina was excised 
and used as a dialysis membrane, with the mucosal 
surface on the inside Chemical and flmd shifts 
on both sides were noted When the solution of a 
test substance was placed inside the ‘bag’, some 
of the solute was soon found to have penetrated 
the wall On the contrary , when the reverse pas- 
sage xvas tested, none of the solute was found on 
the inside Occasionally', a water exchange was 
observed Substances tried in vitro and in vno 
experiments included NaCl, KI glucose, anti- 
pyrme, sulfanilamide, methylene blue, neutral 
red, light green, safranine, human blood antigen 
and antibodx 



90 


FEDERATION PROCEEDINGS 


Volume 9 


Effects of pituitary growth hormone in normal and 
depancreatized cats A E Milman and P De 
Moob (mtroduced by F D W Lekens) George 
S Cox Medical Research Inst , Univ of Pennsyl- 
vania, Philadelphia 

The effect of purified anterior pituitary growth 
hormone on glucose and nitrogen excretion has 
been studied in normal and depancreatized cats 
Growth hormone produced nitrogen retention in 
depancreatized cats maintained on constant insu- 
Im dosage and food intake Nitrogen retention 
occurred in spite of increased glycosuria, but the 
amount was less than that obtained in normal 
cats treated for the same 4-day penods at the same 
dose levels (3 and 10 mg/day) The failure of 
growth hormone to induce maximal nitrogen re- 
tention m animals receiving a fixed insulin dosage 
and lackmg the capacity to augment their own 
secretion of insulin, supports the hypothesis that 
in normal ammals growth hormone induces the 
secretion of additional insulin After w'lthdrawal 
of the growth hormone, there was an unexpectedly 
slow return of the glycosuria to pre-injection 
levels, a phenomenon which is unexplained Glj'- 
cosuria developed in one normal cat given 10 mg 
of growth hormone daily for 3 days In acute 
experiments in fasted normal cats, and m diabetic 
cats deprived of insulin, the intraperitoneal injec- 
tion of growth hormone produced a depression of 
the blood amino-nitrogen level in 2-6 hours This 
observation, similar to that reported in normal 
and partially diabetic rats (alloxan) , provides the 
first evidence of an effect of growth hormone on 
nitrogen metabolism completely independent of 
insulin 

Recording two-channel photofiuorometer for in 
VIVO studies with fluorescein David Minakd 
and Maynabd Eichek Naval Med Research 
Inst , Bethesda, Md 

To measure time of appearance of fluorescein 
after intravenous mjection and to record rate of 
change in fluorescence in 2 tissue areas simul- 
taneously, a recording 2-channel photofluorometer 
has been constructed, each umt utilizing a photo- 
multiplier tube (RCA 931A) as the photosensitive 
element and a GE F-6000 mercury vapor lamp ns 
the ultraviolet source The paired elements are 
fixed m either arm of a V-shaped holder with a 
one-mch window at the apex For deeply situated 
organs, polished quartz rod extensions serve as 
2-way conductors of activating ultraviolet and 
emitted fluorescence Dark purple ultraviolet 
transmitting filters (Corning No 6970) over the 
U-V sources and yellow filters (Corning No 3486) 
over the photomultipbers, insure selective sensi- 
tivity to wave-lengths emitted from activated 
fluorescem An electronically regulated power 
supply provides stable D C voltages up to 1200 
volts to each photomultiplier The outputs from 


the photomultipliers are read directly from panel 
microammeters or recorded by oscillographic gal- 
vanometers (Consolidated type 7-116) with a slit 
camera Additional channels pernut simultaneous 
recording of other physiologic variables, such as 
blood pressure and urine flow Galvanometer and 
microammeter sensitivities can be reduced in 
fixed steps Bucking current circuits permit zero 
adjustment at high outputs The units are stand- 
ardized against films of graded fluorescence The 
instrument is useful in studies on circulation time 
to brain, skin, kidneys and other areas and m de- 
tecting vasomotor reactions in skin and kidneys 
resulting from the action of drugs, asphyxia, 
anoxia and nerve stimulation 

Studies on renal cortical ischemia using the 
recording photofluorometer David Minahd and 
Elliott F Ossebman (introduced by Albebt 
R Behnke) Naval Med Research Inst , Be- 
thesda, Md 

To record repeated observations on both kid- 
neys simultaneously the 2-channel photofluorom- 
eter described elsewhere by Minard and Eicher 
was used in studies of renal cortical ischemia re- 
sulting from epinephrine injection, splanchnic 
nerve stimulation, and asphjxaa in anesthetized 
monkeys, dogs, and rabbits Arrival of sodium 
fluorescem at each kidney surface following rapid 
controlled intravenous injection of small dye doses 
(2 mg/kg ) IS recorded as a rising and falhng curve 
of typical form Failure of injected dye to produce 
an appreciable increase in fluorescence is the cri- 
terion for ischemia Blood pressure, injection time, 
and in some experiments urine flow from each kid- 
ney are also recorded Asphyxia and epinephrine 
in rabbits regularly blocks dye appearance Epi- 
nephrine and splanchnic nerve stimulation in 
monkeys and dogs produce ischemia but asphyxia 
is relatively ineffective In the rabbit denervatmg 
one renal pedicle abolishes ischemic responses to 
asphyxia but not to epinephrine Preliminary 
studies indicate anoxia rather than COj accumu- 
lation to be responsible for asphyxial ischemia in 
the innervated rabbit kidney Active and passive 
changes in effective area of surface vessels of the 
intact stained kidney are manifested as changes 
in fluorescence Thus in the monkey epinephrine 
and splanchnic nerve stimulation cause pro- 
nounced increases m kidney fluorescence Brady- 
cardia from peripheral vagal stimulation is asso- 
ciated with a slow rise in fluorescence during 
penods of asystole and a rapid fall during sj-stole 
How ever no sigmficant changes in kidney fluores- 
cence or in appearance of the typical curve follow- 
ing dye injection result from central sciatic stimu- 
lation or bilateral carotid occlusion 

Proteolytic systems in plasma active at acid reac- 
tions I Abthdb Mibskt, Pebbt Futtebsian 
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AM> IlonutT II Hiioii-Kahn Mau Fml for 
Med Research, fctnsh Ho'^ptlal, Cnicirtnalt, 
Oho 

Previous studies have demonsl rated lhat jicp- 
sinogcn IS secreted, in part, dirccllj from the 
gnslnc peptic cells into the blood stream Efforts 
have been made to detect and measure the qunn- 
titj of circulating pepsinogen During these stud- 
ICS, it was noted that human and anirml plasma 
contained at least two protcohtic cnrjmcs active 
at acid reactions One of these systems exhibits 
maximum activity at pn 3 5 and docs not originate 
m the gastric mucosi \nothcr s\6tcm is active 
at pii 2 to 2 5 The concentration of fins latter 
Ejstcm in the blood is apparcntlj related to the 
actnitj of the gastric mucosa It lias iicen demon- 
strated that much of this activitj cannot be attrib- 
uted to the nctix’ation of pepsinogen but is related 
to the existence in the blood of another proteinase 
nhich, like pepsin, is also actuc at acid reactions 
The distribution and some properties of these 
sj stems n-ill be described 

Factors influencing intrnrcnal pressure A V 
Montgomekt (introduced b\ E L PonxEn) 
Dept of Physiology, Univ of Texas School of 
Medicine, Galveston 

Intrarenal pressure (IRP) can be dramatically 
affected by various experimental procedures Com- 
plete renal arterial occlusion or renal decapsula- 
tion caused a decrease in IRP Complete renal 
venous occlusion or an increase in ureteral pres- 
sure causes an increase in IRP, but the effect of 
either mampulation is diminished by decapsula- 
tion When the renal vein is totally occluded, the 
IRP IS about the same as the pressure on the renal 
Bide of the occlusion That arterial pressure per se 
IB not an important component of IRP is indicated 
by the lack of correlation between systemic arte- 
rial pressure and IRP From these results it is 
concluded that IRP is similar to the pressure of a 
fluid contamed in an elastic bag Inside the bag 
as well, there are 2 discrete and elastic compart- 
ments also filled with fluid These may be desig- 
nated as the vascular compartment and the tubu- 
lar (nephron?) compartment Any condition which 
causes dilation of either of these compartments 
or which causes contraction of the elastic wall of 
the bag will produce an increase in the pressure of 
the fluid (IRP) in the bag It seems likely that the 
tubular compartment is dilated by increasing 
Ureteral pressure and that an increase in renal 
venous pressure causes a dilation of the thin- 
walled venous side of the vascular compartment 
But because the walls of the arterial side of the 
Vascular compartment are relatively rigid, changes 
of pressure within them do not influence IRP 

Critique of the use of sulfanilamide and D-O for 
determination of total body water in dogs 
P 0 ’B Montgomert and M <1 Fogeema't 


(introduced by Arthur Groulman) Dept of 
hxpcnmenlal Surgery, Southrucsleni Mcrl School, 
Univ of Texas, Dallas 

In the course of studies designed to measure 
rates of movement of water between various sol 
vent compartments w itliin the body, simultaneous 
tot il body water determinations, using DjO and 
sulf imlamidc were performed on dogs A known 
amount of DjO (0 5 cc/kg/bw) and sulfanilamide 
(20 mg/kg/bw) were injected intravenously into 
unnncstlictircd dogs Venous blood samples were 
draw II during intervals up to periods of 2 hours 
D;0 was determined bj the falling-drop method 
and sulfanilamide by the method of Bratten and 
Alarslmll Results indicate that equilibration of 
D-O or sulfanilamide in whole blood is not at- 
tained after 2 hours Values for total body water 
calculated from the disappearance curves of D-0 
from whole blood vary from 32% to 90% of body 
weight with an average of 51% body weight 
Values for total body water calculated from the 
disappearance curves of sulfanilamide from whole 
blood vary' from 52% to 97% body weight with an 
average of 74% Figures for total body' water 
obtained simultaneously the 2 methods for indi- 
vidual animals cannot be correlated These dis- 
crepancies may be explained by variations m 
internal diffusion area, and changes in internal 
convection forces 

Physiological effects of warming, cooling, and 
exercising the feet during prolonged radial 
acceleration Laurence E Morehouse, Rich- 
ard E Hughes,* Elisabeth M Prange* aud 
Janet Websel * Depls of Physical Education 
and Aviation Medicine, Umv of Southern Cali- 
fornia, Los Angeles 

The ability to withstand footward acceleration 
in aircraft is related to shifts of body fluids Heat, 
cold, and exercise m sufiicient quantities to alter 
circulation were applied to the feet before and 
dunng 3 minute runs at 3 5 g on the human centri- 
fuge Earopacity and pulse, thermistor tempera- 
ture measurements, and foot size determinations 
were recorded in 9 male subjects When the feet 
were first immersed in hot water before centrifu- 
gation, the circulation to the head was diminished 
No further circulatory embarrassment was ob- 
served dunng acceleration and the recovery was 
more rapid when the feet were edematous due to 
heat Immersing the feet in ice water raised the 
pulse rate but did not affect the head circulation 
either during acceleration or recovery Exercise 
also increased the pulse rate but slightly reduced 
head circulation during acceleration and recovery 
It is felt that foot temperature and exercise prob- 
ably' do not affect phy siological responses to accel- 
eration enough to influence g endurance 

Investigation of polarometnc method for oxygen 
tension in blood with a rotating platinum cTcc- 
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trode Edwahd H Morgan and Gabriel G 
Nahas (introduced by Howard B Burchell) 
Mayo Foundation, Rochester, Minn 
In accordance w ith principles outlined by Kolt- 
hoff and by Laitenen, a rotating platinum elec- 
trode and external circuit were constructed and 
adapted for measuring oxygen tension in 1 6 ml 
samples of whole human blood Coating of the 
platinum electrode with a film of silicone (dri-film 
9987) IV as found to delay the loss of reactivity of 
the platinum surface when it was in contact with 
blood In samples of blood equilibrated with mix- 
tures of O2 and COi, in tonometers at 26° C , the 
diffusion currents obtained at an applied EMF of 
—0 8 V varied not only with pOj but also with 
pCOj When the pCOi was maintained within 
±3 mm Hg, current values were linearly propor- 
tional to pOj in the range from 50 to 250 mm pOj 
Increase in pCOi yielded higher current for a 
given pOi The mean difference of duplicate meas- 
urements of the diffusion current obtained from 
28 blood specimens at various oxygen tensions was 
0 16 microampere (range 0-0 68 microampere) 
which was equivalent to 3 3 mm Hg pOj (range 
0-14 3 mm Hg) Thus far, however, sensitivity 
and reproducibility of results adequate for routine 
use have not been attained because of uncontrolled 
and not completely understood vagaries of the 
platinum electrode 

Failure of cold pressor response to correlate with 
personality tests Campbell Moses, Dorothy 
W Hplmer* and Dora Capwell * Addison H 
Gibson Lab , Univ of Pittsburgh, and the Alle- 
gheny Vocational Counseling Center, Pittsburgh, 
Penna 

The cold pressor response of Hines and Brown 
(Am Heart J 11 1, 1936) and several personality 
tests were studied in 167 selected individuals Of 
this group 60 gave a normal pressor response and 
60 were classified as hyperreactors Forty -seven 
subjects with essential hypertension were simi- 
larly tested No significant correlation between 
the cold pressor response and the Bernreuter 
Personality Inventory, the Rosensweig Picture 
Frustration Test, the Guilford-Martin Personnel 
Inventory or the Kuder Preference Record was 
obtained in either the nonnotensive, the hyper- 
tensive or the hyperreactor subjects It is sug- 
gested that the cold pressor response is of such 
complex origin that it cannot be correlated with 
a single personality test 

Comparison of step-up and treadmill exercise 
using artenal blood and respiratory gas ex- 
change measurements Hurley L Motley and 
Joseph F Tomashefski * Cardio- Respiratory 
Lab , Barton Memorial Division of Jefferson 
Hospital, and Dept of Medieine, Jefferson Medi- 
cal College Philadelphia, Penna 


A comparison of the variations in respiratory 
gas exchange measurements during rest and ex- 
ercise is valuable for appraisal of pulmonary 
function status in man The step-up exercise test 
(30 step-ups 20 cm high in one minute) was com- 
pared wuth treadmill exercise (rate and tilt ad- 
justed so that the patient can continue for 15 
minutes) Gas and arterial blood samples and 
pressures were taken after 10 minutes of treadmill 
exercise (allowed to attain a steady state) Studies 
on 64 patients with fibrosis and various degrees of 
pulmonary emphysema are reported 
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In 17 cases the treadmill exercise produced a slight 
decrease in arterial oxygen saturation, in 24 there 
was a slight increase and m 13 there was a sigmfi- 
cant increase (3% -f) Step-up exercise is a more 
severe test for the emphysematous patient than a 
treadmill exercise w hich can be maintained for 16 
minutes Respiration rate, blood pressure, pulse 
rate and percentage of oxygen removed did not 
vary significantly between the two methods of 
exercise, but in the 36 cases with a significant 
degree of emphysema (residual air over 35% of 
total lung volume) the arterial oxygen saturation 
was decreased more with step-up exercise The 
step-up test is as satisfactor3’^ as the treadmill in 
providing information essential for evaluation of 
pulmonary function impairment 

Polarographic analysis of spinal fluid as an aid in 
the diagnosis of poliomyelitis Otto H MtlLLER 
Dept of Physiology, Syracuse Univ College of 
Medicine, Syracuse, N Y 

In a polarographic study of spinal fluid in polio- 
myelitis and other diseases it was found that the 
procedure used for determination of the protein 
index’ (Muller and Davis, Arch Biochem 15 
39, 1947) was not applicable because of the small 
amounts of protein involved The following tech- 
mque, similar to that of Homolka and Krupicka 
{Cas Ibkafules 87 1326, 1948) w as more suitable 

To 1 0 ml of spinal fluid is added 1 0 ml of 0 1 N 
KOH Of this mixture, a first sample of 0 8 ml is 
added immediately to 2 0 ml of a buffer consisting 
of 0 001 M Co(NH,).Cl„ 0 1 N NH4CI and 0 1 N 
NH4OH and then analyzed polarographically A 
second sample of 0 8 ml , taken after 45 nunutes is 
similarly analyzed The results of the last anal3'sis 
are expressed in percent of the starting values n 
an investigation of over 120 spinal fluids it was 
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found (hnl in ‘nornnl’ finmples not onh ncrc the 
Stirling viliies siiinll liut ilso the cimnges pro- 
duced digestion In coni rust to this the starting 
vilucs in pohom 3 clilis ire iisuallj ver^ much 
higher md increase b^ 100% or more during diges- 
tion Obser\ atioiis made so far indicate tliat tins 
change from normal cm be correlated nith in- 
tensity of the disease Return to normal during 
convalescence appears to be slower for the ])olnro- 
graphic values than for other clinical findings 
These results suggest that the iirotcins of spinal 
fluid not only change in quantity but also in qual- 
ity in poliomyelitis 

Uptake of phosphate b> frog avons L J Muhins 
(introduced by^ Frank Brink) Dcpl of Bio- 
physics, Johns Hopkins Lniv , Baltimore, Md 
A method has been deynsed for continuously 
recording the y^ariation in P’’ content of aNons, 
yvhile allowing electrical stimulation, changes in 
gas tensions, or other chemical variations in the 
surrounding fluid Over a period of 10 hours, a 
nerve at 20°C takes up P’’ to a concentration 5 to 
10 times that of the CNternal solution Phosphate 
uptake at 0°C inO;orat20°C inN;, orat20°C in 
0; with 0 1 nui azide, is zero The temperature 
coefficient of uptake (Qio) ca 2 5 over the range 
10-30°C At temperatures higher than 30°C the 
a\on deteriorates rapidly yy ith respect to conduc- 
tion but Pj uptake is maintained for several hours 
after condution has failed Removal of the con- 
nective tissue sheath has been show n to increase 
the P“ uptake to slightly more than twice the 
normal rate Stimulation at frequencies of from 
60-120/sec completely blocks the uptake of P” 

Effect of repeated injections of epinephrine on 
self-selection of diet in rats, with special ref- 
erence to sodinm and potassium Louis P 
Munan* and IiIrrett C Albritton Dept of 
Physiology, George Washington Univ School of 
Medicine, Washington D C 
Subcutaneously injected epinephrine altered, 
in opposing fashion, the self -selection of salt solu- 
tions offered continuously^ to two strains of rata 
Female rats of the Sprague-Dawley and Long- 
Evans strains were divided into four groups of 
ten each and maintained on a synthetic diet free 
of sodium, potassium, chloride, and inorganic 
phosphate They^ were offered separately^ water 
and 3% solutions of the missing salts, namely, 
NaCl, NaHoPOi, KCl, and KHiPOi Epinephrine 
injections were given once and later twice daily 
in isotonic saline m dosage of 02- 04 mg epineph- 
nne/lOO gm of body weight The control groups 
received an equal volume of isotonic saline at the 
same time intervals In the Long-Evans rats, the 
Na/K; mtake ratio was smaller in the experimental 
than in the control group due largely to an in- 
creased potassium intake by the experimental 
animals In the Sprague-Dawley rats, the Na/K 


intake ratio was greater in the experimental than 
in the control group, due largely to an increased 
sodium intake by the experimental animals These 
findings point to a species difference in the salt 
function of the adrenal cortex under epinephrine 
stress 


Net splanchnic glucose production in normal man 
and in various disease states Jack D Myers 
( introduced by Walter ICEyiPNER) Dept of 
Medicine, Duke Untv School of Medicine, Dur- 
ham, N' C 

The hepatic blood flow, by the bromsulphalein 
technic, and the glucose difference between hepatic 
venous and arterial bloods has been measured in 
a group of 43 control human subjects and in asenes 
of patients with various diseases In the fasting 
slate, the hepatic venous glucose concentration 
always exceeds the arterial concentration Thus 
the product of the hepatic blood flow (HBF) and 
the hepatic venous-arterial glucose difference 
(GD) provides an estimation of the net splanchnic 
glucose output (SGO) This quantity^ is less than 
the actual hepatic glucose production by-- that 
amount of glucose which is utilized by' the various 
viscera of the portal venous circulation The mean 
HBF in 43 control subjects w'as 812 ± 24 (S E ) 
ml/minute/square meter of body surface The 
mean GD yy as 8 7 ± 0 4 mg % This provides a 
mean SGO of 68 ± 4 mg/min/m= In 9 patients 
with diabetes controlled by' insulm, neither the 
GD nor the SGO varied significantly from the 
control values Twelve patients with Laennec’s 
cirrhosis of the liver had a mean GD of 7 7 ± 0 7 
mg % (not significantly' subnormal) but a reduc- 
tion in SGO to 52 ± 5 mg/min/m“ because of mod- 
erate decreases in HBF In 8 subjects with con- 
gestive heart failure m w horn the HBF was strik- 
ingly' reduced, the GD was only moderately 
increased to 11 5 ± 10 mg %, providing a SGO 
which was subnormal at a value of 50 ± 4 mg/ 
mm/m’ Ten patients with hyperthy'roidism had 
mild but not significantly elevated GD and SGO 


Application of buffered paper strips to the chroma- 
tography of polymyxins Harold A Nash and 
A R Sjxashbi (introduced by Carl A Bunde) 
Research Dept , Pitman-Moore Co , Indianapolis, 


Ind 

To achieve resolution of the polymyxins, the 
ise of strips treated with buffer solutions previous 
;o descending development w-ith n-butanol w as 
nvestigated In the acid range, Rf values were 
'mind to be less affected by the pn of the lu er 
ihan by the concentration of salts in ^ . 

,„t.m In . given .j.lem and «* ' f 
R.f values could be partially ^ C 

tnbution coefficients and ">th hydration e 

paper strips as affected by 

low buffer concentrations, wi 

[vere relatnely constant, different 
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found to have different effects on Rf values even 
when the effects on distribution coefScients were 
the same In general, di- and trivalent anions 
were much less effective in increasing Rf values 
than the univalent anions tried By proper choice 
of buffer sjstem, the Rf values of the polymyxins 
could be mampulated from less than 0 1 to 1 0 
For routine work the buffer system, 0 2 m glycine 
to pH 2 5 mth concentrated HCl was adopted 
With this system Rf values of the polymj'xins 
were A, 0 18, D, 0 38, E, 0 54, and B, 0 66 

Electrical activity of single muscle fibers at the 
neuro-muscular junction William L Nastok 
Dept of Physiology, College of Physicians and 
Surgeons, Columbia Umv , New York City 
Utilizing the technique previously reported 
(Nastttk, W L and a L Hodgkin J Cell <£. 
Comp Physiol In press) microelectrodes have 
been inserted into single muscle fibers of frog 
sartonus at the neuro-muscular junction The 
muscle was placed in Ringer’s solution (22°C ), 
single fibers were impaled at a point averaging 
42 fi from the center of the junction, and a stimulus 
was applied to the nenm The recordings show an 
end plate potential which rises sharply from the 
baseline to 42 mv (av ) in 0 3 msec At this level 
a propagated action potential originates and the 
membrane is depolarized more rapidly Repolan- 
zation begins at the usual rate but is apparently 
hindered by the endurance of the original end 
plate disturbance as evidenced by an abrupt 
diminution in rate Average data obtained at the 
junction are resting potential 90 mv , action 
potential 117 mv , peak end plate potential 101 
mv Average data obtained at a point distant 
from the end plate are resting potential 91 mv , 
action potential 123 mv After 30 min equilibra- 
tion in Ringer’s solution (23 8°C ) containing 
d-tubocurarine chloride (1 4 /im/1) blocking of 
some junctions occurs At such junctions the end 
plate potential is greatly diminished or absent 
For functions still functioning, the end plate 
potential rises more slowly requirmg 0 6 msec to 
reach 46 mv (av ) , at which level a propagated 
action potential originates Typical data obtained 
at a point averaging 65 p from the center of the 
junction are resting potential 90 mv , action 
potential 116 mv , peak end plate potential (when 
measureable) 106 mv 

Influence of muscular exercise on uric acid ex- 
cretion in man John Nichols* and A T 
Milleh, Jr Lab of Applied Physiology, Umv 
of North Carolina, Chapel Hill 
Strenuous exercise (runmng on a motor-driven 
treadmill for 1 minute at 10 rmles/hour, 17 6% 
grade) during a state of water diuresis depressed 
urine flow, glomerular filtration rate (allantoin 
clearance) and uric acid clearance to 30, 40 and 


30% respectively of the pre-exercise values Urine 
flow and glomerular filtration rate returned to 
normal within 10 minutes after cessation of exer- 
cise, but uric acid clearance remained depressed 
for about one hour Following the suggestion of 
Quick (J Biol Chem 110 107, 1935) that the 
excretion of uric acid is influenced by the blood 
lactate concentration, a second senes of experi- 
ments was performed A 10-minute period of mod- 
erate exercise (treadmill running at 6 miles/hour, 
zero grade) resulted in a very small rise in blood 
lactate and a slight depression of uric acid clear- 
ance When, however, the subject breathed 8% 
oxygen in nitrogen during the same type of expen- 
ment, the nse in blood lactate was considerably 
greater and there w as a marked depression of unc 
acid clearance It is concluded that the dimin- 
ished clearance of uric acid during exercise and 
recoverh is related to the elevated blood lactate 
level The basis of this effect is being investigated 

Simultaneous blood volume determinations in 
dogs with dye (T-1824) carbon monoxide and 
radioactive iron Fe‘‘ J L Nickerson, L M 
SHARrE,* W S Root, T C Flejung* and 
M I Gregersex Dept of Physiology, College 
of Physicians and Surgeons, Columbia Umv , New 
York City, and Brodl haven Natl Lab , Upton, 
N Y 

Measurements of the blood volume in dogs were 
made using simultaneous!}' the three following 
technics 1) the T-1824 dje method as described 
by Gregersen, 2) the carbon monoxide method 
according to the technic developed bv Roughton 
and Root, and 5) the radioactive iron (Fe“) 
method using tagged erythrocj'tes from a donor 
dog Beaker experiments on known volumes (50 
cc ) of blood w ere run concurrently with the 
in VIVO tests in order to check the accuracy of the 
radioactive iron determinations In 16 beaker 
experiments the mean volume determined by 
radioactive iron differed bj' only one-half of one % 
from the true volume the standard deviation 
being 3% In 7 technically satisfactory experi- 
ments, the mean value of the blood volume meas- 
ured by the carbon monoxide method was 2% 
above the value obtained with T-1824, whereas 
the mean value obtained with the iron method 
was 11% helow that given by the dye The latter 
difference is bejmnd the limit of experimental 
error It is therefore considered to be of physi- 
ological significance and not explainable by lack 
of precision m any of the methods 

Responses of blood vessels of the bat’s wing to 
epinephrine and nor-epinephnne Paul A 
Nicoll Dept of Physiology, Harvard Med School, 
Boston, Mass , and the Dept of Physiology, 
Indiana Umv , Bloomington 

Direct microscopic observations were made of 
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wing vessels in unnnestlieli7cd animals with their 
wing nerve suppR either normal or acutely sec- 
tioned, or partialh degenerated The substances 
tested were administered in various ways of which 
the most efficient was direct topical application 
on a small area from which the epithelium had 
been removed on one side This procedure pro- 
duced minimal l^Jur^ as evidenced by the normal 
flow, vasomotion and responses of the exposed 
vessels Effective concentrations of either epi- 
nephrine or nor-epinephnne alwajs constricted 
the arteries and arterioles Dilatation w'as never 
observed In structures that normall 3 exhibit 
rh 3 thmical active vasomotion, such as terminal 
arterioles, pre-capillar 3 sphincters and venous 
vessels, both substances increased the magnitude 
and duration of the constrictor phase Minimal 
effective concentrations of applied solutions of 
epinephrine vrere between 1 X KL® and 5 X 10"* 
gra ml Nor-epinephnne in comparable tests 
usuall 3 appeared shghtl 3 ' less effective How ever, 
the pH of the applied solutions, the time elapsing 
between the final dilution and application to the 
test site, and several other factors so modified 
the apparent minimal effective concentrations 
thus determined as to raise serious doubts of the 
Bigmficance of comparing functional responses in 
terms of limited quantitative differences 

Effects of azide and ATP on retinal potentials 

Werner K Noell (introduced by Habrt F 

Adler) USAF School of Aviation Medicine, 

Eandolph Field, Tex 

In rabbits, rapid intraA’'enous injection of azide 
IS immediatel 3 ’- followed by a rise of the resting 
potential of the eye which wnthin 3 seconds reaches 
values more than 5 mv above the control level 
The decay of this potential depends on the dosage, 
being a matter of seconds with 1 mg sodium 
azide/kg body weight With some delay the rise 
of the resting potential is followed by an increase 
in the rate of the spontaneous discharges of the 
optic fibers reaching values comparable to those 
obtained by strong illumination There are also 
marked changes m the electroretinogram Re- 
duced and enhanced responsiveness of all com- 
ponents of the electroretinogram are related to 
the momentary size of the potential change in- 
duced The effect of azide on the electroretino- 
gram IS qualitatively similar in frog, cat and rab- 
bit, while the effects of anoxia and lodoacetate 
var 3 wnth the species The action of azide is 
interpreted as an inhibition of adenosinetriphos- 
phatase EssentialR the same effects can be ob- 
tained by intracarotid injection of adenosmetn- 
phosphate (ATP) Late effects, however, of azide 
and ATP differ significantly It appears that ATP 
and ATPase are essential links in the mechanisms 
which lead to retinal excitation after illumination 


Slow intravenous injection of large amounts of 
azide causes inexcitability of optic nerve fibers 
in rabbits This may result from its action on 
other enzy^me sy'stems 


Metabolism of tetraethylthiuramdisulfide (Anta- 
buse) WiKTOR W Now INSKI, Thomas P En- 
w ARDS* AND James P Ellis * Dept of Neiiro- 
psychialry and Tissue Culture Ixih , Univ of 
Texas, Med Branch, Galveston 
It was shown m this laboratory (Edwards, 
Texas Rcpls Biol Med 7 684, 1949) that Antabuse 
inhibits 85% of cellular respiration as measured 
by the oxygen uptake of rat liver homogenates 
(Warburg technique) In an attempt to elucidate 
the mechanism of the breakdown of Antabuse in 
the body, the possible reduction of the molecule 
was investigated with the Thunberg method It 
was found that the reaction time of the digests 
containing rat liver homogenate and Antabuse 
(with alcohol os substrate) was 2 to 3 times longer 
than that wnthout Antabuse From these results, 
it was supposed that Antabuse may act m the 
body as a competitive hy drogen acceptor (at least 
4 hy'drogens seem to be necessary in order to re- 
duce one molecule of tetraethylthiuramdisulfide) 
and that inhibition of cellular respiration, as 
demonstrated by Edwards, could be attributed to 
this process To prove this hypothesis, experi- 
ments m AVarburg manometers were carried out, 
in which ascrobic acid acted as an additional 
hydrogen donor It was found that the inhibition 
caused by' Antabuse could bo completely over- 
come by addition of 20 mg ascorbic acid/Warburg 
vessel, the actual figures of averages being 
—125 16 emm oxy'gen uptake in one hour, for 
homogenate plus ascorbic acid and —137 34 for 
homogenate wuth Antabuse and ascorbic acid, 
whereas Antabuse alone gave an inhibition of 
oxygen uptake of practically 100% In experiments 
where smaller amounts of ascorbic acid were 
present in the system, the reversal of inhibition 
was accordingly diminished, the averages were 
— 117 21 for control (homogenate and ascorbic 
acid), —83 18 for Antabuse and ascorbic acid, 
and —32 87 for homogenate w’lth Antabuse only 
In these experiments, 6 mg ascorbic acid vessel 
restored over 50% respiration From these ex- 
periments, we conclude that tetraethy Ithiuram- 
disulfide acts as a competitive hy drogen acceptor 
and is the cause of inhibition of cellular rcspira- 


rther proof of the aspiratory effect of inspiration 
in right atrial inflow Damd F OrnTKE and 
V iLLiAM H Van Noate * Dept of Physwlogu, 
Vcslern Ticscric Umv Med School, Cla eland, 

fhio , , 

Although the preponderance of ' 

■ts the MOW that blood is aspirdod into ihe 



96 


FEDERATION PROCEEDINGS 


Volume 9 


thorax by the act of jnspiration, there are opinions 
to the contrary It is established that effective 
nght atrial pressure increases during inspiration 
However, such changes can be explained either 
by an increased pulmonary resistance or by an 
increased right atrial inflow Indirect evidence 
that the inspiratory increase of effective right 
atrial pressure is due to an increased atrial inflow 
IS provided by careful measurements of phasic 
effective right atrial pressure The slope of the 
effective right atrial pressure gradient during the 
interval from the beginning of ventricular iso- 
metric contraction (Z point) to just before the 
opemng of the tricuspid valve (V point) is de- 
pendent only upon the volume of atrial inflow 
since during this time there is no ventricular 
filling In every case studied the slope of the Z 
to V gradient increased during inspiration 

Blood levels of cyclopropane and ether in relation 
to epinephnne-mduced cardiac arrhythmias 
M J Oppenheimer, E M Greisheimer, Dor- 
othy Ellis and Shirley Fridai Dcpl of 
Physiology, Temple Univ School of Medicine, 
Philadelphia, Penna 

Kety (personal communication) has developed 
a method for determining cyclopropane and ether 
in blood when both are present Epinephrine 
( 02- 04 cc of 1 10,000/kg , rapidly) by vein caused 
ventricular premature systoles and tachycardia 
in 18 dogs at blood levels of 4 2 to 9 97 vol % 
cyclopropane Three dogs developed ventricular 
fibrillation at 7 69 to 8 33 vol % when the dose 
of epinephrine was increased Ether in blood 
concentrations of 0 30 to 1 70 cc/liter in 8 dogs 
decreased or entirely prevented the premature 
systoles, ventricular tachycardia and attendant 
falls m blood pressure Analysis of the site of 
origin of these arrhythmias bj^ simultaneous re- 
cording of three unipolar leads (Nahum, Cher- 
NOFF AND Kaufman Am J Pysiology, 157 248, 
1949) has indicated that most of these originate 
in the right ventricle (13 out of 20) equally dis- 
tributed between anterior and posterior surfaces 

Relation between normal human electroence- 
phalogram and Rorschach test factors Robert 
H OsTER AND Leah Miller Proutt * Depis 
of Physiology, Schools of Dentistry and Medicine, 
Univ of Maryland, Baltimore 
An attempt was made to correlate the EEG 
alpha rate and index with Rorschach test factors 
on 99 medical students and school personnel 
Cortical potentials v, ere recorded from prefrontal 
and occipital electrodes under standard condi- 
tions Alpha index was determined for a 30 second 
tracing for both cortical areas, alpha frequency, 
by the time required for 5 alpha waves measured 
in 5 different parts of each record The Rorschach 
test was given by the group method of the Har- 


rower-Erickson and Steiner (Springfield C C 
Thomas, 1945) with vritten responses to a 3- 
minute review of each blot, followed by a 2-minute 
review to allow orientation of responses and 
classification as to F, M, C, CF, FC and Sh The 
latter period constituted a modified associational 
period The written responses nere scored ac- 
cording to Rorschach and Beck, (Rorschach’s 
Test, I and II New York Grune and Stratton, 
1946) The Rorschach test factors A%, Z, TR, 
M/sum C, C -t- CF/FC, and P were plotted against 
the alpha index, and A% and TR against alpha 
rate Although the plot of the composite factor 
C -b CF/FC (here used as a stability indicator) 
against alpha index has a linear relationship, the 
statistical evaluation revealed no positive cor- 
relation coefficient value The lack of a positive 
quantitative correlation between the alpha ac- 
tivity and personality type under these test condi- 
tions when compared with the general relation- 
ships suggested by other workers (Trans Am 
Neurol 63 167, 1937, Brain 59 366, 1936), may be 
attributed to inherent difficulties in making ac- 
curate measurements of personality factors and 
alpha indices 

Studies on acclimalizalion of mice to high carbon 
dioxide and to low oxygen Arthur B Otis 
Dept of Physiology and Vital Economics, Untv 
of Rochester School of Medicine and Dentistry, 
Rochester, N Y 

Mice will survive for at least a w eek when placed 
in a mixture of 20% CO:, 21% 0: and 59% N« 
Such an exposure increases the tolerance of the 
animals to 35% CO; but sudden removal to room 
air may result in convulsions which are often fatal 
If the CO; concentration is reduced more gradually 
no difficulty^ is encountered Normal mice when 
exposed to 35% COr^7% 0; retain the righting 
reflex for only about 3 minutes, but mice which 
have been exposed for one week to 15% COj 
retain the righting reflex for at least 30 minutes 
when exposed to the higher concentration If 
mice w'hich have been living in 15% COi are 
removed to air, the tolerance to 35% CO* becomes, 
after 3 days, the same as that or normal mice The 
principal changes observed to occur in mice 
chronically exposed to 15% or 20% are an apparent 
increased ventilation, a drop in body" temperature, 
loss of weight and an increase in the alkaline 
reserve of the blood which is of the magnitude 
necessary to return the plasma toward the normal 
pH Mice which have been exposed to 10% oxygen 
for 7 days show the same tolerance (as judged by 
time of maintenance of the righting reflex) to 35% 
CO: as do normal mice 

Ionic alterations in chickens infected with P 
galltnaceum Richard R Overman, Anne C 
Bass* and T H Tomlinson, Jr * Dept of 
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Physiology, JJiiiv of Tennessee College of Mcdt~ 
eine and Lab of Tropical Diseases, USPHS, 
Memphis, Tenn 

Flame photometric analjses for Na and K and 
chemical analjsis for Cl were earned out on both 
plasma and packed erythrocytes of 1) normal 
chickens , 2) chickens infected w ith P gallinaccum 
and show ing a) 1-100 parasitized cells per 10,000 
RBC, b) 100-3000, c) 3000-5000, d) 6000-7500 and 
c) over 7500, S) chickens which had spontaneously 
recovered from a malaria infection , 4 ) a series of 
‘refractory’ chickens, and 6) chickens inoculated 
wuth EE forms of P gallinaceiini Normal values 
(average of 9 determinations) were ns followrs 
Plasma Na, 163 7 mEq/1 , Plasma K, 6 0 mEq/1 , 
Plasma Cl, 120 7 mEq/1 , Erythrocjde Na, IS 0 
mEq/1 , erythrocj te K, IIS 8 mEq/1 , Erj’thro- 
cyte Cl, 127 9 mEq/1 Generally speaking, pro- 
gressive alterations m ion distribution in infected 
chickens of group 2 occurred as follows 1) a re- 
duction m plasma Na concentration, 2) a rise in 
plasma K, S) a reduction in plasma Cl, 4 ) an 
mcrease in cellular (erjdihrocyte) Na and, 5) a 
reduction in cell K In chickens showung the higher 
parasitemias the increase in plasma K averaged 
48%, the mcrease in erj^throcj te Na 298%, and 
the reduction in cell K averaged 36% Chickens 
w-hich had ‘recovered’ showed normal average 
ionic concentrations in both plasma and cells as 
did the ‘refractorj'’ animals and those inoculated 
with EE bodies These changes are entirely similar 
to those reported by Overman for P knowlest 
infected monkeys and human with P vivax or 
P /alciparum infections 

Water and electrolyte changes in rat intestine 
after total body x-radiation E E Painter and 
E W PuLLsiAN * Umv of Illinois, College of 
Medicine, Chicago, III 

Preliminary experiments earned out on the 
small intestine of 220-gm male rats before and 
after a single dose of total body x-radiation (LD70) 
indicate that increases in sodium content can be 
correlated wuth decreases in potassium and with 
increases in chloride and water content in the 
first few days after radiation These mcreases in 
sodium content of the intestine have been con- 
firmed by radioactive sodium studies reported 
earlier by us (Quart Report , Biol Div , Argonne 
National Laboratory, p 88, Nov , 1948) That 
increase in sodium is in part related to an increase 
in extracellular fluid content of \-irradiated am- 
mals and in part related to the exchange of sodium 
for potassium in gut cells appears to be a valid 
conclusion from our results 

Molecular diffusion and filtration from the capil- 
lary circulation of mammalian muscle J R 
Pappenheimer, E M Renkin* and L M Bor- 


RBHO * Dept of Physiology , Hari'ard Med School, 
Boston, Mass 

Inulin, sucrose, glucose, urea or NaCl were 
introduced suddenly into arterial blood supplying 
the isolated perfused hindlimb muscles of the 
cat The osmotic activity of each molecular species 
tending to draw fluid from tissue spaces to capil- 
larv blood wms counterbalanced by continual ad- 
justment of mean capillary pressure by known 
amounts just sufficient to prevent net fluid ex- 
change Under these conditions the changes of 
mean capillary^ pressure w ith time are considered 
to reflect the diffusion rates of the test molecules 
across the capillary walls and into the tissue 
spaces The half-time of the diffusion process is 
approximately' inversely' proportional to the free 
diffusion constant of the molecular species and 
to the ease with which flmd passes through the 
capillary' membranes under the influence of a 
know n hy'drostatic head of pressure (the filtration 
coefficient) The half-times are independent of 
blood flow and of tissue fluid volume in the ranges 
so far investigated The data indicate that diffu- 
sion of substances across the capillary walls 
occurs many' times more slowly than through a 
watery solution of equivalent surface area (free 
diffusion) If the capillary' exchange occurs 
through cylindrical pores or rectangular slits in 
the capillary' walls then the collective area of 
such openings is less than 2% of the total capillary 
surface Combination of filtration data with diffu- 
sion data IS theorectially' capable of yielding 
information concerning the number and dimen- 
sions of ultramicroscopic openings in the capillary 
walls which would account for the experimental 
results 

Glucose, pH and potassium retention in red cells 
A K Parpart and James W Green * Dept 
of Biology, Princeton Univ , Princeton, N' J 
Defnbmated rabbit blood was incubated at 
35" C for periods up to 50 hours and a study 
made of the potassium-sodium exchanges which 
occurred in the red cells at intervals during this 
time under a variety of pH and glucose changes 
Experiments were made to compare the influence 
of pH and of glucose utilization on potassium re- 
tention Potassium retention has been studied 
at several pn’s (6 2-7 4) W'lth and without the 
addition of glucose Phosphate buffers were used 
Results mdicate that while glucose utilization is 
an important factor, there is a ven marked, and 
even over-shadownng, effect of pii, w ithin a certain 
range, on potassium retention irrespectue o 
glucose utilization In addition, effects o in 
hibitors of gU coly tic activiti hai e been examined 

Absorption of vibratory energy bv human body 
surface H O Pvrrick, Hennino 1 ox C.irnKi , 
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Hans Obbtreicher* and Wolf W von Wit- 
tern * Aero Med Lab , Air Materiel Command, 
Wnght-Patterson Air Force Base, Dayton, Ohio 
Measurements were made of the response of 
the body surface to mechanical vibrations Three 
methods were used in overlapping frequencv 
ranges so as to span a total frequency range of 
20-20,000 cps The results are consistent and 
describe the mechamcal impedance of the body 
surface and the elastic properties of the tissue 
The impedance consists of a frictional resistance 
and reactance The resistance is proportional 
to the square root of the frequency The reactance 
IS an elastance varvmg inversely with frequency 
up to about 60 cps where it becomes zero Above 
this frequency the reactance is an inertance that 
18 proportional to frequency throughout the meas- 
ured range The vibratory energy absorbed at the 
body surface and converted to heat in the tissues 
may be calculated from the impedance From 
these results was developed a theory on the 
mechamcal behavior of the vibrating body tissue 
that considered the tissue as an elastic medium 
with viscosity For such a model, and for the 
frequency range 20-20,000 cps, equivolummal 
shear waves with velocities less than sound are 
predominant It is only at still higher frequencies 
that compression waves play an important role 
The theory also explains the surface isaves ob- 
served experimentally 

Changes of electrical potential of the ventral roots 
of the spinal frog resulting from reflex stimula- 
tion Llotd D Partridge* and Robert Geseld 
Physiology Laboratory, Univ of Michigan, Ann 
Arbor 

Single and repetitive electrical stimuli were 
dehvered by a square wave generator Changes of 
electrical potential were recorded with the aid of 
a D C amplifier and a cathode ray oscillograph 
One leading off electrode was placed on the ventral 
root near its point of exit from the cord, the other 
electrode about one cm more distal Each stimu- 
lus was found to produce a sudden increase of 
negativity of the proximal electrode with respect 
to the distal electrode, possibly the result of a 
sudden liberation of acetylcholine at the synapse 
The rate of subsequent decay of this negatmtj 
was in approximate agreement with the law of 
mass action as applied to enzymatic destruction of 
acetylchohne Repetitive stimulation showed, in 
agreement with Barron and Matthews, a step- 
like increase of initial negativity Such increased 
negativity was followed by a correspondingly 
increased rate of imtial decay at cessation of 
stimulation Action potentials, when they oc- 
curred, varied in number directly with intensity 
of the slow potentials These findmgs are thought 
to support the theory of temporal summation 


reported by Frev and Gesell at the 1949 meeting 
of the Physiological Societj They do not, how- 
ever, preclude the participation of several factors 
contributorj to the decay of electrotonic poten- 
tials 

Studies on in vitro inactivation of alpha-estradioI 
by infantile, malignant and cirrhotic rat liver 
Karl, E Paschkis and R H DeMeio * Div 
of Endocrine and Cancer Research, Jefferson Med 
College, Philadelphia, Penna 
Inactivation of alphaestradiol bj liver slices 
and liver homogenates has been extensively 
studied Experiments reported here show that the 
liver of rats, 6 days of age, have a good inacti- 
vating power Studies were also performed on 
rats treated with the carcinogen 2-acetamino- 
fluorene, livers from animals killed at a stage 
w here no cancer had i et developed showed good 
inactivating capacity Homogenates of malignant 
hepatomas induced both by 2-acetaminofluorene 
and p-dimethylaminoazobenzene also showed good 
inactivating power We have previously reported 
good inactivation to be present in starved rats 
{Endocrinology 43 97, 1948) and in rats treated 
with carbontetrachlonde (Endocrinology 33 309, 
1943) It 18 concluded that the in intro action of 
liver upon estradiol is present early m hfe, and 
over a wide range of abnormal conditions, the 
system or systems involved appear to be very 
resistant to damage This is in marked contra- 
distinction to the overall handling of estrogens 
tn VIVO, in which the excretory function of the 
liver plays a large role m addition to the metabo- 
lizing action, this overall handling and disposition 
of estrogens tn vivo is known to be extremely 
sensitive, and impaired even by minor, 'subclinical 
liver damage 

Elimination of bromide from serum and cerebro- 
spinal fluid S I Patrick* and G S Eadie 
Dept of Physiology and Pharmacology, Duke 
Univ School of Medicine, Durham, N C 
Serial cerebrospinal fluid and serum bronude 
determinations were made simultaneously in 3 
patients and 6 dogs with high bromide levels by 
a new photoelectric method descnbed elsewhere 
Bromide concentrations and percentage replace- 
ment of chloride were invariably less m the spinal 
fluid than in serum, this was true even durmg 
excretion, i e when bromide was passing out of 
the spinal fluid into blood and so to the kidney 
This IS taken as evidence for secretion of bromide 
into the blood stream, presumably by the Pac- 
chioman bodies Other evidence also mdicates 
that spinal fluid is not in equilibrium with serum, 
and the ratio spinal fluid bromide serum bromide 
is thought to be a physiological rather than a 
physical ratio No evidence was found for in- 
creased permeability of the choroid plexus at 
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high bromide levels, evidence for this previously 
adduced by others is explained by inaccuracies 
in the chemical methods employed Addition of 
chloride to the diet increases the rate of bromide 
elimination only slightly, the increase is of the 
order of magnitude of differences in individual 
rates of excretion 

Cortical receptive zone of the chorda tympani 
Harry D Patton and V E Amassian * Dept 
of Physiology and Biophysics, Univ of Washing- 
ton School of Medicine, Seattle 
Previous studies, combining cortical ablation 
and determination of taste thresholds, suggested 
a cortical localization of taste near the somato- 
sensory' face area This topographical relation 
has been further tested by mapping the cortical 
area electrically responsive to stimulation of the 
chorda tympam This nerve, although convey ing 
some tactile impulses from the tongue, primanly 
subserves taste In cats under deep pentobarbital 
anesthesia, the lingual nerve vras exposed from 
the tongue to the base of the skull, and divided 
central to its junction with the chorda tympani, 
which was left intact The distal trunk containing 
the chorda tympani fibers was stimulated with 
single shocks, while the cortex of the same or 
opposite hemisphere was explored oscillographi- 
cally for evoked electrical activity Characteristic 
early response of the contralateral cortex was a 
sharp surface-positive wave (50-200 nv ) of 10-12 
msec latency Ipsilateral responses were also 
obtained Responses were irreversibly abolished 
by transtympamc destruction of the chorda tym- 
pam in the middle ear The responsive zone, 4-5 
mm - in area, was on the rostral orbital surface, 
superior to the rhinal fissure and anterior to the 
anterior ectosylvian fissure It lay rostral and 
inferior to the tactile responsive zone for the 
face, and in its dorsocaudal extent, overlapped 
the latter The remainder of the lateral and mesial 
surface of the cortex was unresponsive to chorda 
tympam stimulation Insular cortex around the 
sylvian fissure, suggested by others as the cortical 
taste area, was consistently unresponsive 

Contribution to oximeter design using modulated 
light W Paul (introduced by J K W Fer- 
guson) Dept of Pharmacology, Univ of Toronto, 
Toronto, Ont , Canada 

Using a flickering lamp and A-C ampbfication, 
the linear voltage-density charactenstics of se- 
lemum photocells permit a new method of elec- 
trical compensation for varymg opacity in the 
pinna of the ear Our instrument has the usual 
two color channels, with an earpiece contavmng 
a pressure capsule and a lamp modulated at 
125 c/s The amplified alternating voltage for 
each channel is rectified and applied to a vacuum 
tube voltmeter When the pinna is squeezed, a 


positive bias is applied to the rectifier to adjust 
each channel to a ‘zero’ point without affecting 
the curve of output current against optical den- 
sity' When blood is allou ed to flow, compensation 
for varying Hb-density ('ear thickness’) is appbed 
by adjustment of a simple shunt control set ac- 
cording to the ‘Infra Red’ indication of Hb den- 
sity The calibration of this adjustment affords a 
convenient means of testing an earpiece design 
Viithout recourse to arterial puncture The ear- 
piece IS applied to the pinna of the ear of a fully 
oxy'genated normal subject After a preliminary 
warming period, pressure is applied to the pres- 
sure capsule and the bias controls adjusted to a 
‘zero’ reading on both channels Pressure is re- 
leased and after Hb-density has become stable, 
the shunt control is turned to give a 100% readmg 
on the saturation scale Shunt control readings 
plotted against ‘Infra Red' readings for a number 
of subjects provide an indication of the potential 
accuracy' of the absolute saturation Recent ear- 
pieces give a precision indicated by' a range of 
d:3% saturation 


Oxygen partial pressures during hypothenma in 
the dog K E Penrod Dept of Physiology, 
Boston Univ School of Medicine, Boston, Mass 
The extent to which hypoxia occasioned by the 
considerable shift to the left of the hemoglobin 
dissociation curve is a contnbutory factor to 
death dunng hypothermia has been a subject of 
speculation since this concept was advanced by' 
von Werz {Arch f exper Path u Pharmakol 
202 561, 1943) At 20° C rectal temperature the 
partial pressure of oxy'gen in mixed venous blood 
has been found to be of the order of 10 mm Hg, 
with a per cent saturation of 50 to 60 The funda- 
mental question becomes Is this low pressure 
sufficient to furnish adequate oxy gen to the tissues 
when the metabolism is reduced by the cold 
Answers to this question have been sought in 
several different ways centering about compari- 
sons between dogs breathing air and those breath- 
ing 100% oxygen, inasmuch as in the latter case 
the physically dissolved oxy'gen is probably suffi- 
cient for the oxygen consumption at low body 
temperatures thus making hemoglobin dissocia- 
tion largely unnecessary Comparative oxy gen 
consumption values, oxy'gen content of coronary 
sinus blood and of internal jugular bloo are 
presented 


thod for analyzing the mechanical 
f smooth muscles stimulated by 
’ Perkins, Jr and Widuaji 
mtroduced by A B LicKHAnoT) Dept of 

Physiology, Univ paper 

ividcnce was presented P JOIO) 

mKlNS AND NrcHODAS ® 

u cooling causes contraction of smooth mu 
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apparentlj by acting on a diEferent evcitatory 
S 5 'Stein than epinephrine, or else acts directly on 
the contractile system For this reason, studies of 
viscous-elastic properties of smooth muscles con- 
tracting a) under the influence of cooling, as 
contrasted with b) epinephrine or other drugs are 
being undertaken using the following method A 
mechamcally produced sinusoidal displacement 
IS applied to a muscle through a spring The 
displacements of the oscillator and of the muscle 
are detected electrically by the use of 2 trans- 
ducer tubes, one applied through a glass stylus 
to the oscillator, and the other by the same method 
to the junction of the muscle and the spring Each 
transducer tube gives a voltage output which is 
proportional to the mechanical displacement This 
voltage IS in each case amphfied and converted to 
a current by D C amplifiers and cathode follow er 
impedance changers, and the resulting currents 
are passed through 2 simple oscillographs which 
record directly on a kymograph drum By this 
method, the amplitude and the phase relations 
between the 2 displacements can be obtained, 
and from this the viscosity and elasticity terms 
can be calculated before, during and at the height 
of contraction, and their frequency dependence 
also determined Data obtained by this method 
will be presented 

A strain gauge amplifier for special biological 
application Clahencb V Pbstel* and John 
P Mabbabger Aeromedical and Physical En- 
vironment Lab , Univ of Illinois, Chicago 
A versatile instrument for amplifying the output 
of a strain gauge, such as the Statham, Model 
P23A or B, has been fabricated and tested It is 
designed primarily for use in biological research 
where it is desired to record such pressures as 
artenal, venous, respiratory, etc The instrument 
IS of the carrier-frequency type, complete with a 
direct current output stage, capable of driving a 
rugged, high-speed, direct writing oscdlograph 
It IS provided wuth a 6-position step-gain switch, 
together with a fine gain control, so that any pres- 
sure from a low value to maximum gauge pressure 
can be made to produce full scale deflection 
Another 6-position switch on the instrument per- 
mits one to select a) zero position, so that any 
amplifier changes may be detected and corrected 
(by controls provided) without removing pressure 
from the strain gauge, 6) calibration signal, so 
that a constant degree of amplification can be 
observed and reproduced, thus allowing one to 
establish comparable records from day to day, 
c) absolute pressure, d) mean pressure and e) 
pulse w'ave The maximum sensitivity of the in- 
strument IS such that a pressure of 16 mm Hg 
applied to a Statham gauge. Model P23A, (0-750 
•mm Hg) will produce an output of 105 v across 


3300 ohms With the Statham gauge, P23B (0-50 
mm Hg) much greater sensitivity can be attained 
The output IS linear with respect to the input until 
the output voltage exceeds 105 v 

Observations on reflex regulation of circuiation 
Ltble H Peterson (introduced by M E Max- 
field) Dept of Physiology, Univ of Pennsyl- 
vania Medical School, Philadelphia 
A number of surprising responses of the circula- 
tion following stimulation of various reflex systems 
have been observed in over 600 normal subjects 
and hospital patients during physiological experi- 
ments and surgery Certain reflex responses ap- 
pear to differ in man as compared with other 
species, to differ also with and without anesthesia 
Following carotid sinus stimulation there appears 
to be a primary w eakening of ventricular contrac- 
tion concurrent with bradycardia The effects are 
in contrast to those followung prolonged diastole 
follow'ing premature or missed contractions Fol- 
lowing stimulation of the mesentenc receptors 
there also appears to be a primary weakemng of 
contraction independent of pulse rate Evidence 
IS also presented to show that under various 
physiological, pathological and anesthetic condi- 
ditions there is a marked alteration in the manner 
which the cardiovascular system reacts to changes 
within itself This data is presented not only to 
demonstrate reflex circulatory phenomena in man 
(some for the first time) but also to stress the need 
for re-evaluation of present concepts of circula- 
torj’- reflexes Such generalizations which are com- 
monly stated as Starling’s and Marey’s laws and 
the belief that the ventricles are not directly 
affected by the vagi must be thought of with res- 
ervation An understanding of reflex balance in 
man seems necessary for an understandmg of 
diseases of the cardiovascular system of man 

Regional distribution of blood flow after hemor- 
rhage with and without Dibenanune Raymond 
W Pickering (introduced by Lane H Allen) 
Dept of Physiology, Univ of Georgia School of 
Medicine, Augusta 

Using flow meters of various types, the flows 
through the femoral artery, portal vein, carotid 
artery, inferior vena cava and hepatic veins have 
been measured during the course of a stepwise 
hemorrhage Leg flow fell abruptly in mid hemor- 
rhage, the resistance being markedly elevated 
The high resistance was largely maintained until 
death Venous Oj content was reduced to a low 
value, and the Oi consumption of the leg severely 
reduced The vasoconstriction was largely pre- 
vented by pre-treatment of the dog wath 5 mg/kg 
of Dibenamine The visceral and carotid beds did 
not show this extreme resistance rise As hemor- 
rhage progressed, resistance showed minor eleva- 
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tion or held steady, and then declined progres- 
sivelj to low levels Flow w ns reduced as cardiac 
output and arterial pressure fell Hjpoxia was 
less severe than in the legs No significant differ- 
ences between control and Dibenaniinc treated 
animals w'ere found for either bed The evidence 
indieates that vascular beds fall into two broad 
categories In one, evemplified bj the leg, centrally 
imposed vasoconstriction was not negated by 
tissue hypoxia In the other, viz the viscera, 
brain, and presumably the heart, vasoconstriction 
IS either absent, less active or is easily reversible 
by tissue hj’povia Dibenaminc lessens the differ- 
ence betw een the tw o categories 

Extraction and fractionation of urinary corti- 
costeroids Gregory Pincus ano Louise P 
Romanoff * Worcester Foundalton for Expll 
Biology, Shrewshury, Mass and Tufts College 
Medical School, Dept of Physiology, Boston, Mass 
Normal human urine (24-hour sample) brought 
to pH 1 and extracted in a Hershberg t 3 Tie continu- 
ous extractor wuth CHjCl. for varying periods of 
time yields mcreasmg amounts of neutral reducing 
lipid (NRL) and neutral formaldehydogemc ste- 
roid (FS) A maximal yield is had by 18 to 24 hours 
of extraction, with approximately 35% extractable 
at 4 hr and 55% at 8 hr With extraction beyond 
24 hr there is a falling off in the total amount 
The absolute amoimts recovered represent 
roughly a 4 to 6-fold increase over that extractable 
by hand extraction in the Heard-Sobel procedure 
The neutral lipid extract may routinely be further 
fractionated by transfer to a silica gel (1-1 6 gm ) 
solumn with 10-15 cc of benzene eluted by 10 to 
30 cc amounts of organic solvents m the following 
order a) benzene, 6) benzene-ether nuxtures, 2 1, 
1 1 and 1 2, c) ethyl ether, d) ethyl ether-ethyl 
acetate mixtures 9 1, 4 1, 3 1, 2 1, 1 1, 1 2, e) 
ethyl acetate, f) acetone, g) methyl alcohol 
b) tends to segregate the less polar steroids (e g 
17 - ketosteroids, 11 - desoxycorticone - like 
substance) and e more polar steroids (e g cortic- 
osterone, 17-hydroxycorticosterone) Partition of 
the total neutral lipid between benzene and water 
results in a ratio of approximately 7 1 betwreen 
fractions 6) and e) m the benzene-soluble material 
whereas the ratio is 1 2 for the NRL and 1 6 for 
the FS of the aqueous phase The chromato- 
graphed total neutral extract itself gives ratios 
of 2 1 for NRL and 1 2 for FS Separation into 
ketomc and non-ketonic fractions does not alter 
the total neutral extract ratios markedly, but 
the presence of considerable non-ketonic cortic- 
osteroid IS indicated 

Studies of epinephrine effect on portal circula- 
lation Elmer B Pratt axd Francis D Bur- 
dick (introduced bx Richard Whitehead) 
Dept of Medicine, Umv of Colorado, Denver 


In unanesthetized dogs prepared either with 
London cannulae on portal and left hepatic veins 
or with duodenal cannulae for collection of bile, 
measurements were made of liver blood flow (con- 
stant bromsulfalein infusion method), plasma 
specific gravitj , hematocrit, venous pressure and 
bile volume and specific gravity The excellent 
condition of these animals has permitted their 
use in repeated experiments for more than 2 
years Injection of 0 1 mg of epineprine hydro- 
chloride into the femoral vein produced a typical 
cardiovascular response and elevation of the 
peripheral venous hematocrit In simultaneous 
samples the hematocrit show ed decreasing values 
from portal to hepatic to peripheral veins There 
was a temporarj’- elevation in plasma bromsul- 
falein concentration (30-40%) and a decrease 
(average 66%) in the dye concentration difference 
between portal and hepatic vein samples The 
effect on bile flow and dye concentration was 
somewhat variable but the bile specific gravity 
was consistently decreased The pressure was 
elevated in both portal and hepatic veins The 
same dose of adrenaline injected directly into 
the portal vein produced no hematocrit, venous 
pressure, or general cardiovascular effects but 
gave the same tj pe of bromsulfalein concentration 
changes These results suggest that epinephrine 
acts directly on liver circulation to shunt blood 
flow awaj' from the parenchjTnal cells 


New type of gradient calorimeter for rapid, simul- 
taneous determination of heat loss and heat 
production in laboratory animals Lawrence 
R Proutt and Richard W Lawton (intro- 
duced by McKeen Cattell) Dept of Physi- 
ology, Cornell Univ Med College, New York 
City 

A gradient calorimeter of the Benzinger type, 
suitable for laboratory animals, has been built 
and tested Its size is 32 x 24 x 18 inches The half- 
inch thick Dural walls are lined w ith 2,152 copper- 
constantan strip thermal junctions wired in series 
With an input of 21 6 Calories, 1,700 nv total 
output IS obtained This represents a drop of 
1 85 X 10-* °C across the gradient layer of 0 05 
inch woven glass tape Water vapor given off by 
the animal is condensed within a similar but 
smaller calorimeter unit (plate meter) Ingoing 
and outgoing air thermocouples measure 
to the circulating air The calorimeter w alls give 
a 100% response to direct radiation in ’ 

but the response time is slower wnth ca on 
contents in place The thermal 
calorimeter is obtainable within st<ib)Iity 

mass of the calorimeter walls 
against minor rapid fluctuations 
temperature Heat production is e PnuJmg 

oxxjm consumption, as measured by a 1 null 
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oxygen meter, and carbon dioxide production, 
as measured by an infrared gas analyzer Both 
direct and mdirect calorimetry, rectal and skin 
temperatures are simultaneously recorded by a 
Leeds and Northrup eight-pomt recorder The 
calorimeter and associated equipment have the 
following advantages , a) rapid response to changes 
in heat production and heat loss, 6) furnishing 
either a stable or rapidly changing thermal en- 
vironment for the animal subject, c) a simple 
measurement of vaporization, and d) continuous 
recording of all measurements The calorimeter 
should make possible critical experiments on 
thermoregulatory mechanisms of animals 

Spread of excitation process in ventricular myo- 
cardium of dogs Raymond D Pruitt (intro- 
duced by Norman M Keith) Mayo Clinic, 
Rochester, Minn 

Two senes of expenments were earned out In 
one, direct-lead electrocardiograms w ere recorded 
from the ventncular cavities and epicardial sur- 
faces of isolated, perfused canine hearts, into the 
cavities of which caustic solutions were introduced 
In the second, electrocardiograms of a similar type 
were recorded from stnps of the myocardium 
which retained attachment to the ventricle at 
only one end The following conclusions have 
been reached First, if rapid transmission of the 
excitation process through the endocardial tissues 
IS a function of a specialized tissue (the Purkinje 
system), destruction of that tissue has not been 
accomplished Second, in view of the severity 
of trauma effected by the agents introduced into 
the ventricular cavities, escape of such special- 
ized tissue from injury seems unlikely Third, 
muscle-stnp experiments lend support to the con- 
cept that variation in speed of transmission of 
the excitation process may be related not to dif- 
ferences in the nature of the tissues, but rather 
to peculiarities in their arrangement Excitation 
moves rapidly along a stnp composed of longi- 
tudinally disposed fibers, and slowly down a stnp 
made up of fibers arranged in a transverse manner 

Accurate registration of intralumen pressures of 
the digestive tract by two new methods J P 
Quigiet, Daniel A Brody,* Billy McKai,* 
W C Landolina* and J H McAlister * 
Dept of Physiology, Umv of Tennessee, Mem- 
phis 

Pressures within the lumen of the canine di- 
gestive tract have recently been accurately re- 
corded by two new methods J) An improved form 
of the pressure-conduction method of Brody and 
Quigley (.Gastroenterology 9 570, 1949) transmits 
pressure from a moderately soft plastic tip (3x8 
mm ) within the gut through 0 4 mm bore plastic 
tubing to a Sanborn electromanometer The pos- 


sibility of tube plugging is minimized by the slow 
flow (6 cc/hr ) of clean, dry gas through the tubing 
Lengths of tubing up to 100 cm are feasible when 
helium is substituted for air as the conducting 
medium The electromanometer permits registra- 
tion by either optical or direct-wnting methods 
and the sensitivity can be varied at will 2) A 
newly developed electromagnetic transducer con- 
sists of a 3x20 mm transducer placed in the cavity 
from which pressure is to be measured This 
transducer has a self-supporting, center-tipped 
coil which forms two arms of a balanced induction 
bndge Changes in intralumen pressures of the 
gut cause proportional displacements of an elas- 
tically mounted iron core The apparatus is so 
calibrated that the resulting electrical imbalance 
IB recorded in terms of pressure The volume/pres- 
Bure coefficient of this device is exceedingly small 
and plugging cannot occur Pressure observations 
made by these two methods closely resemble in 
magnitude and in general form the results ne 
previously obtained by our less refined methods 
and appear to confirm the validity of these earlier 
observations 

Simultaneous determination of bloodflow through 
each lung H Rahn and H T Bahnson * 
Dept of Physiology and Vital Economics, Univ 
of Rochester School of Medicine and Dentistry, 
Rochester, N Y 

If the gas content of the arterial blood, the 
R Q and metabolic exchange rates can be de- 
termined for each lung separately, it is possible 
to calculate the mixed venous pomt and conse- 
quently the blood flow through each lung by the 
Fick principle This is true only if the artenal 
gas contents of the two lungs differ By means of 
a differential bronchial catheter, alveolar air 
was recorded continuously and simultaneously 
from each lung The gas content of the arterial 
blood was determined from the alveolar air ten- 
sions and the blood gas dissociation curves The 
R Q can be ascertained from either the alveolar 
air or the expired air determinations In order to 
calculate the gas content of the mixed venous 
blood, the arterial point for each lung is plotted 
on a diagram having 0- and CO. blood gas contents 
as ordinates Through each of these arterial points 
a straight bne is drawm which has a slope that 
depends on the R Q for that lung The point of 
intersection of these lines represents the composi- 
tion of mixed venous blood which is the same for 
each lung In nembutalized dogs breathing air, 
approximately 45% of the total circulation per- 
fuses the left lung This fraction is reduced to 
approximately 25% mthin 10 minutes after the 
administration of nitrogen to the left lung only 
No further significant changes were observed at 
the end of one hour of nitrogen exposure This 
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^ asomotor refle\ actually occurs u ithin 1-3 
minutes as shown by qualitative measurements 
employing the rapid infra-red gas analyzer 

Specie variability in the inactivation of penicillins 
G and K Nathan Rakieten, George Valley* 
AND Edna W Lyon * Bristol Labs Inc , Syra- 
cuse, N Y 

It 18 necessary to administer per unit body 
weight a larger total amount of penicilhn (re- 
pository forms) to a rat than to a rabbit or dog to 
obtain a measurable blood level for 24 hours 
Further, penicillin G, when admimstered i m to 
mice in aqueous solution, disappears from the 
blood more rapidly than it does m rabbits (Eagle 
el al J Bad 67 122, 1949) In studying the factors 
which might play a role in the inactivation of pure 
penicillins G and K in vivo and in vitro a species 
difference was noted between the rat and rabbit 
In the intact rabbit K disappears from the blood 
more rapidly than G followmg i v admuustration 
This is also true in the rcnal-Iigated (R L ) rabbit 
In contrast m the eviscerated renal -ligated 
(ERL) rabbit the blood levels obtamed after i v 
administration of K approach those obtained with 
G after equihbration has occurred The rat differs 
from the rabbit in that m the R L animals, and 
apparently m the intact also, G and K disappear 
from the blood within the same time intervals 
However m the ERL rat both G and K remain 
in the blood stream at constant levels for at least 
3 hours In intro studies usmg the Warburg appara- 
tus failed to show any marked differences between 
rabbit and rat liver slices Neither mactivated G 
and both inactivated K Apparently some mecha- 
nism IS present in the liver of the mtact and R L 
rat which aUows for the inactivation of G as 
well as K 

Estrogen content of blood of ovarian vein of the 
dog and spermatic vein of the stallion A E 
Rakoit* and a Cantarow Division of Endo- 
crine and Cancer Research, Jefferson Med College, 
Philadelphia, Penna 

As part of an mvestiation of the rate of secretion 
of hormones by certam endoenne glands, the 
quantity of estrogen was detemuned, by bioassay, 
in blood collected from J) the ovarian vem of 
dogs after gonadotrophic stimulation, 8) the sper- 
matic vem of stallions and 3) a peripheral vein 
After ovarian stimulation with pregnant mare 
serum gonadotrophm for 8 to 10 days very little 
estrogen (10 mouse umts/100 cc of serum or less) 
could be found in blood collected at operation 
from the ovanan veins of 4 dogs, thus suggesting 
a relatively slow secretion of small amounts of 
estrogens Blood collected from the spermatic 
vein of 2 stallions showed very high serum estrogen 
values (264 and 100 MU/lOO cc respective! v), 
which were many times greater than those for 


peripheral venous blood (20 mu/100 cc ) deter- 
mined simultaneously, indicating a relatively 
rapid secretion of large amounts of hormone from 
the testis The estrogens in the spermatic vem 
blood were entirely m Tree' form, m the peripheral 
blood, approximately half of the estrogen was 
‘protein-bound’ in one instance and entirely in 
the free form in the other 

Functional analysis of the vasomotor Innervation 
of the dog’s footpad W C Randall, W F 
Alexander,* J W Oox* and A B Hebtzman 
Depls of Physiology and Anatomy, Si Louis 
Univ School of Medicine, St Louis, Mo 
During faradic stimulation of the sympathetic 
chain, vasomotor responses were recorded by the 
photoelectric plethysmograph from the hind feet 
of the anesthetized dog Extensive vanations in 
the position of ganglion swellings required specific 
reference to precise vertebral levels in localizing 
ganglia on the sympathetic chain Although ap- 
parent fusion of right and left chains caudally 
was commonly observed, little evidence of contra- 
lateral response to stimulation was noted Post- 
ganghomc vasomotor outflow from the ganglion 
chain to the footpad was determined by stimula- 
tion of individual ganglia after section of the 
cham both superior and infenor to the pomt of 
stimulation Although some vanation was ob- 
served, the largest postganglionic supply to the 
footpad was shown to be denved from ganglia at 
vertebral levels L( to Si The inflow of pregan- 
gliomc vasomotor fibers mnervatmg the footpad 
was determined by recordmg vascular responses 
during direct stimulation at successively lower 
levels on the cham As additional pregangbonic 
fibers enter caudally, vasoconstnction in the 
foot became more mtense Individual oblique 
rami were stimulated wherever possible Very few 
vasomotor preganglionic fibers to the footpad 
were found to enter the cham above the vertebral 
level Lj, and the maximum mflow appears to be 
between L« and Lb 

Effects of adenine ingestion m the dog Siowin 
B Raska Dept of Physiology and Pharmacology, 
Untv of North Dakota School of Medicine, Grand 
Forks 

Oral admmistration of adenme to dogs m daily 
doses of 50 to 100 mg/kg produces, within one or 
two weeks, hemorrhage and/or ulceration of buccal 
mucosa, gums and ventral surface of tongue These 
lesions are usually bilateral and symmetncal 
These lesions can be cured or prevented by intra- 
muscular injection of penicillin The tongue of 
these dogs often becomes atrophic and necrotic 
Mucosal and submucosal hemorrhages are always 
present Applied pressure to mucosal membrane 
results in profuse bleeding The hemorrhagic 
tendenev resembles that of vitamin K deficiency 
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The hemorrhages of the gums especially around 
the teeth simulate those seen in experimental 
vitamin C deficiency Indications for CNS dis- 
turbances were a uaddhng gait with muscular 
asthenia of the hind parts and clonic convulsions, 
especially in the pelvic and shoulder girdles In 
the late stages there was peripheral anesthesia 
The cornea became opaque and the sclera and 
conjunctiva very inflamed Vision appeared de- 
creased In addition to previously described au- 
topsy findings (Raska, S B Science 105, 2718, 
1947, Federation Proc 8 130, 1949) the follomng 
was noted diffuse patchy hemorrhages in both 
lungs hemorrhages of myocardium, especially of 
the auricle and of the ventricle at the auriculo- 
ventricular junction, section of the heart muscle 
showed multiple small hemorrhagic foci and in 
one of the heart muscle sections accumulation of 
cells suggestive of Aschoff Bodies, congestion of 
gastric mucosa with extensive hemorrhages in 
mucosa and submucosa Scattered patchy hemor- 
rhages and congestion in lower jejeunum, ileum, 
and in the mucosal folds of the sigmoid, pancreas 
and adrenals showed hemorrhagic foci Pen-ad- 
renal hemorrhages also were found Much of the 
syndrome produced by ademne simulates clinically 
as well as microscopically the syndrome exhibited 
by animals suffering from multiple avitaminosis 

Nitrogen retention produced by adenine Sigwin 

B Raska Dept of Physiology and Pharmacology, 

Untv of North Dakota School of Medicine, Grand 

Forks 

A marked increase of N P N , urea, uric acid 
and creatinme in the blood follows, within one 
or two weeks, the oral or parenteral administration 
of 30-50 mg/kg of adenine to dogs receiving a 
complete normal diet before and durmg the ex- 
perimental penod (Raska, S B Science 106 
1947, J Btol Cheni 165 743, 1946, Federation 
Proc 8 130, 1949) A definite relationship exists 
between the degree of nitrogen retention and the 
dosage and duration of adenme administration A 
decrease in the daily dosage causes a less pro- 
nounced nitrogen retention and discontinuation 
causes a gradual lowering of the nitrogen reten- 
tion The maximum nitrogen retention in mg % 
ranged N P N , 160 to 260, urea, 100 to 200, unc 
acid, 3 to 8, creatinme, 4 to 10 Creatinuna was 
often present As previously reported paren- 
chymatous degeneration of the kindeys was found 
at autopsy Similar blood and autopsy findings as 
reported for dogs were also present in rats Larger 
daily doses of adenine (e g 100 mg/kg ) produces 
in dogs, within one or two weeks, mucosal and 
submucosal hemorrhages, ulceration of buccal 
mucosa and tongue, conjunctivitis, scleritis, 
opaqueness of cornea, dermatitis and tremors of 
the skeletal muscles Many of the lesions are simi- 


lar to those described for experimental multiple 
avitammosis These lesions can be cured or pre- 
vented by intramuscular injection of penicillin 
Administration of adenine to animals would seem 
to provide a means for producing experimental 
uremia The possibility exists that a prolonged 
mcreased concentration of adenme or its metabolic 
products m the blood and tissues due to a faulty 
nucleoprotem or purine metabolism might play 
an important role m pathologic states, especially 
those associated with nitrogen retention and kid- 
ney diseases 

Comparison of procaine and tridiurecaine G 
Carl Rau* and B A Westfall Dept of 
Physiology and Pharmacology, Untv of Missouri 
Med School, Columbia 

A companson of the toxicity , general analgesia 
and degree of local anesthesia produced by a new 
compound, tridiurecaine hydrochloride (a pro- 
caine substituted diurethan), with procaine hydro- 
chloride m rats and dogs has been made The LDjo 
values (mtraperitoneal injection) of tridiurecaine 
and procaine were found to be approximately 
equal m rats Unanesthetized dogs mjected intra- 
venously with tridiurecaine (1 mg/kg/6 mm ) 
showed a degree of general analgesia as great as 
dogs receiving equal doses of procame Over 
dosage of tridiurecaine m both rats and dogs 
produced mild sedation followed by respiratory 
paralysis and death instead of excitation, con- 
vulsions and death, characteristic of procame 
The anesthetic potency of tridiurecaine mjected 
intradermally (0 2 cc of 1% solution per wheal) 
m dogs was approximately the same as the anes- 
thetic potency of procame (0^ cc of 1% per 
wheal) Intravenous injection of tridiurecaine 
(1 mg/kg ) into dogs anesthetized with pento- 
barbital sodium produced a small rise m blood 
pressure Larger dosage (3 mg/kg ) did not alter 
blood pressure significantly, but inhibited respi- 
ration, but about 6 mg/kg produced respiratory 
paralysis followed by a gradual circulatory failure 
and eventual death due to the respiratory 
difficulty 

Effects of ACTH on synovial membrane potentials 
In rheumatoid arthritis C I Reed, Norman" 

R Joseph, Ihving E Steck,* and M M 
Montgomery * Univ of Illinois, Chicago Pro- 
fessional Colleges, Chicago 

In work previously published a method has 
been described for determining the potential 
difference between the inner surface of the 
synovial membrane and a subcutaneous reference- 
junction m anesthetized dogs Also a tentative- 
interpretation of results has been presented This 
technic has been modified and adapted for similar 
studies on intact, unanesthetized human subjects 
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■with uncomplicated rheumatoid arthritis, and 
also on health! control human subjects The 
reference junction was applied to the skin In 
the normals, the resting potential ranged from 
0 to +5 mv Patients with rheumatoid arthritis 
showed potentials of the order of 20 to 60 mv 
positne at the joint Intramuscular injection of 
25 mg of ACTH in all cases so far studied caused a 
sharp reduction w itliin 5 to 20 minutes, sometimes 
bi 50% , sometimes to the normal range Further 
treatment on a schedule of 25 mg every 6 hours 
invariably reduced the potential to near zero 
After 12 doses, placebos were substituted An 
upward trend of positive potential was apparent 
usuallj within 3 to 4 dais, in general correlated 
with return of subjective s} niptoms and limitation 
of mobilitj 

Directional effect of electric current on secretion 
of chloride ions by the dog’s stomach Warren 
S Rehm Dept of Physiology, Untv of Louis- 
ville, Louisville, Ky 

Pre'vnous results have demonstrated that the 
production of H+ ions bj-^ the secreting stomach 
can be controlled by the directional application 
of current (Am J Physiol 144 115, 1945) On 
the basis of these and other findings a theory of 
HCl production w as formulated (Gastroenterology, 
In press) Analj sis of this theorj^ leads to the pre- 
diction that the effect of current application on 
Cl" ion production should be in the opposite 
direction to its effect on ion production 
Expenments were performed to test this predic- 
tion The technique described in the above ref- 
erence was used An isotonic NaNOj solution made 
contact with the mucosal side and was replaced at 
definite intervals The Cl" ion and H+ ion content 
of this fluid was determined It was found (5 
dogs) that from 6-26 microequivalents of Cl" 
lon/gm dry weight of stomach/10 nun was se- 
creted by the resting stomach Application of 
current from serosa to mucosa resulted in a 
decrease m the Cl~ ion secretion of the resting 
stomach, and application of current in the oppo- 
site direction resulted in an increase In the se- 
creting stomach the above prediction was borne 
out since it was found that current sent from 
serosa to mucosa resulted in an increase in the 
secretion of ions and in a decrease in the 
secretion of Cl" ions, and also that application 
■of current in the opposite direction resulted in a 
decrease in H"*" ion secretion and an increased 
Cl" ion secretion 

Skeletal muscle as a source of plasma potassium 
during the removal of potassium by vlvodialysis 
Roger M Reinecke and Francis L Stutz- 
MAN * Dept of Physiology, Lnw of Minnesota, 
Minneapolis 

A skeletal muscle, the gastrocnemius or the 


cranial part of the sartonus, was isolated except 
for its blood and nerve supply in a dog anesthe- 
tized w ith sodium pentobarbital The plasma 
potassium level was then reduced by vivodialysis 
(Am J Physiol 157 401, 1949) Under these 
circumstances there was an arteriovenous in- 
crease in the plasma potassium concentration of 
blood flowing through the muscle 

Relation between stroke index and time of diastole 
in the intact dog John W Remington Dept 
of Physiology, Univ of Georgia School of Medi- 
cine, Augusta 

For a dog show mg sinus arry thmia, the stroke 
indexes of 86 consecutive pulses were plotted 
against the time of previous diastole The points 
describe a definite curve, wnth standard deviation 
of ±10%, 240 pulses taken from newly anesthetized 
dogs before and after vagotomy or atropinization 
show a similar curve, with S D ±15% Both 
curves show a linear relation from diastolic lengths 
(Td) of 1200 to 700 msec , a curvature toward 
reduced stroke indexes from 700-300, and stroke 
indexes scattering about a fairl} constant minimal 
Td value of 160-200 Pulses taken from dogs after 
hemorrhage follow an almost parallel curve but at 
lower stroke index values A curve taken at the 
height of an epinephrine pressor response shows 
sub-normal stroke indexes, with greater discrep- 
ancy at high Td values than at low All curves 
show maximum cardiac output at heart rates of 
130-170 Stroke indexes calculated from the carotid 
pulse records of Y Henderson (Am J Physiol 
23 345, 1909) agree with his cardiometer volumes 
within an ave of ±12 5% Neither set of data seem 
to support his setting 210 as the optimum heart 
rate A major part of the flow decline seen in late 
hemorrhage seems referable to the fast heart 
rate, which is congruent -with the small heart 
volume and rising venous pressure found at this 
time 

Renal tubular excretory mass and reabsorption 
of sodium, potassium and chloride in testo- 
sterone-treated and estradiol-treated female 
dogs J A Richardson* xnd C R Houck 
Dept of Pharmacology, Medical College of South 
Carolina, Charleston, and the Dept of Physiology, 
Umv of Tennessee, Memphis 
The effects of various doses of testosterone 
propionate and of alpha-estradiol benzoate on 
the renal tubular reabsorption of sodium, chloride 
and potassium and the tubular excretory mass 
(TmPAH) in normal female dogs have been 
studied Testosterone propionate m 10 to 12 daily 
intramuscular doses of 3, 6, and 10 mg ,kg had 
no significant effect on TmPAH, or on the tubular 
reabsorption of sodium, chloride and potassium 
In animals receiving alpha-estradiol benzoate in 
sufficient, daih , intramuscular doses to produce 
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estnis m approxunatjly 10 days (daily doses of 
80-2000 rat umts/kg ) glomerular filtration rate 
was unchanged or reduced for varying periods 
after the injections Whereas the tubular re- 
absorption mechanisms for sodium and chloride 
remained normal, the percentage of filtered potas- 
Slum reabsorbed decreased as much as 50% during 
a variable time following estrogen administration 
A return to normal occurred over a period of 
several weeks In untreated as well as treated 
animals, the tubular reabsorption of sodium and 
chloride bore a directly proportional relationship 
to filtration rate In the estradiol-treated dogs, 
TmPAH was moderately to markedly reduced 
(15-50%) over a penod of several weeks following 
administration of the estrogen, probably as a 
result of a non-specific depression of the enzymes 
that control PAH transport A gradual return 
to normal occurred dunng a recovery period of 
several weeks With both testosterone propionate 
and estradiol benzoate no sigmficant changes were 
noted in the microscopic structure of the kidney 
or m the kidney weight/body weight ratio 

Changes in hemoglobin during metamorphosis in 
the bullfrog (Rana caleshiana) Austen F 
Riggs, II (mtroduced by George Ward) 
Biological Labs , Harvard Untv , Cambridge, Mass 
McCutcheon has reported that tadpole hemo- 
globm has an afiinity for oxygen several times 
greater than that of the adult bullfrog, and that 
dunng metamorphosis the oxygen equilibrium 
function also changes in shape from a hyperbola to 
sigmoid — 1 e , the value of n in Hill’s equation 
increases from 1-2 (J Cell A Comp Physiol , 
8 63, 1936) This could mdicate either that 1) 
tadpole hemoglobin possesses only one heme, and 
has perhaps a small molecular weight hke that 
of myoglobm, or S) it is of normal constitution, 
but its hemes do not interact Exammation of 
tadpole hemoglobm m the ultracentnfuge, with 
the cooperation of Prof J L Oncley, shows that 
its molecular weight is like that of other verte- 
brate hemoglobins Its sedimentation constant, 
Sio, when extrapolated to zero concentration, is 
about 4 9 With new techniques developed in 
cooperation with Prof J Wyman, the oxygen 
equilibrium function has been remeasured ac- 
curately in bullfrog tadpoles and adults The 
function IS sigmoid in both instances, the value 
of n in Hill’s equation does not appear to change 
with metamorphosis McCutcheon’s observation 
that the oxygen affinity increases greatly dunng 
metamorphosis, however, is confirmed These re- 
lationships are being explored further 

Mapping electrokymographic responses over the 
cardiac silhouette Gordon C Ring, A 
SOKALCHUK* AND G J NaVIS * 

The electrokymographic (EKY) records of x- 
raj density changes of the heart in general show 


thinning dunng ejection and thickenmg dunng 
fiUing Often, however, thinmng is indicated 
durmg a portion of the fiUmg penod and thicken- 
ing dunng a part of ejection These paradoxical 
effects must be due to changes m position of the 
heart — a thinner portion of the heart moving mto 
the x-ray beam dunng diastole and a thicker 
portion moving in dunng systole In order to gam 
a better understandmg of these effects, the EKY 
responses over each square centimeter of the 
cardioc silhouette have been carefully mapped 
With the dog lying on his nght side, EKY records 
from the sternal side of the heart show a peak 
which occurs after ejection begms As one moves 
toward the spmal side of the silhouette these 
peaks appear earlier m systole and the amplitude 
of the responses increases These changes in 
pattern can be explained by the changes m position 
of the dog’s heart 

Analysis of value “K’ in Bazett’s formula Jane 
S Robb Depi of Pharmacology, Univ of 
Syracuse College of Medicine, Syracuse, N Y 
All investigators find that the duration of 
electncal systole (QT) vanes with cycle duration 
The average value of ‘K’ is 0 37 for normal men 
If one calculates K for the values of QT tabulated 
by Ashman and Hull for normal men, K does not 
prove to be 0 37 for all cycle lengths If K values 
are again related to cycle, a smooth curve results 
Experimentally, it is possible to keep cycle almost 
constant and to alter K When K is calculated for 
533 athletes and for 250 presumably normal medi- 
cal students, graphs relating K to cycle do not 
overlap Moreover, if the athletes are classified 
according to their major sport, certain sports 
seem to have a greater effect on K than do others 
These facts make one doubt that the QT/cycle 
relationship is simply that of one dependent and 
one mdependent variable To imply that ‘K 
represents ‘QT corrected for cycle duration’ is 
misleading An alternate explanation is that some 
phase of cellular activity detemunes both QT and 
heart rate, that both are often changed pro- 
portionately thus producing an apparent rather 
than a real relationship K seems to be a very 
sensitive indicator of the ‘state of the heart muscle’ 
as was suggested for QT by Blair, Wedd and Young 
nevertheless its fid! significance is elusive For 
mstance, is an athlete’s heart whose K is lower, 
better or worse than the heart of a medical student 
who has a higher K at the same cycle duration? 

Blood vessels of nerves, as seen in living animals 
with quartz rod illumination and their response 
to drugs including cortisone Joseph T^ 
Roberts, H R Murdock, Jr ,* J L Cajipo, 

C J Tanner,* and J A PAPAREnnA.* V A 
Hospital, Batavia, and Untv of Buffalo School 
of Medicine, Buffalo, NY 
Vessels in small and large nerves of frogs and 
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small mammals, in sitw, change calibre and flow 
volume in response to drugs, stimulation with 
electrodes, shock, stretching, compression and 
other states Observations v,cre mado during life 
with the quart? rod apparatus Rhythmical con- 
tractions, especially of arterioles of larger size, 
wore seen Largo fusiform dilatations (sinusoids) 
of transverse branches were seen often in vasa 
nervorum of rabbits, these may serve as regulatory 
shunts to control vascularity of nerves Constric- 
tion of vessels in nerves followed injection or ap- 
plication of cpinephnne, or electneal stimulation 
of the nerve’s field Dilatation of these vessels 
followed injection of histamine or inhalation of 
amyl nitrite Other drugs, including cortisone, 
and other procedures are bemg evaluated as to 
their effects upon the vasa nervorum, using 
somatic and visceral nerves and ganglions Sludg- 
ing of blood has been observed in the vasa ner- 
vorum (as noted by ICnisely and others), and 
efforts to correlate this with S3'stemic or general- 
ized sludging as well as neural functions are being 
made The vasa nervorum are rather abundant 
throughout the thickness of each nerve and are 
believed to have a significant role in the function 
of the nerve, as shown in earlier experimental 
and clinical studies The occurance of spasm and 
dilation of the vasa nervorum observed here sup- 
ports the hypothesis of a reflex arc (proposed by 
Roberts, 1948) which produces 'referred pain’ 
by ischemia of the somatic nerves in the areas of 
referred pam when a stimulus anses in a visceral 
organ associated centrally with these nerves 
‘Tngger areas’ m somatic nerves may be due to 
ischerma of the nerve due to spasm, mfarction or 
other vascular lesions within the nerve 

Permeability of Escherichia coli R B Roberts 
AND R T Nibset (introduced by S R M 
Retnolds) Carnegie Inst of Washington, Dept 
of Terrestrial Magnetism, Washington, D C 
and Tulane Univ , New Orleans, La 
Measurements of the permeability of cells of 
E colt to ions of sodium and potassium have been 
reported (Cowib, D B , R B Roberts and I 
Z Roberts J Cell & Comp Phys October, 1949) 
Using the same methods we have extended these 
observations to ions of rubidium, caesium, cobalt, 
phosphate, sulfate, and sulfide In all cases per- 
meability was found to be high The ionic con- 
centration of the cells i\ as found to be at least 76% 
of the concentration in the medium, reaching 
equilibnum in less than 5 minutes under conditions 
of low metabolic activity It appears that 75% 
of the cell volume is ‘water-space’ and that ions 
are freely exchanged between this water space 
and the external medium In the presence of high 
metabolic activity enormous concentrations of 
the ions in the cell are observed, although the 
amount in the vater space remains about con- 


stant A high permdabihty was also found in other 
cells nhich are reported to show effects of osmotic 
pressure 

Body fluid redistribution in induced hypothermia 
and hyperthermia S Rodbahd, Hiroshi Saiki* 
AND AnTntmMALiN * Cardiovascular Dept , Medi- 
cal Research Inst , Michael Reese Hospital, 
Chicago, III 

Numerous studies have suggested that hemo- 
dilution occurs in hyperthermia, and hemo-con- 
centration occurs in hypothermia, but these de- 
ductions have been inferred from changes in the 
osmotic pressure or the plasma protein concen- 
tration of the blood No data are available, as 
far as we are aware, on the actual changes in the 
blood volume and its relation to changes in the 
extracellular and intracellular Quid compartments 
Our studies on physiological effects induced by 
changes in body temperature were therefore ex- 
tended to investigate possible fluid shifts between 
these volumes, in order to assay more adequately 
the effect on the cardiovascular system Rabbits 
and chicks were used Lowenng the body temper- 
ature to 25°C resulted in only a slight mcrease in 
hematocrit and specific gravity However, plasma 
and blood volumes and thiocyanate space were 
all reduced 30% below normal levels Rewanmng 
resulted in a return to normal values Induced 
hyperthermia resulted in a sbght decrease in 
hematocrit and m plasma specific gravity, plasma 
and blood volumes were slightly reduced, but 
thiocyanate space was increased as much as 
30% These data suggest that induction of hy- 
pothermia results in a marked shift of fluid from 
the plasma and the mterstitial spaces to the in- 
tracellular phase The fact that the hematocrit 
and specific gravity do not rise commensurate 
with the decreased volumes suggests that blood 
cells and plasma proteins are removed from the 
circulating plasma and stored The reverse proc- 
esses are brought about by rewarmmg to normal 
temperature levels Induction of hyperthermia 
causes water to leave the tissue cells, and causes 
commensurate quantities of plasma protein and 
blood cells to be released to the circulating blood 
stream 

Cardiodynamic effects of shunts from the great 
arteries to the auricles S Rodbard, S EIbause,* 
R Retnodds,*M Lowenthal* and J Schack * 
Cardiovascular Dept^ Medical Research Inst , 
Michael Reese Hospital, Chicago, III 
Cardiodynamic effects of surgicallj’’ produced 
shunts connecting either the pulmonary artery or 
the aorta to either of the auricles have been 
studied in acute and chronic preparations The 
effects of a connection between the pulmonary 
artery and the right auncle haie already been 
reported Anastomosis in acute experiments of the 
pulmonarN arterv to the left auricle, with a flow 
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through the shunt of 500 cc/min , results m re- 
duction in the oxygen saturation of the systemic 
arterial blood, the right auricular pressure re- 
mains imchanged , the pulmonary arterial systolic 
pressure mcreases while the pulmonary diastolic 
falls resulting in an increase m pulmonary pulse 
pressure , the left auricular pressure rises and the 
central aortic pressure remains unchanged In 
chrome experiments a calculated shunt of 50% 
of the cardiac output has been maintained as long 
as 3 months Anastomosis of the subclavian artery 
to the left auricular appendage with flows through 
the shunt of as much as 3 1/min produced little 
changes in the right auricular or pulmonary arterial 
pressures, the left auricular pressure increased 
and the central aortic pulse pressure increased 
markedly These experiments demonstrate that 
the heart can accommodate to enormously in- 
creased mput loads without signs of dilatation or 
failure provided the insult is not placed too 
suddenly Sudden overloadmg with even relatively 
small amounts of shunted blood led to dilatation 
and failure, while gradual increase of the input 
load permitted adaptation to mputs which at 
least doubled the cardiac output 

Muscle potentials in various insects during flight 

Kenkbth D Roeder Dept of Biology, Tufts 

College, Medford, Mass 

Pnngle {J Physiol 108 226) has shown that 
potentials (6-10 mv ) recorded from the thoracic 
muscles of flies occur at a lower frequency than 
the wing movements He suggests that the m- 
direct flight muscles constitute a resonant system 
m which the contraction of one muscle group is the 
direct result of mechanical stretch caused by con- 
traction of the antagonists Periodic excitation of 
nervous ongm serves to initiate contraction and 
to maintain the system in a state where it is 
capable of oscillation Intrathoracic potentials 
and thoracic vibrations have been recorded si- 
multaneously m vanous insects during stationary 
flight In the cockroach (fPeriplanteta) and a 
moth (Agrotis) with wing rates of 20-40 per second 
one muscle potential occurs during each wing 
cycle, and there is at present no evidence that 
each excitation of the wing muscles is not of 
nervous ongin In a wasp (Vespa) and in flies 
{Lucilia, Calliphora Tabanus) with wing rates of 
120-180 per second there may be 4—15 wing cycles 
to each intrathoracic potential Removal of the 
wing load may double the wmg rate and decrease 
the potential frequency so that the ratio may be- 
come as high as 40 1 This suggests nervous feed- 
back determined by the amplitude of the oscil- 
lation Spontaneous termination of flight in these 
forms IS usually signalled by cessation of po- 
tentials followed bj a gradual decline in vibration 
amplitude with little or no change in vibration 


frequency It is concluded that generahzed slow- 
flying insects have a conventional mechanism of 
muscle excitation, while specialized insects with 
high wing rates show the novel excitatory mech- 
anism described by Pringle 

Neuromuscular excitation m the cockroach 
Kenneth D Roeder and Elizabeth A 
Weiant * Dept of Biology, Tufts College, Med- 
ford, Mass 

Electrical and mechanical changes following 
indirect excitation of one of the tergo-trochantmal 
muscles of the cockroach, Penplaneta artiencana, 
were recorded from electrodes and a piezo-electnc 
stylus placed on the exposed muscle surface The 
electrical sign of muscle excitation is a positive 
potential of 4^5 msec duration, which begms 1^ 
msec after the arnval of the nerve action po- 
tential at a pomt where the motor nerve pene- 
trates the muscle substance Contraction begms 
3 0 msec after the onset of the muscle potential 
The preparation behaves as a single motor unit, 
neither electrical nor mechanical response being 
subject to facilitation or gradation Contractions 
begin to fuse at stimulus rates above 40-50 per 
second, which is nell above the wmg rate (25- 
30 per second) for this insect durmg flight The 
muscle potential elicited by the second of a pair 
of liminal stimuli can be detected until the stim- 
ulus interval is less than 2 0 msec , though it 
becomes progressively smaller as the stimulus 
interval is reduced from 20 msec Neuromuscular 
transmission is unaffected by curare, though the 
muscle becomes completely inexcitable 3-5 days 
after surgical transection of the motor nerve 
It IS concluded that conduction in this muscle 
depends entirely upon many branches of a single 
motor nerve fiber, the muscle potential being the 
sum of local potentials developed simultaneously 
in several muscle fibers, and in sequence at many 
motor endings on each muscle fiber The po- 
tential change durmg activity of cockroach muscle 
appears to be similar to the end-plate potential of 
vertebrate muscle 

Recovery of glomerular and tubular function, in- 
cluding p-aminohippurate extraction, foilowing 
two hours of renal artery occlusion in the dog 
Betty 8 Roof,* Henry D Lauson, S Theo- 
dore Bella* and Howard A Eder * Hospital 
of Rockefeller Inst for Med Research, New York 

City , 

Hamilton, Phillips and Hiller (Am J Physiol 
162 617, 1948) produced severe but reversible 

kidney damage in dogs by 2 hours of renal artery 
occlusion Urea clearance returned to normal in 
about 35 days The present study extends this 
observation to include clearances of creatinine 
(Cor) and p-aminohippurate (Cpah) and Tirpah 
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in 3 dogs In dogs 3 and 3, imIIi single c\plantcd 
kidncj , measurement of PAH extraction per- 
mitted calculation of actual plasma flow (RPF) 
Within 1 hour after clamp release, clearances 
measured 2, 10 and 20% of control in dogs /, 3 and 
S, rcspectivelj Recoverj’’ thereafter proceeded ns 
follows Dog 1 Progressive improvement in all 
functions began immediately Cpah reached 89% 
of control bj the 35th day, TmpAii reached 90% 
onlj bj the 7Sth dnj , with Ccr and Curoa still 
under 70% Dog 3 RPF was above normal for 1 
week and moderately subnormal afterwards 
Clearances varied around 20% and rose only after 
the 11th daj PAH extraction reached 89% of 
control on the 23rd daj , but bj the 32nd day, 
Ccr, CpAH and TmpAn measured only 30, 42 and 
4S% Dog 3 Showing least initial impairment, 
Ccr, epAH and Tmp,vH all reached about 60% 
by the 26th day with RPF slightly sub- 
normal throughout PAH extraction was normal 
by the 15th day In all 3 dogs, Ccf/Cpah decreased 
slightlj The data indicate that the decreased 
clearances and TmpAH during the first weeks after 
2-hour clamping are due mainly to factors other 
than concomitant reduction of RPF 

Effect of thiocarbonamide derivatives In alloxan 
diabetes I N Rosenberg and M S Raben 
(introduced by E B Astwood) New England 
Center Hospital and the Dept of Medicine, Tufts 
Med School, Boston, Mass 
A curative action of thiouracil in mild alloxan 
diabetes has been reported by Houssay and 
Martmez {Rev Soc argent de biol 24 63, 1948) 
In the present studj^, observations were made on 
the effect of a variety of thiocarbonamide and 
other sulfur compounds on the daily weight, food 
and water consumption, unne volume and gly- 
cosuna of moderately and severely alloxan diabetic 
rats The test substances were administered ad- 
mixed with the food for periods of 3 to 19 days 
Parallel experiments were performed on a similar 
group of diabetic animals which received, m 
addition to the test compounds, a constant dady 
suboptimal dose of insulin Thiourea, 1,1,3-tn- 
methylthiourea, 6-n-propylthiouracil, 6-c3mlopro- 
pylthiouracil, 6-tert butylthiouracil, 6-iscibutyl- 
thiouracil, 6-tnfluoromethylthiouracil, 6-carboxy- 
thiouracil, dihydrothiouracil, 2-mercaptoiimda- 
zole, 2-mercaptothiazole, 6,5-dimethyl-2-mercap- 
tothiazolme, 5,5-dimethyl-2-thio6xazolidone, 5- 
vmjd - 2- thiooxazolidone, 3 - phenyl - 2 - thio- 
thiazohdone, 2-mercaptobenzimidazole, 4-phenyl- 
thiosemicarbazide, tetramethylthiuramdisulfide, 
tetraethylthiuramdisulfide, 5, 5-diethjdthiobar- 
bitunc acid, 5,5-diethjd 2,4,6-trithiobarbituric 
acid, tetrahj’-dro-2-thiopjwimidone, methylene 
blue, cysteme, and cystine were tested When 
judged on the abilitj"^ to produce an insulin -like 


effect of diminution of glj'cosuria associated with 
w'oight gain, none of the substances was found to 
be of intrinsic benefit in either group of animals 
The decreased gljmosuria, polyuria and food con- 
sumption observed in some animals were coin- 
cident with weight loss, and interpreted as toxic 
effects of the substance administered, prolonged 
treatment with those substances which have anti- 
thj roid effect sometimes induced similar changes, 
possibly due to m3’Aedema Food restriction alone 
diminished glycosuria and caused weight loss 
proportional to the degree of reduction in food 
consumption It is concluded that the substances 
investigated neither improve carbohj'drate toler- 
ance nor enhance insulin-sensitmtj" of diabetic 
rats under these conditions 

Effect of temperature-change upon round window 
response in hamster and bat Walter A Rosen- 

BLITH,* LaWTIENCE KaHANA,* AND RoBEBT GaL- 
AMBOS Psycho- Acoustic Lab , Harvard Umv , 
Cambridge, Mass 

The body temperature of hamsters and bats 
under barbiturate anesthesia was reduced m a 
manner simulating their normal hibernation The 
electncal response to acoustic clicks was recorded 
from the round window over the ranges 40°- 
18° C (hamster) and 30°— 8°C (bat) At ordinary 
temperatures the round window response re- 
sembles in all important respects that recorded 
from the cat and the guinea pig microphonic and 
neural components are readily distinguished The 
essential findings accompanying drop in the body 
temperature of the hibernators are 1) progressive 
reduction in amplitude of both microphomc and 
neural components below about 30°C with 3) 
ultimate disappearance of the neural components 
The greater the intensity of the acoustic stimulus 
the lower the temperature at which this dis- 
appearance IS observed With our most intense 
click (about 86 db above human threshold) the 
neural component in the bat could not be ob- 
served below 11°C S) A constant latency for the 
microphonic component over the entire temper- 
ature range, and 4) a striking progressive mcrease 
in latency of the neural components as the tem- 
perature IS reduced below about 30°C The changes 
in amphtude and latency are essentiallj^ reversible 
as an animal is cooled and warmed through a 
temperature cycle 

Comparative physiology of cardiovascular pressor 
reflex mechanism under head-to-tail accelera- 
tion (negative G) Sheldon Rosenfeld and 
Charles F Loiibabd (introduced by Chester 
Hyman) Dept of Aviation Medicine, School of 
Medicine, Umv of Southern California, Los 
Angeles 

Studies of the effect of negative accleration 
upon four species of animals indicate that certain 
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species are not suitable for consideration relatives 
to man Studies of 28 experiments includmg 10 
goats, 10 dogs, 6 monkeys and 3 rabbits and 
compared with data available for man indicate 
that the monkey and the dog respond in a manner 
which most closely parallels the reflex cardio- 
vascular response elicited in man during negative 
g The goat does not simulate this response 
pattern The major changes to cephalic circulation 
dunng negative acceleration, as measured from 
the carotid artery and external jugular vein con- 
nected to Statham strain gauges at the level of the 
bram, mclude the following At the onset of radial 
acceleration the arterio-venous pressure differ- 
ence in man, monkey and goat is shghtly increased 
but m the dog slightly decreased Dunng radial 
acceleration of 16-seoond duration the arteno- 
venous pressure difference diminished gradually 
in man (30%), monkey (12%), and dog (65%), but 
increases m the goat (66%), and is associated with 
a bradycardia of vanous degrees At the ter- 
mination of radial acceleration within 1 to 4 
seconds the arterio-venous pressure difference 
drops markedly in man (65%), monkey (40%), dog 
(60%), and drops to the normal prerun level in the 
goat It IS believed that at the termination of 
acceleration the animal or subject experiences the 
most harmful insult to cerebral circulation Fac- 
tors which tend to maintain minute cardiac out- 
put, as well as factors preventing generalized 
vasodilatation should be investigated for possi- 
bilities of offenng greater tolerance to negative 
acceleration 

Effects on normal subjects of smoking cigarettes 
with varying concentrations of nicotine Grace 
M Roth Sechon on Physiology, Mayo Clinic, 
Rochester, Minn 

Most investigators agree that smoking of 
tobacco causes elevation of blood pressure, in- 
crease in pulse rate, and vasoconstriction of the 
peripheral blood vessels of the extremities Re- 
cently Haag and Larson studied a new ‘lon- 
nicotine' tobacco which ivhen it was smoked 
produced much less effect on blood pressure and 
pulse rate than ordinary cigarette tobacco pro- 
duced One hundred nmety-two standard smoking 
tests, including simultaneous blood pressure, read- 
ings, pulse rates and skin temperature measure- 
ments, were carried out on 29 normal subjects 
Six cigarettes made from the new low -nicotine 
tobacco were smoked at different tunes, and the 
mam stream of smoke contained respectively 
0 23, 0 55, 1 26, 1 83, 2 47 and 3 00 mg of nicotine 
Neither the subjects nor the technicians making 
the test knew which cigarette was used As a 
control, cornsilk cigarettes were smoked The 
results were analyzed accordmg to the initial 
basal heat production of each individual The 


effect on the skm temperatures of extremities of 
smoking two cigarettes contaimng the two lowest 
concentrations of nicotine m the main stream of 
the smoke was similar for the toes and somewhat 
greater for the Angers than the effect produced 
when comsdk cigarettes were smoked As the 
concentration of nicotine increased these effects 
increased The nicotme content, therefore, should 
be decreased by at least 60% to prevent the vaso- 
constriction produced by the smoking of standard 
cigarettes Likewise, a deflnite increase m the 
blood pressure and pulse rate occurred with in- 
creasing concentrations of nicotine in the 
cigarettes 

Potentiation of the gastric secretory response to 
other stimuli by caffeine James L A Roth 
(introduced by Juuus H Comhoe) Dept of 
Gastroenterology, Graduate School of Medicine, 
and the Harnson Dept of Surgical Research, 
Untv of Pennsylvania, School of Medicine, Phila- 
delphia 

Caffemehas been shown to potentiate histamme- 
induced gastne secretion in cat and man (Am 
J Physiol 142 107, 1944) In cats anesthetized 
with ether and prepared with a gastne cannula, 
the effect of caffeine upon other stimuh to gastne 
secretion was investigated Urecholme, 0 01-0 1 
mg 1 V , had little or no stimulatmg action, but 
evoked a marked secretory response when given 
after caffeine This occurred whether the dose of 
caffeine itself was sufficient (35 mg base/kg ) or 
insufficient (20 mg base/kg ) to stimulate Similar 
observations were made with liver extract (gas- 
tric instillation 30 units for 30 rmnutes) and 
caffeine When the secretory rate had declined in 
response to repeated injections of urecholme 
(0 02-0 1 mg intravenously every 15 minutes), a 
superimposed single injection of caffeme markedly 
augmented the output of acid secretion These 
results have important implications m the dietary 
management of ulcer patients and in understand- 
ing their sustained gastric secretory response to 
caffeme 

Early divergence of pathways of aerobic and 
anaerobic glucose metabolism in yeast A 
Rothstbin, L Hurwitz* anb R Meier * Div 
of Pharmacology, Dept of Radiation Biology, 
Univ of Rochester School of Medicine and Den- 
tistry, Rochester, N Y 

Inhibition of glucose consumption of yeast by 
uranium is associated with formation of a stable 
complex between uranyl ion and certam cell- 
surface loci necessary for imtial reactions between 
the cell and this substrate Although relatively 
low concentrations of uranium completely mhibit 
both aerobic and anaerobic metabolism of glucose, 
marked differences have been observed m the in- 
hibition curves With uramum concentrations 
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below ]0“* M (jcnst concent rntion, 5 mg/ml ), 
lliero IS no npprccnblc effect on nnncrobic metab- 
olism, but aerobic metabolism is inliibilccl up to 
30% With uranium coiiccntiations between 10~® 
and 10"* M, the anaerobic inhibition curve passes 
from csscntialh zero to 100%, whereas the aerobic 
cur\e passes from 30% to onh 70% crossing the 
nnacrobic curv'c at about 00% inhibition Only 
at 10~* M uranium is aerobic metabolism com- 
pletelj inhibited A marked di/Tcrencc has also 
been found bj kinetic studies The relationship 
between glucose concentration and rate of metab- 
olism obejs the Michaelis Menton equation both 
anaerobicall}' and acrobicall} In the presence of 
an inhibiting concentration of uranium, anaerobic 
metabolism still obe^B the Michaclis-Mcnton 
equation but aerobic metabolism is quite dif- 
ferent, following a complex hjperbolic function 
It con be concluded that the aerobic and anaerobic 
pathwajs of metabolism diverge at or before the 
reactions inhibited bj uranium These reactions 
are Icnovm to occur on the cell surface and to in- 
volve the initial steps in glucose metabolism 

Movements of the dog’s heart in the closed chest 
H W Rudel,* a SoKALcntjK,* G C Ring 
AND G J Naxus * Temple Umv Med School, 
Philadelphia, Pa 

In order to better interpret the clcctrokjTno- 
graphic records obtained oxer the heart, move- 
ments of the dog’s heart have been studied 
Markers, opaque to x-rajs, were placed on the 
surface of the right and left ventricles The peri- 
cardium and chest walls were then closed so that 
the conditions for cardiac contraction were ap- 
proximately normal Our observations with this 
preparation differ somewhat from those made by 
Burchell and Visscber on the isolated heart The 
base of the heart moves predominantly toward the 
apex and the posterior portions move toward the 
sternum Early in systole, these sternal move- 
ments are much greater on the right than on the 
left Bide This suggests a clockwise rotation of the 
heart (apical view) at this time Rotatory ballistic 
forces in the dog and man are being investigated 
to further clarify these observations The first 
rotatory ballistic force in the dog and man is 
clockwise 

Stethography of the heart sound intensity enve- 
lope Robert F Rtjshmer Dept of Physiology 
and Biophysics, Untv of Washington School of 
Medicine, Seattle 

Heart sounds have been recorded as a logant 
mic intensity envelope by incorporating n delay 
of 0 03 sec m the response of a logarithmic am 
Plifier Since the resultmg record corresponds to 
a contmuous Ime joining the wave peaks on a 
standard stethogram, a direct-wntmg penmotor 
(80 cycles/sec ) can respond uniformly to e 


amplitude of frequencies ranging from 30 to 2000 
cycles/sec By means of a senes of filters, the 
frequency components of heart sounds and mur- 
murs arc analyzed A major portion of the sounds 
appear between 30 and 150 cycles/sec , but both 
sounds and murmurs have components between 
150 and 350 cycles/sec A high pass filter at- 
tenuates sounds below" 300 cjmles/sec , to disclose 
high-pitched, low-intcnsitj" murmurs Timing of 
murmurs and identification of adventitious sounds 
arc facilitated bj" simultaneous recording of the 
log intensity envelope, an electrocardiogram, a 
pneumogram and a linear stethogram (frequency 
range 5-40 cj'clcs/scc on a 4-channel, direct- 
writing instrument The linear stethogram has 
proved useful for timing murmurs, smee a high 
amplitude vibration is associated with the first 
sound at the apex and with the second sound at 
the base Even the loud murmurs in congenital 
heart disease do not obscure these prominent 
excursions which appear to have a constant re- 
lation to the heart sounds 


Phosphate turnover in the liver in alloxan 
diabetes Jacob Sacks and Barbara Damast * 
Broolhaven Natl Lab , Upton, N Y 
The effect of alloxan diabetes on the partition 
of the acid-soluble phosphorus compounds of 
liver and on their turnover rates has been studied 
in rats of the Sprague-Dawley strain The tracer 
experiments were earned out several weeks after 
the administration of the alloxan, when the ani- 
mals showed marked hyperglycemia, polyuna and 
glycosuria They were not losing weight Access 
to food and water was allowed up to the time of 
injection of the tracer phosphate, which was given 
subcutaneously The inorganic phosphate content 
of the liver in these animals was about 50% higher 
than the normal range The ATP-ADP and glu- 
cose-l-phosphate contents were reduced below 
normal In the tracer experiments it was found 
that the P** was removed from the plasma at a 
much greater initial rate than m normal animals 
In the first few hours after the mjection of the 
tracer phosphate, the relative specific activity 
of the P of the glucose-l-phosphate fraction was 
higher than that of the labile P of the ATP-ADP 
This 18 the reverse of the situation found pre- 
viously m the normal animal 


actors influencing contraction of embryonic heart 
cultures (motion picture) Machteld E Sano 
( introduced by Dean A Colungs) Dept of 
Tissue Culture, Temple Umv Med School and 
Hospital, Philadelphia, Penna 
Embrjmnic heart of the mouse can be used to 
tudv the effect of environmental changes such as 
eat and cold as well as the effect of different 
hemicals on the contraction of the heart muscle 
31, s method gave consistent results with frag- 
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ments removed from 150 different embryos of 
appro-umately 7-8 days Cmemicrophotography 
of the effect of heat and cold and toxins illustrates 
these findings The medium is composed of Ty- 
rodes solution, chicken plasma and mouse em- 
bryonic extract Grown for 3 days the fragment 
shows good regular contractions After 6 days toxic 
effects are noted Contractions are irregular and 
decreased m amplitude After washing and re- 
freshmg a more normal beat is gradually acquired 
Lowering of the temperature to 24°C prolongs 
contraction for 24 hours Lowermg the atmos- 
phenc temperature to zero apparently arrest 
contraction However, the cinephotographic 
record reveals area of contraction which missed 
when studied under the microscope Maximum 
length for which this fragment can be maintained 
at 0° C IS 6-6 days On reheating contractions are 
resumed Calcium produces decrease in amplitude 
but increased duration of contraction period 
Digitalis in a dilution of 1-100 cat units produces 
increased duration of contraction Tissue culture 
of embryonic mouse heart is a simple, reliable and 
inexpensive method for testing the influence of 
physical and chemical factors on heart muscle 
contraction 

Effect of adrenalectomy on ‘salt’ hypertension 
Leo a Sapirstein,* Wilbur Brandt* and 
Douglas R Drurt Dept of Physiology , Univ 
of Southern California School of Medicine, Los 
Angeles 

Substitution of hypertonic sodium chloride solu- 
tions for the drinking water induces an arterial 
hypertension in the rat (Sapirstein, L A , W 
Brandt, and D R Drury In press) In studying 
the mechanism of this hjqjertension we have in- 
vestigated the role of the adrenal cortex in its 
maintenance by removing both adrenal glands 
after the hypertension was well established Rats 
made h 5 q)ertensive with hypertonic sodium chlo- 
ride were used After hypertension was established, 
the experimental animals were bilaterally adre- 
nalectomized, and the controls unilaterally adre- 
nalectomized Blood pressures were followed with 
the tail plethysmograph for 3 weeks after the 
procedure, the animals contmuing to receive 
hypertonic sodium chloride as a substitute for the 
drmking water The average sj^stolic pressure in 
the experimental group was 145 mm Hg before 
the procedure and 147 mm Hg after the pro- 
cedure The control group showed an average 
6j'’stolic pressure of 142 before the procedure and 
146 after the operation No adrenal tissue was 
found at autopsj^ These results indicate that ‘salt’ 
hypertension is not dependent on the presence of 
the adrenal cortex 

Effects of ureteral ligation on renal function in the 
anesthetized dog O W Sartorius (introduced 


by W D Lotspeich) Dept of Physiology, 
Syracuse Univ Med College, Syracuse, N Y 
The alterations m renal function of the an- 
esthetized dog produced by ureteral clamping have 
been investigated When catheters, inserted into 
each ureter, are separately clamped for periods 
approximating one hour in duration urine flow 
from the clamped side is found to increase with 
removal of the clamp in spite of lowered filtration 
rate No significant change occurs in renal plasma 
flow nor in electrolyte excretion It would appear 
that ureteral ligation of such duration partially 
blocks the active reabsorption of w ater for periods 
ranging up to 2 hours after the clamp is removed 
Posterior pituitary inhibition is not a factor in 
the resultant diuresis as the contralateral control 
kidney is not altered by the procedure 

Pharmacological blockade of pituitary activation 
In the rabbit and the rat Charles H Sawyer, 
J E Marked and John W Everett * Dept 
of Anatomy, Duke Univ , Durham, N C 
A study w ns made on effects of blocking agents 
of adrenergic, cholinergic, ganglionic and central 
synapses on neurohumoral control of LH release 
from the adenohypophysis With the chloroethyl- 
amine derivatives SKF-501, Dibenamine and 2- 
dibenzylaminoethanol, a positive correlation was 
found in the rabbit between ability to block the 
coital stimulus from reaching the hypophysis 
and capacity to protect against twice-lethal dos- 
ages of epinephrine A negative correlation was ob- 
served between central exitatorv activity of these 
agents and their potency in blockmg pituitary 
activation The rat pituitary-activation mecha- 
nism reacted to these drugs in a manner almost 
identical to the rabbit response The results are 
consistant with the hypothesis that these agents 
prevent pituitary activation by adrenergic block- 
ade The imidazoline denvatives, Pnscol and 
C-7337, failed to block pituitary activation in 
either species, although C-7337 develops rapid 
protection against epinephrine toxicity The 
failure cannot be attributed to inability of these 
agents to reach the effector cells, it would appear 
more likely that imidazoline derivatives fail be- 
cause they lack the particular chloroethylamine 
property which blocks the natural adrenergic 
mediator (not necessarily epinephrine itself) The 
anti-cholinergic drug, atropine, was successful in 
blocking pituitary activation m both species, the 
central anesthetic. Nembutal, was effective in 
the rat but not in the rabbit, the ganglionic block- 
ing agent, tetraethylammonium, failed in both 
species Assunung that Nembutal failed in the 
rabbit because of temporal considerations, these 
collective data suggest that the site of atropme- 
block IS located between the h 3 q 5 othalaraus and 
the hjqiophysis 
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Cerebral mclnbolism In bjpcrlh)roidisni and 
mjTccdcma PrniT/ Scin inbfuo (introduced hj 
Euo>m V Stfai), .In) Drpl of i\rcfitcntc, 
Duke Unw School of ^[c(hcluc, Durhaw, X C 
Cerebral blood flow and mctiibolisin were 
measured In means of the nitrous oxide technique 
in 9 subjects with In pcrtln roidism and in S 
subjects with mwedemn Three jiatients with 
mjxcdemn were resludicd ifter clinical improve- 
ment on tlnroid lhc^np^ The subjects with 
In pcrtln roidism showed no significant variation 
from normal in am of the measured cerebral 
metabolic functions Tins is of considerable in- 
terest m view of the 35% increase in cardiac output 
and 60% increase in splanchnic o\^gcn con- 
sumption that IS known to occur in a similar senes 
of hj perthi roid patients The patients with mx- 
xedema showed reductions in cerebral blood flow 
(38%) and oxjgen consumption (27%) commen- 
surate wath the fall in cardiac output and total 
oxxgen consumption that is known to occur in 
these patients Cerebral glucose consumption de- 
creased in proportion to the decrease in cerebral 
oxygen consumption Cerebral \ ascular resistance 
was increased almost 100%, and definitel} de- 
creased followang treatment The cerebral meta- 
bolic functions returned toward normal, in con- 
junction wath clinical improvement, in the 3 
patients restudied after thjroid therapy These 
data indicate that in hj perthj roidism the brain 
does not share in the general increase which 
occurs in body metabolism, and that the clinical 
signs of mental dysfunction so commonly ob- 
served in myxedema maj be accounted for by the 
decreased cerebral metabolism in this disease 

Site of action of Dramamine and Benadryl In 
correction of forced circling movements and of 
convulsant brain wave patterns induced by di- 
isopropyl fiuorophosphate (DFP) M Schiff,* 
W G Esmond* and H E Hi&nncH Medical 
Dtv , Army Chemical Center, Md 
The intracarotid injection of di-isopropyl fluoro- 
phosphate (DFP) produced an adversive syn- 
drome turning of the head and forced circling, 
aw-ay from the injected side Section of the 8th 
revealed that in the rabbit and cat the peripheral 
vestibular receptors exerted a conditioning m- 
fluence while in the monkej^ the response remamed 
unaltered by the 8th nerve section (C F Essig, 
J L Hampson and H E Himwich) These results 
afford evidence for a central chohnergic mecha- 
nism for theforced circling, aconclusion supported 
bj the fall of cholinesterase activity observed in 
cerebral structures and particularlj in the homo- 
lateral caudate nucleus with the smaller turning 
doses In the present experiments on cats DFP 
in subconvulsant doses was 1) injected through 
the tjmpamc membrane 2) placed against the 


round window S) injected through the round 
window and uniformly failed to evoke forced 
circling, proving the dispensability of the pe- 
riplicral vcstiliular receptors for this syndrome 
Dramamine, 5 mg kg , injected i v , corrected 
the forced circling movements in 8 rabbits Simi- 
larly Benadryl, 5 mg/kg , restored normal be- 
havior in 1 other rabbits previously exhibiting 
the sjndrome Dramamine, 10 mg/kg , prevented 
forced movements in 4 rabbits subsequent!}’' in- 
jected witli DFP 

DFP, in con-vulsant doses, was used to induce 
grand mal-likc electrocorticograms in curarized 
artificial!} respired rabbits Dramamine or Ben- 
ndr}l administered intravenousl} after DFP re- 
stored the normal electrocorticogram, and injected 
before DFP, prevented the seizure pattern It is 
suggested that the atropine-like action of these 
2 antihistamines, exerted centrall} , is the basis 
for their therapeutic effects 

Kidney physiology of the desert rat Dipodomys 
mernami Bodil Scituidt-Nielsen Kettering 
Lab , Univ of Ctnctnnah, Cincinnati, Ohio 
The kidneys of the desert rats Heteromyidae 
have been found to be able to perform unusual 
osmotic work Electrolyte concentrations up to 
1 2 N and urea concentrations up to 3 8 m have 
previously been reported A closer study of the 
kidney physiology and histology was undertaken 
Studies of the creatinine clearance indicate that 
the glomerulus filtration is proportional to the 
urine flow , and that the reabsorption of water m 
the tubuli in the desert rats may be 2-3 times as 
high as the reabsorption in the tubuli in the white 
rats 

Evidence for physiological activity in nerve mem- 
brane in response to subthreshold stimulation 
Otto H Schmitt and Peteb A Stewabt * 
Depts of Zoology and Physics, Univ of Min- 
nesota, Minneapolis 

The electrical admittance of nerve membrane 
has been measured by the complex attenuation 
method For the squid giant axon, the results 
agree wnth those of Cole for the frequency regions 
where both methods are reliable As the attenu- 
ation method is not limited to single fiber analy’sis 
and does not require large fibers, its use is being 
extended to other than squid nerves, and to other 
cylindrical cells In the low frequency region, 
50-500 cps , which is not readily accessible by 
conventional methods, anomalous characteristics 
intimately associated wuth the phi Biological state 
of the nerve have been measured and to some 
extent interpreted m terms of phisico chemical 
mechanisms It is established rather convincingly , 
for example, that gross structural characteristics 
of the fiber determine speed of propagation while 
undetermined phy sico-chemical membrane factors 



114 


FEDERATION PROCEEDINGS 


Volume 9 


account for the anomalous unpedance Even at 
levels of stimulation only a small percentage of 
threshold is there evidence for a physiological 
energy-contnbutmg process, which is strongly 
time dependent and highly responsive to usual 
nerve reagents Prehnnnary measurements show 
frog nerve to have average membrane properties 
similar to those of squid fibers, but these 
properties are almost completely obscured if the 
nerve is not freed of its external membranous 
sheath A mechanized nomographic complex-plane 
computer which permits immediate evaluation of 
admittance results from raw experimental data has 
been devised and will be described if time permits 

Relation of stress to certain biophysical alter- 
ations of the blood in the normotensive and 
hypertensive subject Robert A Schneider 
(mtroduced by Harold G Wolff) Cornell 
Umv Med College, New York City 
This IS a prehnnnary study of the effect of stress 
on blood-clottmg tune, blood viscosity, the eryth- 
rocyte sedimentation rate and the hematocrit 
Subjects mcluded healthy volunteers, hyperten- 
sive and nonhypertensive patients The stress 
situations included physical exercise, a modified 
cold-pressor test, a half-hour period at rest where 
the subject was asked not to move or talk, and 
finally a stressful interview Blood was drawn 
with a silicone treated syringe and needle prior 
to, imm ediately after, and finally one hour after 
stress Clotting times were measured m siliconized 
Wassermann tubes (method of Barker and Mar- 
guhes ) The blood viscosity was measured on 
hepanmzed specimens using the method of Tang 
and Wang The sedimentation rates and hemato- 
crit percentages were both measured in Wintrobo 
tubes The sedimentation rates were corrected 
values Exercise in healthy adults always resulted 
m a marked shortemng of clottmg time, an in- 
crease in the blood viscosity, an increase in hema- 
tocrit and a decrease in sedimentation rate 
Nearly identical findings occurred both in the 
cold-pressor test, only in the presence of a pressor 
response, and with the stress interview but again 
only in those subjects experiencing a pressor 
reaction No significant changes occurred in these 
experiments in the absence of a pressor response 
The immobility experiment failed to elicit a 
pressor reaction and produced changes in the 
blood opposite to those found after exercise The 
significance of these findings as they relate to 
Cannon’s work and to the problem of the hyper- 
tensive state 18 discussed 

Threshold electrotonic potentials of nerve and 
muscle at different temperatures Gordon M 
ScHOEPFLE Depi of Physiology, Washington 
Vniv School of Medicine, St Louis Mo 
In a frog sciatic nerve, stripped of perineural 


sheath, bnef conditiomng and testmg shocks of 
0 08 sigma duration elicit electrotonic potentials 
at the stimulatmg cathode which summate to a 
fixed intensity at threshold, regardless of the 
interval between shocks The declme of this 
threshold potential subsequent to the test shock 
follows an identical time course in each instance 
These data are consistent with those previously 
reported concermng stimulation of stripped nerve 
or fiber bundles by threshold rectangular currents 
of various durations Rheobase is elevated by 
coolmg, but chronaxie and the tune parameters of 
the electrotonic potential are not appreciably 
altered by a 16° drop in temperature However, if 
the sheath is not removed the time parameters of 
both excitation and electrotonic potential are 
appreciably increased by cooling, the reciprocal 
chronazie with a Qio of 1 15 These data provide 
strong additional evidence supporting the view 
that local attainment of a cntical outwardly 
directed potential difference across the distnbuted 
membrane capacity is sufficient for excitation of 
nerve in the absence of accommodation Stimu- 
lation of isolated bullfrog muscle fiber bundles by 
means of rectangular currents gives rise to electro- 
tonic potentials at the cathode which declme in 
magnitude as duration of threshold rectangular 
current stimulus is decreased However, the time 
parameters of electrotonic potential and excita- 
bility are apparently of the same order of magni- 
tude 

Photometric ninhydnn method for the measure- 
ment of proteolysis TheodoBe B Schwartz* 
AND Frank. L Engel Dept of Medicine, Duke 
Univ , Durham, N C 

It has been shown by Moore and Stein {J 
Biol Chem 176 367, 1948) that the color produced 
by the interaction of an improved nmhydnn 
reagent with the free ammo groups of ammo acids 
and peptides conforms with Beer's Law over a 
broad range These findings have been applied to 
the measurement of the rate of enzjnmc hydrohsis 
of a synthetic peptide substrate, L-leucylglj- 
cylglycme (LGG) Enzyimc cleavage of LGG into 
L-leucine and GG results m a progressive increase 
in free ammo groups and, consequently, a con- 
tinuing enhancement of nmhydnn color jnelds 
in senal samples withdrawn from an hydrolysis 
imxture Theoretical considerations suggested 
that a direct proportionality exists between per- 
centage hydrolysis of the substrate and the optical 
density of the nmhydnn color produced m any 
given sample Experimental confirmation of this 
hypothesis has been obtained by measunng the 
color yield of mixtures containing LGG, GG and 
L-leucme synthetically^ prepared to represent vary 
mg degrees of hydroly'sis This method is relatively 
simple and especially time saving " hen large 
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numbers of nnnlyscs arc required It permits 
accurate evaluation of enzyme kinetics and gives 
results that compare fa^orablJ with those ob- 
tained with the Van Sljko manomctric tccliniquo 
It theoretically maj be employed to measure the 
enzjTiiic hj drolysis of anj sjmthctic peptide sub- 
strate 

Comparison of cardiac output determined bj the 
Pick procedure and a direct rotameter method 
Robert D Seelt,* William E NEULicn* and 
Donald E GnEGO ^^cd Dept Fxcld Research 
Lab , Fort Knox, Ky, 

As an accurate standard of reference unth vhich 
the Pick procedure might be compared, a method 
was devised for use in open-chest dogs, thereby 
total cardiac output could be directly and con- 
tmuously recorded by measuring flow through the 
pulmonary artery Such a method avoids the error 
inherent in other direct procedures (flow meters 
m aorta and venae cavae) which fail to measure 
coronary flow Cardiac output, recorded optically 
over a 6-imnute period by a rotameter connected 
to the pulmonary arterj , was compared with 
simultaneous measurements made with the Fick 
method A modified Bencdict-Roth spirometer w as 
used to measure ovygen consumption Artenal and 
venous (pulmonary artery) samples were taken 
contmuously over the 6-mmute test period and 
were analyzed in duplicate for oxy'gen content by 
the method of Van Slyke and Neill Duplicate 
samples were required to check within 0 08 vol- 
umes % In a few expenments. Pick flow values m 
closed-chest dogs were compared with flows si- 
multaneously measured by a rotameter in the 
venae cavae The average variation between the 
2 senes of measurements was ± 4% Twelve of 
the 13 compansons made agreed within less than 
8% This small deviation is withm the range of 
summated errors which might exist on the basis 
of known technical inaccuracies 

Behavior of renal clearance mechanisms under 
pentobarbital sodium anesthesia Ewald E 
Selktjht and Ejrkwood F Glauseh * Dept 
af Physiology, Western Reserve Untv Med School, 
Cleveland, Ohio 

Study of renal clearances m dogs imder pento- 
barbital anesthesia, where use of untramed dogs 
was desired, or in connection with surgical mter- 
vention, has made desirable remvestigation of the 
possible influence of this anesthetic agent on 
renal function We were particularly mterested 
m its possible effect on sodium clearance After 
control periods m trained female dogs, full an- 
esthetic doses of pentobarbital were given and 
clearances of creatmme, PAH, and sodium were 
followed for as long as 62 hours It was found that 
no sigmficant change in Ccr, Cpah and FF oc- 


curred during time intervals averaging 73 nunutes 
During the next 117 minutes, Ccr increased, and 
Ctaii decreased both by small but probably sig- 
nificant degrees so that FF increased significantly 
Tins trend continued to a more marked degree 
during the final 90 minutes Sodium clearance was 
increased aliout 5-fold during the total time of 
observation, but emphasis must be placed on the 
fact that control clearances only averaged ca 
0 25 cc/min With regard to impairment of tubular 
cflicicncy, this indicated only about 2% decrease 
in rcabsorption of the filtered load A marked 
cfTcct was however noted on unne flow which 
decreased to an average of about 30% of the 
control value during the penods immediately 
following administration of the anesthetic agent 

Compensatory changes m the rat following de- 
pletion of extracellular electrolytes Robert 
E Semple (introduced by Walter S Root) 
Dept of Physiology, College of Physicians and 
Surgeons, Columbia Univ , New York City 
Daily water intake and urine output were 
measured in a group of young adult rats on a diet 
made complete by addition of sodium chloride 
After one week of daily observation, the animals 
were given an intrapentoneal mjection of 9 cc/100 
gm body weight of isotonic glucose solution. 
One hour later 90% of the injected volume was 
recovered, and its chloride content determined 
After this time sodium chlonde was omitted from 
the diet For the next 24 to 48 hours the animals 
exhibited a marked increase in urme output with 
a concurrent decrease in water mtake After 48 
hours a normal relationship between fluid mtake 
and output was reestablished Flmd loss bj’' way 
of the kidneys durmg the period of negative water 
balance was comparable to the volume of flmd 
that would be given by up the extracellular fluid 
compartment if the chlonde concentration therem 
were restored to normal This predicted loss m 
extracellular flmd was calculated from the amount 
of chlonde removed in the mtrapentoneal glucose 
solution Serum chlonde concentrations returned 
to normal within three days The flmd loss was 
accompanied by a proportionate loss m body 
weight These results mdicate that electrolyte 
depletion m a rat by mtrapentoneal glucose is 
followed by fluid loss sufficient to restore the 
plasma chlonde concentration to normal 

Influence of histamine and anti-histaminic com- 
pounds on wafer imbibition by stnated and 
smooth muscles and gastric mucosa V 
Sencindiver,* E M Larson* and M H F 
Friedman Dept of Physiology, Jefferson Med 
College, Philadelphia, Penna 
The mfluence of histamine and anti-histamimc 
compounds (neohetramine, thephonn) on imbibi- 



116 


FEDERATION PROCEEDINGS 


Volume 9 


tion of water by atraited muscle, smooth muscle 
from the stomach and gastric mucosa was studied 
Using fresh tissue derived from the rabbit and the 
frog, the water imbibed over a period of 24 hours 
under controlled conditions of pH, temperature, 
and tonicity was deternuned The water uptake 
by rabbit smooth muscle and gastric mucosa was 
equal to that of similar weights of corresponding 
frog tissues The water uptake by rabbit striated 
muscle, however, was much less than by frog 
striated muscle The water imbition by rabbit 
isolated smooth muscle was depressed and often 
reversed by the addition of histamine On the 
other hand, antihistammic compounds either did 
not mhibit water uptake or at times accelerated it 
The anti-edemic action of histamine was not re- 
lated to its motor effects on smooth muscle Other 
smooth muscle stimulants did not influence water 
imbibition Rabbit isolated gastric mucosa be- 
haved similar to smooth muscle Pretreatment of 
the animal with anti-histarmnics was not found 
to affect the rates of water imbibition by the 
isolated tissues These results do not support the 
views of certam French investigators on the anti- 
edermc properties of anti-histaminic compounds 

Results suggesting endocrine participation m ex- 
perimental renal hypertension Roger W 
Sevt,* Dorothy Haabch Chess* and George 
E Wakbelin Dept of Physiology, Untv of 
Illinois College of Medicine, Chicago 
Crude beef anterior pituitary extract was ad- 
ministered 1 m (0 6-10 gm of wet gland equiva- 
lent/per/kg of body weight/per day) to 4 renal 
hypertensive dogs for 2-5 months and to 4 nor- 
motensive dogs for 1-6 months preceding and up 
to 1 month followmg bilateral renal artery con- 
striction Of the 4 renal hypertensive dogs, 2 
showed an excellent and one a moderate antihy- 
pertensive response after 2 months of treatment, 
the 4th showed no response The antihypertensive 
response in one dog was temporarily reversed by 
desoxycorticosterone acetate overdosage Of the 
4 normotensive doge, one, which received the 
longest course of treatment, showed no nee m 
blood pressure following constriction of the renal 
artenes despite marked reductions in TmpAH 
and the renal clearance of PAH and creatinine 
Two showed no rise in blood pressure following 
constriction of one renal artery but died, with the 
clinical and pathological picture of malignant 
hyqiertension, following constnction of the con- 
tralateral renal artery The 4th developed typical 
chrome h3'pertension Further possibility of en- 
doerme involvement in experimental renal hyper- 
tension IS suggested by the finding of a decrease in 
sensitivity to insulin and a somewhat lower 
fasting blood glucose level in 10 renal hypertensive 
as compared to 9 normotensive dogs 


Potassium shifts in nerve A M Shanes Dept 
of Physiology and Biophysics, Georgetoion Xjniv 
School of Medicine, Washington, D C 
Electrical studies of Rana, pipiens sciatics and 
Libinia emarginata leg nerves mdicate that resting 
potential fluctuations are due largely to potassium 
movement A sensitive method to detect such 
potassium shifts is presently bemg employed 
It consists of collecting 1 ml samples of medium 
successively placed in contact with paired sets of 
3 or 4 nerves Potassium analyses of the individual 
samples are made with the Beckman flame spec- 
trophotometer Typically , repeated coUections 
are made first in oxygen, then m mtrogen, and 
finally in oxygen again Lihinia nerves lose 20 
/iM potassium/gm wet weight /hr m oxygenated 
seawater whether glucose is present or not , anoxia 
doubles or trebles this loss, and 50-100 nm glucose 
reduces this increment, return to oxygen either 
completely stops potassium escape or causes an 
absorption of potassium Intact Rana sciatics, 
following equilibration for 1 hour in oxy^genated 
J X Ca Ringer’s solution, lose 0 4 mm potassium/ 
gm/hr , mere removal of the perineurium causes 
S of the nerve potassium to escape during equili- 
bration, but negligible loss occurs thereafter 
Both types of preparation release potassium dur- 
ing anoxia, usually' at a rate increasmg with time 
which averages 1 4 Mw/gm Ar over 3 to 4 hours 
Return to oxy'gen causes an absorption of potas- 
sium in the absence of the perineurium (1 0 
MM/gmAr), or cessation of leakage with the 
intact sheath Cocaine (0 1%) halves the anoxic 
escape of potassium wnthout altering recovery. 
In normal Ringer’s similar effects are observed 
but the magnitude of the differences appears to be 
less 

Electrocardiographic age trends E Simonson 
Lab of Physiological Hygiene, Untv of Min- 
nesota, Minneapolis 

Means, standard deviations, medians and per- 
centile distribution of 34 electrocardiographic 
items m the 3 standard leads and CF^ were com- 
pared m a group (I) of 167 normal men from 17 
to 25 years and a group (II) of 233 normal men 
from 46 to 65 years Most items showed statis- 
tically highly significant differences (p <0 01) 
between the means of the two groups At the older 
age there were significant mcreases in the P-R 

interval and in Kqt (“ square root of R-R interval 

divided by Q-T interval), decreases in the QRS 
and T amplitudes, especially in the standard 
leads, and a shift to the left in the QRS and T 
axes The arrhythmia index (diffdrence between 
the smallest and largest R-R interval) declined 
from a mean of 0 016 in group I to 0 044 sec in 
group II Both groups included men in all weight 
categories m a similar proportion Comparison 
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of pnrtml groups of -10 \oungrr nicii nml fifi older 
men within ± 5% of their Htandiinl weight re 
icnlcil (hlTcrcnces Biinilnr to tho'^e olitniiied hc- 
tween the total groups Ihc observed age trends 
arc, therefore, not due to weight difTercnces 
The frcqucnc\ distrihiilioii of most items was 
as\ mnictrical, hut similar in both groups The 
age difTercnces in man\ items arc large enough 
to he of importance for routine clinical inter- 
pretation Age corrected standards were calcu- 
lated from the standard deviations or percentile 
distnbution Statisticnlh higlih significant ngc 
trends were also observed in VH, A L, and YF 

Inactivation of thrombin and fibrinogen b> l>ro- 
Einase InwivW Siren and PninrF Wagli-v * 
Dcpl of Btologij, MassachuscUs lust of Tech- 
nology, Cambridge, and Tohns Hopl ms Hospital, 
Ballimorc, Md 

When conuncrcial thrombin (Upjohn, Parkc- 
DavTs, or Armour) was incubated m phosphate 
buffer, pH 6 0, at 37° with commercial triosinasc 
(Treemond or Sjaiajanc) there was a marked 
inactivation of the thrombin This was measured 
by determining clotting time after the addition of 
an aliquot of thrombin to a standard amount of 
fibnnogen (Armour) at 25° In a typical experi- 
ment, incubation of thrombin with tyrosinase 
resulted, after 6 hours, m a change m clotting 
time from 0 4 rmn to 2 5 mm Although the rate of 
clotting was changed, the amount and nature of 
the final clot formed was independent of any 
previous treatment of thrombin by tyrosinase 
Dialysis experiments indicated that the inactiva- 
tion was not mediated by low molecular weight 
unpunties in the thrombin Similar studies were 
made on the inactivation of crude (Armour) and 
purified fibnnogen by tjwosinase The inactiva- 
tion occurred slowly at first and then at an in- 
creasingly rapid rate so that in 3 hours the clottmg 
time, when tested by the addition of thrombin, 
had changed from 0 4 nun to 20 min The amount 
of clottable protein correspondingly decreased as 
a result of the mactivation of fibnnogen by ty- 
rosinase The clot obtained from fibnnogen oxi- 
dized by tyrosinase was very different from that 
obtained from normal fibnnogen Studies wnth the 
electron microscope indicated that the fibrin from 
normal fibnnogen was characterized by fine fibrils, 
while that from fibnnogen oxidized by tyrosinase 
appeared completely amorphous Preliminary 
studies in the ultraviolet indicate that tyrosinase 
will produce a change in the absorption spectrum 
of both thrombin and fibnnogen and perhaps of 
fibnn as well 

Exercise following whole-body irradiation of mice 
Falconeh Smith and Willie W Smith Loh 
of Physical Biology, Experimental Biology and 


lilalicmc Insl , Nall Jnsls of Health, Bethesda, 

Md 

In studies of metabolic factors which may be 
involved in the irradiation syndrome various 
stresses arc imposed upon mice following whole- 
liodj v-irradmtion Information concerning exer- 
cise may be of practical as well as physiological 
imporfancc Mice were exercised in a cage with 
individual tracks 48 cm in diameter making 3 
rcvohitions/minutc Controls tolerated this for 
12 consecutive hours, or 8 hours/day on 3 consec- 
utive days, w'lth only transitory weight loss The 
tests were considered severe enough for our pur- 
pose liccausc many mice, after a w'cek of thyroid 
administration, failed to exercise for more than a 
few hours, some of them dying during the test 
Mice given x-ray m the low lethal dose rate (325 
r) tolerated 12 hours of exercise immediately after 
or up to 16 days after irradiation Mice given 
400 r tolerated exercise 8 hours/day for 3 consecu- 
tive days beginning immediately after or up to 13 
days after irradiation Survival time and mortality' 
were affected, if at all, in no more than 20 % of these 
mice After 600 r both irradiated controls and 
those exercised 8 hours/day on days 0, 1, and 2 
post-irradiation died, 20 % of the latter group 
during exercise, the remaining at about the same 
times as the controls Radiation did not markedly 
decrease ability to tolerate exercise, nor did 
exercise markedly increase mortality or decrease 
survival time of irradiated mice These studies 
are being continued 

Further observationB on the action of curare 

Jat a Smith, Melvin Post and Shehwtn 

Zalman (mtroduced by L B Nice) Dept of 

Physiology and Pharmacology, Chicago Med 

School, Chicago, HI 

Smith ei al (/ Pharmacol <f, Exper Therap 
93 294, 1948) show that neutralized thiamme 
solutions are without effect on the isolated heart 
and {Science 108, 412, 1948) that the action of 
thiamme is that of a curanform drug McIntyre 
{Curare, University of Chicago Press) shows 
that the action of curare drugs is to raise 
the threshold to acetylcholine In the present 
experiments on the isolated turtle heart, curare 
preparations abolish or reduce the inhibiting 
effects of acetylcholine After atropmization of 
the isolated heart, curare drugs abolish the stim- 
ulating effects of acetylcholine These results 
indicate that, in the absence of acetylcholine the 
tyqncal effects of curare drugs are absent In 
anesthetized dogs, curare preparations (d-tubo- 
curanne, Squibb, and thiamine) cause a fall in 
blood pressure, followed, m most cases, by' a rise 
to a level higher than the control level In addi- 
tion, after the injection of curare preparations, 
prostignune frequently causes a marked rise in 
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blood pressure and increase m the heart rate (these 
effects may be prevented by dibenamine and 
tetraethylammonium bromide) Thus, m addi- 
tion to the possibility of a stimulation of the 
adrenergic endings by acetylcholine, these results 
may be interpreted to mean that the effects of 
curare persist longer in the paras 3 Tnpathetic 
ganglia than m the sympathetic ganglia 

Non-olfactory functions of the pyriform-amyg- 
daloid-hippocampal complex Wilbur K Smith 
Dept of Anatomy, Untv of Rochester School of 
Medicine and Dentistry, Roehester, N Y 
On the basis of the results of excitation and 
ablation, the pynfonn-amygdaloid-hippocampal 
complex can now be considered to have trans- 
cended its role as a part of the olfactory apparatus 
and to participate in various ways in the general 
behavior and reaction patterns of the mammalian 
orgamsm Excitation of the posterior pyriform 
region m both cat and monkey produces a variety 
of responses mostly in the autonomic realm 
{Federation Proc 3 43, 1944, Anat Rec 100 713, 
1948) Extirpation of this region m the monkey 
appears to produce no gross motor or sensory 
changes, but there is ■& remarkable alteration in 
behavior and in the reaction patterns of the 
animal Activity is decreased so that the animal 
not only moves Jess, but more slowly than before 
operation Fear and the defensive and offensive 
reactions associated with it have disappeared, and 
the animal permits itself to be handled with little 
or no resistance It will now approach and take 
food from the observer either with its hand or 
mouth Another aspect of altered activity may be 
designated as oral compulsive behavior Objects 
placed within its reach are picked up m an ap- 
parent mdiscnminate manner, brought to the 
nose, then placed in the mouth and if edible are 
ingested, if not are discarded, sometimes after 
chewing Investigations designed to detenmne the 
role of the components of the pyriform-amyg- 
daloid-hippocampal complex in the altered be- 
havior have shown that the loss of the fear and 
defensive reactions can be produced without the 
compulsive oral behavior 

Effect of insulin-induced hypoglycemia on con- 
traction of human gall bladder W J Snaps, 
Russell Wigh* and M H F Friedman Dept 
of Physiology, Jefferson Med College, Phila- 
delphia, Penna 

The influence of vagal stimulation on the evac- 
uation of the human gall bladder was studied in 
subjects without evidence of bdiary tract disease 
Hypoglycerma mduced by insulm was used to 
stimulate the ^ vagus Evidence of gall bladder 
contraction was obtamed by 1) radiographic ex- 
ammation of the visuahzed gall bladder and S) 
determination of the bilirubin concentration of 


the duodenal contents obtamed by constant as- 
piration In subjects previously found to show a 
normal gastric secretory response to histamme 
the production of msuhn hypoglycemia resulted in 
evacuation of the gall bladder providmg the acid 
gastric contents were permitted to enter the 
duodenum In subjects found to be histamme- 
refractory the gall bladder contracted only 
shghtly, or not at all, after the administration of 
insulin It IS concluded that m the human the 
contraction of the gall bladder may be chiefly 
under hormonal (cholecystokmm) mechanism 

Influence of cerebellar cortex on incoming cere- 
bellar volleys Rat S Snider and P M Cooke * 
Dept of Anatomy, Northwestern Univ Med 
School, and Dept of Psychiatry, Univ of Illinois 
Med School, Chicago, III 
The altered electncal activity of efferent cere- 
bellar volleys in the brachium conjunctivum was 
visualized on a cathode ray screen (Grass Model 
III amplifier) following apphcation of electncal 
stimuli of various frequencies and wave forms to 
1) brachium reatiformis, £) cerebellar cortex and 
3) central cerebellar nuclei Electncal activation 
of brachium restifomus with single pulses results 
in modified activity at a cortical level and also m 
the appearance of repetitive waves approximately 
30 msec apart and 30 msec duration at a con- 
junctival level Similar waves have been observed 
following stimulation of nucleus dentatus Effects 
of such physiological stimuh as ‘auditory clicks’ 
on the above systems are bemg studied The most 
pronounced changes observed at a conjunctival 
level followmg application of single pulses to 
cerebellar cortex is an approximate doublmg m 
amplitude and halving m frequency Attempts are 
bemg made to relate these observations to certain 
known intrinsic cerebellar activities Most of the 
above observations were made on cats prepared 
according to an ‘isolated encephalon’ technique 
and upon animals followmg ether, novocame and 
beta-erythroidine narcosis Similar observations 
could not be made following barbiturate anes- 
thesia 

Changes in carbon dioxide-combining power of 
fetal blood Franklin F Sntder Depts of 
Obstetrics and Anatomy, Harvard Med School, 
Boston, Maas 

A stnkmg decrease in the carbon dioxide com- 
binmg power of the fetal blood occurs as preg- 
nancy IS prolonged beyond term In postmature 
rabbit fetuses, delivered at 36 days, which is the 
limit for survival of the fetus within the uterus, 
the carbon dioxide combinmg power averaged 31 
volumes % m contrast to 40 observed in fetuses 
delivered at term, i e 31 days At the stage of 
prematunty, 29 and 20 days, the fetal blood 
averaged 41 In previable fetuses at 27 days, the 
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blood 'i\crngcd 10 Observations ucrc made upon 
a ■:crics of ST) fcluscs opera! ivclv delivered a! 
various stages of prcgnaiir^ rniigiitg from pre- 
vinbilit\ to postlllnlurlt^ Detenniiialions of the 
carbon dioMdc coniiiining power witii the Van 
Sl\kc apparatus were earned out on 0 5 ce sam- 
ples of plasma obtained from neck veins 

Effect of acute experimental poljcjtbcmia on 
renal blood flow Mtnnii-n P SmNcni, Kink- 
WOOD F GkAusLn ami Piiini* W Hail 
(introduced ba J M IIaiman, .In ) Dept of 
Physiolopi/, Western Rescric Untv Mai School, 
Cleveland, Ohio 

When dogs were cross-transfused with matched 
blood in acut e cNperimcnt s, it w ns found that after 
a 2-hour interval had elapsed hcmoconccnt ration 
bad occurred without significant increase in blood 
volume and with readjustment of mean arterial 
blood pressure to approximately control values 
Although the exact mechanisms of the compensa- 
tory changes arc obscure at present , the increase in 
blood viscosity predicated on the increase in the 
hematocrit value offered an interesting problem 
in renal hemodynamics It was found that effec- 
tive renal blood flow , as measured by PAH clear- 
ance and the hematocrit percentage, had changed 
little Further, glomerular filtration rate as meas- 
ured by the creatinine clearance was on the aver- 
age not significantly (Jifferent from the control 
values However, marked decrease in the eflective 
plasma flow as measured by the PAH clearance 
had occurred (—22 to —51%) This gave signifi- 
ficantly elevated filtration fraction values When 
proper allowance was made for the ex-pected in- 
crease in viscosity resulting from the increased 
hematocrit value, the well-maintained total renal 
blood flow suggested dilatation in the renal vas- 
cular circuit Since such dilatation was accom- 
panied by an elevation of the filtration fraction, 
the conclusion was reached that it occurred pre- 
dommantly m the afferent artenole 

Ratio of myosin to actin m synthetic actomy- 
osin S S Spicer and J Gergelt (intro- 
duced by Louise H Marshall) Experimental 
Biology and Mcdtctnc Inst , Natl Insts of Health, 
Bethesda, Md 

Addition of adenosine triphosphate (ATP) to a 
colloidal suspension of myosin and actin at 0 13 
N KCl and pH 7 5 causes superprecipitation It has 
been assumed that these 2 components combine 
in almost any proportion to form actomyosin (A 
SzEkT-GvORGYi Muscular Contraction, N Y , 
1947) The ratio m which the 2 proteins combine 
during superprecipitation wnth ATP has been 
investigated Increasing amounts of actin were 
added to a constant amount of mymsin and vice 
versa The supemate after removal of the pre- 
tipitate by centrifigation was tested for presence 


of both myosin and actin, and the total protein m 
precipitate and supernate was determined One 
ratio was ahvays found in which the supernate 
coni allied no myosin or actin This indicates a 
Bioichioinctnc ratio of mjosin to actin Myosin 
(or actin) added in increasing amounts beyond the 
stoicliiomctric point appeared part in the super- 
iiaic and part in the precipitate up to a certam 
limit All of the protein added beyond this limit 
was found in the supernate This indicates a loose 
secondary association of the 2 components Elec- 
irojihorclic analysis showed less than 2% im- 
purity in the myosin, but 30% or greater impunty 
in ihc actin Therefore, protein left in the super- 
iiaic at the stoichiometric point probably denved 
from ihc actin Subtracting this protein from the 
aciin added at the stoichiometric ratio gives a 
myosin actin ratio of roughly 4 1 by weight 

Aiiempis to record human clectrolabyrinthogram. 
E A Spiegel, H T Wxcis^andCh Umlauf * 
Dept of Exper A^curology, Temple Univ Med 
School, Philadelphia, Penna 
In order to pick up the electrical discharges of 
the statokinetic labyrinth and/or of the 8th 
nerve, vanous electrode positions were tried such 
ns intermeatal, meatal -mastoid, mental -retromos- 
toid, meatal-suboccipital combinations The 
meatal-retromastoid combmation seems most 
promising, with the meatal electrode close to that 
part of the posterior wall of the external auditory 
meatus which is connected by the antrum bridge 
to the ex-temal semicircular canal In order to 
study the question whether one picks up laby- 
rinthine discharges, the electrogram was recorded 
before and after rotation in cases in which the 8th 
nerve had been cut or destroyed by tumors uni- 
laterally and in which the sensory’^ receptors of the 
labynunth probably were also degenerated due to 
interruption of the circulation of the mternal 
auditory artery on the operated side In order to 
ramimize artifacts due to the postrotatory nystag- 
mus the patient looked after rotation in the direc- 
tion of the slow component of the postrotatory 
nystagmus, if a nystagmus of central origin was 
intensified m this direction, the patient looked 
straight ahead The ey^es were kept open in order 
to suppress a waves of cortical origin Under these 
experimental conditions, discharges could be 
picked up, which showed a definite postrotatory 
increase of the amplitude compared to those 
recorded in the resting stage, at least in single 
instances, this increase was limited to the side of 
the intact labyrinth or intact Sth nerie 

Effects of lesions of human thalamus in region of 
dorsomedial nuclei E A Spiegel, H T 
Wicis,* H Shax, K B Conger* and H K 
Fischer Depts of Exper \ eurology, ^ euro- 
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surgery, Urology, and Pels Foundation, Temple 
'Umv Med School, Philadelphia, Penna 
Lesions m the area of the dorsomedial nuclei 
were produced hy means of the stereotaxic method 
in psjchotics, epileptics, and in cases of unbear- 
able pam The location of the lesions was checked 
jostoperatively by roentgenologic studies deter- 
mining the relationship of pantopaque droplets 
injected at the site of the lesion to the pineal 
gland Such lesions frequently produced transi- 
tory disturbances of onentation, particularly for 
tmie, and transitory defects of memory affecting 
recent as well as remote events There were no 
significant changes of pam threshold and no 
disturbances of the so-called psychoreflexes 
Changes in the realm of the vegetative system, 
however, could be observed Pharmacodynamic 
tests chiefly revealed a shift of balance between 
the sympathetic and the parasympathetic system 
in favor of the former Studies of the glucose 
tolerance showed a decrease of the postprandial 
hyperglycemia m cases in which the peak of the 
hyperglycemia after ingestion of glucose exceeded 
180 mg Alterations of the blood lipides and dis- 
turbances of liver function could not be found 
Incontinence of the urinary bladder or precipi- 
tous mictuntion developed rather frequently, and 
cystometric measurements revealed, at least in 
single instances, a hjqierirritability of the unnary 
bladder All these disturbances of vegetative in- 
nervation were of transitorj' nature It is suspected 
that they are due to the loss of impulses that are 
transmitted by periventricular fibres from the 
dorsomedial nuclei to the hypothalamus 

Isolation and characterization of two adaptive 
enzymes formed by yeast in response to mal- 
tose S Spieqelman, M Sussman* and B 
Taylor * Dept of Bacteriology, Untv of Illinois, 
Urbana 

Recent work by Monod {Compt rend Acad d 
sc 227 240) and Doudoroff, et al (J Biol Chem , 
179 921) has demonstrated that the enzyme 

formed by P colt in response to growi,h in the 
presence of maltose is an ‘amylomaltase ’ A 
similar examination in the case of a strain of S 
cerevisiae revealed that adaptation to maltose 
leads to the production of two enzymes, neither 
one of which is an amylomaltase The material 
used consisted of fast, efliciently dried cells, 
harvested at 18-24 hours from a well aerated cul- 
ture (6 1 ) mcubated at 30°C Dried preparations 
prepared from cells either grown in a medium 
containmg maltose, or adapted to maltose in 
resting suspension subsequent to harvesting, pos- 
sessed the capacity to split maltose and a-methyl- 
glucoside Similar glucose grown preparations 
were inactive against both substrates The enzyme 
activity IS extracted wnth M/15 (NH0!liPO4 (AP) 


and precipitated from the supernate with am- 
monium sulphate (AS) at 76% saturation Repre- 
cipitation with AS at 45% saturation yields a 
precipitate containing 66% of the activity of the 
original AP extract Dialysis of the second AS 
precipitate against large volumes of distilled 
water resolves the activity into 2 components 
One, a fraction which precipitates during dialysis 
{enzyme I) and the other remains m the supernate 
{enzyme II) Enzyme I was shown to be a maltase 
capable of splitting maltose into 2 glucose mole- 
cules, as demonstrated by quantitative recovery 
experiments, chemical analy sis based on reducing 
power and paper strip chromatography The in- 
volvement of phosphate was elinunated since the 
enzyme functioned equally w ell in the absence of 
phosphate Enzyme I is completely unable to spht 
or-methyd-glucoside, but can hydrolyze a-phenyl- 
glucoside Enzyme II, on the other hand, cannot 
split maltose or a-phenylglucoside appreciably 
but IS very active against a-methyl-glucoside 
Both enzy mes are activated by cysteine It should 
be noted that the intact cell from which these 
enzymes were obtained possesses no detectable 
capacity to split a-methyl-glucoside, whether it 
be adapted to maltose or not No intact cell of this 
strain can be adapted to utilize a-methyl-gluco- 
side 

Variation of respiratory^quotient curing normal 
and deep exhalation Ralph W Stacy and 
Geoeqe H Kydd, III * Lab of Aviation Phys- 
iology, Ohio State Univ , Columbus 
Prelimmary studies on expired air made by 
means of the mass spectrometer and already re- 
ported showed that the first air leaving the lungs 
has a higher R Q than has the end of the expira- 
tion Experiments have been designed and earned 
out which prove that these changes in the R Q 
are not the result of instrumental or technical 
errors In further experiments during which ex- 
pired air was collected and flow patterns recorded, 
the pOj and pCOj of expired air have been meas- 
ured by means of the mass spectrometer The 
R Q ’s of different fractions of the expired air 
were then compared yvith the R Q of the collected 
expired air The results of these experiments 
indicate that in normal breathing the R Q at the 
beginnmg of exhalation is approximately 1 0 and 
IS progressively reduced until at the end of the 
exhalation it has a value somewhat lower than the 
metabolic R Q as determined by Haldane analy- 
sis When the tidal volume was increased to from 
three to five times its normal value the R Q at the 
begmnmg of expiration was about 3 0 and fell to 
about 1 0 by the end of the expiration These high 
R Q values may be explained on the basis of the 
partial pressure gradient existing between the 
blood in the pulmonary arteries and alveolar air 
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Cnlculntions show that tlic pCO: prndicnl nl the 
beginning of cxpirntion is 6c\crnl tunes that at the 
end Oil the other hand the pO- gradient changes 
but little during expiration 

Intluencc of pancrcntcctom^ on lipid metabolism 
and atherogencsls in the cluck I Stamihi,* 
G Boien>,* L N Kat7, R IlAnuis* ami R 
Pick * Cardioiv^cuhr Dept , ^^cdtcal Research 
Inst , Michael Reese Hospital, Chicago, III 
EfTcct of pancreatectomy on cluck lipid and 
carbohydrate metabolism and athcrogcncsis was 
mxcstigated in a senes of acute and chronic 
studies In acute experiments, addition of choles- 
terol plus cottonseed oil to a plain mash diet led 
to a more marked Iipenna in depancrcatircd clucks 
than in unoperated controls Roth groups had 
similar blood glucose lex els and glucose tolerance 
curves A 5-daj course of ACTH had no effect on 
blood glucose, lipid or eosinophil levels, ap- 
parently mammalian ACTH was without demon- 
strable actixutj in these chicks Pancrcatcctomizcd 
chicks chronically fed a mash supplemented xxith 
2% cholesterol plus 5% cottonseed oil maintained 
plasma lipid lex'els consistently and significantly 
greater than those of unoperated controls on the 
same diet This altered pattern of response of 
depancreatized birds to lipid feeding xxas ac- 
companied by’ a greater incidence and degree of 
cholesterol-induced atherosclerosis On a diet of 
plain mash alone, pancrcatectomized chicks ex- 
hibited spontaneous atherosclerosis similar in 
mcidence and degree to that of unoperated con- 
trols These depancreatized birds consistently 
exhibited normal plasma and tissue lipid levels 
After 9 months, neither hypolipemia, hyperlope- 
mia nor hepatic lipidosis developed Blood glucose 
concentrations and glucose tolerance curves also 
remained at control levels throughout These 
birds also failed to respond to ACTH In sum- 
mary, the altered pattern of lipids exhibited by 
depancreatized chicks fed cholesterol plus cotton- 
seed oil and the accompanying altered incidence 
and degree of atherosclerosis suggest (despite the 
usual findmgs in birds fed plain mash) that the 
pancreatectonuzed chick has an altered lipid 
metabolism 

Use of the ballistocardiogram as a measure of the 
maximum force of cardiac contraction Isaac 
Stabr Lab of Therapeutic Research, Umv of 
Pennsylvania, Philadelphia 

When the aorta and pulmonary artery of cada- 
vers were injected in simulation of the cardiac 
contraction, the relative force imparted to the 
moving fluid can be calculated for any instant 
from the product of acceleration and an assumed 
mass The values obtained can be compared with 
ballistocardiograms secured simultaneously’ The 
spread of the ballistocardiogram, as measured by’ 


the sum of the vertical depth of the I wave and 
height of the J xvave is closely related to the 
maximal force developed during any’ ‘systole’ 
(r ■= 0 03, and 0 94 after correction for attenua- 
tion) The correlation between this maximum of 
force and the square root of I depth plus J height 
18 not significantly’ different The correlations 
with the areas of these waves arc also significant, 
but both that yvith the area itself (r = 0 67) and 
that w ith the square root of the area (r = 0 83) are 
significantly’ inferior to 0 93 Tlicrefore, the maxi- 
mal force exerted in any’ sy’stole can be estimated 
from the ballistocardiogram ysith an accuracy’ 
the equal to that of many' useful clinical methods 
At present this estimation of the maximal cardiac 
force of any’ sy’stolc can be made only in relative 
terms, I have used the average value of healthy 
normal y’oung adult males as a standard and 
determined the deviation of any’ subject from this 
value Experiments leading to the estimation of 
cardiac force or power in absolute units are under 
x\ay’ Normal standards for the relative values 
have been constructed 

The efTects of altitude on size, activity and com- 
position of gases of the colon of dogs F R 
Steggbrda and T C Bunting * Dept of 
Physiology, Univ of Illinois, Urbana 
Into dogs’ colons, made permanently opaque to 
X-ray’S, one end of an open tipped catheter tube 
was inserted 3-4 inches beyond the anal sphincter 
The other end was attached by a T tube to an 
air recording pressure unit outside of the decom- 
pression chamber By means of the other arm of 
the T tube samples of air could be mserted and 
wuthdrayvn from the colon for analysis A mounted 
x-ray tube and automatic cassette changer m the 
chamber provided an opportunity for takmg 
pictures of the colon when desired The results 
show that when 100 cc of air are mjected mto the 
empty colon of a 10 kilo dog breathing oxygen, 
there occurs a progressive increase in size and 
activity of the colon up to an altitude of 25,000 
feet The actual mcrease in both cases is about 
threefold At altitudes approximating 25,000 feet 
and above there usually occurs an escape of the 
gas up into the small intestme Room air remam- 
ing in the colon 20-45 mmutes at 10,000 feet shows 
that the oxygen present is about 20% and carbon 
dioxide 4% At 20,000 feet there is little change 
in this percentage composition, but at 25,000 feet 
occurs a consistent decrease in oxygen to about 
15% and an increase in carbon dioxide to an aver- 
age of 16% 

Further chronic toxicity studies of hydroquinone 
G G Stern,* S Lang,* N R Brexver and 
A J Carlson Physiology Lab ,Univ of Chicago, 
Chicago, III 

Additional data on the toxicity’ studies of hy dro- 
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qmnone in rats are presented Three groups of 
40 rats each were fed varying amounts of hydro- 
qmnone with citric acid and compared with a 
control group After two years on test 7 control 
rats , 10 rats fed 0 1% hydroquinone plus 0 01% 
citric acid, 11 rats fed 0 5% hydroquinone plus 

0 01% citnc acid, and 20 rats fed 10% hydro- 
qumone plus 0 01% citric acid were still alive 
The data on body weight, tibial length, WBC, 
RBC, differential, revealed no significant differ- 
ences 

Endocrine effects of electroconvulsive shock in the 
rat James A F Stevensok, Sylvan J Kaplan 
AND H Engek Rosvold (introduced by John S 
Nicholas) Lab of Physiology and Dept of 
Psychiatry, Yale Univ School of Medicine, New 
Haven, Conn 

Recent studies have emphasized changes in 
adreno-cortical function, and processes influenced 
by it, during electroconvulsive shock The effect 
of a senes of electroconvulsive shocks upon the 
adrenal and other endocrine glands m the male 
and female rat has been investigated Following 
a senes of 10 or 20 daily shocks (60 ma for 0 2 
sec ) the animals were killed 24 hours after the last 
shock Controls were similarly treated except for 
the actual shock In all experimental groups the 
mean weight of the adrenals was increased, the 
ascorbic acid concentration was not significantly 
different from that of the controls, indicating a 
true hypertrophy The mean weights of the pitui- 
tanes and thyroids of the shocked animals showed 
a slight but persistent decrease These changes 
were observed whether or not the animals lost 
weight durmg the shock treatment The increase 
m adrenal size appeared to persist for at least one 
month after the last shock Serum sodium con- 
centration, and muscle water content were also 
measured The relationship of these findings to 
studies of animal leammg after electroconvulsive 
shock and to studies in the human after electro- 
convulsive shock are discussed 

Combined effect of anoxic anoxia and cocaine on 
dog blood sugar and hemoglobin J Clifford 
Stickney, David W Northhp and Edward J 
Van Liere Dept of Physiology, School of Medi- 
cine, West Virginia Univ , Morgantown 
Cocame, an epinephrine-potentiating-agent, 
when given to dogs subjected to 28,000 ft sim- 
ulated altitude reduces the propulsive motility 
of the small intestine It seemed of interest to 
determine whether cocaine would also potentiate 
other anoxic effects Nme adult dogs, unanesthe- 
tized, and in the post-absorptive state, were given 

1 6 mg/kg cocaine hydrochlonde intravenously, 
were exposed for 15 rmnutes to 254 mm Hg baro- 
metric pressure (28,000 ft simulated altitude) , or 
were subjected to a combination of the 2 pro- 


cedures at weekly intervals A second senes of 8 
dogs was similarly treated, except that 3 mg/kg 
cocaine were used Blood sugar by the Folin-Wu 
and hemoglobin by the Sahli methods were deter- 
mined on saphenous vem blood samples obtained 
immediately before and after the experimental 
procedures Cocaine, alone, within 15 minutes 
increased blood hemoglobin concentrations by 
10% (statistically msignificant) at both dosage 
levels, but did not affect blood sugar Anoxic 
anoxia increased blood sugar by 26 and 29% (P 
<0 01) and hemoglobm by 10 and 11% (P >0^ 
and <0 01) in the 2 groups of dogs Cocaine 1 5 
™g/kg , plus anoxia, increased blood sugar 20% 
(P 0 017) and hemoglobin 15% (P 0 07) nhile 
3 mg/kg , plus anoxia, caused increases of 20 
(P 0 07) and 13% (P 0 017) respectively Cocame, 
thus, decreased slightly the blood sugar response 
to anoxia, while it mcreased slightly the elevation 
in hemoglobin concentration, but neither of these 
effects was statistically significant 

Studies on effect of anoxic anoxia on goat blood 
sugar J Clifford Stickney, David W 
Northup and Edward J Van Liere Dept of 
Physiology, School of Medicine, West Virginia 
Univ , Morgantown 

Goats, 3 female and 1 castrate male, were 
studied in regard to blood sugar and hemoglobin 
m jugular vein samples drawn after a 24-hour fast 
under control conditions and before and after 
16-minute exposures at weekly intervals in a 
decompression chamber to a simulated altitude 
of 24,000 ft Blood sugar was determined color- 
imetencally on Somogyi-Shaffer-Hartmann fil- 
trates and hemoglobin by either the Sahli or the 
Andes-Northup colorimetric method The average 
control blood sugar in the 4 goats was 60 6 (range 
55-65) mg/100 ml The average rise m blood sugar 
produced in a total of 10 exposures of the 4 goats 
for 16 minutes at 24,000 ft was 40 1 (range 29 3- 
60 6) mg/100 ml , which was significant at less 
than the 1% level In 2 goats, exposures for 30 
minutes to 24,000 ft produced rises that were 
about i as great as for 16 minutes Elevations 
in hemoglobin concentration produced by the 
anoxia were, on the whole, small, and their aver- 
age, statistically, not significant 

Relation of vitamm Bub to vitamin Bu and the bi- 
ological activities of these compounds E L R^ 
Stokstad, T H Jukes, John A Brockman, 

J V Pierce* and H P Broquist* Lederle 
Labs Div American Cyanamid Company, Pearl 
River N Y 

Vitamin Bub has been isolated from a fermenta- 
tion product of Slreplomyces aureofaciens as a red 
crystalline compound which exhibits different 
absorption spectra than vitamin Bu Biological 
activities of vitamin Bu and Bus the same 
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for Lactobacillus Icichmannu and for chicks Catn- 
htic hydrogenation of vitamin Bn j iclded a com- 
pound which possessed the same ultraviolet, vis- 
ible and infrared absorption spectra and the same 
biological activities for chicks and L Ictchmannit 
as vitamin Bi-b These biological activities of the 
vitamin Bn reduction product, described here, 
are in marked contrast to those of vitamin Bj-^ 
also produced by the hydrogenation of vitamin 
Bn (IvAczKA, Wolf, and Folkers, J Avt Chcni 
Soc , 71 1514, 1049) Vitamin Bna was reported 
to be approMmately 10-30 % as active as Bn for 
L Icichviannu and 30% ns active for chicks 
Evidence has been obtained •which indicates that 
■vitamin Bn is involved in the mcthylation of 
homocystmc to methionine in the chick Chicks 
were placed on a ration composed of alcohol 
extracted soybean protein 25%, glucose 02 5%, 
cj'stine 0 2%, dimethylaminocthanol HCl, salts, 
com oil plus vitamins A, D, and E, inositol, 
calcium pantothenate, niacinamide, ribofla-vin, 
pyndoxme, thiamine, pteroylglutamic acid, and 
biotin On this diet, and in the presence of vita- 
nnn Bn, both homocystmc and methionine ■were 
found to give a grow Ih response In the absence 
of ■vitamin Bn, only methionine gave a response 
while homocj'stine was without effect 

Coronary dilator activity of l-(3',4'-dihydroxy- 
phenyl)-2-isopropylaminoethanol (Isnprel) and 
other N-alkyl horn ologues of epinephrine 0 0 
Stoland and D L Marchbanks * Dept of 
Physiology, Univ of Kansas, Lawrence 
The coronary flow was measured in dog heart- 
lung preparations and intact dogs The rate of 
outflow was measured by a bubble flo^wmeter 
between the coronary smus and the superior vena 
cava and the mflow by a flownneter between the 
carotid artery and a coronary artery Heart rate 
and blood pressures were simultaneously recorded 
Doses of Isuprel, which lower the blood pressure 
and mcrease the heart rate, produced a fairly 
consistent increase in the coronary flow in the 
vanous experiments tried Doses sufficient to 
cause coronary dilation markedly mcreased the 
heart rate m heart-lung preparations as well as 
intact animals The Isuprel was obtamed from the 
pharmacology department of Sterling-Wmthrop 
Research Insitute A M Lands and others have 
shown that this drug is a vasodilator and bron- 
chodilator The therapeutic value of Isuprel as a 
coronary dilator would seem to us to be counter- 
acted by the undesirable tachycardia which it 
develops 

Effect of Indione (3,3,5-tnmethyl oxazolidine- 
2.4-dione) on the oxygen uptake of motor and 
sensory cortex of dog brain H C Struck, 
El L Stuiipff* and R J Caffret * Dept of 


Physiology and Pharmacology, Creighton Untv 
School of Medicine, Omaha, Ncbr 
The effect of tridione on the oxygen uptake of 
dog cerebral cortex slices in Krebs-Ringer-Phos- 
phate solution (dextrose substrate) has been 
studied by the Warburg technic to determine 
wdiethcr any difference exists in the response of 
the two areas to this drug Dogs were stunned by 
a blow on the head, the brains removed within 2-3 ' 
minutes, and immediately placed in a moist-cold 
box A total of 136 slices were obtained from 
motor areas and a similar number from sensory 
areas of 14 dogs, approximate!}' equal numbers of 
slices being taken from each hemisphere Half of 
the slices from each dog were placed in Ringer’s 
solution, the other half in Ringer’s solution con- 
taining 0 035 M tndione per liter This concentra- 
tion has been calculated to be within the pharma- 
cologic range used in vivo Oxygen uptake of the 
slices was then followed for 2 hours at 38°C using 
oxygen ns the gas phase The mean inhibition of 
oxygen uptake of the motor cortex by tndione was 
9 3%, which IS highly significant statistically 
In contrast, the mean inhibition of all slices from 
the sensory cortex was 4 6%, approximately half 
that of the motor cortex This is not significant 
statistically These results indicate that the motor 
and sensory areas of the dog cortex differ in their 
response to this anticonvulsant drug 

Abnormal electrocardiograms of chickens pro- 
duced by potassium deficiency and effects of 
certain drugs on the abnormalities Paul D 
Sturkie Lab of Avian Physiology, Rutgers 
Untv , New Brunswick, N J 
Twenty-two White Leghorn chicks were placed 
on a potassium-deficient ration at 4 days of age 
Seven showed abnormal ECG’s after 10 to 12 days 
and ■wuthin 21 days most of them showed abnor- 
malities or were dead Seven chicks showed some 
form of Second degree AV block and 5 showed 
complete AV block Two exhibited SA block or 
smus slo^wing, one premature ventricular systoles 
and the diagnosis of twm was in doubt Some of 
the birds showed more than one abnormality 
Ten birds, 6 weeks of age, were placed on the 
K-deficient ration All of them showed abnormal 
ECG’s ■within 18 days and some as early as 10 
days Nme of the 10 birds showed m one or more 
of their ECG’s premature systoles One of the 
birds exhibited second degree AV block Eight 
young chicks and 3 older birds which showed 
abnormal ECG’s received diethylammoethanol 
intramuscularly The abnormalities mcluded sec- 
ond degree AV block, complete AV block, pre- 
mature systoles and possibly SA block or smus 
slowung In every case, the ECG’s reverted to 
normal Procaine was also administered intra- 
muscularly to 5 birds wuth abnormal ECG’s It 
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^vas effective m only one case Atropine sulfate 
vas effective in 4 cases out of 6 in reverting the 
ECG’s to normal 

Relative effectiveness of natural estrogens In 
stimulating early uterine growth Clara M 
SzEGO Dept of Zoology, Untv of Caltfomta, Los 
Angeles 

The relative effectiveness of estrone, estradiol 
and estriol in promoting early uterine growth has 
been determined in immature female rats after 
intraperitoneal injection, and in adult ovaricc- 
tomized females following intravenous adminis- 
tration of these compounds In both preparations 
the order of activity was estriol > estradiol > 
estrone In the immature rat, the relative effec- 
tiveness was as follow's moil estriol, 100, estradiol, 
39, estrone, 7, in saline estnol, 100, estradiol, 19, 
estrone, 2 4 These data contrast sharply with 
results obtained when other criteria of estrogenic 
activity are employed Thus, by the vaginal smear 
technique, estnol is the least active of the 3 natural 
estrogens The effectiveness of estrone and estra- 
diol by the uterine water method of assay ap- 
peared to be relatively independent of the vehicle 
used over the entire dosage range studied In 
contrast, estnol was found to be about 3 times 
more effective in stimulating the infantile rat 
uterus when administered m saline medium than 
in oil A significant response was obtained with 
0 003 ugm of estnol in saline/animal This ob- 
servation 18 in line with a) the relatively greater 
solubility of estnol in aqueous media, and b) 
the peculiar sensitivity of the infantile rat uterus 
to stimulation by this estrogen Application of 
these results to the assay of estrogens isolated 
from biological fluids is discussed 

In vitro and apparent m vivo solubility of acetylene 
Henry Longstreet Taylor and Carleton B 
Chapman * Lab of Phystologtcal Hygiene, Untv 
of Minnesota, Minneapolis 
It IS recognized that the acetylene method gives 
cardiac output values about 26% below those from 
th’ direct Pick catheterization method Since 
the theory of the foreign gas method has not been 
questioned, the discrepancy between these meth- 
ods must be related to acetylene solubility, re- 
circulation and effects of rebreathing Thirty-two 
measurements of acetylene solubility in human 
blood at 37 8°C and partial pressures of 7 4 to 
118 0 mm Hg were made The solubility of CtH* 
in blood at 37 8° C and 760 mm Hg was found to 
be 700 19 db 2 64 instead of the Grollman value of 
740 This changed solubility accounts for 5 % of 
the difference betw'een the two methods The 
recirculation error was evaluated with 19 simul- 
taneous determinations of C O by the catheteriza- 
tion and acetylene procedures Acetylene was 
deterimned in the mixed venous blood at inter- 


vals between 5 and 40 seconds of rebreathing and 
it was found that recirculation of acetylene ac- 
counts for another 5 % of the discrepancy It was 
further found that during rebreathing the artenal 
oxygen content increased bj 0 28 vol % Since it 
has been showm that venous oxj'gen saturation 
does not change during rebreathing, failure to 
allow for this introduces an error of not more 
than 7 % The apparent tn vivo solubility of 
acetjdene calculated by equating the corrected 
acetylene data with the catheterization output 
gives an apparent solubility of acetylene tn vivo 
which IS 10 % less than that tn vitro This dis- 
crepancy may be explained by a) a diffusions 
gradient between alveolar air and blood or b) 
failure to account for all the errors in the acetylene 
method 

Effect of polarization on conduction velocity of 
frog nerve and its modification by KCl Robert 
E Taylor (introduced by H A Blair) Dept 
of Physiology, Univ of Rochester, Rochester, N Y 
The effects of polarizing currents on the con- 
duction velocity of nerve have been investigated 
The most excitable A fibers of the sciatic-peroneal 
nerve of the frog were studied and measurements 
were made after the initial transient and before 
any appreciable long time effects of current flow 
had occurred Current, applied longitudinally 
and increasing linearly with distance for 6 cm 
along the nerve, results in an applied transverse 
membrane current which is virtually independent 
of distance except near the ends of the chamber, 
and produces a region of constant polarization 
about 3 cm long For any given amount of polar- 
izing current the velocity of conduction is con- 
stant throughout this region The curve of velocity 
versus polarizing current has its maximum at weak 
cathodal currents, falling away on either side 
until blocking occurs at about J the normal 
velocity Relief of KCl block by anodal polariza- 
tion does not restore the velocity to the normal 
unpolanzed value, but to about the value shown 
by normal nerve subjected to a comparable polar- 
ization The complete mathematical solutions for 
the usual core conductor model and for a saltatory 
model have been derived The steady state value 
of the membrane current in the midportion of the 
chamber is almost independent of distance, and 
completely independent of the membrane im- 
pedance in so far as it may be represented by a 
bnear passive netw ork 

Effect of section of the corpus callosum on expeH- 
mental convulsions R D Teasdall* and G 

Stavraky Dept of Physiology, Faculty of Medi- 
cine, Untv of Western Ontario, London, Canada 
It was previously shown that partial isolation 
of spinal neurones increases their irntabihty 
(Cannon, 1939, Stavraky, 1943, Drake and Slav- 



March 1950 


AMERICAN PHYSIOLOGICAL SOCIETY 


125 


^nk^, 1948, Tcisdnll nnd Stfivrakv, 1948, cl al) 
It seemed interesting to ascertain whether partial 
denervation would have the same effect on the 
highest levels of the central nervous sjstcm 
With this in mind, in 20 cats the corpus callosum 
was asepticallj cut nnd after recovers from 
operation the animals were pcnodicnlI\ convulsed 
\nth metrnzol Beginning 6-9 months after the 
operation the threshold of the animals to con- 
\Tilsant doses of metrnzol was diminished by 20 
to 50% and the convulsue pattern was altered 
in a characteristic wn^ In normal cats mctrazol 
produces a clomc-tonic-clonic convulsive se- 
quence This sequence w ns maintained after section 
of the corpus callosum but the duration and the 
seienty of the clonic phases of the convulsion was 
greatly increased After 4 months of weekly in- 
jections of metrazol the corpus callotomizcd ani- 
mals became partiallj refractor} to small doses 
of both metrazol and acetylcholine, this depressed 
state lasting for about 3 months The sensitivity 
of normal control cats became increased instead 
of being depressed after a similar 4 month period 
of weekl} injections of metrazol The observed 
changes m the susceptibilit} to metrazol and to 
acetylcholine convulsions nnd m the convulsive 
pattern which occurs after section of the corpus 
callosum are attributed to the sensitization of the 
cerebral cortical neurones, which taken place 
following section and degeneration of the com- 
nuBural fibres joining the cerebral hemispheres 

Effects of purified hypophysial gonadotrophins 
on the cholesterol ester content of rat testis 
Jat Tepperuan, Helen M Tepperman* and 
Janet M Dewitt Dept of Pharmacology, Syra- 
cuse Untv College of Medicine, Syracuse, N Y 
In a previous study {Endocrinology 41 187, 

1947) it was shown that mjection of mixed gonado- 
trophms of sheep pituitary origin (Gonadophysm, 
Searle) resulted in an increase in testis cholesterol 
ester per 100 gm of rat A commercial chorionic 
gonadotrophin (Follutein, Squibb) was without 
effect on this parameter m untreated rats, but m 
Gonadophysm primed animals Follutein mjections 
produced a reduction in testis cholesterol ester m 
association with enhanced androgen production 
The suggestion was made that some constituent of 
Gonadophysm, possibly FSH, was responsible for 
the cholesterol ester mcrease On the basis of 
studies with purified hjqiophysial gonadotrophms 
(prepared by MeShan and Mey er) it is now possi- 
ble to state that FSH has no apparent effect on the 
absolute amount of testis cholesterol ester whereas 
two purified pituitary LH preparations have con- 
sistently yielded the type of cholesterol ester in- 
crease seen following Gonadoph} sin administra- 
tion These studies were made on intact weanling 
rats as well as on male rats implanted with stil- 


bcstrol pellets according to the technique of 
Nalbandov and Baum (Endocrinology 43 37, 1948) 

Temperature and convulsive activity Paul Tes- 
cuan* and E Gellhorn Lab of Neurophysi- 
ology, Dept of Physiology, Untv of Minnesota, 
Minneapolis 

The effect of heating a part of the cerebral cor- 
tex w ns studied comparatively on convulsive and 
nonconvulsive cortical areas of the cat The ani- 
mals were anesthetized with dial-urethane and 
the convulsive potentials were induced by topical 
application of picrotoxin Results were as follows 
1) Convulsive potentials disappear at a lower 
temperature ( in experiments involving progres- 
sively increasing temperatures) or earlier (m 
experiments in which the elevated temperature 
was kept constant) than normal potentials Before 
the spike potentials disappear they show m most 
experiments a progressive decrease in amplitude 
and frequency This increased sensitivity of the 
convulsive neuron is thought to be the result of the 
combined action of increased temperature and 
convulsive activity on the metabolism of the 
neuron This interpretation accounts for the great 
similarity between these expenments and the 
earlier work of Gellhorn and Heymans on the 
action of anoxia on convulsive potentials 2) 
under the combined effect of elevated temperature 
and topically" induced convulsive activity (A) 
more neurons are damaged than under the in- 
fluence of heat on normal neurons (B) This is 
indicated by the fact that on recovery the ampli- 
tude of the remaming normal potentials is much 
less under A than under B and also that applica- 
tion of a convulsant drug after heating evokes 
spikes of higher amplitude and frequency under 
B than under A S) Repeated heatmg at short 
intervals to a moderately increased temperature 
(44—46°) 18 accompanied by a marked increase in 
frequency of convulsive discharges with each 
heatmg However, this excitatory effect declines 
gradually as does the amplitude of the spike 
potentials 

Discrimination of weights by men with pene- 
trating lesions of parietal lobes Hans-Lukas 
Teuber*, Morris B Bender and William S 
Battersbt * Peychophy Biological Lab , Dept of 
Neurology, New York Untv , College of Medicine, 
New York City 

Ability to judge lifted weights was analyzed m 
16 men with history, surgical and x-ray evidence 
of loss of brain substance in the parietal regions 
These men were drawn at random from a list of 250 
veterans of World War H wrth gunshot wounds of 
the brain Discrimination of weights was tested 
by the method of constant stimuli Each subject 
compared a standard weight wnth another weight 
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by successive lifting with the unsupported hand 
Twenty different w'eights were used Thresholds 
of discrimination based on a mmimum of 200 
judgments were obtained separately for right and 
left hand Results showed that ability to judge 
lifted weights may be unimpaired in men with 
trauma of parietal regions, as long as there are no 
signs of motor deficit That is, thresholds ob- 
tained separately for the hand contralateral to the 
cerebral lesion were not significantly different from 
thresholds obtamed for the other hand, nor were 
they different from thresholds obtained in normal 
controls This was true even for cases in which 
other somatosensory functions, such as two point 
discrimination, were found to be impaired on the 
side opposite to the trauma However, thresholds 
based on simultaneous lifting of one weight in 
each hand w^ere significantly different from those 
obtained in normal eontrols Under these con- 
ditions, the patients consistently underestimated 
the weight held in the affected hand The signifi- 
cance of these results for theones of sensorimotor 
fimction is discussed 

Semi-automatic recording of electrical skin re- 
sistance patterns Price E Thomas* and Irvin 
M Korr Ktrkstnlle College of Osleopathy and 
Surgery, Ktrksvtlle, Mo 

In recent years electrical skin resistance (ESR) 
explorations have found considerable application 
in experimental and clinical investigation In our 
laboratories ESR patterns on the human trunk 
have been segmentally correlated with other fac- 
tors {Federation Proc 7 67, 1948, 8 87, 1949) 
The simple device herein described permits rapid, 
almost automatic explorations, wnth photographic 
recording of the ESR patterns, and eliminates 
many artefacts inherent in ‘hand’ exploration 
The needle movement of a modified microam- 
meter is used to actuate the variable arm of an 
electrolytic rheostat The current passed by this 
circuit IS of sufficient magnitude (0— 800 ma AC) 
to vary the brightness of a 6V lamp proportion- 
ately to the microammeter readings (0-60 na ) 
The bulb is housed over the exploring (roller) 
electrode and illuminates a rectangle identical in 
size and shape with the area of electrode contact 
This assembly, supported from a rail, is pro- 
pelled in the long axis of the body by a constant- 
speed motor At the end of each stnp the assembly 
IS moved laterally the wndth of the electrode by 
means of a pawl and notch arrangement, and the 
motor IS reversed for the next stnp The explora- 
tions are conducted in a dimly illuminated room 
wuth camera-shutter open throughout Thus, strips 
of light are photographed which vary in brightness 
according to ESR variation in corresponding 
strips of skin An outline of the subject’s body and 
any bony landmarks previously marked on his 


skin, appear on the same film in accurate relation 
to the record A calibration strip is also recorded 

Functional connections between hypothalamus 
and medulla W C Thompson* and L M N 
Bach Depts of Physiology and Psychiatry and 
Neurology, Tulane Untv School of Medicine, 
New Orleans, La 

Studies were carried out on the effects of medul- 
lary lesions upon hypothalamically induced alter- 
ations in blood pressure, respiration, and knee 
jerk Cats, anesthetized wuth sodium pentobar- 
bital (Nembutal), were stimulated by electrodes 
oriented stereotaxically in the postenor hypo- 
thalamus Lesions were placed m various parts of 
the medullary reticular formation by stereotaxi- 
cally directed electrodes in an attempt to alter 
the recorded responses Several points in the mid- 
brain and posterior hypothalamus were mapped 
which, when stimulated, usually produced simul- 
taneous enhancement or depression of blood pres- 
sure, respiration, and the knee-jerk Stimulation 
of the medial inhibitorj reticular formation of the 
medulla contraverted the usual vasopressor re 
sponse resulting from simultaneous stimulation 
of the posterior hj pothalamus in a consistent but 
limited fashion Lesions placed m the medial 
inhibitory reticular formation of the medulla 
caused enhancement of the hypothalamically in- 
duced effects on the 3 functions whereas when the 
intactness of the lateral facilitatory reticular 
formation was destroyed, the hypothalamically 
induced enhancement was depressed or abolished 
These results indicate that the hypothalamic 
facilitation or inhibition of the knee-jerk acts m a 
parallel manner on blood pressure and respiration 
and that these effects are mediated by the lateral 
facilitatory reticular formation and the medial 
inhibitory reticular formation of the bulb re- 
spectively 

On electrically induced optical and structural 
changes in certain nerves and Elodea cells 
Julian M Tobias and Sidney Solomon * Dept 
of Physiology , Univ of Chicago, Chicago, III 
Whole nerve polarization (continued or tetanic) 
(crayfish, lobster, frog) causes anodal shrinkage, 
increased opacity and probably increased rigidity, 
and cathodally causes swelling, increased trans 
parency and increased surface stickiness These 
changes are reversible, re-reversible etc , slowly 
on standing and more rapidly following polarity 
reversal The phenomenon, though visible, has 
been photometrically objectivized and quantified 
It occurs with either platinum or non-polanzable, 
wick electrodes, with the nerve m mmeral oi , 
Ringer or moist air As opacity increases anodally, 
light scattenng also increases there, suggesting 
particle or fiber size change Calcium ion excess 
inhibits, and potassium ion excess may accentuate 
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the electrically induced change Calcium ion c\- 
cess, independent^ of any impressed electrical 
field, increases nerve opacity whereas potassium 
ion seems to increase transparencj There is 
evidence that nerve nater moves toward the 
cathode Polar peculiar changes in size and con- 
figuration are also seen in single frog nerve axones 
Experiments are in progress to determine the 
relationship, if anj , of these phenomena to propa- 
gated impulses Measurements of changes in nerve 
viscosity as a function of activity are also being 
made, in terms of damping of high frequency 
sound transmitted along the nerve long axis (col- 
laborating -with William Fry and Frank Fry, 
Dept of Electrical Engineering, Univ of Il- 
linois) Using Brownian movement as a viscosity 
measure, it has been found that polarization in- 
creases viscosity of the hj aline, cvtoplasmic ma- 
trix in Elodea cells, anodallv This change too is 
reversible It is felt that these findings may reflect 
changes in protoplasmic structure which underlie 
excitation 

Distribntion and assay of inhibitors and accelera- 
tors of blood coagulation in extracts of organs of 
normal and hemophilic man L M Tocantins 
ANO R T Carroll * Dept of Medicine, Jeffer- 
son Med College, Philadelphia, Pmna 
Portions of tissues removed from the bodies of 
the 2 subjects within 2 hours after death, were 
washed free of blood and dried with acetone The 
powders from each organ were extracted in pairs 
(one normal and one hemophilic) with absolute 
methanol, ethyl ether or 0 85% NaCl and the 
respective extracts were assayed agamst standard 
human brain thromboplastm, cephalm, thrombin 
and lipid antithromboplastin preparations, using 
usmg silicone contactmg surfaces and stable nor- 
mal human plasma as substrate The relative 
content of antithromboplastin m the tissues from 
both subjects was m the foUowmg order brain 
(highest), adrenal, liver, spleen, lung, heart, ton- 
guek, kidney, pancreas, skeletal muscle, testes, 
duodenum, pituitary^, colon, diaphragm, thyroid, 
skm (lowest) Chief differences m antithrombo- 
plastin content (units gm of tissue) between 
normal and hemophilic tissues Testes normal 25, 
hemophihc 59 , skeletal muscle normal 37 , hemo- 
philic 56 , Brain normal 1145 , hemophilic 1644 , 
Heart normal 72 , hemophilic 93 All hemophilic 
tissues assayed greater unitage of antithrombo- 
plastm than normal tissues, excepting the lung, 
m which the difference between the 2 extracts was 
non-Bigmficant The most potent thromboplastins 
were obtained from saline extracts of brain Lung 
and kidney extracts n ere less potent Extracts of 
these hemophilic organs had essentially the same 
thromboplastic activiti ns those of normal organs 
Normal skeletal muscle behai ed as thrombo- 


plastin, while hemophilic skeletal muscle had 
anti thromboplastin, but no thromboplastin activ- 
ity Cephalm fractions extracted from brain and 
lung of the 2 subjects had about equal potency as 
clot accelerators Antithrombins were found in 
normal and hemophilic testes and in normal 
pancreas 

Effect of lymphatic necrosis on neuro-muscular 
function (action potential, acetylcholine syn- 
thesis) of hypophysectomized animals Clara 
Torda and Harold G Wolff New York Hos- 
pital, Kingsbridge Hospital (FA), and Depts 
of Medicine and Psychiatry, Cornell Umv Med 
College, New York City 

In the absence of the adrenocorticotrophic 
hormone of the pituitary gland (ACTH) in hy- 
pophysectomized animals the neuro-muscular 
function is impaired Two measurable compo- 
nents of this dysfunction are a decline of action 
potential during repetitive stimulation of the 
nerve and a decrease of acetylcholine synthesis 
Both the action potential and the acetylcholme 
synthesis return to normal during the injection of 
ACTH to hypophysectomized animals Smee the 
decline of action potential and acetylcholine syn- 
thesis found in myasthenia gravis can be counter- 
acted by either administration of ACTH or re- 
moval of the thymus it became of interest to 
investigate whether removal of lymphoid tissue 
of hypophysectomized animals restores the func- 
tion of the neuro-muscular system to normal 
Hypophysectomized rats were either injected with 
nitrogen mustard or exposed to x-ray treatment 
After significant necrosis of the lymphoid tissue 
occurred action potential measurements and ace- 
tylcholine synthesis tests were performed Necro- 
sis of the lymphoid tissue did not restore the ac- 
tion potential and the acetylcholine synthesis to 
normal levels Although the possibility that the 
negative results are the outcome of general de- 
bilitation due to combmed hypophysectomy and 
mtrogen mustard and x-ray treatment cannot be 
excluded, the results suggest that the effect of 
ACTH m restonng the neuromuscular function of 
hypophysectomized animals is due to a mecha- 
nism other than a simple reduction of the mass of 
lymphatic tissue 

Effect of altered breakfast habits on physiologic 
response W W Tuttle and Kate Daum * 
Depts of Physiology and Nutrition, Stale Univ 
of Iowa, Iowa City 

An experiment involving 10 women was per- 
formed to show the effects of various breakfast 
patterns on physiologic response The subjects 
lived in a Umversity dormitory and ate all their 
meals in the hospital dining room supemsed by 
the Department of Nutrition The breakfast pat- 
terns employed were 1) basic breakfast repre- 
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Bentmg approximatelj^ one-fourth the total daily 
caloric requirement (600 Cal ), S) light breakfast 
(270 Cal ), S) heavy breakfast (1000 Cal ) and 4) 
‘no breakfast ’ Responses studied were 1) neuro- 
muscular tremor magnitude, S) capacity to do 
work, S) choice reaction time and 4) strength 
endurance Each breakfast pattern lasted 5 weeks 
Comparison of data collected twice w^eekly for each 
breakfast pattern justified the following con- 
clusions No differentiation by way of tremor 
magnitude, capacity to do work, choice reaction 
tune or strength endurance could be established 
following regular consumption of heavy and light 
breakfasts respectively, of ordmarj' breakfast 
items In comparison with omission of breakfast, 
consumption of a 600 Cal breakfast consisting of 
frmt, breakfast cereal, milk, sugar, toast and 
butter resulted in a significant reduction of tremor 
magnitude in all cases, choice reaction time in 60% 
of the cases and an increase in maximum work 
output in 80% of the cases during the period when 
food was consumed at breakfast time Strength 
endurance was unaffected 

Effect of water diuresis on electrolyte excretion in 
normal man John R Urbach, M D Phelps, 
WiLUAJi A Steiger, Harry Gold and Sam- 
uel Bellet (introduced by Paul R Dumke) 
ffeari Station, Philadelphia General Hospital and 
the Robinette Foundation, Univ of Pennsylvania, 
Philadelphia 

Reports on the effect of water diuresis on ex- 
cretion of urinary solutes conflict Upon rein- 
vestigation significant changes were found Pre- 
limmary work w^as done on dogs, definitive ex- 
perimentation on 3 normal humans Endogenous 
creatinine clearances were obtamed as relative 
measure of glomerular filtration, since exogenous 
clearance techniques exerted effects of their owm 
Creatinme, chloride, phosphate, urea, COj con- 
tent, sodium, and potassium determmations w'ere 
done on blood and unne, pn on urme only After 
several control periods, diuresis was induced wnth 
distilled water (60 cc/kg ) by stomach tube, and 
excretion of these constituents measured at reg- 
ular mtervals Glomerular filtration varied only 
slightly and small variations in plasma concentra- 
tion of solutes did not influence their excretion 
Total COj excretion was directly proportional to 
urine flow (each expressed as clearance ratios), 
with high statistical correlation (r = 0 846) 
Since pn did not vary with diuresis or CO- ex- 
cretion, the bicarbonate fraction also increased, 
but neither sodium nor potassium rose concom- 
itantly Sodium and chloride excretion paralleled 
each other but did not appear to be related to any 
other factor Potassium excretion also varied, and 
U/P ratios below one were obtamed, but again no 
constant correlation wnth any other variable could 


be found Urea clearance remained constant in 2 
human experiments, and varied markedly in the 
3rd Phosphate excretion did notvarysigmficantly 

Effect of acclimatization on motility of small 
intestine during anoxia Edward J Van Liehe, 
J Clifford Sticknet and David W Nohthup 
Dept of Physiology, West Virginia Umv School 
of Medicine, Morgantown 

It has been shown m our laboratory that the 
propulsive motility of the small intestme in rats 
IS decreased by anoxic anoxia It was reasoned 
that if rats were acclimatized to low oxygen ten- 
sions, exposure to altitude would no longer pro 
duce this effect A group of 17 albino rats was 
acclimatized by^ subjecting them for 3 hours, on 
the average, each day to a pressure of 303 mm 
Hg (simulated altitude of 24,000 ft ) , 8 were ex- 
posed for 26 and 9 for 62 day s These acclimated 
rats were paired wnth normal rats (unncchmated) 
which were as nearly alike in weight and age as 
possible They were fasted for 24 hours A pair 
of these rats w as given 2 cc of a charcoal-acacia 
mixture by stomach tube After allowing 10 
minutes for some of this material to enter the 
small intestine, both rats were placed m a low- 
pressure chamber at a pressure of 254 mm Hg 
(simulated altitude of 28,000 ft ) At the end of 
30 minutes they' w ere removed from the chamber 
and decapitated The small intestine was re- 
moved, slit open and the distance the charcoal 
had traversed it measured It was observed that 
the propulsive motility' was significantly less in 
the unacclimatized than in the acclimatized ani- 
mals This was interpreted to mean that the effect 
of anoxic anoxia on the propulsive motility of the 
small intestine could be used as another cntenon 
for acclimatization 

Metabolism of 1'“ during acute adaptation to 
anoxia Lester Van Middlesworth Dept of 
Physiology, Univ of Tennessee College of Medi- 
cine, Memphis 

Rats fed a stock diet and a low iodide diet have 
been rapidly' adapted to severe anoxia by' exposure 
to 268 mm Hg barometric pressure (equivalent 
27,000 ft altitude) at 11-14°C for 2-A hours After 
this exposure the low iodide rats were mjected 
mtraperitoneally with 10 microcunes of earner- 
free The barometric pressure was then re 
duced to 177 mm Hg (equivalent 35,000 ft alti- 
tude) for 8-12 hours Urine collections were made 
throughout the exposure The animals were then 
returned to sea level, blood samples withdrawn and 
thy'roid glands excised Plasma protems were 
precipitated with BaOH — ZnSO^ reagents and the 
radioactivity' of precipitate and filtrate determined 
separately The thy roid glands were digested 
in 2 N NaOH and an aliquot was analy'zed for I”‘ 
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■nliile another aliquot uas neutralized, e\tracted 
with normal butyl alcohol and the alcohol aolu- 
tion submitted to 2-dimen8ional paper chroma- 
tograph}'' inth 2,4,6 collidine-2,4 lutidine — nater 
and but 3 d alcohol — ammonium hj"dro\ide solvent 
nuxtures Suitable sea level control rats were 
similarlj’’ studied with P’* Animals adapted to 
severe anoxia demonstrated less than 2% of plasma 
in protem-bound fraction, vhile 20-30% of 
plasma radioactmtj’' vas in the protein-bound 
fraction of controls The th}’'roid glands of the 
anoxic series contained only i as much radio- 
activit}^ as controls Radioautographs of the paper 
chromatograms demonstrated at least 7 radio- 
active compounds in the anoxic thjToid h3’^droly- 
sates, but the quantity of all these compounds 
appeared to be less than that shoira in similar 
chromatograms made from th 3 roids of control 
rats 

Protein metabolism of fracture callus and muscle 
trauma studied with radioactive methionine 
Lester Van IMiddlesworth Dept of Physi- 
ology, Umv of Tennessee, Memphis 
Rats on a high and a low protein diet (27% and 
8% casein, respective^O were subjected to stand- 
ard fractures of one fibula and a 1 5-inch incision 
produced and sutured in the abdommal muscu- 
lature After 7 da 3 's 7 mg of radioactive 
methionine (4 \ 10’ counts/nun ), furnished by 
D L Tabern of Abbott Laboratories, was in- 
jected intraperitoneally After 4 additional days 
the animals were killed Anal 3 ^e 8 were made for 
radioactive sulfur and for nitrogen m the muscle 
scar, normal muscle, fracture callus and normal 
fibula Results were then expressed as S’*/N 
The S”/N in normal tissues of the low protein 
animals was 1 5 to 3 3 times greater than in rats 
on the high protein diet This is possibly referable 
to the isotope dilution offered by greater methio- 
mne content of the high protem diet Muscle 
trauma had healed veil in high and low protem 
groups Muscle trauma of the low protein cases 
showed twice the concentration of S“ shown by 
normal muscle tissue of low protein rats However, 
the high protem rats showed no localization of 
S*^ m the muscle scar tissue Fracture healing 
was quite different, the high protem rats had 10 
tunes more S’® m the fracture callus than in un- 
fractured fibula and the callus was veil formed 
The low protem animals showed negligible healing 
of the fracture and no localization of S’® in the 
fracture scar It therefore appears as though more 
dietar 3 ’' protein was necessar 3 '' for healing of the 
bone fracture than for healing muscle trauma 

Acceleration of growth with early sexual develop- 
ment in the female monkey (Macaca mulatto') 
G IAN Wagenen Dept of Obstetrics and Gyne- 


cology, Yale Univ School of Medicine, New 
Haven, Conn 

Androgen treatment of the 3 0 ung male rhesus 
monke 3 '’ induced early bone union of the skeleton, 
an increase in muscular development and pre- 
cocious spermatogenesis (van Wagenen, Federa- 
tion Proc 6 219, 1947) It has nov been possible 
to double the grov th rate and reduce, by half, the 
age of the 3 oung female monke 3 ’^ at time of 
menarche (first menstruation) In a monkey 
colon 3 ’' of 5 generations, the average age at 
menarche is about tvm years, vhen the weight is 
around 3500 grams Crystalline testosterone pro- 
pionate dissolved in vegetable oil was given 
intramuscularly to two 3 'oung monke 3 'S weighing 
1410 and 1600 grams The dosage was 7 5 
mg/kg/week Injections began at 5 months, in- 
ducing an immediate rise from the normal curves 
for bod 3 ''-w eight and length At one 3 ''ear the 
treated animals reached the weight and length of 
two- 3 'ear-olds and menarche occurred exactly at 
the end of a year in one animal and at one 3 ’’ear, 
19 da 3 ’’s in the other Androgen was then discon- 
tinued This was a true beginning of sexual 
maturity and not just a spurious bleedmg because 
6 and 7 menstrual cj’-cles, irregular as t 3 q)ical of 
adolescence, have followed, accompanied b 3 ’’ the 
external skin changes characteristic of the ma- 
turmg monkey This great augmentation of growth 
wnth differentiation has not been anal 3 ''zed One 
IS inclined to interpret it as a generalized increase 
in protein anabolism brought about by the nitro- 
gen and salt retention effect of the hormone but 
the release of hypophj^seal hormones or some 
other intervenmg mechanism maj’’ be involved 

Sensitivity of x-rayed animals to infusion of 
histamine, adenosine and trypsin K D 
Venters* and E E Painter Umv of Illinois, 
College of Medicine, Chicago, HI 
Control and x-rayed rabbits and dogs given an 
LD 60 dosage have been infused in the manner 
described previously (Federation Proc 7 90, 1948) 
and ‘threshold values’ have been established for 
exogenous histamine, adenosine and tr 3 'psin It 
appears that sensitivity of rabbits to adenosine is 
not mcreased after radiation, but 8 ensitivit 3 to 
histamine increases markedly Maximal changes 
in sen 8 itivit 3 '’ are directly correlated with other 
physiological findings occurring at the same time 
after radiation and must be a function of damage 
of tissue Marked susceptibility' of x-ray ed rabbits 
to trypsin has made it impossible to record changes 
wnth this substance It is apparent from the table 
below that dogs show their maximal increase in 
sensitivity to all 3 substances (approxiimtcK 
50% change) at 2-2J hours after x radiation 
These findmgs are correlated exacth in time wnth 
the mam clinical sign of \omitiiig in the dog 
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Our studies suggest that more than one breakdovm 
product may be involved in the early biochemical 
disturbance to account for the sjTnptoms of 
radiation sickness 


Threshold Values for Maintaining 6 8 mm Hg 
Drop in Blood Pressure 


Control rabbits 

Post radiation in hours 

1 1 

U 

2 

2i 

3 




tigmlkg/mtn 


Histaimne 

6 7 (14) 

7 0 

3 1 

2 0 

2 2 

2 7 

Adenosine 

111 2 (12) 

119 0 

192 0 

208 0 

281 0 

188 0 

Trypsin 

107 0 (10) 

N 0 threshold could be estab- 



lished after radiation 

Control dogs 

Post radiation 



1 

ugm/kg/min 


Histamine 

1 2 (17) 

1 0 

0 6 

0 5 

0 4 

1 1 

Adenosine 

120 4 (21) 

94 0 

81 2 

81 4 

93 0 

118 0 

Trypsin 

113 2 (16) 

|96 0 

89 0 

56 3 

49 3 

73 0 


Anti-ulcer action of estrogen in experimental 
animals Frink E Visschek and Adrian P 
Tazelaab * Labs of the Upjohn Company, Dept 
of Pharmacology and Endocrinology, Kalamazoo, 
Mich 

The incidence of peptic ulcer is greater in men 
than in women by a factor of about four, while in 
human pregnancy peptic ulcer is rarely, if ever, 
seen These observations suggest that estrogen 
may have an anti-ulcer action Such action has 
been demonstrated m two experiments on starva- 
tion ulcers in male rats The degree of rumenal 
ulceration was greater in groups of 8 male rats 
receivmg, as pre-treatment, subcutaneous injec- 
tions of estrone, 200 7 m an aqueous suspension 
per week for three weeks The anti-ulcer action 
was not evident at 40 7 estrone per week nor with 
200 7 estrone and 2 mg progesterone in combined 
dosage, per week Rats showing anti-ulcer action 
of estrogen grew less rapidly as compared with 
control rats and with rats not benefitted by 
estrogen Results of paired feedmg experiments 
on rata receiving 200 7 estrone per week, and 
results with other estrogens mil be reported 

Subharmonics generated in ears of humans and 
animals at intense sound levels Henninq E 
VON Gierke (mtroduced by H 0 Parrack) 
Aero Med Lab , Air Materiel Command, Wright- 
Patterson Air Force Base, Dayton, Ohio 
Subjective imdertones have never been found 
at usual sound levels although many investigators 
searched for them We discovered that subhar- 
monics are heard by subjects exposed to sound 
mtensities above 140 db ref 0 0002 djmes/cm* 


The frequency of the subharmonic v.as exactlj' 
one-half the frequency of the stimulating signal 
and its loudness was 70 db below an exposure 
signal of 9 Kcps The subharmomc was radiated 
from the subject’s eardrum and its level measured 
outside the auditorj canal was 60 db below the 
stimulating signal This proves the subharmomc 
is generated mechanicallj in the middle ear 
Other tones, lower in pitch and loudness, were 
sometimes heard Discomfort and possible hazard 
to hearing limited observations on humans to 
2 frequencies From the ears of anesthetized 
guinea pigs subharmonics were radiated at ex- 
posure frequencies from 3 5 to 23 Kcps Other 
sounds, sometimes not harmonically related to 
the fundamental, were observed at frequencies 
and intensities below the subharmomc A sub- 
harmonic becomes measurable at the gumea pig 
ear at an exposure level of 95 db at 9 Kcps and is 
50 db below the fundamental With mcreasing 
exposure level the subharmomc increases more 
rapidly, becomes unstable or interrupted above 
115 db exposure level, and becomes a crackling or 
fluttering noise above 135 db Subharmonics have 
also been produced by the ears of rats, cats, and 
dogs These observations may be important to 
theones of middle ear mechanics and to an ex- 
planation of the behanor of the human ear in 
intense sound fields 

Conduction velocity of ulnar nerve in human sub- 
jects of different ages and sizes Irving H 
Wagiian and Henry Lesse * Dept of Physi- 
ology, Jefferson Med College of Philadelphia, 
Philadelphia, Penna 

Conduction velocity measurements of the most 
rapidly conducting ulnar nerve fibers supplying 
muscles of the hypothenar euunence were made 
on human subjects whose ages ranged from 3 to 80 
years The measurements were made by recordmg 
muscle action potentials obtained by percutaneous 
stimulation of the nerve at two pomts, namely, 
the wrist and the elbow Results show that the 
maximum velocity of these nerve fibers found in 
adults (average = 59 meters/sec for a group 
rangmg in age from 20 to 35 years) is attamed as 
early as the third year of life This bears out 
histological studies of Rexed {Acta Psych Neurol 
Svppl 33, 1944) who showed that in the human 
the ventral roots reach full development between 
the ages of 2 and 5 years From the present func 
tional measurements, it is shown that the time 
consumed by the motor impulse m traveling from 
the spinal cord to the periphery mcreases as the 
individual grows It is also demonstrated that 
this time utilized by the motor impulse is less m 
small than in large individuals of the same age. 

As a consequence similar considerations may hoi 
true for total reflex time The present analysis 
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points to the size of the indiviclml as the mam 
factor determining the relations discussed here 
However, from a limited number of measurements 
obtained on persons past 60 jears of age, it seems 
that there may be a slowing of conduction ve- 
lociti m old age and, therefore, a resultant 
lengthening of reflex time 

Interruption of bulbocapnine catalepsj In rats by 
environmental stress Henri N Wagner, Jr 
AND James W Woods (introduced bj Curt P 
Richter) Psychobiological Lab , PInpps Psy- 
chiatric Clinic, and (he Dept of Physiology, 
Johns Hophins School of Medicine, Ballimorc, 
Md 

Since 1910 considerable attention has been fo- 
cused upon the effects of the drug, bulbocapnine, 
which expenmentallv produces in animals prac- 
tically all of the motor manifestations seen in 
human catatonia Several studies have been made 
in this laboratory to determine by what means the 
catalepsy of bulbocapnine can be abolished, wath 
the hope that the information obtained might be 
of therapeutic importance to man Previous 
studies by one of us have showm that, although 
cataleptic as a result of injection of bulbocapnine, 
monkeys, cats and rats remain alert to sensory 
stimuli of all types, vision and hearing in par- 
ticular have been studied with the use of condi- 
tioned galvanic skin responses The ammals thus 
are in rapport wnth their environment but are 
unable to move In this respect the ammals under 
bulbocapnine resemble human catatonic patients, 
m whom a rapport wnth their environment has 
frequently been demonstrated In this report we 
have described the finding that various stressful 
environmental factors, namely, intensive auditory 
stimulation, electnc shocking in a situation which 
results in vicious fighting, and the immersion of 
the animals in deep water, result in a transient 
but complete disappearance of the cataleptic 
state During the periods of stress, most of 
may be considered life-threatenmg situations, 
the rats behaved in a manner indistinguishable 
from that of normal animals under the same 
circumstances 

Effects of dicnmarol on peripheral circulation in 
patients with vascular disease Khalil G 
W ^KiM, Martin S Kleckner, Jr ,♦ Nelson 
W Barker* and W vlter F Kv vle * (with 
the technical assistance of Adrien N Porter*) 
Mayo Clinic, Rochester, Minn 
From their experimental work on animals and 
on the empty beating heart, Gilbert and Nalefski 
{Proc Central Soc Chn Research 21 5, 194S) 
concluded that dicumarol has a definite effect 
on blood flow and that the favorable results in 
cases of coronarj occlusion are pnmarilj due to 


the action of dicumarol in increasing the coronary 
blood flow We are studying by means of the 
venous occlusion pleth} smograph with the com- 
pensating spirometer recorder and by use of 
cutaneous thermocouples the effects of dicumarol 
on the skin temperature and on the blood flow 
in the extremities of patients who are receiving 
the drug for anticoagulant therapy After the 
establishment of controls, dicumarol is admin- 
istered orally m therapeutic doses for several 
dajs, during which blood flow and cutaneous 
temperatures are recorded and compared with the 
control values So far, our findings in 5 cases of 
arteriosclerosis obliterans consistently indicate 
that even though dicumarol produces a significant 
prolongation in the plasma prothrombin time, the 
accompanying changes in cutaneous temperatures 
over several regions of the body and in blood flow 
in the upper extremities are insignificant How- 
ever, there was a slight but statistically significant 
reduction rather than increase in blood flow in 
the lower extremities 

Effect of epinephnne and nor-epinephrine on 
whole blood coagulation Jerome M Waldron 
(introduced by I J Pincus) Dept of Physi- 
ology, Jefferson Med College, and Division of 
Medicine, Pennsylvania Hospital, Philadelphia 
Previous investigators have stated that epi- 
nephrine tn VIVO accelerates whole blood coagula- 
tion but that epmephnne in intro had no effect 
on blood coagulation All of these mvestigations 
had been performed in glass tubes This problem 
was remvestigated by measuring the coagulation 
time of fresh whole blood in collodion Imed tubes 
Verj'^ dilute solutions of epmephnne were added 
in vitro or mjected intravenously In addition, 
the effect of nor-epinephnne in vitro and in vivo 
on the coagulation time of fresh whole blood was 
mvestigated Both epmephnne and nor-epmeph- 
rine in vitro accelerate the coagulation time of 
human and canme fresh whole blood A dilute 
solution of nor-epmephnne when injected intra- 
venously in dogs also accelerates the coagulation 
tune The adrenolytic drug, pipendylmethyl ben- 
zodioxane, when added tn vitro inhibits both the 
in vitro and in vivo clot -accelerating effect of 
epinephrine and nor-epmephnne Pipendylmethyl 
benzodioxane does not prolong blood coagulation 
when added to whole blood in vitro This fact 
together with its effect on the coagulation of blood 
to which epmephnne or nor-epmephnne has been 
added in mfro or tn tni'o indicates that its action 
18 directly against these sympathomimetic com- 
pounds Furthermore it suggests that the accel- 
erating effect of these sympathomimetic com- 
pounds on whole blood coagulation is one similar 
to a cataljst and not due to a change in (he 
reacting compounds 
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Relation of quick stretch and twitch response in 
skeletal muscle Sheppabd M Walker Dept 
of Physiology, Univ of Louisville School of 
Medicine, Louisville, Ky 

The in situ tnceps surae of male rats weighing 
150 to 200 gm and the isolated sartonus muscle 
of the frog were arranged for optical recording 
with an isometric lever The frog muscle was 
stimulated directly and the rat muscle was stimu- 
lated through the cut sciatic nerve The muscle 
was stretched by displacement of the fixed end 
with a strong spring Observations nere made on 
muscle at initial lengths varying from 20% below 
to 20% above the length required for a maximal 
twitch At lengths equal or above that required 
for a maximal tmtch, quick stretch decreased 
twitch tension At shorter lengths adequate quick 
stretch increased twitch tension up to, but never 
above, maximal twitch tension Twitch tension 
was determined by subtracting the tension in- 
duced by qmck stretch Twitch contraction at 
the shorter lengths markedly increased the re- 
sistance of the muscle to quick stretch Tmtch 
contraction at lengths equal or above that re- 
quired for a maximal twitch usually decreased 
the resistance of the muscle to qmck stretch 
Resistance is directly proportional to the amount 
of deflection of the isometnc lever by the stretch 
It was concluded that 1) quick stretch modifies 
twitch tension in a manner predictable from the 
length-tension diagram, and £) the effect of twitch 
contraction on the resistance of the muscle to 
qmck stretch is dependent upon the initial length 
of the resting muscle 

Effects of electrical stimulation of temporal lobe 
in the rhesus monkey P D Wall and G D 
Davis (introduced by J F Fulton) Lab 
of Physiology, Yale Untv School of Medicine, 
New Haven, Conn 

Stimulation of an area of cortex extending from 
the tip of the temporal lobe to the interaural 
plane on the inferior and medial surfaces of the 
temporal lobe produces marked changes of blood 
pressure and respiration Similar changes could 
be evoked from the amygdala but not from am- 
mon’s horn The responsive area of the temporal 
cortex differs from that on the orbital surface in 
the direction and mtensity of blood pressure 
response and m the participation of the hypo- 
thalamus m the mediation of the response Some 
evidence indicated that the hypothalamus was 
not involved in the pathway from the temporal 
cortex which passed directly to the lateral part of 
the midbrain Areas controlling blood pressure 
did not completely coincide with those con- 
trolling respiration Stimulation of exactly the 
same area may produce either hyqierpnea or apnea 
and a hyperpneic response may be converted to 


an apneic by administration of bulbocapmne 
Motor movements have been reported from stimu- 
lation of the temporal lobe but most of these 
appear to be due to direct stimultion of the 5th 
nerve 

Volume and enzyme response of the transplanted 
pancreas to foodstuffs in the intestine C C 
Wang* and M I Grossman Dept of Clinical 
Science, Univ of Illinois College of Medicine, 
Chicago 

In 3 chronic dogs with a portion of the pancreas 
transplanted subcutaneously, a basal level of 
secretion was mamtained by continuous intra- 
venous injection of purified secretin When the 
volume rate and enzyme output (amylase) had 
become constant, the test substance was intro- 
duced through a metal cannula in the duodenum 
and the effect on secretory rate and amylase 
output noted The results may be summanzed as 
follows (in this list the first number mdicates the 
number of tests performed, the second, the average 
percentage increase in volume rate over the con- 
trol period, and the third, the average percentage 
increase in amylase output over the control 
period) 60 cc distiUed water, 6, -f20, -f34, 
60 cc saline, 6, -k5, -flfi, 20 cc 0 6% HCl, 9, 
-fl68, -M62 , 20 cc 5% Bacto Protone, 7, +82, 
-f313, 20 cc 5% ammo acids solution, 4, -f52, 
-f340, 10 cc corn oil, 2, -flO, -f71, 20 co 6% 
sodium oleate, 3, -1-36, -+-50 , 20 cc 6% dextrose, 

2, -j-O, -+-16, 20 cc 10% maltose, 3, -fO, -f-0 Smce 
nervous connections between the mtestine and 
the pancreas are absent in these dogs, mcreases m 
volume rate may be attributed to secretm release 
and increases in enzyme output to pancreozymm 
release On this basis, HCl is the most potent 
stimulator of secretm release and peptone and 
amino acids are the most potent for pancreozymin 
release, although both hormones are released to 
some extent in both instances These experiments 
constitute crucial physiologic proof for the ex- 
istence of pancreozjrmin 

Further evidence for thyroid regulation of gastric 
function R N Watman* and E S Nasset 
Dept of Physiology and Vital Economics, Untv 
of Rochester School of Medicine and Dentistry, 
Rochester, N Y 

It was reported earlier that thyroidectomy 
reduces the survival time of guinea pigs with 
histamme-mduced peptic ulcer Death due to 
perforated peptic ulcer and peritonitis occurre 
in the normal animal in 135 ± 20 hours and ^ ^ ® 
thyroidectoimzed animal m 66 ± 8 hours Ad- 
ministration of thiouracil m doses which lowers 
the oxygen consumption to the level of the thy- 
roidectomized animals did not alter survival tune 
(126 ± 29 hours) Administration of thiouraci 
to thyroidectomized animals failed to improve 
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their survival tune The results of thiouracil 
treatment suggest that thyrovin may not be con- 
cerned in the thyroid effect on gastric function 
Auto-transplantation of the thyroid failed to 
affect survival time, indicating that anatonucal 
integrity is not a significant factor Crystalline 
thyroxine was administered to thyroidectomized 
animals in the amount adequate to restore the 
oxj'gen consumption to normal (±10%) This did 
not improve the survival time as compared with 
the untreated thjToidectoimzed group Admin- 
istration of whole desiccated thyroid substance, 
however, to thyroidectomized animals in adequate 
amount restores to normal both the oxygen con- 
sumption and ulcer survival time These studies 
suggest that 1) The th 3 T 0 id has an effect on 
gastric function which may be independent of the 
action of thyroxin S) In addition to thyroxin, the 
thyroid may produce an active prmciple which 
regulates gastric function S) These effects are 
not due to damage to the parath 3 Woida, vagi or 
other structures This is mdicated by the auto- 
transplantation studies and the fact that adequate 
substitution by thyroid substance alone was 
demonstrated 

Interaction of fibrinogen and thrombin David 
F Waugh and Betty J Liiungstonb * Dept 
of Biology, Maesachueeits Inst of Technology, 
Cambridge 

Fibrinogen and thrombm (Armour) interaction 
has been examined over the ranges 0 036 to 0 36 mg 
clottable N/ml at 0 046 u thrombin/ml and 0 009 
to 0 464 N I H u/ml thrombm at 0 18 mg 
C N /ml Ahquots of fibrmogen and thrombm 
vere mixed m paraffined tubes At appropriate 
times the reaction was stopped by retractmg the 
clot and adding formaldehyde to 1 8% final con- 
centration (7 sec ) After centrifugation, the 
supernatants were analyzed by ultraviolet ab- 
sorption (X = 280 m/i) for their contents of non- 
clottable protein and residual fibnnogen When 
plotted as pseudo first-order reactions all have an 
mitial non-hnear portion extendmg to approxi- 
mately In d~i equals 0 4 (6 = fraction residual 
fibrinogen) Bej ond this pomt Imeanty (vs time) 
IS observed An extrapolation of the linear portion 
passes through the origin The mitial non-lmear 
portion 16 considered to represent the accumula- 
tion of activated fibrinogen, the Imkage of acti- 
vated fibrmogen to form a retractable clot and 
the formation of a sufficient number of fibrin 
fibrils to keep the concentration of activated 
fibnnogen at a low and negligible value The linear 
portions of all of the reactions so far ex- 
amined are descnbed bj the equation 
10 21 r/io 

—aip/at = if, where Tho and (t>o are 

1 ± 22 8 <i.o 

the initial concentrations of thrombin and fibn- 


nogen, respectively The interpretations of this 
equation mil be discussed 

Measurement of hepatic circulation by clearance 
of radioactive sodium in man Richahd L 
Wechbler,* Louis Sokoloff* and Seimour S 
Kety Dept of Physiology and Pharmacology, 
Graduate School of Medicine, Univ of Pennsyl- 
vania, and Diabetic Coma Project, Philadelphia 
General Hospital, Philadelphia, Penna 
The clearance of radioactive sodium from the 
liver has been measured by a method previously 
descnbed for the gastrocnemius muscle (Kety, 

5 S Am Heart J 38 321, 1949) In this study, 

6 fid of Na*‘ Cl in 1 cc of isotonic saline was 
injected into the liver through a 22 gauge, 4-inch 
needle mth the patient in the supine position 
The injection site, 2 interspaces below the ap- 
pearance of liver dullness in the right midaxillary 
line was sterilized and then anaesthetized mth 
procaine hydrochloride The patient was in- 
structed to exhale completely and refrain from 
inhaling during injection of the needle The Na** 
Cl solution was injected as the needle was mth- 
drawn Slight discomfort was the only complaint 
upon injection A Geiger Miiller counter was 
placed over the liver at the level of mjection 
Counts were recorded at half-minute intervals 
until a final plateau was reached Counts per half 
imnute less the final background were plotted 
semiloganthmically against tune and a straight 
line resulted The slope of this line yields the 
value for K or the clearance constant This con- 
stant, representmg the ability of the hepatic 
circulation to remove or supply nutritional sub- 
stances is a measure of the effective circulation 
through the liver tissue Hospitalized patients, 
without circulatory or hepatic disorders (normal 
liver function tests) were chosen at random 
Values for the heaptic clearance constants m this 
group ranged from 0 344 to 0 483 mth a mean of 
0 402 This mean is 8 times the mean clearance 
constant of the resting gastrocnemius muscle 
[I = 0 050) 

Effect of auricular fibrillation on cardiac output, 
coronary flow and arterial blood pressure RenA 
WAgria, Charles W Frank,* George A 
Misrahy,* Robert S Sioubsat,* Leonard Som- 
mer* AND George H McCormack, Jr * Dept 
of Medicine, College of Physicians and Surgeons, 
Columbia Univ , and the Presbyterian Hospital, 
New York City 

The effect of auricular fibrillation on the cardiac 
output, coronary blood flow , and mean arterial 
blood pressure was studied in dogs anesthetized 
mth pentobarbital The cardiac output of the 
left ventricle and the blood flow in the left de- 
scending anterior coronarv arteri were recorded 
continuouslj mth two rotameters The mean 
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axterial blood pressure was recorded continuously 
with an optical manometer Thirty-three bouts 
of electrically induced auricular fibrillation last- 
ing from one-half to five minutes were studied in 
9 dogs At the onset of fibrillation, there is an 
abrupt fall in cardiac output, blood pressure and 
coronary flow After a few seconds, there is some 
rise in all three tow ard control At the termination 
of fibrillation, there is a sudden increase m all 
three to levels greater than control FoUowung 
the shorter bouts of fibrillation, cardiac output, 
coronary flow and arterial blood pressure return 
to control simultaneously In a few of the shorter 
bouts and in most of the longer ones, the coronary 
flow IS still increased above control level when 
both cardiac output and blood pressure have 
returned to control values 

Blood changes m guinea pigs during deficiency 
of anti-stifihess factor Virginia Weimar* and 
Rosalind Wulzen Depl of Zoology, Oregon 
Stale College, Corvallis 

Guinea pigs raised on a diet adequate in min- 
erals and in the knowm vitamins, with the cveep- 
tion of the anti-stiffness factor, develop a 
deficiency disease characterized by muscular stiff- 
ness m the early stages and later by heavy calcium 
heposits in many organs (Wulzen and Bahbs 
Physiol Zool 9 508) During the deficiency there 
w as produced a hypocy themic, normochromic and 
normocytic or macrocytic anemia The number of 
young red cells in the circulating blood was 
decreased Erjthrocytic sedimentation was more 
rapid, and, in the early stages of the deficiency, 
the increase in sedimentation rate paralleled the 
development of WTist stiffness Deficient guinea 
pigs showed a leucocjdosis of 16,700 /cu mm as 
compared wnth 7,700 for non-deficient guinea pigs 
Male guinea pigs fed the deficient diet for 10-14 
weeks had an increased percentage of neutrophils 
and a decreased percentage of lymphocytes and 
Kurlofi cells Males deficient for 24-110 weeks had 
abnormally high percentages of neutrophils and 
eosinophils, a decreased percentage of lympho- 
cytes and the complete disappearance of the 
KurloS cells Stiff male and female guinea pigs 
fed the deficient diet 24-110 weeks showed a 
persistent eosinophilia, the degree of eosinophilia 
increasmg with the stiffness In only 2 out of 85 
cases was severe stiffness not accompamed by 
eosinophilia, and one of these had a 6% basophilia 

Studies on heparin release m anaphylactic shock 
dogs Richard P White, Parke H Woodard 
(introduced by 0 O Stoland) Dept of Physi- 
ology, Univ of Kansas, Lawrence 
Since the theory that heparin appears in the 
circulation of anaphylactic dogs has received 
support, it was thought worth-while to study 
heparin concentration in the blood and thoracic 


duct lymph in both actively and passively sensi- 
tized dogs usmg the protamine titration method 
Ten dogs were used as donors They were sensi- 
tized to horse serum and at times varying from 4 
to 32 days afterward bled enough blood to pas- 
sively sensitize normal dogs These were 
anesthetized, and blood pressure recorded Both 
blood and thoracic duct lymph samples were 
obtained Records were obtained before and after 
the injection of shock doses of horse serum Some 
dogs were donors more than once Seventeen 
attempts at passive immumzation were made 
As indicated by the charactenstic fall in blood 
pressure, 7 were unsuccessful, 7 were successful, 
2 of which gave anaphylactoid responses with 
recovery on the transfusion of blood and then re- 
sponded by a drop in pressure to the injection of 
horse serum, and 3 gave anaphylactoid responses 
only' On the injection of horse serum only one 
showed any immediate change in blood coagula- 
tion time or indication of heparin in the blood 
In 4, lymph coagulation was markedly slowed and 
more hepann appeared than in blood Perhaps 
the lymph serves ns an entrance of hepann into 
the blood Seven donor dogs were similarly 
studied The results are essentially the same 
Lengthening of coagulation time occurred first 
in the lymph, often not appeanng in the blood at 
all and hepann concentrations were always found 
higher in lymph 

Inhibition of catabolic effect of ACTH on nitrogen 
metabolism by a high potassium diet John E 
Whitney* and Lesue L Bennett Division 
of Physiology, Inst of Experimental Biology, 
and the Division of Medicine, Umv of California, 
Berkeley and San Francisco 
Four groups of 5 ‘plateaued’ female rats of 
the Long-Evans strain were maintamed on a 
constant daily food intake In one group 600 mg 
of KCl were added daily to the diet of each animal, 
and in another group 720 mg of KCl were added 
daily The remaining 2 groups served as the 
normal controls Individual unne specimens were 
collected daily and were analyzed for total nitro 
gen The period of ACTH administration was 
preceded and followed by' control periods of 
from 9-18 days The addition of the above amounts 
of KCl to the diet did not alter the nitrogen 
balance When ACTH at a dose of from 6-9 mg/day 
was given to the rats receiving the 600 mg/day 
of KCl their average daily urinary nitrogen 
tion rose from 337 to 354 mg/rat/day while that 
of their controls rose from 337 to 381 mg/rat/da> 
When a larger dose of a less active ACTH 
ration was given to the animals receiving i 
mg KCl/day the average daily nitrogen excretion 
changed from 388 to 381 mg , while that of their 
controls rose from 377 to 423 mg/rat/day “ 
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neither experiment prior to the administration of 
ACTH Mas the urinary nitrogen of the control 
animals significantlj different from that of the 
animals fed KCl In each experiment the urinar}’’ 
nitrogen during ACTH administration Mas sig- 
nificantly higher for the control rats than for the 
rats fed KCl 

Glucose formation in eviscerated rabbit Arne N 
Wick,* DouGiiA.s R Detirt and Eaton M 
MacKat Scnpps Metabolic Clinic, La Jolla, 
Calif 

Recent work has shown that after removal of the 
liver the kidneys form sugar It is important to 
IcnoM nhether this sugar is made from non-carbo- 
hydrate sources or whether it is formed by re- 
building fragments of broken down glucose mole- 
cules We have investigated this question by 
injecting a quantity of C^^ labled glucose into an 
eviscerated non-nephrectomized rabbit After al- 
lowing 30 minutes for mixing, a sample of blood 
18 taken The concentration of glucose in the 
sample is determined using fermentation for 
identification The radioactivity of the CO- pro- 
duced by the fermentation is also determined No 
further glucose is administered and the blood sugar 
steadily declines After 3 or 4 hours and when the 
blood sugar is quite low another blood sample is 
taken and the determination repeated If new 
glucose has been formed from any source other 
than broken down glucose molecules, this would 
be indicated by an increase in the ratio of blood 
glucose to the radioactmtj of the CO* liberated 
by fermentation We ha\ e found this to be the 
case although calculations indicate that a sig- 
nificant part of the glucose formed by the kidneys 
comes from former glucose fragments The other 
sources of glucose will be discussed 

Effect of increased temperatures on certain con- 
stituents in the blood of the turtle Charles G 
Wilber and Joseph F Schanno * Biological 
Labs , St Louis Vniv , and Dept of Biology, 
Stonehill College, St Louis, Mo 
Samples of blood were removed from 10 turtles 
(which had been kept at 22°C for 24 hours) of 
the species Chrysemys picta and analyzed for 
glucose, urea and unc acid to obtam ‘normal’ 
values The mean values for these substances in 
milligrams per 100 cc of blood are as follows 
glucose, 65 1, urea, 27 0, uric acid, 4 8 Groups of 
turtles (10 in each group) were exposed to tem- 
peratures of 32°C and 3S°C respectively After 
24 hours’ exposure, blood i\as removed directly 
from the ventncles and anal} zed for the con- 
stituents mentioned above It was found that the 
glucose in the blood of turtles exposed to these 
increased temperatures shows a definite increase 
above the so-called normal values as given pre- 
vioush Similar!} , an increase of urea above the 


so called normal m as found On the other hand, 
no increase was found in the amount of uric acid 
in the blood of turtles exposed to 32®C and 38°C 
respectively It might be concluded that the in- 
crease in glucose and urea with, increase m tem- 
perature indicates that the liver is stimulated to 
increased activity by these elevated temperatures 
On the other hand, the constancy of the unc acid 
levels in the turtle under conditions of tempera- 
ture stress indicates that purine metabolism is 
not markedly changed under the conditions of 
the present experiments These results are in 
accord with other w ork {Anai Rec 105 97, 1949) 
on blood lipids of the turtle increased tempera- 
tures bnng about a significant increase in BMR 
of the turtle Wliether or not the reported changes 
persist for a long time is not clear Work is now in 
progress in an attempt to ascertain whether 
turtles exposed to elevated temperatures for pe- 
riods up to one month shovi a consistent change 
in blood constituents 

Studies on blood pressure in dogs using an auscul- 
tatory method C M Wilhelmj and E B 
Waldmann * Dept of Physiology, CreightonUniv 
School of Medicine, Omaha, Nebr 
We sought a method whereby daily or multiple 
daily readings could be made on unanesthetize 
dogs for months or years Since the animals were 
to be subjected to various tyqies of stress it was 
felt that arterial puncture would be infeasible 
We have been using the method of F M Allen 
with the difference that the dogs are recumbent 
To date 11 dogs have been intensively studied 
Careful training is essential The training is in 
two stages 1) the objective stage durmg which the 
animal learns to he quietly on the table for the 
prescribed period of time, 8) the subjective period 
durmg which the animal loses fear and appre- 
hension and becomes accustomed to the pro- 
cedures The time necessary for complete trainmg 
varies from a few weeks to several months In 
untrained animals great variations in pressure 
and sounds occur In properly trained animals 
two types of curves appear /) low pressures with 
small daily fluctuations, 2) high pressures with 
large daily fluctuations Readings must be taken 
under basal conditions Shivering, panting, move- 
ment of muscle tension must be avoided The pres- 
ence of strangers, loud noises, unusual 
manipulations or changes in routine often cause 
elevations in blood pressure The training and 
conditions necessan to secure basal blood pres- 
sure are similar to those necessan to obtain true 
basal metabolism The same person should take 
the readings on each dog Tests wnth mecholy 1 
and pitressin haxe shown the expected changes 
Two different obserx'-ers hax e been found to obtain 
readings in satisfactorx agreement 
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Adrenalectomy on frog skin potentials Martin 
W WiLiJAMS* AND Clifford A Angerer 
Dept of Physiology , Ohio Stale Univ , Columbus 
This laboratory is interested in certain physico- 
chemical properties of cells and tissues as in- 
fluenced by changes in the concentration of certain 
steroid hormones Initial work on frogs show that 
isolated skin increases its permeability to certain 
radioactive isotopes and changes certain of its 
bioelectnc properties following adrenalectomy 
The P D across the skin was determined by a 
null-point potentiometer in conjunction i\ith the 
following cell, ealomel/Ringer-Agar/Ringer’s so- 
lution/skin/Ringer’s solution/Ringer-Agar/calo- 
mel Male Rana pipiens were divided into 3 
groups Adrenalectomized, renal damaged (sham- 
operated), and unoperated frogs The latter 2 
groups served as controls All ventral skins were 
removed and kept in Ringer’s solution buffered 
with phosphate solution at pn 7 4 from J to 1 hour 
prior to potentiometric study Zero time was 
measured from the close of this immersion period 
At the end of one hour (i e , 1^-2 hours after 
removal of skin) of recording the potentials at 
10-minute intervals there was a decrease in the 
mean value of 58% for skms of adrenalectomized 
frogs compared with controls No significant 
change as observed for mean values of skins from 
renal damaged and normal frogs Further studies 
are underway 

Reactions of diet*induced fatty livers of rats to 
an acid diazo dye W Lane Wiluamb and 
David W Holander * Dept of Anatomy, Univ 
of Minnesota, Minneapolis 
Large amounts of parenterally injected acid 
diazo dyes are not immediately hepatoMc, are 
not excreted by, and do not stain the cytoplasm 
of normal hepatic parenchymal cells of rats and 
nuce Centnlobular cells of livers damaged by 
CCL are immediately stamed (cytoplasm) by 
such dyes and remain stained until they undergo 
lysis {Anat Rec 101 133, 1948) Fatty livers 
were produced by a low protein (4%) -high fat 
diet during the 6th-10th weeks of life Terminally, 
subcutaneous or intraperitoneal injections of 1 
to 2 cc of 0 6% aqueous trypan blue were given 
for 3-7 days Macrophages were free of fat but 
contained large amounts of dye The large, fat 
filled, parenchymal cells were not stained by 
trypan blue Such atypical cells were not perme- 
able to dye and no significant amount of fat was 
deposited in active or potential macrophages A 
few small areas of inflammation were observed in 
which liver cells contained dye and fat The 
local tissue reactions indicated that an additional 
injurious process vas active in such sites These 
rats weighed 40-60 gm initially and the diet 
permitted no increase in body weight Terminally 


parenchymal cells contained large amounts of 
fat Slightly older rats (100-120 gm ) fed the same 
diet showed no increase in weight but liver cells 
were not distorted and liposis was liimted to 
small cytoplasmic droplets Such cells were also 
free of dj^e while adjacent macrophages were 
filled with granules of trjqian blue 

Ventricular fibrillation in delayed treatment of 
TEPP poisoning J H Wills, B P McNamara* 
AND E A Fine * Pharmacology Section, Med 
Division, Army Chemical Center, Md 
In the dog poisoned by intravenous injection 
of TEPP, delaj' in admnistration of atropme for 
longer than 4-5 minutes may result in rapid death 
of the animal from ventricular fibrillation follow- 
ing injection of the atropine If respiratory paraly- 
sis has occurred before atropine administration, 
ventricular fibrillation follows that therapy in 
every case This action is not a specific property 
of atropine, resulting also from the use of the 
diethjd armnoethjl ester of 1 phenyl cjclopentyl 
monocarboxjdic acid (Panpamit) In the dog 
wuth paralyzed respiration, admmistration of arti- 
ficial ventilation before atropine therapj allows 
recovery of the animal It is believed, therefore, 
that the fibrillation follownng delayed treatment 
with atropine of TEPP poisoning depends upon a 
sudden increase in the work demanded of a se- 
verely anoMc heart 

Activity of inhibitors of acetylcholine esterase as 
function of pH Irwun B Wilson and Feux 
Bergmann (introduced by David Nachman- 
sohn) Dept of Neurologoy , Columbia Univ ,Col 
lege of Physicians and Surgeons, New York City 
The inhibition of acetylcholine esterase by 
various inhibitors has been investigated as func- 
tion of pn Hereby information maj’’ be obtained 
as to the mechanism of interaction between the 
enzjune protein and the inhibitors and as to the 
nature of the structure hydrolj’-zmg acetylcholine 
The inhibition bj’’ eserine decreases linearly 
with increasing pH, prostigrmne action is virtually 
unaffected The results show that the cationic 
form IS the stronger inhibitor They suggest a 
negatively charged structure as part of the active 
surface A completely different type of pH-de- 
pendence is found with TEPP Since this elec- 
trically neutral compound remains unchanged 
wuthm the pH range of enzjTne activity, all vana 
tions of inhibition must be ascribed to changes o 
the active structure of the protein TEPP inhibi- 
tion as function of pH shows a maximum close to 7, 
the shape of the curve being sirmlar to that of t e 
pH activity curve of the enzyme itself Assuming 
that TEPP does not interact with the anionic but 
with the other part of the active center, t e 
parallelism suggests that the pH-actmty curve 
of the enzyme reflects the changes of this secon 
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part The pH effects can best be interpreted as the 
dissociation of 2 acid groups These results inll be 
discussed in the light of observations on salt 
effects 

Time of consciousness at high altitudes J W 
Wilson and Elizabeth Comfort * Aero Med 
lab , Ait Materiel Command, Wnghl-Patierson 
Air Force Base, Dayton, Ohio 
It has been observed that time of consciousness 
followng oxj'gen mask removal at a given altitude 
IB considerably longer than the time available 
following rapid decompression to the same alti- 
tude In view of the importance of the observation 
in connection with the establishment of safety 
procedures in pressurized aircraft, a comparison 
of these two sets of conditions has been made in 6 
resting individuals for an altitude range of 26,000- 
40,000 feet These experiments have demonstrated 
that the time reserve is 27-49% longer in the 
mask removal than in the rapid decompression 
series With individuals working mildly (1800 
ft lb /min , bicycle ergometer) the time of con- 
sciousness following rapid decompression was re- 
duced by 2&-50% belon that of resting indi- 
viduals By use of our data on air-breathing 
subjects at rest and of data obtained by Homberger 
on resting individuals breathing oxygen {U S Air 
Force, AMC, Engineering Division Memorandum 
Report TSEAA-660-83-E, 5 February 1946), a 
graphic comparison has been made which gives 
some indication of the importance of the ‘nitrogen- 
dilution effect' (Proc Soc Exper Biol d. Med 70 
185, 1949) m determming the duration of con- 
sciousness of air-breathing individuals after ex- 
plosive decompression to high altitudes The 
validity of applying the widely used term ‘time 
of useful consciousness' to both of the two prac- 
tically important situations in aviation in which 
consciousness may be lost as a result of hypoxic 
hypoxia, is questioned, since the victim may be 
entirely unaware of the threatemng danger 

An analysis of cerebral control of reflex pupillary 
dilatation m the cat and monkey WiLUAii 
Crosbie Wilson (introduced by A G Mulder) 
Dept of Physiology, Stritch School of Medicine, 
Loyola Univ , Chicago, III 

It was found that cerebral reflex pupillary 
dilatation follows adequate cortical and subcorti- 
cal excitation of the 1) gjTi proeus, genuahs, and 
subcallosuB in cats, and 2) the cruciate gyrus 
(area 8) in the Rhesus monkey Partial denerva- 
tion of the pupil, by sjonpathetic chain section in 
some experiments, and in others by ciliary gan 
glionectomy in cats and monkeis demonstrated 
Frontal lobe reflex pupillary mi driasis in cats is 
due to active inhibition of parasympathetic ac- 
tlMt^ , in monkeys to predominately sympathetic 
actnity Response to the light reflex and a studi 


of ciliary ganglion action potentials before, during 
and after frontal lobe stimulation substantiates 
the resulting my'driasis in cats to be due to inhibi- 
tion of para-svmpathetic tone In addition evi- 
dence indicates that centrifugal frontal lobe fibers 
controlling the light reflex by' active inhibition of 
parasympathetic activity' pass through the hypo- 
thalamus to the Edinger-Westphal nucleus 

Changes in endocrine organs induced by bacterial 
pyrogens W F Windle, H H Wilcox,* 
Ruth Rhines,* and C Clemente * Dept of 
Anatomy, Univ of Pennsylvania School of Medi- 
cine, Philadelphia 

We studied histologically with controls most 
organs of 2 series of female rabbits, one receiving 
Baxter Pyronien, PsP, (of pseudomonas origin) 
in 100-200,000 y dosages over periods of 19-303 
days, and the other receiving Baxter Pyromen, 
PVP (of proteus vulgaris origin) in dosages of 
500-20,000 y/kg thrice veekly for 3-6 weeks 
(ld 50, about 75,000 y) Neither senes showed 
vascular, renal or intestinal lesions resembling 
exhaustion stages of the general adaptation sym- 
drome The PsP -treated rabbits exhibited hyper- 
plasia and hyiieractivitv of lymphatic and 
reticuloendothelial tissues Administration of PVP 
induced only slight changes in such tissues Both 
preparations produced blood picture changes like 
those afterstress or administration of ACTH 
Certain changes suggestive of involution after an 
earlier phase of marked growth stimulation were 
found in the adrenal cortex of both senes Other 
controlled senes of rabbits and rats were given 
PVP, 1 v/kg daily or 5 y/kg thrice weekly for 12 
hourB-122 days Most endocrine organs underwent 
changes suggestive of increased cytoplasmic ac- 
tivity The antenor lobe basophils and cells of 
pars intermedia of the hypophysis showed in- 
creased cy'toplasmic vacuolization within 12 hours 
Similar changes appeared in the adrenal cortex 
Stroma cells of the virgm ovary became swollen 
Administration of PVP for longer periods led to 
widening of the adrenal zona reticulans without 
total cortical hypertrophy' Prolonged high doses 
of PVP caused reduction m the anterior lobe baso- 
phil population and involutional changes in the 
zona reticularis 

Influence of cortisone and related steroids upon 
spreading effect of hyaluronidase Charles A 
Winter and Lars Flataker * Merely Inst for 
Therapeutic Research, Rahway, N J 
The spread of the dye T-1824, after intradermal 
injection both with and mthout added hi aluroni- 
dase, has been studied in mice and rats In mice, as 
Opsahl has shown, adrenalectomy increases the 
area of the spread, but in rats maintained in good 
condition with 1% XaCl to drink, a difTercncc 
betueen the spread of d\c in normal and adrena- 
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lectomized animals can be shoivn only if saline 
18 mthdrawn and the animals fasted overnight 
In both species, and in both adrenalectomized 
and intact animals, cortisone acetate or adrenal 
cortex extract (ACE), if administered intramuscu- 
larly pnor to the test, strongl}' inhibits the spread- 
ing action of hyaluronidase, and moderately 
inhibits the spread of the dje in saline ACE is 
also effective in inhibiting the spread if injected 
locally (intradermally, mixed in the syringe with 
the dye) in amounts as small as 0 025 ml , but 
cortisone in quantities up to 0 25 mg is com- 
pletely ineffective when administered in this way 
Steroids which inhibit the spreading factor when 
injected intramuscularly 0 5 mg daib for 3 days 
pnor to test include the follomng cortisone 
acetate, testosterone propionate, A 4-andro- 
stenedione-3,17, and A 4-3,20-diketo 17 h\dro\y- 
21-acetoxypregnenc Steroids similarlv admin- 
istered which do not inhibit the spread include 
desoxycorticosterone acetate and A 4-androstene- 
tnone-3,11,17 Xo clear relationship is so far 
apparent between chemical structure and actlvlt^ 
in inhibiting the spreading factor Anesthesis 
has been found to influence the results, since 
E\npal exerts a marked, though tempo^ar^ , inhi- 
bition of the spreading factor, while ether is 
without effect 

Relation of constituents of gastric juice to occur- 
rence of mucosal erosion and bleeding Stew \rt 
Wolf and George B Jerzi Gl\ss * \cw York 
Hospital, and (he Dept of Vcdicine, Cornell 
Umv Med College, A ew York City 
Special interest attaches to the noxious effects 
of acid and pepsin on the one hand, and the pro- 
tective action of the constituents of gastric mucin 
on the other, in determining the occurrence of 
injury to the gastroduodenal mucous membrane 
Since the recent introduction of a method for 
fractionating gastnc mucin which allows separa- 
tion of the glandular product (mucoprotein) from 
that secreted by the lining columnar epithelium 
(mucoproteose), it has become possible to corre- 
late quantitatively mucus secretion wnth acid and 
pepsin In the current studj', performed on the 
fistulous subject, Tom, a daj -to-daj photographic 
record in color of the gastnc mucosa was cor- 
related with changes in acid, pepsin, mucoprotein 
and mucoproteose secretion Special attention was 
directed to the fragihtj of the membrane and to 
the presence of hemorrhagic spots and erosions 
At the same time throughout this period a careful 
record of life situation, attitude and emotion was 
kept After central vagus stimulation b> intra- 
venously administered msulin, or dunng sustained 
personal conflict with anxiety and resentment, 
HCl, pepsin and mucoprotein concentration were 
increased, while mucoproteose concentration was 


low Under these circumstances the membrane 
was red and engorged and there was the greatest 
evicence of susceptibility of the membrane to 
injurj-^ Under resting fasting circumstances there 
was no constant relationship among the various 
secretory constituents, but high acid with low 
mucoproteose concentration seemed to be the 
circumstance most favorable to the occurrence 
of hemorrhage and erosion in the membrane 

Effect of estrogen on iodine turnover in thyroids 
of rats and mice L F Wolterink, C C Lee, 
K Olsen and M Murhat (introduced by 
J Meites) Dept of Physiology and Pharma 
cology, Michigan Stale College, East Lansing 
Although estrogens have very little effect on 
the earh uptake of iodine in the rat (K E Pash- 
Kis, 4 Cantarow xnd W C Peacock, Proc 
Soc Exper Biol d 1/cd , 68 485, 1948), they have 
been shown to retard the output of iodine from 
the thjToid of the chick if administered daily for 
a 2-week period (Epstein and Wolterink, 
Poultry Set 28 763, 1949) In the present expen- 
ments, an attempt was made to demonstrate 
the effect of various dosages of the dimethyl ether 
of stilbestrol on the turnover rate of iodine in the 
thyroids of rats and mice Turnover rates were 
computed from the average counts of P” made 
on whole dry thyroids remoy’cd at autopsy 18 and 
68 hours after injection of radioiodme Estrogen 
dose rates of 1 /igm/animal/day intrapentoneallj 
for 3 days increased the output of I* from the 
thyroid both in rats and mice Ten jigm and 100 
/igm doses for the same penod and massive single 
doses usually depressed I turnover The observe 
tion of Meites and Chandrashaker (J Meites 
AND B Chandrashaker, Endocrinology 44 36S, 
1949) that the mouse has a lower thyroid activity 
per unit body weight than the rat was confirmed 

Relationship between thyroid activity as assayed 
by the thiouracil-thyroxine method and by th® 
thyroid turnover of radioiodine in pair-fed rats 
L F Wolterin-k ANT) C C Lee (introduced by 
W D CoLUNcs) Dept of Physiology o”® 
Pharmacology, Michigan Stale College, Eas 
Lansing 

By the method of Dempsey and Astwooa (L' 
Dexipset and E B Astwood, Endocrinology 
509, 1943), the thyroid secretion rate m a group 
of pair fed 70-gm male Rockland rats ^ 

termined to be 5 36 n,i,-thyroxme ygm ^ 

roxine/lOO-gm body' weight/day' The turnove^ 
rate of I in the thyroids of the same group, 
puted from I”' counts 40 and SO hours au®r 
injection, was 25 6%/day If an lodme 
tion in the thyroid of 70 mg % is assumed ( 
McGintt, Ann Y Acad Sci 50 
and if the thyroid is foiming only 
instead of the racemic mixture, the corre 
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tbLyroxine secretion rate, computed from, this 
turnover Sgure for these rats, is 5 16 /ig D,ri' 
thyrcane/lQO gm body ■weight/day The dif- 
ference of 4% between the 2 figures is not sta- 
tisticallj' significant 

Objective method for measurement of systemic 
arterial pressure in intact human ear Eari. 
H Wood, Edwabd H Mohqan* and Gabriel 
G Nahas * Section on Physiology, Mayo Fndn , 
Umv of Minnesota, Rochester 
Simultaneous recordings of intraradial arterial 
pressure at eye level and of ear opacity pulse in 
20 normal subjects during exposure to positive 
acceleration on the human centrifuge (Federation 
Proc 5 59, 1946) demonstrated close correlation 
between amphtude of ear pulse and systohe 
pressure when artenal pressure fell below 60 
mm Hg Ear pulse uniformly disappeared and 
returned simultaneously with reduction of systolic 
pressure to zero and its recovery Indication that 
blood circulating in the flushed ear was at arterial 
pressure led to an attempt to estimate blood 
pressure by measurement of the externally applied 
pressure reqmred to obliterate the ear opacity 
pulse A modifled oximeter earpiece was used 
The translucent earpiece pressure capsule was 
20 6 mm m diameter Reflected light from non- 
pressunzed portions of the pinna was minimized 
b> maskmg the photocell and ear end of the 
pressure capsule by 2 irises 8 mm m diameter 
The photocell was connected in series to a con- 
denser and a Moll Micro Galvanometer (sensi- 
tivity 0 006 fi amperes/mm at 4 meters) Attenua- 
tion of low frequencies caused by msertion of the 
condenser was 50% at 2 7 cj cles/sec Earpiece 
capsule pressure, ear pulse, EKG, and intraradial 
pressure were photographed simultaneously dur- 
ing determmation of brachial artery pressure by 
auscultation in 20 normotensive and hypertensive 
subjects When thickness of the ear pulse trace 
line was approximately 1 mm and the control 
ear pulse amplitude 5-10 mm , the intracapsular 
pressure at which the ear pulse was first discern- 
ible correlated with directly detemunated sys- 
tolic pressure more closely than systolic pressure 
determmed by auscultation Correlation between 
the intracapsular pressure at which the ear pulse 
attamed maximum amplitude (10-55 mm ) and 
direct mtra-arterial diastolic pressure wai not 
significantly different from the correlation be- 
tween direct and auscultatory diastolic pressures 

Antagonism of adrenocortlcotrophic hormone 
(ACTH) and adrenal cortical extract (ACE) to 
desoxycorticosterone (DCA) pathological 
changes Drxox M Woodburt,* Chirles A 
Rosenberg* and George Savers Dcpls of 
Pharmaoclogy and Physiology, Umv of Utah 
and Veterans Hospital, Salt Lake City 


ACTH and ACE antagonize the following ac- 
tions of DCA l)y hpernatremia, electroshock 
threshold elevation, 5) insulin hypersensitivity 
Experiments were designed to test the possibility 
that the antagonism would also apply to patho- 
logical changes induced by DCA Twenty-three 
male rats were unilaterally nephrectomized and 
given 0 9% sodium chloride to dnnk The animals 
were divided into 3 groups I, untreated, II and 
III implanted with twelve 16-mg pellets of DCA, 
III, in addition, injected s c with one mg ACTH 
(Armour) thrice daily Animals were autopsied 30 
days after the beginning of hormone treatment 
DCA induced cardiac and renal hypertrophy, 
ACTH did not influence action of the steroid on 
the heart, but appeared to have a slight inhibitory 
effect upon renal enlargement DCA caused inter- 
stitial myocarditis, periarteritis nodosa (particu- 
larly m the pancreas) and focal glomerulitis in 
varying degrees of intensity ACTH, given simul- 
taneously with DCA, reduced the incidence and 
degree of seventy of the lesions In another experi- 
ment 16 male rats were unilaterally nephrecto- 
mized, given 0 9% sodium chloride to drink, im- 
planted with twelve 16-mg pellets of DCA and 
exposed to cold 8 hours daily Half the animals 
received no additional treatment, each member of 
the remamder was injected with one-half cc of 
Upjohn’s Iipo-extract of adrenal cortex twice 
daily The cardiac hjqjertrophy induced by DCA 
was antagonized by ACE There was a tendency 
for kidney weights to be less in the animals treated 
ivith the combination DC\-ACE than in the 
rats given DCA alone 

Membrane resting and action potentials from 
excitable tissues J Walter Woodbury and 
Lowtell a Woodbury (introduced by James 
E P Toman) Dept of Physiology, Unw of 
Utah College of Medicine, Salt Lake City 
The insertion of a capillary micro-electrode into 
single cells of a tissue (Graham and Gerard 
J Cell A Comp Physiol 28 99, 1946, Ling, 
Federation Proc 7 72, 1948) not only gives func- 
tional isolation in situ wnth minimal damage 
to the cell but also permits quantitatue, simul- 
taneous measurements of the membrane resting 
and action potentials of that cell Heretofore, 
overshoot of the action potential has been demon- 
strated in skeletal muscle by Nastuk and Hodgkin 
(Federation Proc 8 175, 1949), and m squid giant 
axons by Curtis and Cole (J Cell A Comp Physiol 
19 135 , 1942 ) and Hodgkin and Huxley (/ Physiol 
104 187, 1945) We ha\e made similar measure 
meats on other tissues, using capillaries of 0 5 
micron tip diameter Frog heart xentncic gnes an 
average membrane potential of 00 m\ and an ac- 
tion potential of SI m\ , indicating an overshoot 
of 21 m\ The form is monophasic and the dura 
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tion corresponds to the extrinsic QT interval 
Preliminary results from frog sciatic nerve trunks 
give fiber membrane potentials as high as 100 mv , 
but usually 50 to 80 mv Simultaneous recordings 
of membrane restmg and action potentials show 
overshoot of the spike The form of the membrane 
action potential is essentially that reported by 
Tasaki and Mizuguchi (J Neurophysiol 11 296, 
1948) and Schoepfle and Erlanger (Am J Phystol 
134 696, 1941) for unimpaled single frog sciatic 
fibers Studies on other excitable tissues are m 
progress 

Pattern of localization in the precentral motor 
cortex. oiMacaca mulatto C N Woolsey and 
P H SETTLA.GE * Depts of Physiology and 
Anatomy, Univ of Wisconsin Med School, 
Madison 

Somatic sensory and motor areas of the rat's 
cerebral cortex are so organized as to form some- 
what distorted body images in which the various 
parts are related to one another much as m the 
actual animal The sensorj and the motor pat- 
terns are mirror images, touchmg one another 
at snout and limb apices along a line vhich cor- 
responds to the central sulcus of primates (Fed- 
eration Proc 7 137, 1948, 8 144, 1949) We have 
reexamined the localization pattern in the pre- 
central gyrus of the monkey and have been 
surprised to find that the motor pattern of this 
animal also hangs together as it does in the rat 
and that the accepted separation of face from 
trunk is not a fact In essence, fingers, toes and 
lower face are represented within and adjacent 
to the central sulcus The axes of arm and leg 
run rostrocaudallj' so that proximal parts of 
limbs are better represented rostrally, as are also 
upper face, eyelids and pinna Binding together 
face, arm and leg representations is an area for 
axial musculature, which forms the rostral border 
of the pattern This border corresponds approxi- 
mately to the rostral limit of 4S, or the boundary 
between Vogt’s 6 oa and 6a/3, as judged from gross 
brain maps Abdominal musculature is represented 
between arm and leg nearer the central sulcus 
The results raise the question whether the usual 
separation of the precentral region into physi- 
ologically distinct motor and premotor fields is 
justifiable 

Electromyographic patterns m reinnervated mus- 
cles Melvin D Yahk, Ernst Hebz and Joseph 
Moldaveh (mtroduced by Paul F A Hoefer) 
Dept of Neurology, College of Physicians and 
Surgeons, Columbia Univ , and Neurological Inst , 
Presbyterian Hospital, New York City 
Electromyographic studies were carried out in 
a group of patients having complete peripheral 
nerve mj lines with subsequent suture, 3 to 6 
years prior to exammation Using a differential 


high gain condenser coupled amplifier, cathode 
ray oscillograph, and co-axial needle electrodes, 
two outstandmg patterns were recorded 1) spon- 
taneous discharges below 1 mv at rest with motor 
unit discharges of 600 uv upon volitional con- 
traction, £) no spontaneous activity at rest but, 
upon volitional contraction, large spikes varymg 
in amplitude from 2 to 15 mv These exhibited 
the charaetenstics of motor units, maintammg 
their amplitude, smooth contour and constant 
duration throughout a contraction, but varying 
in frequency with strength of contraction When 
compared with potentials derived from normal 
muscles they were 20 to 30 times larger m amph- 
tude The first pattern u as obtained from muscles 
giving only perceptible contraction and chron- 
axies 5 to 10 times normal value, the second from 
muscles vuth varjnng strengths of contraction but 
chronaxies within the normal range These find- 
ings suggest correlation between the electro- 
myographic patterns and anatomical charactens- 
tics of re-inncrvated muscle The first pattern 
described as obtained from denervated and re- 
innervated fibers existing side by side during the 
process of reinnervation The second was obtained 
from reinnervated muscle in which a reconstruc- 
tion of the motor units has taken place This re 
constructed motor unit probably contains a larger 
than normal number of muscle fibers which are 
responsible for the large spike potentials 

Regional heat loss by temperature gradient calo- 
rimetry A C Young,* L D Carlson and H 
L Burns * Dept of Physiology and Biophysics, 
Univ of Washington School of Medicine, Seattle 
The data described are part of those collected 
m field tests at northern latitudes in an investi- 
gation of possible phj'Siologic changes occurnng 
during acclimatization Special suits sere de 
signed to measure heat loss These consist of an 
inner layer, a core layer and an outer laj^r of 
insulative material Grids of nickel wire are 
fastened on either side of the core layer Resist- 
ance changes in the grids indicate the tempera- 
ture drop, and the heat loss may be calculate 
The 18 separate grids in the suit enable distinction 
between heat loss from the head, the back, ng 
or left bodj', upper or lover arm, and upper or 
lover leg from the right or left side, hands, ’ 
and the sole of the foot Heat loss from eac 
region and the total heat loss have been recor e 
Tests were carried out in the field using 
climatized and local (acclimatized) subjects e 
results indicate that, under similar conditions o 
exposure, the heat loss from peripheral 
acclimatized persons is mamtained at a '6 ® 
level than that of unacclimatized subjects o 
heat loss of the 2 types of subjects will a 
cussed 



March 19B0 


AMERICAN PHYSIOLOGICAL SOCIETY 


141 


Oxygen m carotid blood and oxygen utilization of 
brain m pre- and post-mature fetal rabbits 
I Maureen Young (introduced by Donald H 
Barron) Lab of Phystology, Yale Umv School 
of Medicine, Ncic Haven, Conn and Sherrington 
School of Physiology, St Thomas’s Hospital, 
London, England 

To obtain post-mature fetuses the does nere 
prepared mth cbononic gonadotropbine and pro- 
gesterone on the 25th day of pregnancy An aver- 
age value of 50% saturation vuth oxygen i\as 
found for the carotid blood in pre- and post- 
mature fetuses, 27-35 days old, there was con- 
siderable scatter in the figures but those obtained 
from the first fetus exposed m any experiment 
were considered the most satisfactory Fontanello 
blood from 26-31 day old fetuses was very con- 
stantly around 35% saturation with oxygen, but 
fell rapidb' to less than 10% saturation in the 
post-mature period In fetuses 25-31 day's old the 
blood emerging from the placenta in the umbilical 
vein was 68-85% saturated with oxy'gen The 
constancy' of the oxy'gen content of the fontanelle 
blood demonstrates that the supply of oxy gen to 
the brain fully' meets the demands of the growing 
organ dunng the last third of prenatal life In 
the post-mature penod this is not the case, for 
though the saturation of the carotid blood with 
oxygen does not dimmish, the coeflScient of utili- 
zation by the brain increases as shown by' the 
steep fall in the oxy'gen content of the fontanelle 
blood 

Anemia in the rabbit following treatment with 
relaxin M X Zarrow and I G Zarrow * 
Dept of Biological Sciences, Purdue Univ , La- 
fayette, Ind 

Previous studies have shown that relaxin 
possesses the ability' to cause a water retention 
m the rabbit This observation plus the fact that 
the rabbit not only develops an antidiuresis dur- 
ing the last trimester of pregnancy, but also has a 
high concentration of relaxin in its blood stream 
led to an mvestigation of the cellular and non- 
cellular elements of the blood during pregnancy 
and after treatment with relaxin The anemia of 
pregnancy was characterized by a drop of ap- 
proximately 20-30% in both the number of ery- 
throcytes and hematocrit A decrease was also 
noted for the hemoglobm and non-protein nitro- 
gen The reticulocy'tes increased while the 
chlorides remained unchanged The subcutaneous 


injection of castrated and normal female rabbits 
with 250-500 guinea pig units of relaxin 3 times 
daily for 3-10 days also produced changes similar 
to those observed during normal pregnancy A 
drop occurred in hematocrit, erythrocyte count, 
hemoglobin and non-protein nitrogen The retic- 
ulocytes increased markedly and the blood chlo- 
rides remained unchanged The mean corpuscular 
volume tended to decrease while the mean cor- 
puscular hemoglobin concentration was not al- 
tered 

Desoxycorticosterone hypertension m relation to 
hepatorenal mechanisms Benjahun W Zwei- 
FACH AND Ephraim Shorr Dept of Medicine, 
Cornell Umv Med College and The New York 
Hospital, New York City 

Circulatory changes which develop in the ter- 
minal vascular bed dunng experimental renal 
hypertension in rats have been shown to be re- 
lated temporally to the hepatorenal principles, 
VDM and VEM A series of specific criteria were 
obtained by directly visualizing the circulation 
m the mesentery of hypertensive animals and by 
assaying, with the rat mesoappendix technic, the 
blood and tissue extracts for vasotropic activity 
These include 1) hyTperreactivity of terminal 
arterioles, metartenoles and precapillaries, 8) 
augmented response of these vessels to renal VEM 
preparations, S) hyperplasia of mesenteric capil- 
lary bed, h) appearance of I'EM and VDM in 
blood, and 6) formation of VEM by' kidney tissue 
in intro under both aerobic and anaerobic con- 
ditions Similar experiments were carried out on 
rats made hypertensive by administration of DCA 
(subcutaneously and intramuscularly ) together 
with a high salt intake Hypertension developed 
m over 90% of the rats, the pressure rising within 
15-20 days, to reach 145-200 mm Hg, and in 
partially nephrectomized animals to about 175- 
200 mm Hg None of the DCA hypertensive 
animals showed changes comparable to those 
found in renal hypertensives No VEM appeared 
in the blood during the acute elevation of blood 
pressure, no increased reactivity of the terminal 
vascular bed developed, no vascular hyperplasia 
was seen, and no metabolic lesion developed m 
the kidney whereby VEM was formed aerobically, 
as well as anaerobically It therefore appears that 
the mechanisms responsible for the developemnt 
of hy'pertension with DCA differ from those 
present in the renal hy'pertensive sy ndrome 
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EITecJs of maRncsium on phosphate metabolism 
in TITO P H Ann SON and Ei \i\)> \idous 
(introduced b\ Df\n Rurk) Carncyic Inst of 
Washington, Dept of Terrestrial Magnetism, 
M ashinginii, D C 

Procedures hiTc been dcMscd for the prepara- 
tion of tnce element free media b\ exploitiiip the 
potentialities of cation resin cNchanpe materials 
The method invoh es pn'ssagc of all components of 
the medium through a resin (Dowct- 50) column 
All metallic cations c\ccpt the alkali metals arc 
completeh removed To date sjnthetic media 
have been principalh empio} ed, involving glucose 
plus inorganic salts The purification process was 
checked through use of radioactive isotopes and 
bio-assaT of the purified media In thcor\ and 
practice it is possible to obtain media absolutely 
freed from trace elements The purified media 
have been used to stud\ effects of magnesium on 
the P’- metabolism of E coli In addition to an 
expected influence on ghcohsis, the absence of 
magnesium has a more pronounced effect on ribo- 
nucleic acid formation decreasing the rate of 
Bjnthesis by as much as a factor of ten 

Effect of incubation on the cholesterol content of 
rat liver homogenate W P Adaais,* L I Rice,* 
M C ScHOTZ,* G F Jacobson* and W Marx 
Dept of Biochemistry , Umv of Southern Cali- 
fornia School of Medicine, Los Angeles 
In preliminary experiments it had been observed 
that the amount of cholesterol extractable from 
hver homogenates of rate fed 1% cholesterol with 
the diet, decreased during incubation at 37*0 
(F ederalton Proc 1 171) Subsequently, however, 
such an effect was not consistently demonstrable, 
therefore, the possibility of an artifact had to be 
taken into consideration, in order to explain the 
earlier results Upon further investigation it was 
observed that in some cases incubation rendered 
the extraction of cholesterol more difficult As a 
consequence the extraction procedure was modi- 
fied accordinglj In recent experiments, it n as not 
possible to demonstrate, under the conditions so 
far investigated, a significant change in cholesterol 
concentration during incubation of rat liver 
homogenates 


Origin of (he carbon skeleton of isoleucine Ed- 
RARD A Adelberg* AND E L Tatem School of 
Biological Sciences, Stanford Umv , California, 
and Dept of Bacteriology, Umv of California, 
Bcrl clcy 

\n isoleucine-rcquiring strain of Neurospora 
crassa, nhich accumulates in the filtrate large 
amounts of the isoleucine precursor Qr,/3-dihy- 
droxy-^-ethylbutj rate (E A Adelberg, D M 
Bonner and B L Tatum In manusenpt, was 
fed C’*-labeled acetate Methylene-labeled and 
carboxj'-labeled acetate Mere used m separate ex- 
periments, and the isoleucine precursor produced 
in each case was isolated chromatographically 
Tins matenal, nhich was found to contain high 
concentrations of was then degraded by two 
different pathnays first, direct oxidation with 
dichromate to yield the termmal carbons as ace- 
tate, and second, cleavage with lead tetraacetate 
and subsequent stepwise degradation of the re- 
sulting methylethylketone and glyoxylic acid 
The results of these degradations show that for- 
mation of the branched chain of isoleucine in- 
volves direct participation of acetate (probably 
as ‘active acetate’) in a coupling with a four- 
carbon compound, and that the latter compound 
IS not formed directly from two-carbon fragments 
Finally, the radioactive precursor obtained during 
these experiments has been used in investigating 
the utihzation of this compound for isoleucine 
biosynthesis by other deficient micro-organisms 
The significance of these findings is discussed in 
relation to the mechanism of biosynthesis of the 
carbon skeleton of isoleucine 

Studies on mechamsm of acetate oxidation by 
bacteria Samuel J Ajl* and Martin D 
Kamen Washington Untv Med School, St 
Louis, Mo 

Suspensions of E colt adapted to oxidize acetate 
show heightened activity with pjTUvate and C-4 
dicarboxjlic acids but not with alpha-ketogluta- 
rate, which is attacked at the same rate bj normal 
or adapted cells When 2-C>*-acetate is oxidized 
by such suspensions in the presence of unlabeled 
pjuuvate or C-4 dicarboxylic acids, singlj or in 
combination, considerable C’* accumulates in all 
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initially unlabeled substrates, except alpha-keto- 
glutarate In a typical experiment with labeled 
acetate, unlabeled succinate, and alpha-ketoglu- 
tarate, it was found that 41% (68 micromoles) of 
the succinate was oxidized to acetate (or a com- 
pound in equilibrium with acetate) 25% of the 
alpha-ketoglutarate (30 micromoles) were decar- 
boxylated and 25% of the acetate (44 micromoles) 
were metabolized At least 7% of the acetate 
metabolized was assimilated while at most 52% 
was oxidized to COi and not less than 41% con- 
densed either directly to succinate or by way of a 
C-4 fragment in equilibrium with succinate Less 
than 0 6% of the labeled carbon appeared in 
alpha-ketoglutarate Specific activity data show 
that succinate carboxyl and evolved COj were 
equilibrated These results while not in accord 
with mechanisms based on a conventional tricar- 
boxylic cycle agree quantitatively with operation 
of a C-4 dicarboxylic cycle condensation mecha- 
nism Diametrically opposed data were obtained 
when similar experiments were performed mth M 
lysodeikhcus, which attacks acetate readily Equi- 
libration of labeled acetate with unlabeled dicar- 
boxylic acids was roughly 10-fold less than ob- 
served in E coll and occurred to about the same 
extent with all substrates added, including alpha- 
ketoglutarate COj evolved vas not in equilib- 
rium with carboxyl carbon Further work is 
planned with photosynthetic bacteria 

Phenylalanme requirements of children Anthony 
A Albanese, Reginald A Higgons,* Betty 
Vestal* and Loukia Stephanson * Nutnlional 
Research Lab , St Luke’s Hospital, New York 
City 

The available data on the amino acid require- 
ments of man have been secured for the most part 
by the depletion procedure The difference be- 
tween the repletion needs so obtained and normal 
maintenance values increases nith the duration 
of the depletion period which is known to involve 
numerous biochemical readjustments In order 
to obtain ammo acid requirement data which will 
have both practical and fundamental applica- 
tions, means have been explored whereby measure- 
ments of the physiological availability of ammo 
acids can be made under optimal dietary condi- 
tions as they prevail in life This involves a de- 
termination of the ‘saturation point’ of a test 
ammo acid which is added stepwise to the diet of 
subjects maintained m normal N-metabolism by 
natural foods fed ad libitum Preliminary observa- 
tions byr the use of this technique show that when 
evaporated milk constitutes the principal source 
of dietary protein, the phenylalanme saturation 
point IS reached when the diet contains 170 mg of 
L-phenylalanme/kg/daj'', for 6- to 8-month-oId 
children The saturation level for 3-month-old 


children is reached sharply at 205 mg of L-phenyl- 
alanine Calculations from these figures disclose 
that the normal phenylalanme needs of infants 
can be met by evaporated milk formulae which 
provide 4 2 gm of milk protein/kg/day for 
the first 3 months of life, and 3 6 gm of milk pro- 
teins for the last 6 months of the first year of 
life . 


Nucleotide content of human blood Haeby G 
Albaum, Theodore Gayle* and Arthur Sha- 
piro * Dept of Biology, Brooklyn College, Brook- 
lyn, N Y 

The adenine nueleotide content of normal hu- 
man blood has been studied spectrophotometric- 
ally by means of enzymes (Albaum, H G and 
R Lipshitz In press) The method utilizes 
perchloric acid fiiltrates of blood, and can be used 
to assay for total purine, adenylic acid, adenosine 
diphosphate and adenosine triphosphate on a 1 
ml sample of blood Heparinized blood remains 
unchanged m nucleotide content for at least 60 
nunutes, whereas oxalated blood, unless immedi- 
ately deprotemized, changes m composition 
Studies carried out on 6 normal, healthy adults, 
over a period of more than 3 months, indicate that 
the total purine level changes very little m each 
individual Such bloods usually contain little or 
no adenylic acid or adenosine diphosphate, the 
greater part of the purine present is in the form of 
adenosine triphosphate The nucleotide appears 
to be present only m the cells Experiments are 
now under w ay on the ability of blood to symthe- 
size ATP from added adenylic acid and other 
nucleotides in vitro 


Study of cholesterol turnover rate in using deu- 
terium as a tracer element Roslyn B Alfin- 
Slateb,* Harry J Deuel, Jr , Michael C 
Schotz* and Frank K Shimoda * Dept of 
Biochemistry and Nutrition, Univ of Southern 
California, Los Angeles 

Female albino rats 60 days old of the Univ of 
Southern California strain were administered deu- 
terium oxide for varying lengths of tune up to 40 
days At the end of specified periods, the anunals 
were anesthetized by injection with sodium pento- 
barbital (Nembutal) and sacrificed by withdrawal 
of blood from the heart The following organs were 
extirpated brain, lung, liver, adrenal and kidney^ 
The cholesterol was extracted wuth an alcohol- 
ether mixture m a Soxhlet extractor Total choles- 
terol was determined by a modified Schonheimer- 
Sperry- method The deuterium content of the 
isolated cholesterol was determined by combustion 
to water-deuterium oxide, and reduction zinc 
to H.-deutenum The ratio of the HD/HH was 
read in an Isotope-Ratio hlass Spectrometer 
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Earl\ results indicnto that the greatest turnover of 
cholesterol in the organs iinestigatcd takes place 
m the adrenals Lungs, liver and kidnej follow 
in tins order The least unount of turnover was 
found in the brain Similar experiments arc in 
progress on rabbits 

Increased urinnrj excretion of choline in the phos- 
phorus poisoned dog Caui/ E AsiirnsoN,* 
C FnEEMAX LTjCKEI* AM) C S RoniNKON 
Dept of Btochcmtslry, VanderhrU Umv School 
of Mcdicuic, Aos/iiR/c, T’ciin 
In 1035 Best and his co-workers (J Physwl 
S3 275, 1934) found that choline, which protects 
the livers of rats from chloroform poisoning, did 
not prevent the fattj infiltration of the liver after 
phosphorus poisoning, but brought about a more 
rapid disappearance of fat during the recoverv 
stage In view of this finding, and the increase in 
neutral fat that occurs in the livers of phosphorus 
poisoned animals, it would appear reasonable to 
suspect an interference with the formation of 
transport fat To test this hvpothesis 2 lienlthj’’ 
female dogs of average weight (S and 12 kg ) were 
poisoned by the subcutaneous injection of 0 4 mg 
of jellow phosphorus per kilogram bod 3 ’’ weight 
The phosphorus was dissolv'ed in peanut oil and 
kept m an atmosphere of nitrogen until readj for 
use Urine w-as collected m the conventional man- 
ner Choline was determined by both the colorimet- 
ric estimation of the Reinecke precipitate and 
by a manometnc method to be described else- 
where In both dogs there was found a marked in- 
crease in urinary choline as the admimstrntion of 
P< was contmued This increase was greatest 
just prior to death on the 8th and 10th dejm 
Autopsy revealed typical yellow fatty livers and 
marked gastro-intestinal hemorrhages When the 
injection of was discontinued just prior to the 
fatal dose and the dog allowed to recover, the ex- 
cretion of choline returned to the base level 
Starvation for 9 days decreased rather than in- 
creased urinary choline 

Electrometric determination of unidenti- 
fied serum constituents Edna Andhews* and 
Adrian C IvmrPER Dept of Physiological Chern- 
islry, Wayne Umv College of Medicine, Detroit, 
Mich 

The following procedure was used for the deter- 
mination of unidentified serum constituents Pro- 
tein was removed from serum bj'’ ultrafiltration, 
carbonate was removed by aeration of the acidi- 
fied ultrafiltrate, and phosphate was removed by 
precipitation as calcium phosphate The serum 
was ultrafiltered and the ultrafiltrate w as titrated 
electrometricallj', precision being increased bj’’ 
the maintenance of constant ionic strength The 
identified substances present in the ultrafiltrate 
Were determined quantitativelv bj accepted ana- 


Iv tical procedures and their titration curves were 
calculated Tlio titration curve of the unidentified 
constituents was obtained by subtracting the 
curv'cs for the identified substances from the ex- 
pcnmentally determined curve Eight sera from 
normal individuals were analyzed The total un- 
identified substance titrated between pH 2 5 and 
10 5 varied from 0 54 to 3 13 mEq /I of serum 
Buffer peaks were present in most of these samples 
at about pii 4 5, 7 0 and 9 6 

Decarboxjlafion of c>steic acid James C An- 
drew s AND John F R Kuck * Dept of Bio- 
logical Chemistry and Nutrition, School of Medi- 
cine, Untv of North Carolina, Chapel Hill 
The decomposition of cj'steic acid in solution 
under pressure yields two chief products Alanine 
IS produced in low yields by hydrolysis at 190°, 
this reaction is somewhat accelerated at higher 
temperatures At 220° decarboxylation begins and 
as the temperature is increased the formation of 
taurine and carbon dioxide becomes the dominant 
reaction At 240-250° fragmentation of the cy^steic 
acid begins, producing small amounts of carbon, 
sulfur, hydrogen sulfide, mercaptans, sulfur diox- 
ide and probably other products The conversion 
of cy'steic acid to taunne and to alanine is respec- 
tively 60-70% and less than 20% Separation of 
amino acids was achieved by paper chromatog- 
raphy Elution of the strips gave solutions of a 
single ammo acid, which was determined colon- 
metncally with ninhy^drin in the case of cysteic 
acid and alanine A method for the determination 
of taunne in microgram quantities was developed 
employmg the color formed by taunne, phenol and 
sodium hypochlorite at pH 9 5 Usmg an extract of 
rat liver as a source of cysteic acid decarboxylase 
(Blaschko, 1942) the disappearance of added 
cysteic acid from incubated mixtures was followed 
qualitatively with paper chromatography The 
presence of appreciable amounts of preformed 
taunne and of substances running with cysteic 
acid interferes senously with quantitative deter- 
mmations 

Radioactive crystalline ribonuclease Christian 
B Anfinsen Biophysical Lab and Dept of 
Biological Chemistry, Harvard Med School, Bos- 
ton, Mass 

Beef pancreas was sliced at the slaughterhouse 
as soon as possible after the death of the animal 
Ten-gram portions of slices, 0 5 mm thick, were 
placed m 500 ml Erlenmeyer flasks containing 
50 ml of bicarbonate buffered medium at pH 7 4 
and 38°C (J Biol Chem , 179 1001, 1949) The 
medium included glucose at a level of 200 mg % 
Radioactivnty was added as Na-C'^Oj through a 
vaccine port in the stopper of the flasks After in- 
cubation at 3S°C for two hours, the flasks were 
chilled in ice and 0 5 m sulfuric acid was added to 
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give pH 1 Ribonuclease was isolated by a slight 
modification of the method of Kunitz The final 
product was recrystallized once This material 
was analyzed for enzyme activity, protein nitro- 
gen and specific radioactivity The enzyme activ- 
ity-nitrogen ratios agreed with those obtained 
on several batches of 5 times recrystallized nbo- 
nuclease The specific activity of the carbon diox- 
ide liberated by ninhydnn from the washed de- 
fatted, hj'drolyzed protein was about 0 1 to 0 3% 
that of the gas phase carbon dioxide By usmg 
COi with very high specific activity in the incubat- 
ing flask it was possible to prepare nbonuclease 
with sufiBcient radioactivity to permit consider- 
able dilution With 5 times recrystallized ribo- 
nuclease These preparations showed constant 
specific radioactivity and enzyme activity upon 
further recrystaUization Data on phase rule 
criteria of purity will be presented 

Alanine as a source of acetyl groups of excreted 
acetyl amines m the intact animal H S Ankeb 
Depl of Biochcmtstry, Untv of Chicago, Chicago, 
III 

D- and L-alanmes labeled with deuterium and 
carbon 14 were prepared by reduction of the cor- 
responding phenylhydrazone of pyruvic acid with 
hydrogen and Adams catalyst and subsequent 
resolution On feeding the labeled i.-alanine to- 
gether with foreign amines to rats of the Sprague- 
Dawley strain, identical isotope concentrations in 
both aliphatic and aromatic acetyl amines were 
found as after labeled pyruvic acid (/ Btol Chcm , 
176 1339, 1948) After feeding of n-alamne the 
concentration of both isotopes in the acetyl group 
of the aliphatic amine was much higher than in 
that of the aromatic amine These results account 
for the finding by Bloch and Rittenberg (J Biol 
Chem 159 45, 1945) that in the Sherman strain 
deuterio n, n-alamne gives rise to a much higher 
deuterium concentration in the acetyl group of 
phenylaimnobutyric, than of p-aminobenzoic acid 
It seems most likely that n-alanme is deaminated 
to pyruvic acid which in turn is metabolized to 
acetic acid, the latter acting as acetylating agent 
for both tyqies of anunes For n alanine a special 
mechanism to provide acetyl groups for the ali- 
phatic amino seems to be available It is most 
reasonable to assume that n-alanine reacts with 
a keto acid to yield an acetyl ammo acid This 
can then transfer its acetyl group to an aliphatic 
foreign anune as has been shown by Bloch and 
Rittenberg (J Biol Chem 169 467, 1947) 

Procedure for the chemical estimation of free 
choline in plasma Harold D Appleton,* 
Betty B Levy,* J Murray Steele* and 
Bernard B Brodie Devis of Btochemisiry 
and Medicine, New York Umv College of Medi- 


cine and Research Service, Qoldwater Memorial 
Hospital, New York City 
A simple method for the estimation of choline 
is described It involves the precipitation of 
choline as an iodine complex, which is then deter- 
mined in ethylene dichlonde by its absorption at 
365 van Excess free iodine present does not inter- 
fere in the measurement As little as 5 nucrograms 
of choline can be accurately estimated by this 
procedure Betaine, urea, creatme, creatinme, 
uric acid, crystine, histidine, guanidme, lysine 
and arginine were either not precipitated by the 
iodine reagent or the precipitate m ethylene 
dichlonde did not absorb light at 365 mu The 
method has been applied to the estimation of free 
choline in plasma The phospholipids are removed 
by acetone precipitation and the free chohne esti- 
mated in the Bupernate Counter-current dis- 
tnbution of the choline-like matenal measured 
by the procedure showed the presence of consider- 
able matenal with solubility characteristics which 
differed from cholme This matenal could be sepa- 
rated from choline by its preferential solubility 
in butanol An added step, m which the chohne 
solution IS washed with butanol pnor to the forma- 
tion of the iodine complex, has resulted m a spe- 
cific method for the estimation of free chohne in 
plasma The method may also be applied to the 
estimation of chohne in unne, in plasma phospho- 
lipids and other biological matenal The free 
choline plasma values in normal and diseased 
states will be discussed 

Quantitative micro determination of thiosulfate 
Kaeko Arai, Frank L Aldrich and Joseph 
H Gast (introduced by Howard B Lewis) 
Dept of Biochemistry, Baylor Unw College of 
Medicine, Houston, Texas 

Adaptation of the specific precipitation of thio- 
sulfate as the nickel ethylene diamine salt to- 
gether with the spectrophotometnc measurement 
of the yellow iodine color at 355 my by the proce- 
dure of Sendroj and Alving (J Biol Chem 142 
159-170, 1942) permits determmation of isolated 
thiosulfate at concentrations ranging from 2 0 
to 11 Mg Bulfur/ml Appropnate controls must bo 
read simultaneously to correct for dilution, oxi- 
dation and absorption by high concentrations of 
nickel ethylene diamine sulfate or nitrate which 
may be present initially or in the wash solution 
Such salts show a slight absorption at this wave 
length but do not reduce iodine The conditions 
for reproducible precipitation require 1) alkalin- 
ity, obtamed with ammonium hydroxide, £) the 
presence of an equal volume of absolute ethanol, 

S) at least a 300-fold excess of solid nickel ethylene 
diamme nitrate, 4) at least 4 hours standing at 6 
to 10°C preferably overnight Check determna- 
tions with added radioactive thiosulfate indicate 
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70% rcco\criC'? from unucs conlnminR concen- 
trations of the above order of mngniludo Appli- 
cations to other biological materials will also be 
discussed, including the problem of protein rc- 
^lo^al and losses of added thiosulfate This proce- 
dure represents an approaimatclj 20-foId exten- 
sion of the range of thiosulfate concentration 
which can be determined bj the usual micro- 
titration 

Chromatographic fractionotion of steroids of blood 
and adrenal tissue Reginald M AiicninALD 
AND Jacqu* Genest * Hospttal of the Rockefeller 
Inst for Med Research, New York City 
One volume of plasma, serum or packed blood 
cells 18 pipetted slowlv into 5 volumes of 50% 
(bj volume) acetone-alcohol, then brought to the 
boil and the supernatant hltered The precipitated 
protem is extracted tmcc xnth 2 5 volumes of 
boding acetone-alcohol (With finely minced tis- 
sue, overnight extraction is repeated until extracts 
are colorless ) The combined filtrates are reduced 
to the onginal volume (h> drolyzed when desired) 
and extracted with 2 volumes of CCR An aliquot 
of this extract (equivalent to 5 cc plasma) is 
dried, dissolved in 5 cc benzene and chroma- 
tographed on alumina according to the technique 
described for unne extracts ^Federation Proc 8 
180, 1949) Cholesterol and its eaters are neatly 
separated from each other and from at least some 
other components which give color in the Lieber- 
niann-Burchard reaction This technique shows 
some promise of providing simple determinations 
of cholesterol and of its esters in blood and tissues 
Desoxycorticosterone and bis-dehydrodoisynohc 
acid-7 -methyl -ether are eluted readily from alu- 
mina by water As compared with blood of nor- 
mals, the blood of a patient with an adrenal tumor 
contamed an increased amount of an easily eluted 
component This was eluted in the same order as 
Was the component previously reported ithid ) 
as increased m the tumor and in the acid hydro- 
lyzed unne of a patient preceding (but not after) 
surgical removal of a hirsutizing adrenal tumor 

Rat growth experiments with some derivatives of 
phenylalanine Marvin D Armstrong and 
Jot D Lewis (introduced by V duVigneaud) 
Vniv of Utah College of Medicine, Salt Lake 
City, Utah 

The metabolism of some compounds structurally 
related to phenylalanme has been studied by the 
use of the growth technique The more readily 
prepared diastereoisomer of jS-phenylsenne, re- 
ported some time ago to be at least partially con- 
xerted to benzoic acid in vivo, was exammed for 
its ability to form either tvrosme or phenylala- 
nme, it was found to be neither toxic nor beneficial 
when added to diets deficient in either of these 
ammo acids As would be expected from enzymatic 


studies previously reported in the literature, 
glycyldchydrophonylalanmo is readily available 
as a precursor for phenylalanine m the diet and 
acctyldeliydrophcnylalanmc cannot serve as a 
precursor of either phenylalanine or tyrosine when 
administered either by feeding or intrapontoneal 
injection The eficcts of the isomenc 2-, 3-, and 
4-fluorophcnvlnlanines on the growth of young 
rats was studied and the acute toxicity of 3-fluoro- 
phenylalanine (Boter, Evans and Phillips, J 
Pharmacol d. Exper Therap 73 176, 1941) was 
confirmed The 2-, and 4-fluorophenylalanines 
likewise are toxic but to a much lesser degree 
than the 3-fluoro isomer Possible explanations 
for these toxicities will be discuosed 

Lipide phosphorylation by surviving slices of the 
liver of rats on various diets Caihllo Abtom 
AND Marjorie A Swanson * Dept of Biochem- 
istry, Bowman Gray School of Medicine, Winston- 
Salem, N C 

Slices prepared from the livers of rats previously 
mamtained on vanous diets were incubated aero- 
bically in the presence of labelled NajHPOi 
The incorporation of P’* into the phoapholipides 
by liver slices from animals mamtained on a 5% 
casein diet was much lower than the mcorpora- 
tion by the livers of rats on a stock diet containing 
25% proteins of imxed origin This decreased 
synthesis of phosphohpides seems due to the low 
protein level rather than specifically to a defi- 
ciency of choline or cholme precursor m the diet 
of the animals Indeed, supplementation of the 
low casern diet with choline did not raise the 
synthesis of phosphohpides, whereas an mcreaae 
in the casein content of the diet to 25% mcreased 
the rate to that found m the livers of rats on the 
stock diet Addition of cholme in vitro caused a 
marked mhibition of the phospholipide synthesis 
by the livers of rats on the high protein diets, 
whereas a certain degree of stimulation was ob- 
tamed, when cholme was added to the slices pre- 
pared from the livers of rats on the low protem 
diet The effects of the in vitro addition of ethanol- 
anune were similar, although less marked and less 
consistent Betame added to the surviving slices 
generally enhanced lipide phosphorylation, ir- 
respective of the previous dietary regime of the 
animals 

Influence of vitamin Bi- on a succinylsulfathia- 
zole-induced dietary deficiency m rats Conrado 
F Asenjo Dept of Chemistry and Nutrition, 
School of Tropical Medicine, Untv of Puerto 
Rico, San Juan, P R 

In the course of investigating the suppletory 
action of natural products on folic acid-deficient 
rats receiving a highlv purified basal diet contain- 
ing succim Isulfathiazole, it vas noticed that 
mam of the products tested induced a growth 
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response and a leukocyte regeneration at rates 
well above those obtained with the optimal level 
of folic acid This suggested that the depleted 
animals suffered not only from a severe folic acid 
deficiency but also, perhaps, from other less severe 
deficiency, or deficiencies As such a basal diet 
could have possibly developed a vitamm Bu de- 
ficiency concurrently with the severe folic acid 
deficiency, it was decided to study the effect that 
Bij supplementation could have in the depleted 
rats Preliminary evidence indicates that when 
high levels of folic acid are given as supplement, 
the concurrent administration of vitamin Bu 
significantly improved the growth-response and 
white cell count At low levels of folic acid supple- 
mentation, the addition of Bu did not improve the 
response produced by folic acid alone, though 
survival was a little longer Folic acid negative 
controls receiving B^ did not show any improve- 
ment, but they also lasted longer than the controls 
without Bii The incidence of infarct-like splenic 
lesions was high in both groups of controls, m 
those receiving Bu, perhaps because they sur- 
vived longer, the splenic lesions developed to such 
an extent that this organ was found, in several 
instances, adhered to those adjacent A level of 
0 5 Aig day of Bu was used throughout 

Detection and identification of metabolites in 
tissues by means of paper chromatography 
JoRQB Awapaha. (introduced by Harry J 
Deubl, Jr ) Univ of Texas, Anderson Hospital 
for Caneer Research, Houston 
Paper chromatography has been used as a quan- 
titative method for some amino acids which are 
completely resolved by this procedure The ap- 
pearance of several unidentified components in 
chromatograms from tissue extracts has led to a 
system of isolating those components by means of 
paper chromatographjq in sufficient quantity to 
allow identification Thus far, ethanolaminophos- 
phoric ester has been identified in nearly all organs 
of the rat and some human tumors Presently, a 
peptide has been detected in many organs and in 
blood and an unidentified amino acid in brain 
only The identification of the latter is under way 

Mild dephosphorylation of pyrimidine nucleo- 
tides James E Bachbr* and Frank Worth- 
ington Allen Dept of Biochemistry, Univ 
of California Med School, Berkeley 
Existing methods for the hydrolysis of pjTimi- 
dine nucleotides require strenuous conditions and 
lead to partial destruction of the organic radicals 
In an attempt to circumvent such destruction, 
the following procedure was devised To a solution 
of pyrimidine nucleotide is added a 4-fold m excess 
of La(NOj)i The pH is adjusted to 10 by the addi- 
tion of NaOH The suspension is heated at 100° 
for 2 hours The pyrimidine nucleosides from 


uridylic acid and from cytidylic acid have been 
recovered m approximately 95% yields and iden- 
tified by the use of a Craig counter-current dis- 
tribution apparatus and the ultra-violet spectra 
The method of Fiske and Subbarow for the deter- 
mination of phosphate cannot be applied directly 
to the hydrolysates The procedure for hydrolysis 
IS expected to aid in the preparation and analysis 
of the pyrimidine constituents of ribonucleic 
acids 

Spectrophotometnc microdetermination of methi- 
onine, based on its reversible reaction with 
iodine (Lavine) Bohdan Bakat* and Gerhit 
Toennies Inst for Cancer Research and Lan- 
kenau Hospital Research Inst , Philadelphia, Pa 
Among amino acids methiomne is distinguished 
by a reversible reaction with iodine, which can be 
abolished by oxidation with lodate (Lavine, J 
Biol Chem 151 281, 1943) The analytical apph- 
cation of this prmciple has been modified by re- 
placing thiosulfate titrations with spectrophoto- 
metric determination of iodine, combined with 
solvent extraction Adequate determinations (pre- 
cision 1-2%) on undecolonzed hydroly^sate sam- 
ples containing 50-100 micrograms of methiomne 
are thus possible In one pair of calibrated test 
tubes a blank and a 5 cc aliquot of unknown solu- 
tion are allowed to react with iodine at pH 7, the 
excess iodine is extracted \s ith amydalcohol-carbon 
tetrachloride, and the colors of the aqueous lay ers 
are determined The color of the blank tube repre- 
sents residual iodine, and that of the unknown, 
iodine and hydrolysate color Their difference 
(A) represents the effect of the unknown The 
aqueous phases are then acidified The difference 
between the two tubes at this stage (B) represents 
the value {A) plus the iodine liberated Therefore, 
B minus A represents the reversibly bound iodine, 

1 e , methionine and substances reacting similarly 
In another pair of tubes, blank and aliquot are 
first oxidized by lodate, and then the previous 
procedure is applied, yielding net color before 
acidification (C), and net total color following 
acidification (D) D minus C represents iodine 
bound reversible after oxidation vith lodate, i e 
substances other than methiomne {B — A) — (B 
— C) thus yields the methiomne value Details of 
technic and results obtained in the analysis of 
proteins and liver extracts will be presented 

Transfer of purines and pyrimidines from bac- 
terial host to bacteriophage progeny J Mi- 
chael Barry, Miriam Gollhb Banks and 
Arthur L Koch (introduced by E A Evans, 
Jr ) Dept of Biochemistry, Univ of Chicago, 
Chicago, III 

Radioactive ademne, guanine, and thymine have 
been isolated from E coh grown on ami^niim 
lactate medium supplemented vuth NaH > 
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nnd used for shuhing (he transfer of biictcriiil 
purines and p^rnnullnes lo l)actcnopha(>;c proR- 
cin n colt cells can be spccificalh labeled in the 
purine fraction In culturinR them on an ammo- 
nium lactate medium supplemented \\itti C*^- 
labclcd adenine, in which case both the adenine 
and guanine of the cells are labeled and account 
for all the radioactivitj of the whole bacterm 
Close to 100% of the idenine and guanine of the 
bacteria is derived from the adenine of the me- 
dium Anah’sis of the bacteriophage Te grown on 
these specificallj labeled bacteria demonstrates 
that almost one-half of the phage purines is de- 
rived from bacterial host purines Analogous e\- 
periments with C“-labelcd guanine and tin mine 
have also been carried out 

Transamination and total free amino acid car- 
boxyl nitrogen in induced states of growth 
Paul D Bartlett (introduced b\ Oi.n er II 
Gabbler) Edscl B Ford Tint for A fed Re- 
search, Henry Ford Hospital, Detroit, ^^^ch 
The importance of transamination in the dy- 
namic state of amino nitrogen has been emphasized 
in a number of studies on protein metabolism 
Since nitrogen storage induced by the administra- 
tion of grow th hormone is accompanied by changes 
in plasma ammo acid concentration, it seemed of 
interest to study the process of transamination 
and the concentrations of ammo acids in tissues 
obtained from animals in which growth had been 
arrested by hypophy'sectomy or induced by' the 
adnumstration of growth hormone Transaminase 
activity was determined in tibialis anticus homo- 
genates of pair-fed rats by the method of Ames 
andElvehjem (J Biol Chem 166 81,1946) High 
activity in normal adult female rats W'as prac- 
tically unaffected in states of induced growrth 
Activity' w as somewhat lower in rats hypophysec- 
tomized at 26-28 days of age and grow th hormone 
treatment reduced it to the level of rapidly' grow- 
ing normal rats fed ad Ith Qt values for each of the 
described groups were respectively -1-317, -1-313, 
-1'297, -1-256, and -1-250/mg of homogenate nitro- 
gen Total free amino acid carboxy'l nitrogen 
analy^ses on pooled leg muscle for each of the 
groups of 3 to 6 rats gave values of 19 5, 18 5, 24 3, 
27 9, and 28 1 mg % Free amino acid concentra- 
tions in pooled muscle obtained from hy'pophysec- 
tomized rats m induced states of growiih and from 
rapidly growung normal rats w'ere thus found to be 
higher than in states of arrested growth and 
appear to be mversely related to the transaminat- 
•ng capacity of the tissue 

Sex differences in response to alloxan Eliot 
P Beach, Phoebe J Bradshaw* and M R 
Blatherwick Biochemical Lah , Metropolitan 
Bife Insurance Company, New York City 
Mature albino rats were fasted 4 day s and then 


injected subcutaneously with 20 mg alloxan 
moiiohy'drato/100 gm body weight after which 
food w ns given To determine the effects of alloxan 
on blood sugar during the first 48 hours groups of 
rats were studied at intervals to explore the sig- 
nificant fluctuations The extent of permanent 
alteration in glucose economy was evaluated by 
running oral glucose tolerance tests on each ani- 
mal before and 2 w’eeks following alloxan and by 
postiirandinl blood sugar and urinary glucose and 
acetone excretion tests after 1 and 3 weeks These 
tests reveal marked individual variations in re- 
siionsc to alloxan w'lth the females of our strain 
reacting more violently and developing more 
severe jiermanent distortions of carbohydrate 
niclabobsm than the males During the early 
‘triphasic’ response more severe hyperglycemia, 
followed at 20-30 hours by much deeper hy'pogly- 
cemia, has been observed in the females Of 40 
females examined to date 10 developed fatal 
acidosis, hyperglycemia and glycosuria compared 
w ith only 3 of 40 males Fifty per cent of the males 
nnd only 17 5% of the females treated w ith alloxan 
failed to develop persistent glycosuria 'The se- 
verely glycosunc females, when compared with 
the severely' affected males, were characterized by 
greater distortions in oral glucose tolerance, 
higher fasting blood sugars and more frequent 
acetonuria 

Pool of miscible uric acid in the gouty human. 
Jean D Benedict,* Peter H Forsham,* Mar- 
cel Roche,* Sidney Solowat* and DeWitt 
Stetten, Jr Division of Nutrition and Physiol- 
ogy, Public Health Research Inst of The City 
of New York, Inc , Med Clinic, Peter Bent 
Brigham Hospital, Boston, and Dept of Medicine, 
Harvard Med School, Boston, Mass 
The magmtude of the pool of uric acid which 
nuxes promptly wuth, and dilutes, tracer doses of 
intravenously mjected isotopic (N”) uric acid has 
been measured m the gouty human subject and 
has been found to exceed normal values by as much 
as 25-fold Subsequent to the uric acid diuresis 
produced in the gouty subject by protracted sali- 
cylate therapy, this pool has been observed to 
contract to about iV of its initial value without 
the occurrence of any marked change in the level 
of serum uric acid concentration This contracture 
has been ascribed to the loss by the patient of that 
portion of the urate initially present in the solid 
phase which is rapidly' miscible wuth uric acid in 
solution Whereas therapeutic doses of colchicine 
were without demonstrable effect upon the quan- 
tities measured, the administration of ACTH, 
in an acute experiment, was followed by the ex- 
pected diuresis of uric acid Since this effect was 
accompamed by a fall in the serum uric acid con- 
centration and no change in the rate of dilution of 
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isotope, it IS provisionally concluded that the site 
of this action is at the level of the renal tubule 

Metabolism of jptravenously administered N“- 
labeled compounds Max Bbrenbom* and Jrr- 
IJTJ8 White National Cancer Inst , National 
Insts of Health, Bethesda, Md 
Comparative studies have been made of the 
metabolism in rats, after intravenous administra- 
tion of N“’ -labeled ammomum glutamate (labeled 
m the ammomum ion), glutamine (labeled in the 
amide group), glycme, and L-phenylalanine, by 
following the 24 hour urinary evcretion of N*' 
Normal rats (200-220 gm ) injected with an aque- 
ous solution of ammonium glutamate, glutamine, 
glycine, or n-phenylalanine, equivalent to 6 mg 
of labeled nitrogen/rat, excreted 66 , 66, 38, and 
40% of the respectively Similar results were 
obtained when the amount of ammonia or glycine 
was mcreased to 15 mg of labeled nitrogen/rat 
Young, growing rats (100-110 gm ) each receiving 
2 6 mg of labeled nitrogen, and rats (original 
weight 200-220 gm ) fasted for 5 days and then 
each injected with 6 mg of labeled nitrogen, in the 
form of one of the above mentioned compounds, 
excreted approximately the same percentage of 
administered N“ as the normal rats In all these 
experiments approximately 90% of the excreted 
N" was recovered as urea and 2-8% as a mm onia 
Although the percentage of administered N*‘ 
excreted as ammonia was small, during the first 
hour a relatively large fraction of the total ammo- 
ma excreted was derived from the injected com- 
pounds 

Isolation of /3-glucuronidase of calf spleen and 
factors influencing its activity Peteb Bbrn- 
FBLD* AND WiLLiAM H FiSHMAN Cancer Re- 
search and Cancer Control Unit, Depts of Sur- 
gery and Biochemistry, Tufts College Med School, 
Boston, Mass 

Glucuronidase from calf spleen has been purified 
by several ammonium sulfate fractionations, 
mainly in an alkaline medium A highly active 
enzyme has been obtained which behaves like a 
smgle protein in the electrical field at pH 4 2 and 
8 6 The pure glucuronidase has an isoelectric 
point between pH 7 5 and 8 0 and an activity op- 
timum at pH 4 5 During this purification, several 
fractions with lower glucuronidase activity have 
been discarded, but no fraction has been obtained 
showing a different pH optimum A marked shift 
of the pH optimum of the pure glucuronidase to 
pH 5 0 or more, accompamed by a change in its 
activity, can be observed after addition of saccha- 
rate, gluconate, adenylate or of a non-proteic 
fraction obtamed from calf spleen It is believed 
that the alkaline fractionation removes such or 
similar acid compounds which otherwise always 


accompany the protein in an acid precipitation 
This explains the obserration made by other au- 
thors that several glucuromdases with different 
PH optima can be obtained by fractional salt pre- 
cipitations m an acid medium The existence of 
only one glucuronidase in calf spleen is confirmed 
by the identical ratio of the velocity of hydrolysis 
observed with two different substrates (phenol- 
phthalein-glucuromde and menthol-glucuromde) 
for all fractions obtained durmg the purification 
The activity of pure glucuronidase at pH 4 6 is 
increased 60% by 0 5% ribonucleate and 120% by 
0 6% desoxynbonucleate The activity of glu- 
curonidase m tissue would appear to be greatly 
determined by the desox 3 HibonucIeate present 

Effect of ACTH and other substances on the lipid 
metabolism of rat brain Frederick Behnheiu 
AND Howard L Zaddeb * Dept of Physiology 
and Pharmacology, Duke Univ Med School, 
Durham, N C 

When brain homogenates are mcubated aero- 
bically and then precipitated with tnchloroacetic 
acid, the filtrate heated with thiobarbitunc acid 
produces a red color It has been shown that an 
oxidized form of hnolemc acid reacts with the thio- 
barbitunc acid to form the colored product The 
tn vitro addition of ascorbic acid before incuba- 
tion increases the values When rats are injected 
with either ACTH or adrenal cortical extract 
some time before the removal and mcubation of 
the brains, large increases in values are obtamed 
both with and without the addition of ascorbic 
acid A number of analgesic drugs such as mor- 
phine, meperidme, methadon and adrenalme pro- 
duce similar effects 

Loss of body potassium during pergastric intes- 
tinal perfusion Lionel Bernstein,* Philip 
B O’Neill,* Arthur Bernstein* and Wil- 
LiAu S Hoffman HeUoen Inst for Med Re- 
search, Cook County Hospital, Chicago, III 
Perfusion of the entire intestine was earned 
out in 9 human subjects with pretermmal uremia 
The perfusing fluid contained 148 or 143 mEq 
sodium, 6 or 10 mEq potassium, 3 mEq magne- 
sium, 106 mEq chlonde, 51 mEq bicarbonate, 
and 2% glucose The fluid was perfused through a 
stomach tube at a rate of approximately 2 1/hour 
and collected from the rectum The gastric per- 
fusate was also collected by suction At the end of 
8-12 hours the potassium loss from the body 
ranged from 2-12 7 gm Since the total extracellu- 
lar potassium was less than 3 gm , the greatest 
of the lost potassium came from the cells In all 
cases there was a significant drop m serum potM 
Slum concentration, in 2 instances to the patho 
logically low level of 3 0 mEq/1 But the serum 
potassium concentration could not be pre ic e 
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from the total potnBSium loss The fluid obtained 
from the rectum had potassium concentrations 
ranging from 11 3-26 0 niEq/l , or from 2-7 times 
as high ns the scrum potassium concentration 
E\cn nhcii the perfusate contained 10 mEq/1 , 
the potassium balances were negative Tlie pas- 
sage of potassium from body fluids to perfusate 
nas therefore not duo to simple dial 3 'sis But the 
exact mechanism involved is not clear 

Effect of amino acids on the non-cnzjTnatic de- 
carboxylation of oxalacelic acid Samufi, P 
Bessman (introduced bj Toseph II Ror) Re- 
search Foundation of Children's Hospital, Wash- 
ington, D C 

\mino acids in concentrations approximating 
the total ammo acid content (as equivalents of 
alpha ammo nitrogen) of normal tissues have boon 
found to stimulato''the decarboxylation of oxal- 
acetic acid (OAA) from 2-18 times the spontane- 
ous rate Conditions vero acetate buffer 0 10 m, 
PH 5 0, temperature 37°C , OAA approximately 
007 M, amino acid tested usually 05 m, in total 
volume of three ml A freshly^ prepared solution of 
OAA was placed in the sacs of the Warburg flasks 
and the reaction vas begun bj' tipping after a 
penod for temperature equilibration It was found 
that almost all of the amino acids stimulated the 
breakdown of OAA as a first order reaction with 
respect to OA\ The most active amino acids 
tested were L(-f) histidine ( 186), dl ornithine 
( 078), l(-I-) Ijsme ( 050), glycme ( 049), and l(-P) 
arguune ( 045), the numbers in parenthesis repre- 
senting the first order reaction constant expressed 
in reciprocal minutes The constant for our prepa- 
ration of OAA was 010 min Acetylation di- 
mmishes the activity of glycine and glutamic acid, 
and the amides of the dicarboxylic acids are more 
active than the parent ammo acids Since the tis- 
sue concentration of amino acids is suflScient to 
cause at least a doubling of the rate of OAA break- 
down and smee the stimulation is proportional 
to the concentration, these results suggest a physi- 
ological role of ammo acids m the regulation of 
carbohydrate oxidation, thus offering another 
approach to the problem of gluconeogenesis 

Influence of choline and inositol upon the rate of 
deposition and removal of liver lipids C H 
Best, C C Lucas, Jean M Patterson* and 
Jessie H Bidout Banting and Best Dept of 
Med Research, Umv of Toronto, Toronto, Can- 
ada 

Assessment of the lipotropic activity of inositol 
has sometimes been complicated by the presence 
of choline m the basal diet and by inadequate 
dietary protein The rate of change of total liver 
lipids and cholesterol under the influence of J) 
an improved basal diet alone, 2) plus supplemen- 
tary inositol alone, 3) plus choline alone, and 4) 


with choline plus inositol, has been measured by 
anal} ring livers of animals fed the test diets for 
periods of 3, 6, 7, 9, 14, 21 and 28 days, respec- 
tively Bats (Wistar strain, yveighmg 70-100 gm ) 
were depicted of B vitamins by feedmg for 3 weeks 
a fnt-frcc by polipotropic diet consistmg of casein 
10, nrachin 2, fibrin 2, salts 4, celluflour 2, sucrose 
80, cod liver oil concentrate 0 015% After the 
depletion period the rats were divided into groups 
and y\crc fed the test diets (containing liberal 
amounts of all the commercially available B vita- 
mins) for the periods mentioned A similar experi- 
ment was conducted in which fat was present 
(12% replaced an equal amount of sucrose) m 
the diets during both depletion and test periods 
When liver lipids were plotted against time the 
7-dn\ test period, which has been frequently^ used, 
yvas found to be unsuitable This period is one of 
rapid change rather than of equilibrium Inositol 
alone, even at maximal effective dosage, has only 
a limited lipotropic effect m fat-free diets and none 
in diets containing fat 

Thionase activity Francis Binkley Umv of 
Utah College of Medicine, Salt Lake City 
Preparations of purified thionase, activated 
with glutathione, have been found to attack a 
wide variety of S-substituted cysteines The S- 
methyl, ethyl, propyl and butyl derivatives are 
attacked with the formation of neutral mercap- 
tans identified as methyl, ethyl, propyd and butyl 
mercaptans respectively' The S-carboxymethyl 
and carboxyethy'l derivatives are attacked at a 
low rate with the formation of acidic mercaptans 
The methyl ester of cysteme and cystemy Iglycme 
are cleaved wuthout preliimnary hydrolysis and 
with the formation of hydrogen sulfide Djenkohe 
acid IS cleaved with the apparent formation of 
cy'steine Certain of the above results have been 
checked as to whether or not the compounds will 
provide cysteine for the growth of the white rat 
Frozen pig kidney has been found to be a suitable 
source of the enzyme but no activity' is observed 
unless glutathione is added Certain evidence has 
indicated the presence of a coenzyme The purified 
enzyme may be dissociated into dialy'zable and 
non-dialvzable components The dialyzable com- 
ponent has a characteristic spectrum in the ultra- 
violet and 18 destroy ed by heat-labile components 
of various tissues 

Effect of colchicine and cortisone on uric acid 
metabolism in gout Charles Bisiioi*, Wil- 
liam Garner and John H Tvlbott (intro- 
duced by Wilson D Langley) Dept of Medi- 
cine, Umv of Buffalo Med School and Buffalo 
General Hospital, Buffalo, A’’ T 
Certain aspects of unc acid metabolism in pa- 
tients with gout and other diseases are being 
studied in this laboratory using heaxy nitrogen. 
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Unc acid with N*‘ in the 1,3 poBitions was in- 
jected intravenously into gouty individuals during 
goutv attacks both before and after therapy with 
colchicine or cortisone Excreted unc acid was 
isolated as the ammonium salt from 6 hour samples 
of urme Pool size and turnover rate were calcu- 
lated by the method of Stetten (/ Biol Chem 
181 183, 1949) In one gouty patient with a unc 
acid pool size of 3300 mg (approximately 3 times 
normal), colchicine caused a 50% decrease in the 
pool size and an mcrease in the turnover rate from 
0 50 to 1 01 pools/day Another gouty patient with 
a comparable pool size demonstrated after corti- 
sone therapy a 30% decrease m the pool size along 
with an increase in the turnover rate from 0 59 
to 1 26 pools/day A third gouty patient showed 
no metabolic response to either of these drugs 
even though his unc acid pool size was compar- 
able to those of the other two patients studied 
This latter patient, however, had been mam- 
tamed on a small daily dose of colchicine for some 
tune The implications of these findings will be 
discussed 

Comparison of various techniques for hydrolysis 
of conjugated 17-ketosteroids in urine Joel 
Bitman* and Saul L Cohen Dept of Physio- 
logical Chemistry, Univ of Minnesota Med 
School, Minneapolis 

A technique for the hydrolysis of a relatively 
labile group of 17-ketosteroid conjugates by 
weakly acidic buffers was previously reported 
{Federation Proc 8 184,1949) The 17-ketosteroids 
thus released contain a high percentage of 3-beta 
hydroxy compounds (40-60%) The hydrolysis of 
17-ketosteroid conjugates with an ox spleen /3- 
glucuronidase preparation has been found to 
release approximately 60% of the ketosteroids m 
unne Glucuronidase hydrolysis releases 17-keto- 
steroids with a relatively low 3-beta hydroxy 
steroidal content (3-7%) Evidence that the buf- 
fer hydrolyzed conjugates are sulfates has been 
obtained through 1) & comparison of the buffer 
technique with the mild hydrolytic procedures of 
other workers, S) the complete hydrolysis by this 
technique of pure sodium dehydroisoandrosterone 
sulfate, and S) the non-effectiveness of the buffer 
treatment in hydrolyzing the glucuronide linkage 
or of the glucuronidase treatment m hydrolyzing 
the sulfate Imkage It has been found possible to 
)jydrolyze J to J of the conjugated 17-ketosteroids 
of normal male urine by the use of a combination 
of these procedures The remaining conjugated 
17-ketosteroids which were not released by the 
treatments thus far attempted can be hydrolyzed 
by the usual HCl treatment The combined use of 
buffer and enzyme techniques obviates to a great 
degree the destructive effects of strong acid 
hydrolysis 


Formation of acetate from acetaldehyde In cell- 
free yeast extracts Simon Black Chemical 
Division, Dept of Medicine, Univ of Chicago, 
Chicago, ni 

Two extracts of bakers’ yeast have been pre- 
pared which catalyze the simultaneous formation 
of acetate and ethanol from acetaldehyde An 
extract of rapidly dried (1 minute) Fleischmann’s 
yeast, after dialysis against a non-phosphate 
buffer, requires for its cataljdic action DPN, 
morganic phosphate, magnesium ions, and cys- 
tein Under certain conditions a small accumula- 
tion of a labile phosphate can be demonstrated 
after mcubation with acetaldehyde An extract of 
frozen (liquid Nj) Red Star yeast loses its activity 
irreversibly on dialysis agamst a non-phosphate 
buffer When dialyzed over-night agamst phos- 
phate its activity IS dependent upon DPN, mag- 
nesium ions, and an additional unidentified factor 
present in a yeast ‘kochsaft ' The latter is pre- 
pared from a briefly dialyzed (2-3 hours with 
stirring) preparation of the enzyme extract The 
activity of the Red Star extract is greatly m- 
creased by heating to 50° for 15 minutes Its 
activity also mcreases markedly on storage for 
1-3 days at 2° or —10°, but 1 week at either of 
these temperatures results m complete mactiva- 
tion The activity of both extracts re main s m the 
supernatant when centrifuged at 15,000 r p m A 
colorless, clear solution of the Red Star enzyme 
has been prepared by fractionation with acetone 


Demonstration and comparison of two glycogen 
fractions in liver and muscle Waltee Lyon 
Bloom,* Mabt Schumpeht* and Geobge T 
Lewis Dept of Biochemistry, Emory Umv 
School of Medicine, Emory University, Oa 
There has been considerable speculation con- 
cemmg the presence in tissues of 2 types of glyco- 
gen No adequate method has been available for 
the separate determmation of the 2 types and no 
physiological sigmficance has been descnbed for 
such fractions This report presents a sunple 
method of distinguishmg 2 fractions of glycogen 
in tissue The procedure depends on differences 
in solubility of the 2 fracdons m trichloracetic 
acid extracts of homogenized tissue The results 
obtained with the method are easily reproducible 
and have a high order of statistical sigmficance 
The 2 glycogen fractions have been shown to be 
present in the liver and muscle of rabbits and rate 
The liver of the fed anunal contains more of t e 
acid soluble fraction (85% of the total) than the 
muscle (66%) Adrenaline has been shown to m^ 
markedly influence the removal of the acid-solubl 
fraction of muscle glj cogen, and it is suggested 
that this fraction is the most physiolopcallj la- 
bile component of the glycogen present in live 
and muscle 
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Minor role of non-hopntic (Issuos in plnsmn 
proloin S)n(hcMS ol)sor\c(l ^slth the nld of 
I)<;inc-t-C‘< C C Biv,* L L Miiini \m> 
W F R\il- /)(;)('! of Htulutliou liuilngii and 
Palhologii, hnn of llorhc'^lrr School of Medicine 
end Dciitiitrii, Iiochc^lcr, \ 1 

The survninp; cure iks ()f nonniil \Nisti\r strain 
rats, i)oslcnor to tlio '^('coikI liiinhur verlcl>rn, 
nilh or nithoul kitlncNR, li is liccu found to hmi- 
thcRiro plusinu uloinilins from u comiilctc mixture 
of nmiiio uculs contfiimnj; ni, hsinctC'^ Al- 
though the ammo icids ire r ij)k11\ romo\cd from 
the continuouslN jicrfuscd licjnnnircd lilood, the 
total plismu protein s\nthcsi7ed amounts to 5- 
20% of tint sMillicsircd 1)\ tlir Incr from the 
same ammo acid mixture in t lie feiimc time (Mil t m, 
L L,C G Bm,M L M atsox ami IV F Baie 
Federation Proc , this issue) "Weight for weight, 
the luer is at le ist 200 times ns active ns the car- 
cass in plasma jiroteiii sMithcsis On a relative 
basis the skeletal muscle, kidnei , iiid testes have 
produced far more tissue protein than iilasma 
protein The hver, on the contrnn , sinthesizcs 
an amount of plasma iirotcin of the same order 
of magnitude ns that of the liver tissue protein 

Influence of a-amino acids on rate of enz)™^ con- 
version of phosphorjlated compounds Oscar 
Bodanskv, Olga Bllmenfeld,* Elaine Zin- 
ker* and Blanche Markardt * Memorial Hos- 
pital and Sloan- Kettering Inst for Cancer Rc- 
sajrch, Nao York City 

The extent and nature of the inhibition of phos- 
phatase hydrolj'sis of Na ^-glycerophosphate by 
a ammo acids have been previously reported 
(Bodansky, J Biol Cheiii 179 81, 1949, 174 
465, 1948) In the present study, similar inhibition 
Was show'n to exist for the dephosphorylation of 
ATP and fructose-L,6-diphosphate bj’’ intestinal 
and bone phosphatase preparations However, 
a-amino acids accelerate the dephosphorylation 
of ATP by fresh tissue homogenates at pH 7 4 and 
of fructo8e-L,6-diphosphate by liver hexosedi- 
phosphatase at its alkaline optimum Acceleration 
of dephosphorylation of ATP by a-amino acids is 
Kreatest in skeletal muscle homogenates, but also 
occurs to some extent in cardiac, hver, brain and 
kidney homogenates In extension of Sutherland’s 
finding that enzjmiic conversion of glucose h- 
phosphate to glucose-6-phosphate is activated by 
metal-bindmg agents fJ Biol Chem 180 1279, 
1949), a number of a-amino acids were found to 
accelerate this reaction, the degree of acceleration 
being dependent on the nature and concentration 
of the a-amino acid Hexokinase activity was 
affected only negligibly by a-ammo acids at pH 
"f 4 Incubation of skeletal muscle homogenates 
With Co++, Zn++, Mn++, Ni++ or Cu'*^ resulted in 
marked inactivation of the dephosphorylation of 


ATP, iiiul such activity was restored to varying 
extents by the addition of histidine Data are also 
presciitcil concerning (he relationship between the 
effects of a-amino acids and the effects of metal 
ions for osteogenic sarcoma phosphatase, liver 
hcxoscdiphospluitase, phosphoglucomutase, and 
hcxokiiiasc 

Studies on metabolism of 3-hydroxyanthranilic 
acid Ann H Bokman* and B S Schw'Eigert 
Division of Bioehemislrij and Nutrition, Amer- 
ican Meat Jnst Foundation, and Dept of Bto- 
chcmiatrij, Univ of Chicago, Chicago, III 
During investigations on the enzymatic destruc- 
t ion of 3-liydroxj anthranilic acid, an intermediate 
in the formation of nicotinic acid from trypto- 
phan, it was found that this compound fluoresces, 
and that the fluorescence observed was a linear 
function of the concentration The fluorescence 
of 3-hj'droxyanthramlatc w’as found to vary with 
the pii, and a pit of 7 0 was found to be optimum 
Quinolinic acid, nicotinic acid, and N'-methyl- 
nicotinamidc do not fluoresce under the conditions 
used for measuring 3-hydroxj'anthranilic acid, 
and 3-hydro\yanthranilate could be quantita- 
tively' recovered in the presence of heat inacti- 
vated rat liver homogenates and solutions of 
acetone dried powders of hver Experiments were 
performed both w'lth rat hver homogenates, and 
w'lth solutions of acetone dried powders of rat 
liver, in w'hich 3-hydroxyanthranilic acid, buffer, 
and enzyme solution were incubated together at 
37" and at pH 7 4 for various time intervals It 
was found that the conversion of the substrate to 
non-fluorescent products was proportional to the 
enzyme concentration, and that with the enzyme 
concentration constant the conversion of sub- 
strate was proportional to the amount added 
until the enzyme became limiting Coupled with 
these experiments, microbiological determinations 
of nicotinic acid before and after acetic acid 
treatment of the incubation nuxtures were made 
and the conversion of 3-hydroxyanthraniIate to 
quinolinic acid equivalent to 86 to 100% on a 
molar basis was found These values were in 
accord wnth the amounts of substrate converted 
to non-fluorescent products by the test systems 

Potassium compounds associated wnth carbohy- 
drate metabolism of Escherichia coli E T 
Bolton (introduced by J B Allison) Dept 
of Terrestrial Magnetism, Carnegie Inst of Wash- 
ington, Washington, D C 
Studies of uptake and loss of potassium by E 
coll as w'ell as studies of the metabolism of potas- 
sium-deficient cells have indicated the existence 
of potassium compounds in the cell Since these 
compounds dissociate fairly' readily' in aqueous 
solution it IS difficult to identify them b\ con- 
ventional chemical procedures By means of paper 
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chromatograpliv and radioactive tracer methods, 
however, it is possible to demonstrate potassium 
compounds in extracts of E coh Comparisons of 
chromatograms of extracts of cells grown in the 
presence of K'*’ with knowni samples reveal the 
existence of compounds which show the same 
movement in a but j 1 -alcohol -acetic acid-water 
solvent as the K-salts of hexose phosphates These 
compounds account for a large fraction of the total 
potassium in the cell The biological origin of 
these compounds is further demonstrated bj con- 
trol experiments with non-radioactive cell ex- 
tracts These findings confirm the work of others 
m this laboratory who have shown that potassium 
is associated with the metabolism of hexose phos- 
phates 

N“ Studies on conversion of tryptophan to niacin 
in neurospora David M Bonner and C W 
H Partridge * Osbom Botanical Lab , Yale 
Univ , New Haven, Conn 
The scheme of niacin synthesis in neurospora 
involving tryptophan is largely predicated on 
mutant strains of one genetic type Since certain 
observations regarding such strains are not read- 
ily reconcilable with the thesis that trjTitophan 
serves as a major niacin precursor, a direct check 
of the conversion of indole to niacin has been 
made Strain 10576 requires tryptophan or indole 
for growth, accumulates anthranilic acid, but 
cannot grow on niacin Since the only source of 
tryptophan available to this strain is that added, 
the formed niacin should reflect the same N“ 
content as the indole used for culture if trypto- 
phan conversion represents a major pathway of 
macin symthesis For ease of isolation, a double 
mutant was formed with 10676 and a strain know n 
to accumulate generous quantities of quinolinic 
acid (Bonner and Yanofskt, Proc Nat Acad 
Set 35 676, 1949) This double mutant was cul- 
tured on indole having 3 97 atom % excess N'‘ 
After growth, the quinolinic acid present in the 
medium was isolated and found to contain 2 98% 
excess N'® The anthranilic acid accumulated 
during growth of this double mutant was also 
isolated and its N^'’ content determined as a direct 
check of the tryptophan cycle recently proposed 
by Haskins and Mitchell (Proc Nat Acad Set 
35 600, 1949) The anthranilic acid was found to 
contam no appreciable N'® One may conclude, 
therefore, that in neurospora, anthranilic acid is 
not formed from trjptophan to an appreciable 
extent and that niacin formation from trjptophan 
represents a major sjmthetic pathway 

Inubn clearance during pregnancy Rot W Bons- 
NEs AND William A Lange * Dept of Obstetrics 
and Oynecology, Cornell Umv Med College and 
New York Hospital, New York City 
According to data in the literature, pregnant 


women have inulin clearances of the same order of 
magnitude as nonpregnant women The subjects 
for these tests were, in the main, near term A 
survey by us of this function throughout preg- 
nancy shows 13 normal women 11-37 weeks preg- 
nant to have significantly^ elevated inulin clear- 
ances which average 183 ml/min/1 73 m * with a 
standard deviation of the sample of ±20 compared 
with 119 ± 4 for 8 nonpregnant controls How- 
ever, women 38 weeks or more pregnant were 
observed to have inulin clearances which average 
129 ml/min/1 73 m a value not significantly 
different from the control value and in agreement 
with the data in the literature But the standard 
deviation of this sample is ± 43, indicatmg quite 
a range of values Both groups of pregnant women 
were observed to have changes in simultaneously 
performed urea and p-amino hippurate clearances 
which followed the mulin clearances in direction 
but not in magnitude 


Mechanism of bacterial growth inhibition by 
hydroxylamine Ernest Borek, Nathan Gros- 
Bowicz* AND Heinrich Waelsch Depts of Bio- 
chemistry, New York State Psychiatric Inst and 
Columbia XJniv , New York City 
The recent discovery of an enzyme sj'stem 
(glutamo- and asparto-transf erases) which ex- 
changes the amide group of glutamine and aspara- 
gine with hydroxylamine suggested a possible 
mechanism for the inhibition of bacterial growth 
by by'droxyd amine The growth inhibition was 
studied on Lactobacillus arabinosus and on Pro- 
teus vulgans, the latter organism can synthesize 
glutamic acid and also contains glutamo- and as- 
parto-transferases, while the former is unable 
to synthesize the amino acid, and the presence of 
the enzyme system has not been demonstrated in 
it In sjmthetic media containing amino acids the 
grow th of Proteus vulgans is inhibited completely 
by 3 X 10~‘ molar hydroxylamine, while Lacto- 
bacillus arabinosus requires about 6 times the con- 
centration of the inhibitor The growth inhibition 
of both organisms is overcome by ammonia or 
glutamine, or any compound from which ammonia 
IS easily liberated The antibacterial index wit 
both organisms is about 1 The relationship e- 
tween hydroxylamine inhibition and its reversal 
can be studied only within a narrow range of con- 
centrations of the inhibitor, since a high concen- 
tration of hydroxylamine interferes with the utH- 
ization of other metabolites (keto acids, etc) 
These findings suggest that hydroxylamine may 
interfere with the formation and utilization of 
asparagine or glutamine 


, ration of C»-Iabeled amino ad^ into 
Ins of fractions of guinea pig liver homog- 
, Henry Borsook, Clara L ^^east,^ 
.T TTxaqen-Smit,* Geoffrey KeighlEi 
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AND PtTJn II Lo^\\ * Kcrclhoff TmUs of Biol- 
offtf, CaJtfoniia Just of Tcchnolngj/, Pasnthna, 
Cahf 

Three diflercnt pnrticulntc friictions and a su- 
pernatant fraction of guinea pig liver homogenate 
were prepared b^ difTcrcntml centrifugation The 
four fractions exhibited functional difTcrcnces in 
the rates at ■nhich thej incorporated glycine, )- 
histidine, L-leucine or n-hsinc i hsiiie vas in- 
corporated into the proteins of the jiarticulate 
fractions under one set of conditions and into 
those of the supernatant fraction under another 
set of conditions Evidcntlj the incorporation of 
amino acids into proteins in vtlro, does not, in the 
adult cell, nccessariR depend on direct jiarticipa- 
tion of the nucleus One hour after the int ravenous 
injection of guinea pigs with 20 mg of labeled 
ammo acid/kg the incorporation of gh cinc, histi- 
dine, leucine or Ijsinc into the liver jirotcins was 
of the same order of magnitude as in the most 
active liver fraction in vUro Each of the 4 amino 
acids was incorporated into the proteins of all 4 
fractions The greatest uptake in cverj case was 
in the microsome fraction In vilro this fraction 
was the least active, this maj be because optimal 
experimental conditions have not yet been found 
for the tn vilro experiments 

Characteristics of proteose trypsin inhibitor of 
soy beans Donaid E Bowman Dept of Bio- 
cheimstry and Pharmacology, Indiana Univ 
School of Medicine, Indianapolis 
Present evidence further supports the proteose 
nature of the soj bean trjpsin inhibitor to which 
we have called attention, which is soluble in 60% 
alcohol and 10% trichloracetic acid This inhibitor 
differs from the globulin soj bean trjpsin in- 
hibitor in many respects A few of the properties 
of this proteose are indicated bj the method of 
preparation which involves extraction of pre- 
viouslj^ unheated soy bean meal woth 60% ethy 1 
alcohol, precipitation with acetone or increased 
alcohol, precipitation of inert material and any 
remaining globulin inhibitor with trichloracetic 
acid, precipitation of the active material w ith 5 
saturated ammonium sulfate and dialysis In- 
travenous administration is affective in diminish- 
ing fatal pulmonary and cardiac embolism which 
results from the injection of small amounts of 
try^sm in rabbits It also inhibits the trypsm- 
like protease of plasma but, like other trypsin 
inhibitors, it is less effective agamst the thrombo- 
plastic and proteolytic activities of lodmated 
trypsin than it is with untreated trypsin It does 
not prevent the hypotensive effect of mtravenous 
trypsin Rabbits do not appear to become sensi- 
tized to this inhibitor Further evidence mdicates 
that there are various bean trypsin inhibiting 
fractions as we have emphasized since first calling 


•vttcntion fo bean enzyme inhibitors One fraction, 
also having proteose characteristics, is quite sim- 
ilar to the material used in the present work except 
that it 16 insoluble in trichloracetic acid at room 
temperature 

Further properties of a tuberculostatic fraction of 
human plasma Donald E Bowman Depl of 
Biochemtslry and Pharmacology, Indiana Untv 
School of Medicine, Indianapolis 
V fraction of autoclaved human plasma which 
retards the growth of the H-37 strain of tubercle 
bacilli has characteristics of a lipid It is soluble 
in alcohol, ether and acetone It can be concen- 
trated by direct ether extraction of autoclaved 
plasma or inert material can be precipitated from 
an aqueous extract of the autoclaved plasma with 
90% ethyl alcohol at low temperatures with sub- 
sequent ether extraction of the residue of the 
evaporated alcoholic filtrate It can be precipi- 
tated with ammonium sulfate and dialysed It 
inhibits the grow^th of the H-37 strain on im- 
dilutcd sterile human plasma w'hich has been 
coagulated w ith a minimum of heat In the major- 
ity' of instances growth readily' occurs on such 
plasma in the absence of the activated inhibitor 
The degree of inhibition is further estimated by 
determining the nitrogen content of the washed 
organisms grown m synthetic media Observations 
suggest that the presence or the liberation of this 
heat stabile substance in vivo, possibly through an 
enzy'matic mechanism, may contribute to resist- 
ance to tuberculosis 

Biosynthesis of radioactive fatty acids and choles- 
terol Roscoe O Bradt* and SAirciBL Guhin 
Depi of Physiological Chemistry, Univ of Penn- 
sylvania School of Medicine, Philadelphia 
We have studied the biological synthesis of long 
chain fatty acids and cholesterol by incubatmg 
slices of liver tissue from fed rats of the Wistar 
stram in the presence of C”-labeled acetate, 
py'Tuvate, butyrate, hexanoate, and octanoate as 
substrates The usual procedures for the isolation 
of fatty acids and cholesterol were followed Fatty 
acids whose chain lengths were longer than 10 
carbon atoms were separated by' precipitation 
wnth a copper-lime mixture and effectively freed 
from contammating substrate All of the sub- 
strates investigated contributed carbon atoms 
for long chain fatty acid and cholesterol svnthesis 
in vilro The addition of amorphous insulin to 
the incubatmg medium increased sigmficantly' the 
amount of acetate mcorporated into long chain 
fatty acids It would appiear that all of the short 
chain fatty acids we investigated are as efficiently 
converted to long chain fatty acids as is acetate 

Metabolic competition of pyTuvatc and lactate in 
cardiac muscle slices Mtrox C Brin and 
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Robert E Olson (introduced by Fredrick J 
Stare) Dept of Nutrition, Harvard School of 
Public Health, and Dept of Biological Chemis- 
try, Harvard Med School, Boston 
Cardiac muscle slices from healthy ducklings 
250-350 gm in weight fed an adequate diet ad 
libitum were incubated in Warburg vessels with 
pyruvate alone at levels of 1-5 mM/1 , with lactate 
alone at levels of 1-5 mu/l and with lactate plus 
pyruvate with each varied from 1-5 nui/l , at 37° 
for one hour Oxygen consumption was determined 
manometrically and changes in pyruvate and 
lactate levels during incubation determined chem- 
ically In this range the utilization of pyruvate 
and of lactate was a function of mitial concen- 
tration, pyruvate being used 20% more rapidly 
than lactate With combinations of pyruvate and 
lactate as substrate, the total Cj-compound util- 
ization was greater than that with each alone 
Under these conditions, increasing concentrations 
of lactate had relatively little effect upon pyruvate 
utilization, whereas increasing concentration of 
pyruvate progreasivel5'’ decreased lactate utiliza- 
tion Related isotope studies of the effect of each 
substrate upon the oxidation of the other will 
also be presented 

Some biological and chemical properties of the 
citrovorum factor Haert P Broqotst,* E L 
R Stokstad and T H Jukes Lederlc Labs 
Division, American Cyanamid Company, Pearl 
River, N Y 

Recent studies have indicated that concentrates 
of natural materials active for growth of Leuconos- 
ioc citrovorum reverse the toxicity of folic acid 
antagonists for some microorganisms under con- 
ditions in which pteroylglutamic acid (PGA) is 
ineffective In the present study further evidence 
for the ability of citrovorum factor (CF) concen- 
trates to reverse 4-amino PGA for L citrovorum 
was found In studies with mice it was found that 
CF concentrates given either in the diet or by in- 
jection could protect imce agamst the toxic effects 
of 4-amino PGA, PGA was without effect in 
alleviating this toxicity In counter current dis- 
tribution studies by the method of Craig, it was 
found that the distribution curves for CF activity 
or folic acid activity were indistinguishable In 
other experiments it was found that CF was read- 
ily converted by exposure to HCl to a compound 
with properties similar to folic acid These find- 
ings coupled with the ability of CF concentrates 
to reverse the toxicity of 4-amino PGA in micro- 
organisms and mice support the view that CF 
is a hitherto unrecognized biologically active 
form of PGA 

Chronic exposure of adult mice to C'^Oi Donald 
L Buchanan (introduced by Simon Black) 


Biology Division, Argonne National Lab , Chi- 
cago, III 

Certain fractions of total carbon of tissues and 
of compounds in various organisms are derived 
from air CO. Such fixed carbon fractions have 
not been repoited If an animal is kept for an 
extended period in C02-labeled air the ultimate 
ratio of the specific activity (s a ) of the carbon 
in a particular component to the s a of the atmos- 
pheric COj should represent the fixed carbon 
fraction of the component Mice were ventilated 
in 3 serially connected, sealed metabolism cham- 
bers with constantly flowing labeled air Animals 
were sacrificed at intervals during a 34-day expo- 
sure and up to 45 days thereafter, and the s a of 
tissues and excreta measured Although the 
content per unit volume of gas was equal m the 
three chambers, the total COi concentration was 
not Below 1 7% the CO* concentration had slight 
influence on retention Hence, total reten- 

tion of air COj 18 proportional to its concentration 
below 1 7% Urea carbon reached a constant s a 
within the first day while erythrocyte carbon 
failed to reach a constant level Each of approxi- 
mately 30 other components reached constant s a 
levels in 3-16 days Fixed carbon fractions of van- 
ous soft tissues varied between 10~^ and 3 X lO”* 
at the normal air concentration of CDs, while 
that for urea carbon was 3 5 X 10“’ All s a -time 
curves were more complex than the simple expo- 
nential except the erythrocyte curve which was 
linear The latter showed the life span of the mouse 
erythrocyte to be 52 days 


Ipids of normal and pathological aortas R C 
Buck* and R J Rossiter Dept of Biochem- 
istry, Univ of Western Ontario, London, Canada 
The concentration of free and total cholesterol 
method of Schoenheimer and Sperry, J Biol 
hem 106 745, 1934) phospholipids (method of 
[ack, j Biol Chem 169 137, 1947) and total 
itty acid (oxidative method of Bloor, J Biol 
hem 77 53, 1928) were determined in a number 
f normal and pathological human aortas In 
ortos that appeared normal on macroscopic ex- 
mination the concentration of total chole^erol 
nd total phospholipid increased with age From 
irth to 35 years the increase in cholesterol was 
onfined chieflj to free cholesterol, the percentage 
f cholesterol in the ester form bemg low in these 
ounger age groups After 35 years the increase 
■as chifly m the ester fraction, the free choles- 
jrol remaining fairly constant An increase in the 
3ncentration of sphingomyelin accounted fo 
11 the increase in phospholipid with age ' 

Im, lecithin, or neutral fat (i e ^ 

lan in cholesterol ester or phospholipid) was 
dated to age In aortas showing macroscopic - 
ence of atherosclerosis there was an increase 
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the concentration of both free and ester choles- 
terol, total phospholipid and neutral fat, the in- 
crease in the concentration of these lipids being 
related to the severity of the lesion Lecithin and 
sphingomj elm accounted for the increase in phos- 
pholipid There vas no increase in cephalin 

Hydroljsis of 17-ketosteroid conjugates Henry 
J Bueiiler,* Philip A Katzman and Edward 
A Doisi Dept of Biological Chcimslry, Saint 
Louts Untv School of Mcdtcinc, Satnt Louts, Mo 
Our previous vork has shonn that bacterial 
glucuronidase effectively hjdrolyzes steroid glu- 
curonides In a continuation of our studies on the 
hjdrolysis of conjugated steroids, our attention 
has been focussed on the steroid sulfates At- 
tempts to obtain microbiological sulfatases have 
shonn these enzymes to be highly specific but 
none has been found to hjdroRze the 17-keto- 
steroid sulfates Refluving aqueous solutions of 
sodium dehydroisoandrosterone sulfate or sodium 
androsterone sulfate with 15 volumes % of HCl 
for 10 mmutes resulted in poor recoveries of both 
steroids Longer periods of refluving gave even 
poorer recoveries of androsterone and did not 
improve the recovery of debj^droisoandrosterone 
Autoclaving for one hour at pH 7 3 (or higher) 
under 15 pounds pressure hjdrolyzed the dehy- 
droisoandrosterone sulfate almost completelj’^ but 
did not hydrolyze androsterone sulfate This dif- 
ference of behavior was also e\hibited when the 
procedures of Talbot, et al and Bitman and 
Cohen for the hydrolysis of 17-ketosteroid sulfates 
were employed Autoclaving at pH 7 3 produced 
no detectable hydrolysis of the glucuronides of 
estnol, menthol or phenolphthalein Continuous 
extraction with ether for 24 hours at pH 0 7 or 
treatment by standing in 7 2 n HCl for 18 hours at 
38°C effectively hydrolyzed both steroid sulfates 
The glucuronides were not affected by continuous 
ether extraction at pH 0 7 but v ere hydrolyzed 
to the extent of 50% by the strong acid treatment 
The apphcation of these procedures to urme of 
normal men have shown that continuous extrac- 
tion with ether at pH 0 7 liberated from 25-200% 
as much 17-ketosteroid as was liberated by glu- 
curonidase hjMrolysis 

Role of methionine as methyl donor for choline 
synthesis in the chick K A Burke,* R P 
Ntstroxi* and B Connor Johnson Division 
of Animal Nutrition and Radiocarbon Lab , Untv 
of Illinois, Urbana 

Methiomne labeled in the methj 1 position with 
radiocarbon has been sjmthesized and fed to in- 
dividual chicks The expired CO 2 n as collected at 
1- to S-hour intervals for the next 48 hours, after 
vhich the chickens vere sacrificed and the choline 
isolated from the whole carcass Radioactive car- 
bon determinations made on the expired CO; 


and on the isolated choline showed both to con- 
tain C-14 Quantitative data on the oxidation of 
mothionine-methyl groups and on the synthesis 
of choline from methionine-methyl groups will be 
reported These findings bring the chick into con- 
formity nith the rat, man and pig 

Studies on metabolism of radioactive L-ascorbic 
acid J J Burns,* H B Burch* and C G 
King Dept of Chemistry, Columbia Univ , New 
York City 

The gross metabolism of radioactive L-ascorbic 
acid, labeled with C‘< in the carboxy position, has 
been studied in normal and scorbutic guinea pigs 
The labeled compound was synthesized by addi- 
tion of radioactive sodium cyanide to L-\ylosone 
Pure L-ascorbic acid was obtained in 25% yield 
after purification through ion exchange Feeding 
expenments were carried out with normal and 
scorbutic guinea pigs The radioactivity appear- 
ing in respiratory carbon dioxide during 24 hours 
was 20-30% of the injected dose The urme con- 
tained 3-6% of total activity, and the feces 0 7% 
Calcium oxalate, isolated from the unne, con- 
tained 60% of the total unne activity, demon- 
strating a precursor role of ascorbic acid in oxalate 
formation The distribution of radioactivity m 
organs and tissues was approximately the same 
as found by chemical analysis for ascorbic acid 
There appeared to be no marked differences in 
tissue incorporation in the normal and scorbutic 
guinea pig when compared on a unit weight basis 
Studies have been made on the incorporation of 
radiocarbon into the petroleum ether fractions 
extracted from the spleen and adrenals of scor- 
butic guinea pigs 

An improved micro-method for sugars using direct 
colorimetry of ferricyanide George O Burr 
AND T Tanimoto * Dept of Physiology and 
Biochemistry, Experiment Station, Hawaiian 
Sugar Planters’ Association, Honolulu, T H 
Clarification of leaf extracts with lead or So- 
mogju reagent fails to remove a considerable 
amount of non-sugar reducing material which 
reacts with cold alkabne ferncyamde Activated 
carbon removes this material quantitatively with- 
out adsorbmg measurable quantities of reducing 
sugars At the same time it completely decolorizes 
the plant extract, makmg a direct colorimetric 
reading possible Based upon the above observa- 
tions the following micro-method has been de- 
veloped To 5 ml of alkaline potassium fernej a- 
mde, containing 0 005 mEq of ferncyamde, is 
added 2 ml of clarified plant extract which con- 
tains not over ISO micrograms of reducing sugars 
After heating for 25 minutes in an 80° C water 
bath the density of the cooled solution is read in a 
photoelectric colorimeter with a No 42 filter or in 
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a spectrophotometer at ■5\ave length 420 m/p, 
the absorption maMmum for potassium ferric 3 'a- 
nide \t this wave length the formed ferrocj amde 
gives no measurable interference and the decrease 
in density is proportional to the amount of reduc- 
ing sugar present The method is rapid, accurate 
and sensitive to less than 1 microgram of reducing 
sugars 

Antibiotic action of the pigments of Fusartum bos- 
trycoides F A Cajori, IM A Hamilton,* 
E Uhbanich* and T Purshottam * Dept of 
Btocheimslry , Uinv of Colorado School of Medi- 
cine, Denver, Colorado Foundation for Research 
in Tuberculosis, Colorado Springs 
Culture fluid of F boslrycoidcs stronglj' inhibits 
the growth of the tubercule bacillus, H-37, when 
tested in intro The inhibiting action was found 
to be related to pigment production by the mold 
The pigments W'ere extracted from the mold mycel- 
lium W'lth hot alcohol and from the highlj' colored 
culture flmd with benzene After freeing the ex- 
tracts from fat by adsorption on aluimna, a cr\8- 
talline pigment w^as obtained with antibiotic ac- 
tivity toward the tubercule bacillus similar to the 
activity of streptomjcin when tested by our 
assaj^ method This pigment, which has indicator 
properties, melts at 238°-239° C and is a naphtha- 
quinone, similar to, but not identical with javam- 
cin (Arnstein and Cook, J Chem Soc II 1021, 
1947) Experiments bearing on the possible mecha- 
nism of the inhibitor's action of this material on 
the growth of the tubercule bacillus will be 
presented 

Precipitation and separation of 2-hydroxy-3-naph- 
thoic acid hydrazones of conjugated and free 
ketosteroids Bernard Camber (introduced by 
R M Archibaid) Hospital of the Rockefeller 
Inst for Medical Research, New York City 
Conjugated ketosteroids of unhj'drolj zed urine, 
blood serum, etc may be precipitated readily at 
room temperature as hydrazones bv addition of 
■^th vol of 0 4% solution of 2-hj'droxy-3-naph- 
thoic acid hydrazide {Nature 163 286) in acetic 
acid The w'ater washed precipitate from urine 
has been resolved by paper partition chroma- 
tography in a triethylamine — t-butanol — water 
sy stem into at least 10 components which fluoresce 
under blue hght Further resolution may be ob- 
tained in a second dimensional partition of the 
colored sulfamlic acid azo derivatives maw ater 
saturted s-butanol sy stem Quantitation, charac- 
terization and further resolution of these precipi- 
tates and their azo derivatives is being attempted 
by column chromatography on alumina and on 
HI 04 oxidized starch or cellulose Transfer of the 
hy drazide moietx from the steroid to the aldehv- 
dic groups of the column involves a new chromato- 
graphic principle, ‘group exchange ’ The hydro- 


phobic unconjugated ketosteroids (reference 
standards, desoxy corticosterone, cortisone, bile 
acids, urine hydrolysate extracts) dissolved in 
0 8% solution of the hy drazide in acetic acid 
precipitate as hydrazones on addition of 20 \ol 
of 6% methanol in w ater A mixture of the hydra- 
zones of steroids know n to occur in the |3 ketonic 
fraction from acid-hy droly zed urine (isoandroste- 
rone, dehydroisoandrostcrone, allopregnanol-3^- 
one-20) has been resolved by paper partition 
chromatography in an isopropy lether-triethylam- 
ine-water system at 0° C and also in an isopropy 1- 
cther-trunethylamine-methanol-water system at 
room temperature These methods may facilitate 
corticosteroid studies in blood and urine and 
permit removal of ketosteroids from urine w ithout 
acid hydrolysis The hy'drazide moiety apparently 
facilitates fractionation and permits visualization 
and characterization of components 


Methylation of nicotinamide with a soluble en- 
zyme system from rat liver G L Cantoni 
(introduced by S P Colowick) Dept of Bio- 
logical Chemistry, Univ of Illinois College of 
Medicine, Chicago^ 

The biosynthesis of N’-methyl-mcotinamide 
(NMeN) demonstrated earlier in liver slices by 
Perlzweig and collaborators {J Biol Chem 160 
401, 1943) has been studied It was found that 
NMeN IS formed by an enzy me system obtained 
from rat liver The meth'\ 1 donor is L-methiomne 
Betaine is active ns a methyl donor only m the 
presence of homocysteine The reaction is prob- 
ably endergonic and requires IMg^ It was found 
that the energy of the phosphate bond in ATP 
or phosphoglymeric acid, the latter used in con- 
junction with catalytic amounts of ATP, is uti- 
lized for the biosymthesis of NMeN Oxygen is not 
required The reaction product was identified as 
NMeN by a) its ultraviolet absorption spectrum, 
b) conversion to a fluorescent product vnth alkali 
plus methyl-ethyl -ketone, and c) enzymatic oxi- 
dation to L methy 1-3 carboxy I-amide-6 pyndone 
The enzyme system from rat liver withstands 
heating at 46'’ C for 10 minutes and can be frac- 
tionated in the cold with ammomum sulfate 
between 0 4 and 0 60 saturation A preparation 
has been obtained which has a specific activity 
1 5-2 5 times as great as the crude liver extract 
Further work on the purification of the enzyme 
system and the mechanism of the reaction is in 
progress It is suggested that the enzyme respon- 
sible for the methylation of nicotinamide by 
methiomne and ATP be called mcotinamide 
methylkinase 


ion of L-ascorbic acid by o-iodosobewoic 
Wendell T Caraw at* and Leslie Hel- 

lAN Dept of Physiological Chemistry, Johns 
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Hopkins Umv School of Medicine, Baltimore, 
Md 

The oxidation of ascorbic acid <?-iodosobcn- 
zoic acid proceeds as a second-order reaction m 
non-buffered aqueous solutions over the pH range 
from 4-S with k- equal to 1 3 liters mole'* min~* 
nt 25° (half-hfe 13 hours for 0 001 m solutions) 
The slon rate of the reaction is interpreted on the 
basts of internal chelation in the molecule of o- 
lodosobenzoic acid since the corresponding m- 
and p-iodosobenzoic acids oxidize ascorbic acid 
practicalh instantaneouslj The acidic compo- 
nent of all buffers tested catab'zed the reaction 
by combining reversibly nith o-iodosobenzoic 
acid to weaken normal internal chelation An 
autocatalysis, observed in acetate buffer at pH 
4 6 but not in phosphate buffer at pH 7, was traced 
to o-iodobenzoic acid, an end product of the 
reaction Debydroascorbic acid had no effect 
A specific cataljd/ic effect of phosphate on the 
oxidation of ascorbic acid was observed at pH 
7 Cupric ion catalj zed the reaction in agreement 
with observations on the oxidation of ascorbic 
acid by oxygen The reaction provides a method 
for the study of the controlled oxidation of ascor- 
bic acid under various conditions, a problem of 
considerable interest in view of the undetermined 
role of the vitamin in oxidation-reduction proc- 
esses and the mechanism of its action in vivo 

Fatty acids as biotin substitutes for Leuconostoc 
Waknek W Carlson, Virginia Whiteside- 
Caklson and Ivatherine Kospetos (intro- 
duced by Ejuiett B Carmichael) Biochemis- 
try Dept , Med College of Alabama, Birmingham 
Previously it was found (Carlson and White- 
side-Carlson, Proc Soc Exper Biol d, Med 
71 416, 1949) that Leuconostoc required biotin m 
glucose and fructose media, but were free of a 
requirement for this vitamin in sucrose media to 
the degree that the disaccharide was utilized via 
the mechanism resulting in dextran synthesis 
The ability of fatty acids to substitute for biotin 
in these carbohydrate media has now been inves- 
tigated The fatty acids were used in the form of 
monoesters of polj oxj ethylene sorbitan, com- 
pounds known commercial! j as ‘Tweens ’ With all 
strains of Leuconostoc emploj ed. Tween 80, the 
mono-oleate, and Tween 20, the mono-laurate, 
produced a higher level of growth in sucrose media 
than was obtained with biotin In their presence 
half-maximnl to maximal growth was obtained 
with the x'arious strains in biotin-free glucose and 
fructose media Rex'ersal of egg uhite inhibition 
bx Tween SO and Tween 20 was observed onlj 
with L dextrameum elai, a strain distinguished 
bj giving approximateh a quantitatixe yield of 
dextran from sucrose Tween 60, the mono stear- 
ate, and Tween 40, the mono-palmitate, were less 


active than the oleate and lauratc Their ability 
to substitute for biotin in sucrose media paralleled 
the dextran synthesizing capabilities of the vari- 
ous strains They could not substitute for biotin 
in media containing the constituent monosaccha- 
rides, and their presence increased the inhibitory^ 
effect of egg uhite Although most reports stress 
the ability of unsaturated fatty acids, especially 
oleic, linoleic and vaccinic acids, to replace biotin, 
in the case of Leuconostoc it appears that lauric 
acid IS also highly effective in the form of Tueen 
20 

Genesis of C< dicarboxyhc acids in the tri- 
carboxylic acid cycle S F Carson,* J W 
Foster, D S Anthony* and E F Phares * 
Biology Division, Oak Ridge National Lab , Oak 
Ridge, Tenn 

Two recent discoveries concerning biochemical 
genesis of Ct dicarboxyhc acids require some re- 
investigation and perhaps some reinterpretations 
concerning the tricarboxylic acid cycle First, the 
recent unequivocal proof of the ‘20. condensation 
reaction,’ (Foster, Carson, et al Proc NaVl 
Acad Set 35 663, 1949), second, the finding that 
metabolic COj can become incorporated into car- 
boxyl groups of preformed Ci dicarboxyhc acids, 
but which were synthesized by the 2Cs condensa- 
tion reaction (Foster, Carson et al Proc Nat'l 
Acad Sci , in press) Krebs type malonate 
inhibition experiments were conducted with 
C‘^H} CO COOH and C**Os Malate, succinate, 
lactate and a-ketoglutarate were isolated, purified 
and completely' degraded, specific activities were 
determined for both C” and C*< The results indi- 
cate that the 2Cs condensation reaction cannot be 
excluded from having taken part in the symthesis 
of the Cl dicarboxyhc acids It is also indicated 
that one may have to re-examme the quantitative 
significance of the role of COj in the actual symthe- 
sis of Cl dicarboxyhc acids, versus the amount of 
labeled COj which merely enters by simple re- 
versible exchange with already existmg Ci acids 
Finally , it should be pointed out that in all the 
malonate experiments, the controls formed as 
much succinate (frequently more) than the treat- 
ment containing substrate As far as u e are aware, 
very few, if any, isotope experiments on the tri- 
carboxylic acid cy cle have been conducted with 
controls Our controls y lelded malate containing 
ns much C*’ in carboxy 1 (from C”Oi) as the py- 
ruvate experiments 

Structure of cerebrosldes Herbert E Carter, 
Fred L Greenwood* and Charles G Humis- 
to\ * Division of Btochcmtslnj, Noyes Lab 
of Chemistry, Urbana, III 

In prenous work we haxe shown that triacetxl- 
sphingosine yields acetic acid on catalytic reduc- 
tion as a result of cleaxage of the ally he acetoxx 
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group The product has now been isolated and 
shoun to be diacetylsphingine Oxidation of N- 
benzoylsphingine gave an optically active N- 
benzoylammostearic acid vhich, on racemization 
through the azlactone, was converted lato the 
known DL-benzoyl-a-aminostearic aeid These re- 
sults furnish final confirmation for the structure 
of sphingosine The optically active benzoyl-a- 
aminostearic acid is tentatively assigned the n- 
configuration on the basis of studies of optical 
rotation of acylated amino acids in various sol- 
vents Catalytic reduction of hexaacetylphrenosm 
yielded acetic acid but no reducing sugar Hy- 
drolysis of the product gave sphmgine The struc- 
ture of cerebrosides will be discussed in the light 
of these data 

Reaction of ferrocytochrome-c with peroxidases 
and peroxides Bhitton Chance (introduced 
by J M Buchanan) Johnson Research Founda- 
tion, Univ of Pennsylvania, Philadelphia 
The reaction of ferrocytochrome-c with the 
peroxide complexes of the 4 purified peroxidases 
(horse-radish (HRP), verdo (VPO), lacto (LPO), 
and cytochrome-c (CCP) peroxidase) has been 
found to be very rapid, of roughly the same or 
greater speed than the combination of these 
peroxidases with other electron donors or with 
hydrogen peroxide Since the latter reaction has 
a very low energy of activation (< 2000 cal based 
on exTieiimenta on HRP and catalase), it is sug- 
gested that the reaction of the large cytochrome-c 
molecule occurs at a larger active center than the 
iron-porphyrin group of the peroxidases A char- 
acteristic of the kinetics of the reactions catalysed 
by LPO, VPO, and HRP is a saturation effect 
which may be caused by the formation of a 
peroxidase-peroxide-cytochrome-c complex of a 
dissociation constant of about 1 X 10-“ m Al- 
though CCP has the highest activity (k^ for the 
reaction of CCP HjOi with cytochrome-c is about 
10* X 8ec~* and ki for the others is 0 6 — 1 X 

10’ X sec~’ at pH = 4 7) the activity of the 

other peroxidases is considerable and, for HRP and 
VPO, 18 comparable to rough estimates of the turn- 
over of cyrtochrome-c in plant cells and leucocytes 
The activity of the enzymes is fragile, HRP and 
CCP are readily inactivated by the turnover of 
several separate additions of ferrocytochrome-c 
In the case of HRP, the activity is restored by the 
addition of p phenylene diaimne 

Fractionation of coenzyme A-dependent acetyl 
transfer systems T C Chou,*G D Novell!,* 
E R Stadtman* and Fritz Lipmann Bio- 
chemical Research Lab , Massachusetts General 
Hospital and Dept of Biological Chemistry, Har- 
vard Med School, Boston 

Pigeon liver extract was fractioned into acetyl 
donor and various acetyl acceptor fractions by use 


of acetone fractionation m the cold combined with 
protamine precipitation At pn 8 2, 40% acetone 
precipitates the acetyl donor fraction (ATP-ace- 
tate reaction) together with the acetoacetate- and 
citrate -synthesis acceptor systems The sulfanil- 
amide acceptor enzyme remains dissolved and may 
be precipitated by increasmg the acetone concen- 
tration to 60% The 40% acetone precipitate was 
dissolved and treated further with protamine 
Therewith, the acetoacetate acceptor enzyme was 
precipitated and separated from the citrate sys- 
tem which remained in solution As donor system 
with the acetyl acceptor fractions from liver ex- 
tract, a microbial enzyme {CloHridium kluyveri or 
butylicum, E coli) may be used which bnngs 
synthetic acetyl phosphate into reaction With 
acetyd phosphate as the acetyl donor in such mixed 
enzyme systems, it could be shown that m the 
condensation with oxalacetate to citrate, the 
acetyl-bound phosphate is split off, and free 
citrate is formed It furthermore appears that 2 
acetyd phosphate molecules enter acetoacetate 
synthesis This is shown 7) by a 2 1 ratio of acetyl 
phosphate disappearance to acetoacetate forma- 
tion and 8) by use of carboxyl-labelled acetyl 
phosphate With the latter acetoacetate was 
obtained which was labelled nearly equally m the 
carbonyl and carboxyl positions 

Succmic dehydrogenase — cytochrome C link in 
heart muscle succinoxidase Harold W Clark 
(introduced by Elmer Stotz) Dept of Bio- 
chemistry, Vmv of Rochester School of Medicine 
and Dentistry, Rochester, N Y 
Several claims have been made for an ‘S-C fac- 
tor,’ that IS, a factor necessary for reduction of 
cytochrome c by succimc dehy drogenase and suc- 
cinate These claims have been attributed, 
however, to unspecific effects in the complex 
association of factors in the particulate matter of 
the succmoxidase system (Keiun, D and E F 
ELartree, Biochem J 44 205 1949) By ammonium 
sulfate fractionation of a pig heart extract in the 
presence of 2% cholate, a succmic dehydrogenase 
preparation (i e , one which with succinate re- 
duces 0-chloro,2,6-dichlorophenol mdophenol) is 
obtained which does not reduce cytochrome c in 
the presence of succinate and KCN Neither dialy- 
sis of the preparation, nor addition of inert 
proteins or calcium phosphate gel established 
reduction of cytochrome c Addition of an am- 
monium sulfate fraction obtained with lower 
cholate concentration caused a reduction of cyto- 
chrome c, and the rate of reduction served M an 
assay for the ‘S-C factor’ activity of the added 
fraction Cholate itself did not affect the assay m 
the concentrations encountered Various other 
treatments caused great variations in the ratio ot 
‘S-C’ succmic dehydrogenase, indicating the sepa- 
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rate nature of the 2 factors, although an ‘S-G’ 
preparation has not yet been obtained entirely 
free of the dehydrogenase A combination of am- 
monium sulfate fractionations and Ca)(P 04 )j ad- 
sorption has thus far resulted in an ‘S-C’ prepara- 
tion approximately 40-fold purified over the 
original heart muscle extract 

Effect of cortisone on protein metabolism m the 
rat as studied with isotopic glycine I Clxrk 
(introduced by R H Silber) Merch InsL for 
Therapeutic Research, Rahway, N J 
Normal and adrenalectomized rats neighing 
about 220 gm each received 3 mg of cortisone ace- 
tate subcutaneously daily for 5 days They were 
maintained on a constant food intake and received 
1 0% sodium chloride in their dnnking water On 
the fourth day they received a tracer dose of gly- 
cine containing 32% N^' Urinary urea ammonia, 
total nitrogen and N^' were deterimned in the 
usual manner It was found that cortosione mark- 
edly increased urmary nitrogen excretion Its 
greatest influence was on the adrenalectomize 
animals Since the excretion of the isotope reflects 
the amount of nitrogen being used for protein 
synthesis, the amount of protein synthesized can 
readily be calculated In the animals receiving 
cortisone there was a decrease in protein synthesis 
as compared to the control ammals The sig- 
nificance of these findings and the effect of 
cortisone on the size of the metabolic pool and on 
protein catabolism will be discussed 

Method for the estimation of 2-keto-hexomc acids 
Seymour S Cohen and Mary C Lannino * 
Dept of Pediatrics, Children’s Hospital of Phila- 
delphia and the Dept of Physiological Chemistry, 
Univ of Pennsylvania School of Medicine, Phila- 
delphia 

Various 2-keto acids condense with o-phenylene 
diamine to form qumoxalines The spectra of the 
compounds formed by this reagent with pyruvic 
acid and with 2-ketoglucomc acid, as an example, 
are qmte similar, showing a marked absorption 
maximum at 330 mu The formation of these com- 
pounds as a function of pn, temperature, concen- 
tration of reagent and duration of hcatmg has been 
examined Conditions have been established for 
the specific estimation of 2-keto-hexomc acids in 
microgram quantities, unaffected by the presence 
of relatively large amounts of glucomc and 5-keto- 
gluconic acids Dehydro-ascorbic acid interferes 
markedly in this estimation The selected condi- 
tions minimize the slight interference by ribose 
Quinoxaline formation enables the readv detec- 
tion of 2-keto-hexomc acids, otherwise difficulty 
detectable, on paper chromatograms The applica- 
tion of this reaction to the study of the enzy matic 
degradation of 6-phosphogluconic acid nill be 
discussed 


Studies on the synthesis of creatine in homog- 
enates of the liver Stanley Cohen (intro- 
duced by F Cajohi) Depts of Pediatrics and 
Biochemistry , Untv of Colorado School of Medi 
cine, Denver 

As part of a study of the synthesis of creatine 
from amino acids by'' homogenates of the liver of 
the adult and embrymnic stages of development 
of various species, a source of error in the anly’tical 
procedure has been found The ‘creatine’ sy nthe- 
sized by homogenates of beef liver from guani- 
doacetic acid and DL-methionine nas found to be 
almost entirely an artefact due to the formation of 
oc-keto-y-methiolbutyTic acid from D-methionine, 
which gives a marked color with alkaline picrate 
solutions This interference may be avoided by 
the use of L-methionine and adsorption of the 
creatine formed on Lloyd's reagent pnor to the 
determination The survey of the ability of homog- 
enates of the liver of vanous vertebrate animals 
to synthesize creatine from L-methionine and 
guanidoacetic acid has mdicated that the liver 
of the guinea pig is the most efficient in this re- 
spect The reaction requires Mg++ and is inhibited 
by Ca++ The details of these expenments are 
presented 


Separation of adenosine polyphosphates by lon- 
exchange and paper chromatography Waldo E 
Cohn and Charles E Carter * Biology Divi- 
sion, Oak Ridge Natl Lab , Oak Ridge, Tenn 
Methods for the separation of mononucleotides 
by lon-exchange and paper chromatography, pre- 
mously described, have been applied to the separa- 
tion of AMP, AJDP and ATP from their mixtures 
A quantitative isolation of each of these three 
compounds from the others, as well as from 
adenine and adenosme if present, is achieved by 
successive elution from a strong-base anion-ex- 
change column with 0 01 A-NHiCl (bases and 
ribosides), 0 01 A — HCl (AMP plus monophos- 
phorydated nucleotides, if present), 0 01 N — 
Ha -b 0 02 A NaCl (ADP) and 0 01 A'' - HCl + 
0 2 A NaCl (ATP) Quantities of between 0 1 and 
10 mg can be handled on a 1 cm X 1 cm - column 
at flow rates of up to 3 ml/cm * nun , using 100 ml 
volumes of these reagents after absorption of the 
mixture from ammoniacal solution Paper chromat- 
ograms are developed ■with an isoamyd alcohol- 
disodium phosphate mixture and the components 
are detected by fluorescence as pre'viousL re- 
ported Analy ses of vanous commercial prepara- 
tions of ADP and ATP show vary mg amounts of 
the compounds The lon-exchange separation, ac- 
complished mthin 3 hours, is suitable both for 
analysis and the preparation of pure material 


Absorption and distribution of C“ labeled fatty 
acids in the rat John G Comglio,* C ^ni L 
Anderson* and C S Robincon Dcpl of liw- 
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chtmislry, Vanderbilt Umv Med School, Nash- 
ville, Tenn 

The deposition of acids m the liver and 
depot fat of rata was studied 5 and 7 hours after 
feeding C^^-labeled fatty acids obtained bj bio- 
sjTithesis Five young fasted rats were fed between 
83 and 276 mg of the labeled fatty acids and killed 
5 or 7 hours after feeding The highest concentra- 
tion of radioactivity was found m the liver, but a 
significant percentage was found in the mesentery 
lipids No differences were observed m the distri- 
bution of the adsorbed C>‘ in the lipids of these 
tissues between the 6- and 7-hour experiments In 
the liver the specific activity of the triglyceride 
fatty acids was always higher than that of the 
phospholipid fatty acids The ratio between the 
two was constant and averaged 2 23 In 3 experi- 
ments the fatty acids associated with the esterified 
cholesterol had a higher specific activitj than 
those of the neutral fat fraction The ‘free fatt> 
acids’ of the liver had a specific activity identical 
with that of the phospholipid fattj'^ acids suggest- 
ing an origin in the autolytic decomposition of the 
phospholipids of the excised liver In the mesen- 
tery the major part of the C“ of the total fatt} 
acids was associated with the neutral fat fraction, 
but in the two experiments the specific activity of 
the phospholipid fatty acids was higher The free 
fatty acids of the mesentery had a higher specific 
activity than any other fraction indicating a 
deposition of absorbed fatty acids or soaps as such 
In 6 to 7 hours an average of 80% of the ingested 
fatty acids was absorbed and a small fraction 
oxidized 

Oxidation of triphosphopyridine nucleotide by 
plant enzymes Eric E Conn* and Birgit 
Vennesland Dept of Biochemistry, Umv of 
Chicago, Chicago, III 

Fractionation of the soluble proteins of wheat 
germ has led to the observation that this plant 
source contains a number of enzjunes which act 
upon triphosphopyndine nucleotide (TPN) as a 
substrate One protein fraction causes a destruc- 
tion of the nucleotide It hydrolyzes one phos- 
phate group very rapidly from oxudized TPN but 
not from reduced TPN Py rophosphatase activity 
IS also present A separate protem fraction 
catalyzes the aerobic oxidation of reduced TPN 
At least two different proteins are necessary for 
the oxidation The reaction is inhibited by cyanide 
and by catalase Accumulation of hydrogen 
peroxide cannot be demonstrated Cytochrome c 
IS not a component of the enzyme system All 
active preparations contain high peroxidase and 
cytochrome peroxidase activity Purified horse- 
radish peroxidase alone cannot cause the oxidation 
of reduced TPN, either m the presence or the 
absence of added hj drogen peroxide When horse- 


radish peroxudase is added to the wheat germ 
enzyme, however, a stimulation of the rate of oxi- 
dation of reduced TPN is observed Reduced 
diphosphopvridine nucleotide is oxidized about 
one-fourth as rapidly as reduced TPN The oxida- 
tion of both substances appears to ccur by a 
mechanism different in nature from that pre- 
viously postulated for hydrogen transport from 
pyridine nucleotides to molecular oxygen 


Metabolic fate of the isopropyl group of leucine 
Minor J Coon (introduced by D Wright 
Wilson) Dept of Physiological Chemistry, Umv 
of Pennsylvania School of Medicine, Philadelphia 
In liver tissue, the a and ^ carbons of leucine 
split off as a two-carbon unit which is capable of 
condensing to form acetoacetate Experiments 
have recently been carried out to determine 
w hether the isopropj 1 group of the ammo acid also 
contributes to ketone body formation Liver slices 
from fasted rats were incubated at 38° in a Ringer- 
phosphate buffer solution contammg y-C'^- 
leucme The acetoacetate which was produced 
w as degraded independent!} b} permanganate and 
by Denigfis’ reagent, and it was found to be labeled 
chiefly in the carbonyl carbon In similar experi- 
ments where ^-C*^-isovaleric acid was the sub- 
strate, the resulting acetoacetate and /S-hydroxT- 
butyrate were each degraded by standard 
procedures to yield acetone and carbon dioxide 
From the radioactivitv of the products, it was 
calculated that in each acid the amount of C*'* in 
the (3 carbon was approximately 20 times that in 
the carbox}'! carbon It is proposed that the iso- 
prop} 1 group of leucine (or isovalerate) }aeldB a 
two-carbon intermediate which acts almost ex- 
clusively as an acetylating agent in forming aceto- 
acetate A similar h}'pothesis has been used by 
Crandall, Brady and Gunn in order to explain the 
behavior of the termmal fragment ansing from 
octanoic acid 


feet of niacin and tryptophane in counteracting 
toxicity of crystalline borrelidin for rats J 
CooFERiiAN,* S H Rubin AND B Tabenkin * 
Depts of Nutrition and Microbiology, Hoffmann- 
La Roche Inc , Nutley, N J 
rhe production of pellagra like signs in animals 
1 toxic materials has been reported by several 
/estigators The role of com in the production 
niacin deficienc} in the rat has been described 
Krehl et al Berger, Jampolsky and Goldberg 
scribed the isolation from broth of a StrepW- 
mes species of a rather toxic crystalline anti- 
itic, borrehdin, a borrebdin-like matenal was 
10 found in concentrated com steep liquor 
qienments were designed to test the effective- 
88 of niacin and tryptophane in overcoming 
acity of borrelidin in the rat ^he basal ratm 
ntained 20% casein, 71% sucrose, 4% salts 1 , 
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3% cod liver oil and 2% corn oil Vitamins were 
supplied in large excess (5-50 times known mini- 
mum requirements) Rats were given 10 meg 
borrelidin per day orally and their growth com- 
pared to a control group receiving no borrelidin 
and a group of rats receiving 1 mg niacm in addi- 
tion to 10 meg borrelidin per day At the end of 4 
weeks, the average gain per week in grams was 
control group 31, borrelidin group 11, borrelidin 
and niacin 22 In another experiment designed to 
test the effect of tryptophane in overcomine the 
toxicity, the borrelidin, niacin and tryptophane 
supplements were added directly to the basal ra- 
tion The average gam per week in grams at the 
end of 4 weeks w'as control group 35, group receiv- 
ing 1 mg borrelidin/kg of ration 14, group re- 
ceiving 1 mg borrelidin and 500 mg niacin/kg 
of ration 20 , and group receiving 1 mg borrelidin 
and 5 grams DL-trjptophane/kg of ration IS 

Amylo-l,G-glucosidase Gertt T Cori and 

Joseph Earner * Dcpl o/ Biological Chemistry, 

Washington Univ School of Medicttie, Si 

Louis, Mo 

Phosphorolysis of branched polysaccharides by 
plant or animal phosphorylase stops when the 
enzyme approaches a branch point where one glu- 
cose residue is connected instead of wuth two, with 
three others, one of which is in 1,6-linkage Thus 
only 40% of glycogen undergoes phosphorolysis 
and a limit dextrin is left When a protein fraction, 
obtained from muscle, is added to phosphorylase, 
the entire glycogen molecule is digested This frac- 
tion contains an enzyme for which the name 
am 3 do-l ,6-glucosidaBe is proposed A solution con- 
taining polj^sacchande, phosphate, muscle phos- 
phorj lase and glucosidase was incubated (10 min ) 
until the glycogen had disappeared Protein, phos- 
phor jdated sugar and salt weie then removed from 
the solution and paper chromatography for reduc- 
ing sugars carried out on it A smgle spot was 
obtained which was identified as glucose Quanti- 
tative determinations of glucose and phos- 
phor 3 lated sugar revealed that the ratio, 
glucose/phosphorylated sugar, varied in propor- 
tion wuth the degree of branching of the polysac- 
charide used Lowest values were obtamed wuth 
am 3 dopectins, gl 3 'cogen was intermediate and 
limit dextrin gave the highest values It is con- 
cluded that the glucosidase acts bi’’ h 3 drolyzing 
the 1,6-linkage in am 3 do poL saccharides once this 
linkage has been exposed by"^ preceding phos- 
phor 3 lase action Six glucose residues are left 
distal to each branch point after exhaustive 
phosphor 3 lase action In order to explain the for- 
mation of glucose one must assume that these 
residues are unevenl 3 distributed, one branch hax - 
ing one and the other 5 glucose residues The 
present findings furnish an explanation for the 


observation that small amounts of glucose are 
formed in muscle during rapid breakdown of 
glycogen 

Subacute toxicity of radioactive phosphorus as 
related to the composition of the diet 
W E CoRNATZER,* George T Harrell, Jr ,* 
David Caver* and Cvmillo Artom Depls of 
Biochemistry and of Internal Medicine, Bowman 
Gray School of Medicine, Winston-Salem, N C 
Mice were maintained on various diets for 5 dayR 
before and 21 days after the injection of a single 
dose of P” as NasHPOi The percentage survival, 
the time at which 50% deaths occurred and the 
average survival time were recorded Neither the 
fatty infiltration of the liver (produced by a low 
protein, high fat diet or bv poisoning with CC1<), 
nor its prevention by supplementing the diet with 
choline affected appreciably the toxicity Sus- 
ceptibility to radiation injury by P’* was lowest 
in mice on a 10% casein, 5% fat diet, and increased 
distinctly when the protein, or the fat level, or 
both, were increased It is suggested that these 
findings may be related to the specific dynamic ac- 
tion of dietary protein and fat Increasing the 
phosphate content of the diet seemed to protect 
the animals, to a certain exlent, presumably as the 
result of an increased exchange of the P’- deposited 
in the bones 

Sulfur metabolism of E cob D B Cowie and 
M Sands (introduced by Helen M Dver) 
Carnegie Inst of Washington, Dept of Terrestrial 
Magnetism, Washington, D C 
The utihzation of sulfur by E coli has been in- 
vestigated through studies of the multiplication 
of cells, uptake of by growung cells, and the bio- 
synthesis of compounds containing S’® The 
growth of cultures of E coli is found to depend 
upon sulfur concentration for low levels of sulfur 
incorporated into media as sulfate, sulfite or 
sulfide, while for higher concentrations growth is 
independent of sulfate level and is inhibited by 
sulfite and sulfide When ‘w'ater-space’ sulfur is ac- 
counted for, the uptake of S” may be quantita- 
tively described by a Langmuir adsorption iso- 
therm Furthermore, it is demonstrated that, in 
the presence of adequate amounts of sulfur, S’® 
uptake IS directly proportional to the number of 
new cells formed in a growing culture, indicating a 
sulfur composition of 3 to 4 mg sulfur/ml of bac- 
terial cells Methionine contaimng S’* is identified 
as one of the products of sulfur metabolism while 
the presence of other S’® compounds is indicated 

Fixation of carbon dioxide by mammalian tissues 
and its relation to carbohydrate metabolism 
Robert K Crxne* xxd Eric G Ball Dept of 
Biological Chemistry, Harvard Med School, 
Boston, Mass 
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Studies on CO- fi\ation were earned out by in- 
eubatmg tissue with pyruvate lu the presence of 
C*'’02 The residual pyruvate at the end of the 
experiment 'was isolated and purified as the 2,4- 
dinitrophenylhydrazone and the radioactivity of 
this derivative was assayed Intact ox retina and 
rat diaphragm show high rates of COj fixation In 
the case of ox retina, the formation of radioactive 
pyruvate would appear to involve the following 
reversible reactions 

COi + pyruvate -f TPN H 2 i=^ malate -f TPN (1) 
malate fumarate + H-O («) 

The energy requirement is apparently met by 
coupling of reaction {!) with reaction (S) 

glucose-6-phosphate -b TPN 6-phospho- 

gluconate TPN Hj (S) 

Evidence for this is furnished by the follow mg ob- 
servations 1) Anaerobically the rate of incorpora- 
tion progressively decreases with time and is 
virtually zero at the end of two hours The glyco- 
gen content of ox retina is found to average only 
0 92 fig/mg wet weight The addition of glucose 
anaerobically mamtains the rate constant for at 
least 4 hours and at a level equal to the aerobic 
rate 2) Neither arsenate which inhibits the pro- 
duction of ATP bj the tnosephosphate dehydro- 
genase reaction nor fluoride which inhibits the 
enolase reaction has any large inhibitory effect on 
anaerobic COi incorporation S) lodoacetate m 
concentrations sufficient to inhibit glycolysis by 
96% actually mcreases the anaerobic rate by 75% 

Influence of dietary protein Frank A Csonka 
Bureau of Human NtUriUon and Home Economics, 
Agricultural Research Admin , USD A, R'^osA- 
ington, D C 

The nitrogen, methionine and cystine contents 
of the hen egg will be discussed in reference to their 
distribution m the egg white and yolk as affected 
by 1) aging of the hen and 2) by the feed Eggs of 
pullets in their first-year laying season were 
analysed As pullets, fed a low protem diet, aged, 
mtrogen decreased m the egg white and mcreased 
m the yolk, with pullets fed a high protein diet 
the nitrogen increased in both The quantities of 
sulfur aminp acids m the white and yolk of their 
eggs generally paralleled the changes in nitrogen 
values However, the cystine/methionine ratio in 
the egg white decreases wuth aging of the pullet 
regardless of the diets employed here An in- 
creased ratio in the yolk resulting from aging was 
found to be statistically significant only during 
the low protem dietary regimen This mcreased 
ratio in the yolk, characteristic for eggs laid by 
older pullets, may be duplicated m younger 
pullets' eggs by feeding them a high protem diet 
Enzymatically digested casein in the hen’s feed in- 
creased the cystine and methionine content of the 


egg to the same extent as did casein Previously we 
reported that free methionine supplementation to 
the hen’s feed did not alter the egg sulfur ammo 
acid content The expenment with predigested 
casein indicates the importance m protem synthe- 
sis of the availability and simultaneous absorption 
of all the ammo acids required 


Effect of high pressures on activity of proteinases 
A Laurence Curl* and Eugene F Jansen 
Enzyme Research Division, Bureau of Agricul- 
tural and Industrial Chemistry, Agricultural Re 
search Admin , USD A, Albany, Calif 
The effect of high pressures on the activation of 
chymotrypsmogen by trypsin has been studied m 
connection with a general investigation of the ef- 
fect of high pressures on enzymes, mparticular crys- 
talline proteinases Chymotrypsmogen was not 
activated by pressure m the absence of tr 3 qism No 
significant change m the extent of activation fay 
trypsin was found under pressures up to 700 bars 
About 10% less activation than m an impressed 
system was observed under a pressure of 1000 bars 
The inhibition of the reaction increased with in- 
crease m pressure and practically no reaction oc- 
curred at 3000 bars Up to this pressure the 
activation proceeded after release of the pressure 
at practically the same rate as initially m the 
control Followung release of systems at higher 
pressures than this, progressively less activity was 
obtained, until after pressing at 5700 bars no active 
enzyme was formed The effect on the mixture of 
chymotrypsmogen and trypsin was much greater 
than on either protem alone 


*roteins of cellular nuclei R Duncan Dallam, 
William R Kirkham, Tung-tue Wang, Llotd 
E Thomas and Dennis T Mater (mtroduced 
by Samuel Brodt) Depts of Biochemistry and 
Agricultural Chemistry, Univ of Missouri, 
Columbia 

It was previously reported that boar spermato 
oa contain alkali-soluble protem fractions which 
,re precipitable by acid Mechanical separation of 
he heads of these cells from the tads and mid- 
iieces has shown that all such proteins are present 
a the heads By extracting the cells first with 0 1 
[ sodium hydroxide there is obtamed only one 
irotein fraction w'hich precipitates with acetic 
Old at about PH 6 Subsequent extraction witu 
0 N sodium hydroxide yields a small fraction 
-recipitatmg with acetic acid at about pn lU 
feither of these fractions contains appreciaDie 
uantities of nucleic acid The residue is com- 
osed entirely of ‘ghost’ heads which are rich in 
rgmine and nucleic acid Rat liver nuclei iso Med 
y the Dounce procedure ^ 

•hromosomes’ isolated by the method ^ 
ad Ris contain an alkali-soluble Wotem ac on 

Rich precipitates at about pH 6 After extraction 
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of the nucleohistone and the 'pn 6 fraction’ from 
the liver nuclei or thjnnus ‘chromosomes’ only a 
small residue remains, the chemical nature of 
which remains to be determined 

Effect of exclusion of oxygen from the hydrolysis 
by Blau’s method upon detection of thyroxine 
from thyroglobulin Ma-Rshall E Deutsch (in- 
troduced by IsiDOR Greenwald) Dept of 
Chemisiry, New York Umv College of Medicine, 
New York City 

Beef and sheep thyroglobulm containing, re- 
spectively, 0 821 and 0 784% lodme were hy- 
drolyzed by Blau’s method (/ Biol Chem 110 
351, 1935) with the exception that the hydrolyses 
were performed m tubes which had been sealed 
immediately after the air in them had been dis- 
placed by nitrogen Under these conditions, the 
author could not identity thyroxme in the 
‘thyroxine’ fraction When the hydrolyses were 
performed m sealed tubes m the presence of added 
thyroxme equivalent to 0 237% by weight (sheep 
thyroglobuhn) or under a reflux condenser (beef 
thyroglobulm), the presence of thyroxme was 
demonstrable In hydrolysates of commercial egg 
albumm, 0 090 but not 0 045% thyroxme (added 
before hydrolysis) was easily detectable The 
method used was to concentrate and chromato- 
graph the material m the butanol extracts 
Thyroxme and diiodot 3 ’Tosme were identified by 
the R( of substances givmg the followmg reac- 
tions a) quenching of the fluorescence of the paper 
under ultra-violet light, 6) the colors appearmg 
upon spraying with nmhydrm a longitudmal stnp 
cut from the paper, c) the colors appearmg on a 
strip sprayed with Millon's reagent, d) the colors 
appearmg upon spraying with 1) acidulated 
starch-KIOj solution, S) NaNOi solution and SI 
NHj solution m that order 

Preliminary characterization of two biotin-con- 
taimng fractions m beef liver Daniel F 
Dickel,* a E Axelrod* and Klaus Hof- 
mann Dept of Chemistry, Umv of Pittsburgh, 
Pittsburgh, Pa 

A large fraction of the biotm m animal tissues 
has been assumed to be firmly bound to the tissues 
and treatments kno\sn to destroy proteins have 
been used routmelj' to liberate the vitamin from 
these materials for microbiological assay The 
present studj was directed towards the isolation 
and characterization of biotm protein complexes 
from animal tissues, since it seems hkelj that 
thoj’’ represent the enzj raaticallj'^ active forms of 
biotm Beef liver i\as dehydrated with acetone 
and the resulting acetone liver powder extracted 
under mild conditions The resulting extracts n ere 
assaxed bj the yeast growth method for their 
biotm content before and after hxdrolxsis with 
acid It was found that beef Incr contains at least 


two distinct biotin-containing fractions One of 
these IS extractable n ith a buffer at pn 3 and loses 
its biotm activity on dialj^sis, the other is soluble 
in dilute sodium hs'droxide and is not affected by 
dialjsis The pn 3 soluble substance has prac- 
ticallj' the same biotin activity before and after 
acid hj'drolj'sis, in contrast to the alkali soluble 
compound which has very little activity' mitiallj 
but becomes highly active following hydrolj'sis 
with sulfunc acid In accordance with the ac- 
cepted term fiavoprotein we propose that the term 
bioloprolein be applied to biotm-containing pro- 
teins os they occur m tissues It is assumed that 
the sodium hj'droxide soluble material represents 
such a bioloprolein The possible enzymatic func- 
tions of this material are under investigation 

Studies on acomtase Sherman R Dickman and 
A A Cloutier (introduced by Emil L Sxhth) 
Dept of Biologieal Chemistry, University of 
Utah College of Medicine, Salt Lake City 
Aqueous extracts of horse heart exhibiting aco- 
nitase activity have been prepared almost free of 
the red pigment or pigments which usuallj' accom- 
pany the enzyune The pigmented material is ex- 
tracted first by blending ground, frozen heart 
with dilute ethyl alcohol, followed by centrifuga- 
tion The supernatant solution is highly colored 
and contains little acomtase activity The residue 
IS immediately blended with water or phosphate 
buffer and chloroform and the emulsion centri- 
fuged The clear, pale pink supernatant solution 
exhibits appreciable acomtase activity This ac- 
tivity can be augmented considerably after over- 
night incubation with Fe"^ and cysteine Addi- 
tional pigment can be subsequently' removed 
from such solutions by fractionation wnth ammo- 
nium sulfate The activating and stabilizing effect 
of ferrous ion (Dickman and Cloutier, Arch 
Biochem In press) on crude acomtase prepara- 
tions has been extended to the ammonium sulfate 
fractions Many' solutions which exhibit very low' 
acomtase activity have been found to develop 
appreciable activity after incubation with ferrous 
ammonium sulfate This activation occurs rela- 
tively' slowly' and often the solution does not ex- 
hibit maximum acomtase activity until after one 
to two days’ incubation 

Neutral mucopolysaccharides from various ani- 
mal tissues Zacharias Disciie and Martha 
OsNOS * Dept of Biochemistry, Columbia Umv 
College of Physicians and Surgeons, AYia York 
City 

Fractions of neutral mucopoU saccharides were 
prepared from brain, kidney , muscle, heart and 
pancreas of rat, mouse kidncv , sarcoma ISO and 
human scrum Nucleic acids were removed from 
homogenized tissues bv dS*" extraction with 5% 
TCA at room temperature, hpuLs bv ethanol- 
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ether extraction The residue, dissolved in — 

2 

NaOH, was precipitated with 90% ethanol, the 
precipitate hydrolyzed in 5 n KOH for S'* at 100“ 
One polysaccharide fraction was obtained by pre- 
cipitating the hydrolysate with 2, a second with 
9, volumes of ethanol (fraction II) True sugars 
in fraction II were identified and quantitatively 
determined by the spectraphotometric absorp- 
tion of products of their reactions with cysteine 
in HjS 04, by the characteristic speed of destruc- 
tion of these products by uater (J Biol Chem 
175 595, 1948, 181 379, 1949, Arch of Biochem 
22 169, 1949), and by fermentation Hexosamine 
was determined by a new reaction with indole and 
HCI Fraction II from 10 g brain, kidney and 
serum contained, 3,5 5 mg of carbohydrate, con- 
sisting of hexosamine, n-mannose, galactose and 
methylpentose Approximate mannose galactose 
ratios for brain, kidney, serum w’ere 7,2, 1 respec- 
tively Methylpentose galactose varied in the 
same range as in purified blood group substances 
from various sources The amount of hexosamine 
was roughly half of the sum of mannose plus 
galactose Smaller amounts of the same sugars 
were found in fraction II of the other tissues 
These findings suggest the presence in most ani- 
mal tissues of protein bound polysaccharides of 
the type found in serum and blood group sub- 
stances 

Effect of vitamin Bn on the reduction of S-S com- 
pounds in vitro Jacob W Dubnoff California 
Inst of Technology, Pasadena 
Addition of vitamin Bn concentrates to liver 
slices and homogenates increases the reduction 
of S-S compounds b> preformed and added hydro- 
gen donors The specificity of hj drogen donors 
and the relation of this effect to methionine syn- 
thesis from homocystine will be discussed 

Synthesis of peptides containing amino acid an- 
tagonists Floyd W Dunn and Kahl Dittmbr 
(introduced by V DU Viqneaud) Depls of 
Chemistry of Univ of Colorado, Boulder, and 
Florida Slate Vniv , Tallahassee 
The following peptides have been prepared by 
the Bergmann carbobenzoxy method carbobenz- 
oxyglycyl-/3-2-thienylalamne (I) , carbobenzoxj^- 
glvcyI-/3-3-thienylalanme (II), carbobenzoxy-|S-2- 
thicnylalanylglycine (III), carbobenzoxyglycyl- 
para-methylphenylalanme (IV) , carbobenzoxygly- 
cyl-j3-l-naphthylalamne (V), and carbobenzoxy- 
glycyl-/3-2-naphthylalamne (VI) The sulfur-con- 
taining carbobenzoxypeptides were reduced wuth 
phosphonium iodide to obtain glycy]-/9-2-thieny]- 
alanine (VII), glycyl-0 3-thienylafanine C^TII), 
and (3-2-thienylalanylglycme (IX), glycjl-pam- 
methylphenylalamne (X) was prepared by the 
usual catalytic method of hydrogenation of IV 


Compounds VII, VIII and IX inhibit the growth 
of Escherichia coli, 50% inhibition being produced 
by 2 2y, 1 15y, and 1 257, respectively, this com- 
pares w'lth 50% inhibition obtained by 1 057 of 
free d-2-thienj lalamne or by 0 67 of /3-3-thieny]- 
alanine The growth inhibition caused by the pep- 
tides containing amino acid antagonists can be 
reversed by phenylalanine or para-methylphenyl- 
alanine, 50% reversals being obtained with 1 ly 
and 1 67, respectively /3-2-Thien3dalanme inhibi- 
tion can be reversed by phenylalanylglycine, 
glycydphenylalanine or glycyl-pora-methj Iphen- 
ylalanine, with 50% reversals occurring at the 
following levels, respectively 1 Oy, 2 3y and 5 ly 
When j’east is used as the test organism the 
peptides are much less effective than the cor- 
responding free ammo acids either as inhibitors 
or as reversers of inhibition The enzyme car- 
boxypeptidase splits compounds I, II, IV, V and 
VI 


Two-dimensional lonophoresis and electrophore- 
sis E L Dtjrrum (introduced by Ray G 
Daggs) Med Depl Field Research Lab , Fort 
Knox, Kij 

A technique for the separation of ammo acids, 
peptides and proteins wherein an electrical poten- 
tial is applied across the ends of filter paper stnps 
saturated with electrolyte solutions, to which 
have been applied at narrowly circumscribed 
intermediate areas the mixtures to be separated, 
has been extended in a manner analogous to two- 
dimensional paper chromatography The method 
appears to be widely applicable and to be much 
more rapid than conventional paper chroma- 
tography The technique will be described to- 
gether with examples of types of separations 
attainable 


Microbiological response to amino acid deriva- 
tives Charles H Evdes, Jr (introduced by 
T P Nash, Jh ) Dept of Chemistry, School of 
Biological Sciences, Untv of Tennessee, Mem- 
phis 

The acetyl, chloroacetyl, and acetyldehy dro 
derivatives and the keto analogs of leucine. 


lenylalanme, tryptophan, and valine were in- 
•stigated with regard to their growth effects on 
commonly used microorganisms, Lactobacillus 
abinosus, Lactobacillus casei, and Leuconostoc 
esenleroidcs The results indicate that the acetvl 
id chloroacetyl derivatives of DL-leucine were 
fective in replacing the amino acid for the grow 
L arabtnosus DL-acetyl and DL-chloroacety 1 
yptophan were used in place of DL-tryptophan 
L easel The keto analogs of leucine and vahne 
we used by both L arabtnosus and L casei to 
e same extent as the dl ammo acids were use 
ne acetyldehydro derivatives of the ammo ac. 
vestigated were all ineffectual m supporting the 
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grow th of the microorgamama used The relation- 
ships of the growth responses observed are dis- 
cussed wuth regard to possible metabolic pathways 
and with regard to the interpretation of micro- 
biological assaj s 

Metabolism of purines and pyrimidines in growing 
yeast Maui Edmonds,* Adelaide M Del- 
LUVA* AND D Wkiqht Wilson Dcpt of Physio- 
logical Chemistry, Untv of Pennsylvania School 
of Medicine, Philadelphia 
In order to study the metabolism of the purines 
and pyuimidines sodium formate contaimng radio- 
active carbon w as placed in the medium of grow- 
ing y east After 2 hours the yeast was harvested 
and the mcorporation of radioactive carbon was 
investigated Adenine isolated from the purines 
of the nucleotides contained 1500 counts/min/m 
mol carbon Guanine and adenine from the nucleic 
acids contained about 120 counts/min/m mol 
carbon Thus the radioactivity of the nucleotide 
adenine w as over 10 times that of the nucleic acid 
purmes suggesting a much more rapid turnover 
of nucleotide adenine This contrasts with the 
results found with rats m which the turnoier of 
adenine from the two sources was practically the 
same No activity was found m uracil Actively 
growing yeast was transferred to a fresh medium 
containing methydene-labeled glycine After one 
hour, the yeast was harvested and purmes and 
pyrimidines of nucleic acids were isolated The 
had been incorporated into the purmes but 
not into uracil 

Transformation of strophanthidin into compounds 
structurBlly related to steroid hormones Maxi- 
milian Ehrenstein ant) Mart A Wagneh * 
George S Cox Med Research Inst , Univ of Penn- 
sylvania School of Medicine, Philadelphia 
It IS intended to prepare from strophanthidin 
steroids which are derived from progesterone, 
11-desoxycorticosterone and 17-hydrovy-ll-des- 
oxycorticosterone in that the angular carbon 
atom 19 between rings A and B is either missmg 
(19-nor compounds) or is present m an ovy genated 
form eg as a primary alcohol, aldehyde or car- 
boxyd group In a previous pubhcation (Ehren- 
stein and Johnson J Org Chem 11 823, 1946) 
the transformation of strophanthidin (I) into 
ethyd 3(/3),5,19-trihydrovyetiocholanate (II) was 
described Selective tntylation yuelded ethyl 19- 
trito\y-30),5 dihy'droxyfetiocholanate (III) (Eh- 
renstein, Johnson, Olmsted, Vivian and Wag- 
ner J Org Chem In press) This was oxidized 
with N-bromacetamide to ethyd 19-tntoxy -3-keto- 
5-ln drovy -etiocholanate (HO, m p 178-181°, Wo*" 
—2 5° Hy droly^sis of the latter b\ acetic acid gave 
cth\l 3-keto-5,19-dihydroxy etiocholanate (V) 
which was subjected to purification by means of 
Girard’s Reagent T This treatment was con- 


nected with simultaneous dehydration, so that 
ethyl 3-keto-19-hy dro\y-A*-etiocholanate ('i^I) re- 
sulted, mp 185 5-187°, -f 137 6° (CHCl,), 
X max 243 mji (« = 15000) It was subsequently 
found that V can be prepared much simpler by 
subjecting II directly^ to oxidation with 2 moles of 
N-bromacetamide The primary OH-group at car- 
bon atom 19 IS inert and therefore remains intact 
Purification of the reaction product V by way" of 
the Girard compound is connected with complete 
dehydration and hence a good y leld of VI was ob- 
tained The latter w os further characterized by its 
oxime C~HajO<N, m p 93-102°, remelt 157-162° 
and the acetate C-aHj^Os Further investigations 
have also been earned out with the 20-ethy I ester 
of 30S)-acetoxy -5-hy droxy-21-norpregnane-19,20- 
dioic acid (VII) (Ehrbnstein, Johnson, Olai- 
STED, VinxN AND Wagner J Org Chem In 
press ) 

Reversible denaturation of chyraotrypsinogen 

Max a Eisentserg* and George W Schwert 

Depl of Biochemistry, Duke Untv , Durham, 

N C 

Although the reversible inactivation of try psra 
and of chymotryTism by heat has been studied by 
Northrop and Kunitz {Crystalline Enzymes New 
York 1948), the question whether the reactions 
involved are mtermolecular or mtramolecular has 
not been unequivocally answered (Nehrath, et 
al Chem Rev 34 157, 1944) In order to avoid the 
autolytic side reactions which attend studies 
made with the active enzymes, crystalline chymo- 
trypsmogen, which behaves in a similar way, has 
been used for the present measurements At pH 
values between 2 and 6 and at temperatures be- 
tween 50° and 60° the reactions involved can be 
represented by 

I n 

Native ^ ‘Reversibly denatured’ — >• Denatured 
In salt-free solutions equilibrium I is reached 
very rapidly as the temperature is raised The 
heat of the forward reaction is about 160,000 
calories/ mole if a bimolecular reaction is assumed 
Equilibrium I is shifted markedly to the right 
when the pH is decreased below pH 3 Two to 3 
protons appear to participate in the formation of 
the ‘reversibly denatured’ protein Reaction II 
IS favored by" high temperatures, by high protein 
concentrations, and by pH values greater than 3 
In solutions of 0 1-0 2 ionic strength the ‘rev ers- 
ibly denatured’ protein is precipitated in the 
region of 60° but redtssoh es as the temperature is 
raised From the kinetics of these reactions and 
from phv sical measurements it is concluded that 
the process of ‘reversible denaturation' of chymo- 
trypsinogen involves an aggregation of protein 
ratber than an intramolecular change in the 
protein molecule 
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Comparison of lymphoid tumor and muscle elec- 
trolyte composition in patients treated with 
ACTH and cortisone acetate Leonard P El- 
lEL, Oloi H Pearson, Bernice Katz and 
Frances W Kraintz (introduced by Konrad 
Dobriner) Division of Clinical Investigation, 
Sloan Kettering Inst , New York City 
Marked, progressive decrease in the size of en- 
larged lymph nodes and of enlarged spleens has 
been demonstrated in patients iiith chronic Ij^m- 
phatic leukemia and follicular lymphosarcoma 
who were given ACTH or cortisone acetate (Can- 
cer 2 943, 1949) During treatment these patients 
exhibited phosphorus excretions (corrected for 
calcium) nhich nere approximately tnice that 
expected from the nitrogen loss, based on the 
usually accepted P/N ratio in normal protoplasm 
Analjses of dry, blood-free, fat-free tissues from 
4 of these patients revealed phosphorus concen- 
trations which, per unit of nitrogen, were 3 times 
higher in tumors and lymphocytes than in muscle 
It is believed, therefore, that the high phosphorus 
excretion indicates tumor destruction resulting 
from ACTH and cortisone administration The 
ratio of P to N excreted lies midnay between the 
ratio found in tumor tissue and that in muscle, 
providing evidence that both normal tissue and 
tumor were being destroyed No significant 
changes in tissue P or N concentration were evi- 
dent after therapy The K(mEq)/N(gm) ratio 
in untreated tumor tissue was 4 0-4 4, in muscle 
2 2-3 0 Two patients demonstrated slight falls 
(16, 25 5 mEq/kg ) in muscle potassium and large 
falls (194 4, 79 7 mEq/kg ) in tumor potassium 
under therapy The K/N ratios in the tumors fell 
to 3 0 and 3 7 A third patient show'ed no change 
The significance of these findings with respect to 
growth and destruction of tumor tissue will be 
discussed 

Inhibitory effects of 2,6-diaminopurine on growth 
of Lactobacillus caset Gertrude B Elion* 
AND George H HiTcmNOs Wellcome Research 
Labs , Tuckahoe, N Y 

2,6-Diaminopurine strongly inhibits the growth 
of Lactobacillus casei in a medium containing folic 
acid and no purines This antagonism of folic acid 
IS not competitive and is only partially reversed 
by increasing the concentration of folic acid At 
low levels of diommopunne, reversal of the in- 
hibition maj' be obtained wuth adenine, guanine, 
xanthine or hypoxanthine, whereas at high levels 
of the inhibitor, only adenine is effective, reversal 
by adenine takes place over a wide range of con- 
centration of the inhibitor When Lactobacillus 
casei IS grow n in a medium containing thymine and 
a purine, in place of the folic acid medium, dia- 
minopurinc appears to he less inhibitory How ever, 
this may be due to the fact that inhibition can be 


demonstrated only at suboptimal levels of adenine 
w here grow th is small Nevertheless, the relatively 
greater effectiveness of adenine as a reversing 
agent as compared with guanine can be shown 
also with the thymine grown organism 


Factors affecting acetylcholine (ACh) found in 
rat brain K A C Elliott and Nora Hen- 
derson * Montreal Neurological Inst , McGill 
Umv , Canada 

The total ACh content of excised whole brain 
falls with time Dropping the tissue into liquid 
air causes considerable decrease in the ACh con- 
tent, apparently because sudden cold releases 
free ACh from the bound form and free ACh is 
destroyed by^ cholinesterase before freezing is 
complete Free ACh is liberated m large amount 
when an esenne-contaimng brain suspension is 
poured into liquid air The total ACh content of 
brain from eserimzed animals is not lowered by 
freezing in liquid air Eserine administration 
causes a large increase, similar to that produced 
by anesthetics (reported in another communica- 
tion), in the total ACh found m brain extracted 
by acid medium 3 minutes after decapitation The 
bound ACh content of whole brain slices rises 
rapidly on incubation in Ringer-bicarbonate glu- 
cose medium to a much higher value than is found 
in brain extracted soon after excision It seems 
that the value found for incubated slices may 
represent the maximal potential ACh content of 
the tissue Wlien total and free ACh are deter- 
mined on halves of the same brain, by' homogeniz- 
ing initially' in acid and neutral esenne-contaimng 
medium respectively', the free ACh found is a 
Bomew'hat variable fraction, averaging 33% of the 
total but IS not significantly dependent upon 
whether the total is ‘normal’ or elevated by Nem- 
butal or eserine administration Since, m the 
absence of eserine, brain very' rapidly' destroys 
added free ACh it is probable that the free ACh 
found is liberated in the process of homogeniza- 
tion 


echanism of fluoroacetate inhibition Willard 
B Elliott* and George Kalnitskt Dept 
of Biochemistry, State Univ of Iowa College of 
Medicine, Iowa City 

Citrate oxidation by' a washed kidney' cortex 
eparation was inhibited by fluoroacetate under 
nditions similar to those necessary' for t e 
rmation of citrate from acetate Previous 
irkers (ICalnitskt and Barron Arch Bw- 
im 19 76, 1948, ICalnitskx Arch Btochem 17 
3, 1948) have shown slight inhibition of citrate 
the presence of fluoroacetate However, wten 
e tissue preparation was incubated wit 
fluoroacetate (9 mm) plus Skm oxalacetate to 1& 
nutes prior to the addition of citrate, 93% m- 
jition of citrate oxidation was observed Under 
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the same conditions, the oxidation of cis-aconitate 
and isocitrate \\ere not inhibited The inhibition 
of citrate oxidation b\ fluoroacetate was shown 
to be competitive The citrate formed m the 
presence of fluoroacetate and oxalacetate w’as iso- 
ated as the calcium salt after adding an excess of 
normal citrate as carrier Fluoride w’as identified 
in the citrate formed, and in the pentabromoace- 
tone derived from the citrate The inhibition of 
citrate oxidation and acetate oxidation is of the 
same magnitude It is believed that the small 
amounts of fluorocitrate formed interfere with the 
conversion of citrate to cis-aconitate The ob- 
served mhibition of citrate oxidation could ac- 
count for the inhibition of acetate oxidation via 
the tricarboxylic acid cycle and the accumulation 
of citrate in s 3 stems poisoned w ith fluoroacetate, 
as observed bj’’ other workers 

Role of serine and acetate in uric acid formation 
David Elwtn* and David B Sprinson Dept 
of Btochemistry , Columbia Univ , Neiv York 
City 

ir- and D-senne labeled with C*'* in the /3 carbon 
atom and in the amino group, and carbox}! 
labeled acetate were administered to pigeons 
Uric acid, isolated from the excreta, was de- 
graded and the isotope content in each position 
determined It was found that the /3 carbon atom 
of L-serme is utilized for the ureide carbon atoms 
of unc acid to about the same extent as is the ni- 
trogen for position 7 The mcorporation of the 0 
carbon into the ureide positions is about the same 
as that of formate (Sonne, Buchanan and Del- 
LuvA J Biol Chem 173 69, 1948, Kablsson and 
Barker J Biol Chem 177 597, 1949) The util- 
zation of senne nitrogen for position 7 is close 
to that of the a carbon atom of glycine for position 
6 (Karlsson and Barker, ibid ) A limited in- 
corporation of mto position 5 took place with 
either l- or D-serme This may be explained bj’' 
conversion of serine to pyruvate (Chargaff and 
Sprinson J Biol Chem 148 249, 1943), random- 
ization of the isotope via the Khebs cycle and sub- 
sequent conversion through senne to glj cine 
This IS in accord with the finding that j3-labeled 
senne is converted rapidlj to acetate in the rat 
The reported utilization of the carboxj 1 carbon 
of acetate for the formation of the ureide carbon 
atoms of unc acid could not be confirmed The 
significance of these findings to the metabolism of 
serine, glj'cine and formate, and the biosinthesis 
of uric acid will be discussed 

In VIVO and in vitro studies with oxythiamine and 
neopjnthiamine Albert J Eusebi* and Leo- 
pold R Cerecedo Dept of Biochemistry, Ford- 
ham Umv , A~ew York City 

In mice maintained on one y of thiamine/da\ , 
0 X 1 thiamine and neopi rithiamine have been 


found to be potent antagonists of this vitamin At 
molar concentrations of thiamine/oxj^thiamine of 
1/25 mice succumb after 3—1 weeks, without 
manifesting the tj'pical symptoms of polyneuritis 
Neopjnthiamine was found to be more toxic, 
and produced typical thiamine deficiencj signs 
at molar concentrations of thiamine/neopj’Tithi- 
amine of 1/5 At this level, mice succumb after 
approximatelj”^ 9 dajs In studies on the mecha- 
nism of oxj'-thiamine inhibition, the necessity of 
the alcoholic hydroxyl group on the thiazole 
moiety for inhibition was demonstrated in mice 
in which bromoxj'thiamine was injected at high 
levels At a concentration 20 times greater than 
that at which oxythiamine was found to be toxic, 
no harmful effect of the bromoxj'thiamme was 
observed The synthesis of oxj'thiamine-diphos- 
phate afforded an excellent means of studjung the 
mechanism of carboxylase action With the aid 
of a purified enzyme system from brewer’s yeast, 
it was found that 262 y of oxj'thiamine-diphos- 
phate produced a 77% inhibition of pj ruvate de- 
carboxj lation in the presence of 4 y of cocar- 
boxjdase Oxj'thiamine-monophosphate and 
neopjnthiamine were inactive in this system 
Further experiments showed that oxythiamine 
also inhibited the phosphorylation of thiamine, 
thereby preventing the synthesis of cocarboxjdase 
A similar inhibition of cocarboxylase formation 
by P pentosaceum was observed in the presence 
of oxj’-thiamine 

Analysis of the ribonucleic acid of the large cyto- 
plasmic granules (mitochondnal fraction) of 
beef pancreas James L Fairley, Jr ,* Harry 
L Seagran* and Hubert S Loring Dept 
of Chemistry and Stanford Univ School of Medi- 
cine, Stanford University, Calif 
Beef pancreas w as homogenized -with 0 88 m 
sucrose in a Wanng Blender, and the large granule 
fraction isolated by differential centrifugation 
Acid-soluble substances and lipids were removed 
bj extraction with ice-cold, trichloroacetic acid, 
alcohol and hot 3 1 alcohol-ether The ribonucleic 
acid was converted to monoribonucleotides with 
alkali, and the acid-insoluble constituents re- 
moved bj"- precipitation with trichloroacetic acid 
Acid hj'-drolj’sis of the ribonucleotide fraction 
and subsequent treatment w ith silver sulfate w ere 
emploved to separate the purine bases from the 
pywimidine nucleotides After removal of silver 
ion from the pjnmidine fraction, cjtidjlic and 
urifvlic acids were determined from U V absorp- 
tion data The purine bases were extracted from 
the silver-purine precipitate wath 0 1 x HCI, and 
the concentration of guanine and adenine deter- 
nuned from the U^ absorption of the resulting 
extracts Total purine was also dctemimcd In 
Kjcldahl nitrogen and guanine In the colorimetric 
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method of Hitchmgs Analyses performed in this 
iray on several different preparations of mito- 
chondria from beef pancreas yielded consistent 
values The molar ratio of guanine to adenine 
averaged 1 6 as compared to values of 3 or 4 to 1 
as reported previously for nucleic acid prepara- 
tions from whole pancreas The molar ratio of 
cytidylic acid to uridylic acid averaged about 1 3 
as compared to values of 1 4 to 3 3 as reported by 
Kerr el al [J Btol Ckem 181 773, 1949] for dif- 
ferent ribonucleic acid fractions obtained from 
beef pancreas The present results suggest rela- 
tively large differences in the chemical composi- 
tion of the various ribonucleic acid components 
of pancreas 

A phosphorylase in skeletal muscle nhich syn- 
thesizes glycogen directly InwiN Feigin, Jer- 
ome Fredrick and Abner Wouf (introduced 
by Hans T Clarke) Feferans Adnumeiralxon 
Hospital, Bronx, Depls of Pathology and Neurol- 
ogy, Columbia Untv , and Neurological Inst , 
New York City 

Holophosphorylase, a phosphorylating enzyme 
which differs from the muscle phosphorylase pre- 
viously described, has been crystallized from rab- 
bit skeletal muscle This enzyme synthesizes a 
polysacchande vhich is soluble in water, is pre- 
cipitated from solution by alcohol, does not 
reduce copper reagents until after acid hydrolysis, 
gives a red-brown color nith iodine, and serves 
to prime and activate the phosphorj lase reaction 
In these properties, the polysaccharide resembles 
glvcogen, rather than the amylose synthesized 
by muscle phosphorylase Holophosphorylase dif- 
fers also in that it is slightly' activated by 0 0024 
M phlorizin, while muscle phosphorydase is in- 
hibited These properties also characterize the 
enzyme in muscle homogenates The crystals in 
which holophosphorylase activity is present, are 
hexagonal in shape, in contrast to the acicular 
crystals of muscle phosphorylase It is suggested 
that holophosphorylase is the form of enzyme 
normally present in muscle, and that its molecular 
structure is altered in the extracting and concen- 
trating procedures used to cry stalhze muscle phos- 
phorylase The possibility exists that similar al- 
terations of molecular structure may occur in the 
concentration and crystallization of other en- 
zymes 

Site of the influence of biotin on citnilline syn- 
thesis Gladys Feldott,* Patricia MacLeod* 
AND Henry A Lardy Dept of Biochemistry, 
College of Agriculture, Untv of Wisconsin, Mad- 
ison 

Previous studies have shown that biotin defi- 
cient animals fix less C’‘Oi into their tissue ar- 
ginine, aspartic acid, guanine and citnc acid than 
donormal rats Thewashedresiduesof liver homog- 


enate from biotin deficient rats synthesize citrul- 
line from ornithine only one third to one half as 
fast as the same type of preparation from normal 
rats (J Btol Chem 180 1003, 1949) Cohen and 
Gnsolia have shown that the glutamic acid which 
is required for citrulline synthesis apparently 
functions by being converted to carbamyl glu- 
tamic acid Totrace further thespecific site atwhich 
biotin influences the overall fixation of COj into 
arginine, a study has been made of the reactions 
involving carbamyl glutamic acid In the presence 
of glutamate, the average rate of citrullme syn- 
thesis from ornithine by washed liver residues 
from 14 biotin deficient rats was 0:24 fiM/mg N 
The corresponding rate for the pair-fed control 
animals was 1 38 ;iM/mg N which was not signifi- 
cantly different from that of stock rats (1 28 
/iM/mg N) In the presence of carbamyl gluta- 
mate, the same liver preparations synthesized 
1 34, 1 35 and 1 61 aim of citrulline/mg N respec- 
tively It would appear that the limiting reaction 
in biotin deficient tissue is one involving the 
formation of carbamyl glutamic acid since subse- 
quent reactions in the synthesis of citrulline pro- 
ceed at the normal rate In vitro additions of 
‘biocytin’ and of another partially punfied 
‘bound-biotin’ preparation were ineffective m 
stimulating citrulline symthesis by' liver tissue 
from biotin deficient rats 

Electrophoretic studies of an in vitro reaction 
between adenosine and rat serum Marie A 
Fischer (introduced by' W S McEllrot) 
Dept of Physiological Chemistry, Univ of Pitts- 
burgh School of Medicine, Pittsburgh, Pa 
Incubation of adenosine in rat serum in a nitro- 
gen atmosphere resulted in a decrease in the elec- 
trophoretic albumm area and an increase m the 
ai-globulin area of the serum There was essen- 
tially no change in the total electrophoretic area 
or in the combined arcai of the albumin and ai 
fractions, however, the ai component had a slower 
mobihty than the ai-globulin peak of eontrol 
serum Maximum reaction was obtained in 5 hours 
of incubation when 4 mg of adenosine was dis- 
solved in 5 ml of serum Larger amounts of 
adenosine did not increase the extent of the 
reaction Practically no electrophoretic change 
occurred when the incubation was earned out 
under an atmosphere of 95% oxygen and 6% car- 
bon dioxide a-ketoglutarate reacted spontane- 
ously with adenosine and thus prevented the 
reaction from taking place Neither glutanaate 
nor glutamine caused any inhibition but complete 
inhibition was obtained with glutathione A sun 
liar change took place when ATP or adenylic acid 
were incubated with rat serum, however, adenine, 
hypoxanthine and xanthine were inactive 
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Reaction of chymotrypsin with diisopropylfluoro- 
phosphate and with tctracthjlpyrophosphnte 
J H Fleishir,* B J J\ndorf, W H Sum- 
MERSON AND D P Norton * Btochcinislrtj Sec- 
tion, Medical Division, Army Chemical Center, 
Md 

We have confirmed the findings of Jansen el al 
(Federation Proc 8 210, 1949) that the reaction 
between the enzyme chynnotrypsin and diisopro- 
pylfluorophosphate (DFP) produces a crystalhz- 
able, enzymatically inert protein, containing 
phosphorus and isopropoxy groups, in the approM- 
mate proportion of tn o of the latter to one of the 
former, and their verbal report that treatment of 
this protein with periodate yuelds significantly 
less acetaldehyde than is obtained from native 
chymotrypsm by the same procedure Similar 
results are obtained when chymotrypsm reacts 
with tetraethylpyrophosphate (TEPP) , the enzj - 
maticaJly inactive protein yields less acetaldehyde 
after periodate treatment, and contains 2 ethoxy 
groups/M of bound phosphorus Furthermore, the 
decrease in yield of acetaldehyde, and the amount 
of phosphorus and alkoxj groups bound/unit 
weight of enzyme, are the same when either DFP 
or TEPP reacts with chymotryTism This supports 
the view expressed previously (Jandorf el al 
Abstracts, Sept 1949 meetmg of the American 
Chemical Society) baaed m part on manometric 
measurement of the rate and extent of reaction 
between chvmotrjpsm and both DFP and TEPP, 
that these 2 substances react with the enzyme m 
fundamentally the same manner, differing chiefly 
in rate, the combination wuth the enzjme in the 
case of DFP involving the splitting of the P-F 
bond whereas for TEPP the P-O-P bond is split, 
liberating one equivalent of acid in each instance 

Differential heat, alkali and trypsin inactivation of 
pancreatic lipase Paul J Fodor (introduced 
by Harold P Morris) Natl Cancer Inst , 
Natl Insts of Health, Bethesda, Md 
A fractionation of the pancreatic extract could 
be made whereby one fraction which was relatively 
thermostable and which acted upon the glycendes 
and another which acted upon the monovalent 
alcohol and glycol esters could be distmguished 
Treatment of fractions of pancreas homogenates 
at various degrees of allmlmity resulted in a 
separation of the activities tow'ard the glyxerides 
on the one hand, and toward the monovalent alco- 
hol and glycol esters on the other Incubation of 
pancreas fractions with crystalhne trypsin re- 
duced the rate of enzymatic hydrolysis of the 
monovalent alcohol esters, the glycol ester and 
tnacetin nearly to zero, whereas the extent of the 
h\ drolysis of all the other gly cerides w as reduced 
to no more than 50% This procedure was eni- 
plo\ed to isolate from pancreas homogenates a 


protein cxhibitmg activity almost exclusively 
toward these glycerides The coexistence in pan- 
creatic extracts of at least 2 ester hydrolyzing 
enzymes is therefore suggested 

Brain proteolipides, a new group of protein-hpide 
substances soluble in organic solvents and in- 
soluble in water J Folch and Marjorie Lees * 
McLean Hospital, Waverley, Mass and Harvard 
Med School, Boston, Mass 
Brain and brain tumors contain compounds of a 
new type to which the name of proteolipides has 
been given They are substances having as constit- 
uents a protein moiety and a lipide moiety com- 
bined in such a form that the resulting compounds 
are soluble in chloroform and/or chloroform- 
methyl alcohol mixtures and insoluble in water 
Proteolipides are extracted quantitatively from 
the tissue by chloroform-methyl alcohol mixtures 
From white matter, 3 different ones have been 
obtained (A, B, and C) A and B are soluble in 
chloroform-methyl alcohol mixtures and have the 
property of concentratmg at chloroform-water 
interphases C is soluble in chloroform B is a crys- 
talline compound which consists of 65% protein 
and 46% lipide A and C are powders and do not 
appear yet to be pure compounds The protein 
moiety from each one of them can be separated as 
follows The proteolipide is dissolved in a chloro- 
form-methyl alcohol mixture and 6% water added 
to the solution The solution is taken to dryness 
This destroys the bond between the constituent 
lipides and protein The lipides are extracted from 
the residue with chloroform The insoluble rem- 
nant IB a denatured protein material which con- 
tains, in all cases, 14% N and 1 76% S 91% of the 
N can be identified as ammo acids after adequate 
hy^drolysis It is possible that the same protein 
moiety is present in each of the proteolipides 
studied 

Chemical and physical properties of tomatme and 
tomatidme Thomas D Fontaine, J S Ard,* 
Robert Ma,* C L Oqg* and C O Willits * 
Bureau of Agricultural and Industrial Chemis- 
try Agricultural Research Center, Beltsville, Md 
and Eastern Regional Research Lab , Philadel- 
phia, Pa 

Tomatme, a glycosidal alkaloid, and its agly - 
cone, tomatidme, have previously been reported 
to possess t 7 i vitro antifungal activity (Aich 
Biochem 18 467, 1948) More recently, Wilson 
el al (Federation Proc 9 1950) have determined 
the oral toxncity of these compounds Their report 
shows essentially no toxic effects when albino rats 
were fed diets containing up to 0 04% of these 2 
compounds for 200 da\s, likewise, subacute and 
acute oral toxicity results were favorable Crude 
tomatme has been prepared from dried tomato 
leav cs on a semi pilot plantscalc A rather unique 
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procedure has been developed for the crystalliza- 
tion of tomatme — namely, the crude tomatine 
has been dissolved in either hot ammoniacal 70- 
80% dioxane or alcohol, followed by the rapid 
addition of 1 5-2 volumes of boiling water, with 
vigorous stirring Upon addition of the hot water, 
a precipitate first forms but then dissolves almost 
immediately, and at this point crystallization of 
tomatme occurs m the hot solution Tomatine, 
on acid hydrolysis, yields tomatidine and reduc- 
ing sugars The sugars have been identified as 
glucose, galactose, and xylose Tomatidine con- 
tams a smgle double bond and 2 active hydrogens 
Other chemical and physical data, including infra- 
red and ultraviolet spectra, are presented for 
tomatidme and its acetyl derivative, and struc- 
tural comparisons are made with related com- 
pounds 

Inhibition by glucose of the synthesis of proline 
from glutamic acid M Forbes* and M G 
Sevag Dept of Bacleriology , Univ of Pennsyl- 
vania School of Medicine, Philadelphia 
In a synthetic ammo acid medium free from glu- 
cose, glutanuc acid (675y/ml ) serves as precursor 
for the synthesis of prolme associated nith the 
growth of Staphylococcus aureus (strains lA, lE, 
3A) Staphylococci fail to grow in the combined 
absence from the medium of glutamic acid and 
proline Growth occurs in the presence of glucose 
when glutamic acid is omitted alone or together 
with one of the following ammo acids — alanine, 
aspartic acid, lysine, and histidine, groivth fails to 
occur when proline also is simultaneously onutted 
Growth dependent on the sjuithesis of proline from 
glutanuc acid likewise fails to occur when 5 mg of 
glucose or pyruvate/ml is added to the medium, 
showing that glucose or pyruvate blocks the reac- 
tion glutamic acid — * proline As little as 100 y 
of glucose/ml causes 60% inhibition of this reac- 
tion The inhibitory action of 5000 y of glucose, or 
pyruvate/ml is counteracted by 1 y of proline/ml 
Omithme or a-ketoglutaric acid v ere incapable of 
counteractmg the effect of glucose It is as yet not 
known whether prolme bypasses the blockage, or 
functions as antagonist to glucose or pyruvate, 
or exercises a coenzyme-like effect 

The 2Cj condensation reaction in citric acid for- 
mation by a strain of Aspergillus niger J W 

Foster, S F Carson* and W E Jefferson * 
Biology Division, Oak Ridge Natl Lab , Oah 
Ridge, Tenn 

Previous demonstration of the 2Cj condensation 
reaction as a method of biosynthesis of C< dicar- 
boxylic acids m fungi led to exammation of its 
possible role m mold citrate formation Radio- 
active citrate was produced from sucrose by A 
mger m the presence of high specific activity 
methyl C'Mabeled acetate and After puri- 


fication and isolation of the citrate as the calcium 
salt the citric acid was degraded and 
specific activity were measured on each carbon 
atom of the citrate molecule The data indicate 
that the C< dicarboxyhc acid precursor of citrate 
arising from sugar can originate via the 2Ci 
condensation reaction 


Characteristics of water extractable apyrases ob- 
tained from various tissues Stlvia Frank and 
Rakoma Lipshitz (introduced by H G Al- 
baum) Dept of Zoology, Columbia Univ , New 
York City 

Water extractable apyrases from muscle, liver, 
erythrocytes, plasma, and frog’s eggs show char- 
acteristic and distinct pH activity curves Opti- 
mum activity for muscle is found at pH 7 4, for 
liver at pH 4 5 and 9 2, for erydhrocytes at 6 5 and 
7 4, for plasma at pH 4 5 and 9 2, and for frog’s 
eggs at pH 4 0 or lower and 9 2 Although some of 
these peaks are reminiscent of phosphatase pH 
optima reported m the literature, and NaF poi- 
sons the acid apjrase peak of liver as it does for 
acid phosphatase activit}', little or no activity 
could be demonstrated under these experimental 
conditions when other substrates were substi- 
tuted for ATP The apyrase activity of erythro- 
cytes from vanous sources (frog, chicken, rabbit, 
mouse, and human) shows a correlation between 
the amount of enzyme activity and the presence 
or absence of a cell nucleus Attempts to separate 
nuclei from cytoplasm in chicken erythrocytes 
hoR ever show that apyrase activity is apparently 
associated with both cellular components Dialy'- 
siB of the vater extractable apyrase from muscle 
results in a loss of actmty'^ which can be restored 
by re-introduction of the dialysate, concentrated 
by evaporation The ashed dialysate fails to re- 
activate the enzyme Boiled muscle extracts also 
activate the enzyme, and ashing destroys this 
abilitx Crude preparations of Coenzyme A, mag- 
nesium, and glutathione and cysteine also stimu- 
late enzyme activity When the enzyme is satu- 
rated wuth magnesium or glutathione, the boiled 
extract continues to activate at a high rate sug- 
gesting the presence of an unknown co-factor 


uilibnum and exchange reactions involving pep- 
ides, ammo acids, and proteolytic enzymes 
vanD Frantz, Jr and Robert B Loftfiedd 
introduced by Lewis L Engel) Med Labs 
f the Colhs P Huntington Memorial Hospital 
f Harvard Univ , at the Massachusetts General 
lospiial, Boston, Mass 

i method was recently reported {Federation^ 
jc 8 199, 1949) which makes possible the meas- 
iment of the small amount of peptide synthe- 
ed when an ammo acid is 'incubated mth a 
iparation of proteolytic enzymes T e 
leriments with this system were carried out at 
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ammo acid concentrations of 1 m, but more recent 
experiments at concentrations of 0 1 M have led to 
similar values for the free energy of the peptide 
bond At these higher dilutions, the concentration 
of peptide formed amounts to onh about 0 03% 
of the concentration of the ammo acid added, and 
the detection of sx nthcsis depends entireh on the 
use of labeled compounds Data on the behavior of 
overloaded chromatographic starch columns will 
be presented, of interest m connection with the 
purification of materials jircsent ns traces mixed 
with large amounts of chemicnllj similar com- 
pounds Some exudence has been obtained, at 
present still somewhat equivocal, that when a 
peptide is allowed to split m the presence of la- 
beled ammo acids, the amino acid constituents of 
the peptide exchange w ith the free ammo acids to 
produce, before equilibrium has been reached, a 
concentration of labeled peptide greater than that 
to be expected at equilibrium With the enzymes 
which we have studied (a dipeptidase and a car- 
boxj’peptidasel, this effect is slight 

Enzyme preparations from acetobacter suboxy- 
dans oxidizing inositol Robert E Franzl* 
AND Erwun Chargaff Dcpt of Btochemtslry, 
Cohmha Untv College of Physicians and Sur- 
geons, New York City 

In continuation of previous work on the oxida- 
tion of inositol stereoisomers by Acetobacter svb- 
oxydans (Maqasanik and Chargaff J Btol 
Chem 174 173, 175 929, 939, 1948) the enzyme 
system performing these oxidations has been 
studied in intact cells and in cell-free enzyme 
preparations The latter were obtained by the dif- 
ferential centrifugation of phosphate buffer ex- 
tracts of organisms crushed in a bacterial mill 
Suspensions of the pellet sedimentmg at 31,000 
g in veronal or phosphate buffer oxidized meso- 
inositol wuth the utilization of ^ m Oj/m of sub- 
strate The rate of oxidation was enhanced very 
strikingly by the addition of washed heat-mac- 
tivated bacteria to the enzyme solution This 
effect could be partially duplicated by the addi- 
tion of bacterial ash, or calcium and magnesium 
ions This oxidation of meso-inositol, whose pH 
optimum IB at pH 6 6, apparently requires an en- 
zyme system related to the oxidases or, possibly, 
aerobic dehydrogenases The oxidation of inositol 
stereoisomers and of other compounds by the cell- 
free enzyme preparations will also be discussed 

Comparison of vitamin Bu and vitamin B^b 
H H Fricke,* Betty Lanius,* A F DeRose,* 
AI Lapidus* and D V Frost Abbott Labs , 
North Chicago, III 

Cry stalline vitamin Bi-b w as prepared from 
cultures of Streptomyccs gnseiis The compound 
showed absorption spectrum maxima at 274, 352, 
411 and 526 mu Vitamin Bi-b showed equivalent 


activity in the assay with L leichmanmi and E 
colt w hen compared w ith vitamin Bu Rats main- 
tained on a vitamin Bu deficient diet gave similar 
grow th responses upon the addition of either vita- 
min Bu or vitamin Bi-b to the diet Dr Tom Spies 
(personal eommunication) has demonstrated the 
clinical activity^ of vitamin Bub for pernicious 
anemia, nutritional macrocydic anemia, and sprue 
From clinical experience, vitamin Bub appears to 
be equally as effective ns vitamin Bu /7 m treating 
Addisonian pernicious anemia On treating solu- 
tions of vitamin Bu or vitamin Bub with sodium 
bisulfite, both solutions exhibit identical absorp- 
tion curves showing maxima at 275, 365, 418 and 
515 mu respectively' Removal of the sodium bi- 
sulfite indicates by' absorption spectrum that 
vitamin Bub is recovered from both solutions 
Sodium hydrosulfite, depending on concentration, 
causes total or partial destruction of color and 
activity' in solutions of vitamin Bu and Bub The 
color IS partially restored in presence of air if only 
small amounts of hydrosulhte are used When 
crystalline vitamin Bu or vitamin Bub is injected 
intramuscularly into the rat, both can be re- 
covered m their origmal form in the urine of the 
rat 

Distribution pattern of P” in desoxyribonucleic 
acid-protein complex of intestinal tract mucosa 
Felin Friedberg (introduced by' Vernon A 
Wilkerson) Dept of Biochemistry, Howard 
Univ College of Medicine, Washington, D C 
A variation m incorporation of S’* of methio- 
nine mto the protein of the intestinal mucosa 
along the length of the gastro-intestinal tract of 
dogs was reported recently (J Biol Chem 173 
355, 1948) The incorporation in the stomach 
mucosa was low, and 3 peaks of activity' were 
found in the intestinal mucosa These peaks ap- 
peared m the region of the junction of the duo- 
denum and jejunum, the junction of the jejunum 
and ileum, and in the large intestine We obtained 
identical results when the desoxyribonucleic acid- 
protein complex was isolated after intravenous 
administration of inorganic P labeled with P** 
Two female dogs (weighing 7 6 and 6 7 kg ) w ere 
injected 1 v wuth about 6 /ic of P’’ (as HjPO<) 
Food was removed 6 hours prior to the injection, 
and 4 hours after the injection the animals were 
killed The entire gastrointestinal tract was re- 
moved and flushed with water, the mucosa (and 
submucosa) was obtained by pressure from the 
outside of the tract, and the P’- activitx of the 
desoxyribonucleic acid-protein complex, Lsolatcd 
bx the method of Schmidt and Thannhauser (J 
Btol Chem 161 S3, 1945), suspended in acetone 
and dried, was determined 

Effect of amino acid antagonists on enzymes in- 
volved in nitrogen catabolism Exrl Frii nrx 
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AKD Kajiij Dittmeb (introduced by R W J vck- 
son) Dept of Chemistry, Florida State Umv , 
Tallahassee 

Since amino acid antagonists inhibit the grow th 
of a variety of organisms, it seemed desirable to 
investigate their mode of action The availability 
of several well defined enzyme systems involved 
in nitrogen catabolism permitted the study of the 
effect of some amino acid antagonists The enzyme 
tyrosine decarboyjdase (from Strep faccahs) acts 
on Dii-phenylalanine at about 6% the rate ob- 
served with L-tyrosine in acetate buffer, pn 5 5, 
28 5° C (conditions described bj W W Ujibreit, 
W D Bellamy and I C Gunsalus Arch Bio- 
chem 7 185, 1945) Phenylalanine antagonists such 
as ^-2- and ^-3-DL-thienylalamne are decarbovyl- 
ated at rates somewhat less but of the same order 
of magnitude as phenylalanine They do not 
reduce the rate at which tyrosine is decarbovyl- 
ated A preparation of 3,5-difluoro-tyrosiDe and 
3-amino-L-tyroaine proved to be substrates \nth 
activities close to that of tyrosine But 3,5-dibro- 
mo-L-tyrosine, 3,5 diiodo-L-tyrosine, and 3-nitro- 
L-tyroBine were inactive at corresponding enzyme 
concentrations as were other related amino acids 
such as p-tolyl-DL-alanine and p-hydroxyphenjl- 
DL-glycine Results obtained with n-amino acid 
oxidase and other enziTues will also be presented 

Platinum catalyzed hydrogen-deuterium exchange 
with steroids David K Fukushima* and T F 
Gallagher Sloan-Kettering Inst for Cancer 
Research, New York City 

We have investigated the platinum catalvzed 
exchange of deuterium for hydrogen with steroids 
in solution in acetic acid-d and D.O at elevated 
temperatures With saturated steroids containing 
ketone groups, an appreciable amount of stably 
bound deuterium was incorporated and the ster- 
oid was recovered in high vield With increasing 
unsaturation or uith multiple ketone groups, 
very much larger amounts of isotope were incor- 
porated and in favorable instances high recovery 
of labeled steroid was possible Hjdroxvlated 
steroids were less suitable for reaction since dehy- 
drogenation and hydrogenoly’sis markedly dim- 
inished the yield Acetydation led to lesser destruc- 
tion without materially altering the exchange 
Using A^-androstene 3 17-dione, the effects of tem- 
perature, catalyst and substrate concentration 
have been investigated Of these variables, tem- 
perature was most important since little exchange 
was effected below 100° Greater incorporation of 
isotope was achieved when the steroid was present 
in relatively dilute solution Variation in catalyst 
concentration gave slight differences in isotope 
concentration These studies have led to the 
preparation of steroid hormones stably labeled 
with deuterium The distribution of the isotope 


has been investigated for cholesterol with 5 38 
atoms % excess deuterium prepared by the ex- 
change reaction according to Bloch and Ritten- 
berg All the isotope present in the steroid nucleus 
(46% of the total) was found in the vicimty of the 
A''-3-hydroxyl system while the isotope of the side 
chain (54%) was concentrated in the isopropyl 
group 


Comparative study on the phosphorylase content 
in homogenates of heart and striated muscle 
Maria Fuld* and Gerhard SemnDT Cardiac 
Lab , New England Center Hospital, Boston, 
Mass 

We have determined the respective amount of 
phosphorydase directly in homogenates of heart 
muscle and striated muscle of rats and rabbits 
The tissues have been homogenized m the cold, 
dialyzed against running and distilled water until 
the disappearance of free phosphate and Mg++ 
The dialysate has been diluted 25 times Phospho- 
rylase activity has been determined according to 
Con, but the concentration of glucose-l-phos- 
phate has been quadrupled Under these condi- 
tions phosphoglucomutase and phosphatase do 
not interfere wnth the measurement Striated mus- 
cle contains 12-20% more phosphorylase than 
lieart muscle These results confirm the findings 
of Shapiro and Wertheimer (Biochem J 37 397, 
1943) These authors, how ever, w orked with tissue 
extracts w here the entire amount of enzyme pres 
ent may not have been accounted for For this 
reason the present study’^ had been done on homog 
enates 


Conditions for determination of neutral 17-keto- 
steroids in urine 0 H GaebijBR and Williaji 
T Beher * Edsel B Ford Inst for Med Re 
search, Henry Ford Hospital, Detroit, Mich 
Continuing a study^ of factors affecting deter 
minations of IT-ketosteroids {Federation Proc 
8 182, 1949) w e have sought to establish optimal 
conditions for the initial hydrolysis The vahditi 
of using aqueous 5 n KOH in the Zimmermann 
reaction, when 2 color spectrophotometry is em- 
ployed, depends upon these conditions, and was 
therefore investigated simultaneous^, using the 
technique of Holtorff and Koch (/ Biol Chem 
135 377, 1940) Samples of pooled human urine 
were hydrolyzed for 6 different time intervals 
with each of 5 acids mentioned below From 
ether extracts of the hy drolysates, neutral ketonic 
and non-ketomc fractions were prepared After 
applying the Zimmermann reaction, <7^1”®""" 
measurements were made at 515 ra/i and 44 m/i 
Optimal conditions of hydrolysis prevail when 
1) the extinction at 515 ma m the 
is maximal, indicating good rccoverv , ) e r 
Eiw/Esis in the non-ketomc fraction is cons 
over the required range of concentrations, S) 
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clnngcs produced 1)\ ni)phing the jiroccdurc to 
pure solution of dclndroiso uulrost crone nrc nnni- 
nnl Tiie best results were obtained ulicn 150 ml 
nbquots of urine or solution, heated to boiling, 
were acidified with 22 5 nil of eonccntritcd IICI, 
boiled for in additional 7 minutes, and cooled 
rapidh Hjdrohsis for CO minutes with an equiv- 
alent concentration of Il-SO« satisfied the first 2 
criteria listed above Substituting equimolar 
amounts of HBr, HI, and ILPO^ for HCl a leldcd 
unsat isfactorj results at ill In droh sis intervals 
Results of anahzing 2J-hour urines from 111 
human subjects will also be discussed 

Carbon dioxide, inorganic phosphate and cation 
content of muscle in potossium deficicnej 
Litt I Ga^rdneh, Elsie A. MacLachl^n and 
Helen Berm\n (introduced hi, James C An- 
drews) Children’s Med Serviee, MassachnscUs 
General Hospital and Dept of Pediatries, Har- 
mrd Med School, Boston, Mass 
Albino rats weighing 160-175 gm were fed a 
diet containing 0 003% K and 0 7% Nn for 40 days 
Controls were given the same diet plus added K 
Measurements of skeletal muscle CO* and Cl con- 
centrations showed no significant differences be- 
tween the 2 groups Muscle K was markedly 
reduced, whereas muscle Na, Mg, Ca and inor- 
ganic phosphate were significantlj increased in 
the K deficient rats Serum values for Cl were 
reduced and values for CO- were elevated in the 
K deficient group When allowance was made 
for the Cl and CO* in extracellular fluid, the data 
indicated that in K deficiency there W'as a de- 
creased concentration of CO* in intracellular fluid 
If the latter represented a diminution in intra- 
cellular bicarbonate, partial compensation for 
this by mcrease in the inorganic phosphate as 
noted above seems a possibility It is considered 
unhkely that Cl enters the cell, since it has pre- 
viously been showm that K deficient animals are 
constantly in negative Cl balance It is thought 
that the mcreased intracellular concentrations of 
the cations Na, Mg and Ca, which have transport 
rates relatively slower than K, necessitate reor- 
ganization of the ionic equilibria on both sides of 
the cell membrane This may help explain the 
bypochloremic alkalosis of K deficiency 

Urinary excretion of thiosulfate by normal human 
adults Joseph H Gast, Frank L Aldrich 
AND ICazko Arai (mtroduced by Howard B 
Lewis) Dept of Biochemtstry, Baylor Untv 
College of Medicine, Houston, Tex 
The urinary excretion of thiosulfate bj adult 
humans has never been quantitatively established 
bj reliable or specific methods The reason for 
this 18 obvious even when one uses a specific pre- 
cipitant for thiosulfate, such as the nickel ethylene 
diamine salt, because the amounts usually present 


on a general mixed diet are below or at the limit 
of the end point error of the lodometric titration 
This was established by a study' of over 200 24- 
hour urine specimens Application of a micro- 
quantitative procedure plus the use of radioactive 
thiosulfate enabled us to analyze both quantita- 
tive collections and random specimens for thio- 
sulfate with the assurance of a definite recovery 
of the thiosulfate present Replicate determina- 
tions indicate from 0-20 mg of thiosulfate sulfur 
to be present normally in 24-hour specimens, pre- 
served with chloroform Fresh random specimens, 
kept in the refngerator indicate the presence of 
concentrations of the same order of magnitude 
ranging from 0 75-1 3 mg % thiosulfate sulfur 
Values given are as determined, uncorrected for 
radioactive thiosulfate recovery' Isolation of 
nickel ethydene diamine thiosulfate from human 
urine with a small amount of added radioactive 
thiosulfate as tracer to follow losses in punfica- 
tion, delayed cry'stallization, etc will be re- 
ported together with detailed data from which 
the above figures were taken Because of the 
ready oxidation of thiosulfate by' certain tissues 
and organisms the data presented should suffice 
to require the explanation of its presence in any 
scheme for the oxidation of sulfur 

Influence of salt intake on chromatographic pat- 
terns of steroid excretion in essential hyper- 
tension Jacques Genest, George C Cotzias, 
Lew'is K Dahl, Williaii Eisenmenger and 
Vincent P Dole (introduced by R M Archi- 
B ald) Hospital of the Rockefeller Inst for Med 
Research, New York City 

Fresh urines w'ere refluxed wnth volume of 
concentrated HCl for 30 minutes Their CCL 
extracts were dried, dissolved m benzene, and 
aliquots chromatographed on alumina, and ana- 
lyzed, according to the procedure already' de- 
scribed for blood and urine steroids {Federation 
Proc 8 180, 1949) The analysis of such urine ex- 
tracts from 3 subjects with essential hypertension 
mamtamed on high and low sodium chloride in- 
take showed marked changes in the steroid pat- 
terns These changes were observed m several of 
the fractions, but mainly in the ultraviolet ab- 
Borptancy of the fraction eluted by water An 
elevation noted at 268 lOft m the absorption curve 
of the first water fraction disappeared when the 
blood pressure was brought down to normal level 
A subject wuth thalassemia minor and amocbiasis 
showed similar changes Opposite, but less marked 
differences were observed in the cases of both a 
normal control and a subject wnth hepatic cirrho- 
sis when placed on a high and low sodium chloride 
intake The latter subject, on a 1 gm NaCl diet, 
showed no change in Na excretion after admmis- 
tration of DOCA and only slight modifications of 
the urinary steroid pattern 
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Relation of ATP-ase and myosin Johk Gebgelt 
( introduced by A Szent-Gyorgti) Natl Inats 
of Health, Betheada, Md 

Myosin, prepared according to Szent-Gyorgyi 
was subjected to digestion by trypsin in order to 
investigate the relationship between ATP-ase 
activity and other charactenstic properties of 
myosin ATP-ase activity remained unchanged, 
while a decrease in the slope of the linear part of 
the specific viscosity-concentration curve indi- 
cated a decrease m the assymetry of the mjosin 
molecules The ability of myosin to combine mth 
actm also disappeared By subjecting the trypsin 
digest to an isoelectric precipitation 2- to 3-foId 
increase in ATP-ase activity (Qp) in the super- 
natant was achieved, with a 80-90% yield Other 
procedures, includmg ultracentrifugation, did not 
brmg about further purification These experi- 
ments indicate that ATP-ase function is not 
essentially linked to the integrity of the myosin 
molecule 

Staphylocoagulase formation without plasma co- 
factor Earl B Gerheim and Julia K Ger- 
HEiu (introduced by Arnold G Ware) Dept 
of Phy Biology and Pharmacology, Wayne Untv 
College of Medicine, Detroit, Mich 
Smith and Hale (Brit J Exper Path 25 101, 
1944) have explained coagulation by pathogenic 
Staphylococcus aureus as an activation of a bac- 
tenal component by a plasma component to form 
the active clotting agent Although most investi- 
gators have accepted this thesis, actual proof of 
this mode of activation is lackmg Possibly, the 
bacteria might furnish the activator and the 
plasma the precursor Miale (Blood 4 1039, 1949) 
has stated that his preliminary observations n ould 
indicate that the precursor is found in plasma 
In the experiments being reported i\e have been 
able to shov repeatedly that staphylocoagulation 
IS possible in the absence of the plasma factor 
A 10% solution of the staphylococcal concentrate 
was placed at room temperature and over a 7 
day period a portion was added to Armours fibrm- 
ogen which has been shown to be free of what we 
wish to call co-factor (Gerheim, Ferguson and 
Travis, Proc Soc Exper Biol d Med 66 525, 
1947) Also the fibrinogen was adsorbed with 
barium sulfate to remove the prothrombin While 
no staphylocoagulation took place initially, 
enough staphylocoagulase had formed at the end 
of 7 days to give a solid clot m less than 60 min- 
utes The precursor of the clotting agent (prosia- 
phylocoagulase) , according to these results, ap- 
pears to be of bacterial ongin 

In vitro fatty acid metabolism and acetoacetate 
formation studied with C“ Robert P Getbr, 
hlART jM Cunningham and Joyce Pendergast 
( introduced b\ Fredrick J Stare) Dept of 


Nutrition, Harvard School of Public Health, and 
Devt of Biological Chemistry, Harvard Med 
School, Boston, Mass 

Radioactive (RC'^OOH) pentanoic, hexanoic, 
heptanoic, octanoic, nonanoic and dodecanoic 
acids give rise to and CHjC^OCH-C^OOH 
when incubated with either liver or kidney slices 


The ratio 


CH.C» ^OCH;C »OOH 
C»0- 


IS much higher 


m the case of liver, but the total in these 
products IS similar for both tissues This ratio 
IS also much higher for the acids of an even 
number of carbons than for those of an odd 
number This difference is mainly the result of 
more CHjC*^OCHjC^'‘OOH being formed in the 
case of the even numbered acids The ratio 
CH,C'^OCHiCOOH 

CIECOCH=C'*OOH increasing sub- 


strate chain length and is almost unity for dodec- 
anoic acid Studies with octanoic acids labeled in 
either the a- or d-position wuth have also been 
done Very little activity was found in the car- 
boxyl of acetoacetic acid when the a-labeled acid 
was used In the case of the ^-labeled acid, both 
the amount and distribution of C“ m the respired 
carbon dioxide and the carbonyl and carboxyl of 
acetoacetic acid were the same as those observed 
wuth the carboxyl-labeled octanoic acid The latter 
finding 18 strong evidence against the formation 
of acetoacetic acid by the alternate oxidation and 
cleavage of fatty acids It supports the concept of 
Cs-frngment formation and recondensation 


Effect of pB. and ionic strength on biological ac- 
tivity of adrenocorticotrophic hormone (ACTH) 
B N Ghosh,* John B Richards,* Marshal 
Merkin,* Thomas W Burns,* Douglas M 
Brown,* George Saters* and Emil L Smith 
Dept of Pharmacology and Lab for Study of 
Hereditaiy and Metabolic Disorders, Untv of 
Utah, Salt Lake City 

Solutions of ACTH (10 yg/cc ) were allowed to 
stand at room temperature for 19-24 hours, pH 
and ionic strength were varied (see table) Bio- 
logical activity was determined by the adrenal 
ascorbic acid-depletion method in corapanson 
with a standard at pn 1 0 JACTH and BNG35 
were prepared accordmg to the method of Sayere, 
White and Long La-l-A was obtained from the 
Armour Laboratones ACTH is remarkably stable 
at low pH Hormonal activity is completely de- 
stroyed at pH 7 and at pn 13 in the absence of salt, 
sodium chloride and sodium phosphate appear to 
have some stabilizing influence These stability 
studies have stimulated a complete re-evaluation 
of the physical properties of this hormone Stu les 
of the sedunentation and electrophoretic behavio 
will be presented 



March 1950 


AMEllICAN SOCIETY OF BIOLOGICAL CHEMISTS 


177 


pRFr 


urDiuu 

ACTIVITY To 
STD (l RROR OF 
j rSTIlIVTl) 

La-l-A 


5 M HCI 

' 0 

JACTII 

: 0 1 

1 M HCI 

72(33-155) 

BNG35 

1 0 

0 1 M HCI 

85(02-117) 

BNG35 

4 1 

01m acetate 

80(07-108) 

BNG35 

7 0 

water 

0 

BNG35 

7 0 

0 16 M NaCI 

43(27 00) 

BNG35 

7 3 

0 038 M sodium 

73(53-101) 

BNG35 

1 

12 0 

phosphate 

0 1 M NaOH 

0 

BNG35 

12 6 

0 1 M NaOH 

0 15 M NaCl 

18(12 20) 

La-l-A 


1 M NaOII 

0 


Studies on ‘Dlctarj Factor’ in experimental necro- 
tizing arteritis Bland Giudings,* Philip L 
Harris and Russell L Holman * Dept of 
Pathology, Loinsiana Stale Untv School of Med- 
icine, New Orleans and Dept of Biochemistry 
Distillation Products, Rochester, N Y 
The sequence of feeding a ‘standard high fat 
diet’ for 8 weeks or longer then producing ‘stand- 
ard renal msufficiencj ’ has been show n previously 
to regularly induce ‘t^’plcal arterial lesions’ in 
mongrel dogs regardless of age and sex Either 
factor alone has proved to be ineffective The 
pathogenesis of these arterial lesions, which 
closely resemble those of rheumatic arteritis and 
periarteritis nodosa, is obscure but is being 
studied from the standpoints of a ‘dietarj'- factor’ 
and of a ‘renal factor ’ The dietary factor is de- 
fined as that substance (or substances) contained 
in the standard high fat diet which when followed 
by production of standard renal insufficiency, 
results in typical arterial lesions From the studies 
thus far it would appear that the dietary factor 
1) found m certain animal fats (creamery but- 
ter and certam samples of cod hver oil) , 2) not 
present m olive oil, corn oil, mutton tallow, lard, 
coconut oil and oleomargarine, S) not vitamin A 
or vitarmn D, 4) effective in quantities roughly 
proportional to the amount fed, B) effective only 
if fed continuously since omission of it from the 
diet for 4 weeks or longer eliminates the response , 
0) relatively heat stable, 7) destroyed or inacti- 
vated by saponification or bj'^ acetone separation, 
h) inactivated or counteracted by vitamin E, or 
bv cholesterol, or b 5 '- substituting casein for liver 
m the standard diet, and 9) unaffected or not 
influenced bj choline Conjectures on its nature 
and mode of action will be presented 

Question of hyaluronidase in tumor tissue D a\ id 
GncK, Lawrence B Kiriluk*, Erick \ Ha- 
k^nsen* AND \rnoid J Kremen* Dcpts*of 


Physiological Chemistry and Surgery, Univ of 
Minnesota Medical School, Minneapolis 
Tlic possibility that hyaluronidase may be an 
agent that promotes the invasiveness of malignant 
cells and plajs a role in the formation of metas- 
tnscs has led a number of investigators to examine 
cancer tissue for h>aluronidase activity The 
reports were inconclusive and often inconsistent 
A reinvcstigation of this problem has been earned 
out on clean, noii-necrotic samples of tumor tissue 
obtained directly from the operating room under 
sterile conditions Precautions to maintain ste- 
rility were exercised throughout the preparation of 
extracts for the enzj me assaj , and microbiological 
controls were run on all tissues and their extracts 
to detect possible contamination In 4 different 
human benign tumor extracts, and 6 malignant, 
contamination was not found and no hymluroni- 
dase could be detected In most of the contanun- 
ated material from 25 other malignant tumors 
and as many samples of normal tissues the 
enzj me w as present Of 11 adenocarcinomas of the 
breast m mice, 5 yielded sterile exi-racts and no 
enzjme was found in them, while of the 6 con- 
taminated extracts 4 contained hj aluronidase The 
evidence indicates that the malignant cell con- 
tains no hj aluronidase unless it is contributed by 
microorganisms, and that previous claims for the 
presence of the enzjune were probably based on 
experiments m w hich contamination had occurred 

Vitamin E and hepatic necrosis Marianne Gobt- 
TSCH, Dept of Chemistry and Nutrition, School 
of Tropical Medicine, Univ of Puerto Rico, San 
Juan 

Preliminary tests confirm Schwarz {Ann New 
York Acad Sc 62 225, 1949) and Hunsworth and 
Lindan {Nature, London 163 30, 1949) that vit amin 
E 18 a factor in hepatic necrosis of the rat on low 
protem diets 21-day-old rats, with low stores of 
E, w ere given a diet containmg 8 3% crude casein, 
79 7% cornstarch, 6% lard, 2% cod liver oil, 4% 
nunerals, and crystalline vitamins 1) Without 
a-iocopherol The rats died in 10-40 da} s, present- 
ing massive hepatic necrosis Alterations in lard 
content from 0-20%, without changmg proportion 
of protem calones, were wuthout effect Choline 
and inositol apparently were not factors The 
addition of 3% either methionine or cistine en- 
abled rats to grow and survive until the present 
time (6 months of age) despite the onset of chronic 
muscular dj^strophy and tipical sfenhti 2) 11 ith 
2 mg a-tocopherol per week All rats arc surviving 
at 6 months of age Those on the diet abo\e grew 
poorly but were able to reproduce, although no 
Aoung have surxuvcd the period of lactation The 
young presumably died of starvation The rits 
receixmg in addition, cither mothioninc or 
cy Stine grew well and second general ion \ oung arc 



178 


FEDERATION PROCEEDINGS 


Volume 9 


being reared It is hoped to observe all rats until 
tune of death 

Effect of anionic and cationic agents on urease 
Robert L Golbt* and Granvil C Kyrer 
Dept of Biological Chemistry and Nutrition, 
School of Medicine, Vniv of North Carolina, 
Chapel Hill 

Expenments have been conducted to show the 
effect of certain anionic and cationic surface 
active agents on the rate of hydrolysis of urea by 
urease Purified sodium dodecyl sulfonate and 
commercial tnmeth 3 d dodecyl ammonium chloride 
(Arquad 12, Armour and Company) have been 
studied at different levels in pu 7 phosphate buffer 
at 38°C Both commercial preparations of urease 
and glycerol extracts of Jack Bean meal have been 
used In each case the rate of hydrolysis in the 
presence of one of these agents was compared with 
a control which was run simultaneously The 
liberated ammonia was determined as a measure 
of the extent of hydrolysis Sodium dodecyl 
sulfonate depressed the activity of the enzyme in 
every case, 0 016 m sulfonate inhibited the hj"^- 
drolysis approximately 20% when three-fourths of 
the urea in the control w as hydrolyzed When equi- 
molar quantities of the sulfonate and Arquad 12 
were added to the same reaction mixture, the 
depression of the reaction rate was not observed 
When the Arquad 12 was used alone, a slight de- 
pression was usually observed but the data are less 
conclusive in this senes of experiments 

Ultracentrifngal stratification of human serum 
lipoproteins Wiluam H Goldwater, Mal- 
colm L Randolph, J R Snavelt, Roy H 
Turner and Walter G Unolaub (introduced 
by W B Wendel) Depls of Medicine and Phys- 
ics, Tulanc Univ , New Orleans, La 
The ultracentrifuge quantity rotor has been 
used to study the sedimentation characteristics 
of human serum lipid and protein components 
Pooled normal sera are spun in plastic tubes, which 
are then frozen, sectioned at various levels, and 
homologous fractions from a number of tubes 
combined for analyses Total protein concentra- 
tion increases in a logarithmic type of curve 
towards the bottom of the tube Albumin com- 
pnses the major portion of protein in the top half 
of the tube, increasing towards somewhat constant 
values at the bottom Globulin concentrations 
are low in the top of the tube, but rise rapidly 
towards the bottom Lipid components show 
peak concentrations at various levels in the tube, 
these maxima corresponding in most cases to 
specific gravity levels characteristic for each 
component Free and ester cholesterol show pre- 
dominant maxima at a specific gravity of about 
1 017, with a smaller cholesterol ester peak at 
1 060 Phospholipid maxima are observed at about 


1 020, 1 045-1 050, and either 1 085 or the bottom- 
most portion of the tube Neutral fat peaks occur 
in the top- and bottom-most portions of the tube, 
as well as at specific gravity levels of 1 010-1 020, 
1 035, and 1 060 These findings are interpreted 
in the light of the existence of human serum lipids 
as lipoprotein aggregates, and the positive and 
negative sedimentation of these aggregates in 
various portions of the specific gravity (total 
protein) gradient produced by the ultracentnfugal 
process 

Response of the serum level of hyaluronidase 
inhibitor and mucoprotein to stress Robert A 
Good,* Thomas A Good*, Vincent C Kelley* 
AND David Glick Depls of Physiological Chem- 
istry and Pediatrics, Univ of Minnesota Med 
School, Minneapolis 

In previous studies in these laboratories we 
have demonstrated that the serum levels of both 
the non-specific hy aluronidase inhibitor and a 
mucoprotein fraction are elevated in a vanety of 
the same clinical conditions It appeared to us 
that all of the situations in which the serum levels 
of these two entities were elevated might be inter- 
preted as stress situations and that an adrenal 
mechanism might be implicated During these 
studies it has become apparent that elevations in 
the serum non-specific hx aluronidase inhibitor 
level can be evoked by subjecting an animal to 
stress by the Arthur phenomenon, the Shwartzman 
phenomenon, acute or chronic chilling, sterile 
feme chloride abscess, li\ penmmunization or 
sterile tissue destruction bj' electrocauterv Serum 
mucoprotein was elevated bv chronic chilling and 
by hj’penmmunization but not bj the other 
stimuli mentioned Injection of lipoadrenal extract 
slightly^ raised the h\ aluronidase mhibitor but 
decreased the serum mucoprotein Injection of 
cortate in sesame oil and of sesame oil alone 
caused no effect on the hj'aluronidase mbibitor 
but the cortate decreased the serum mucoprotein 
Injection of adrenalin did not change the hyalur- 
onidase inhibitor but did raise the serum muco- 
protein Adrenalectomj^ jier se decreased the hy 
aluronidase inhibitor but did not affect the serum 
mucoprotein Mock operation had no effect on 
either hyaluronidase inhibitor or mucoprotein, 
nor did anesthesia by intravenous sodium nem- 
butal Adrenalectomized animals, when expose 
to chronic chilling, exhibited no elevations of the 
hyaluronidase inhibitor whereas mock operated 
animals did 

Accumulation of 5(4)-amino-4-(6)-inud8zolecar- 
boxamide in relation to sulfonamide bacterio- 
stasis and purine metabolism In Esc e c i 

coU Joseph S Gots (introduced by 

Riegel) Depi of Bacteriology, School of Me i 

cine, Univ of Pennsylvania , Philadelphia 
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It 18 known ilmt 1){\) nmuto--l(r)) iinulnrolc- 
carboxamuic ncciiinuhlcs jii Ij'schcrichia cob cul- 
tures under sulfonamide biclcnoslnsis We Inac 
found tint ma\ininl nccumulntion occurs in 8\8- 
tems showing 50-fi0% inhibition of growth 
Accumulation of the carbo\ninidc becomes c\ ident 
2 hours after inoculation and increases at i rapid 
rate until maMmum is reached in 24-18 hours No 
conditions ha\c jet been found which will bring 
about anj' measurable utiliration of the carbox- 
amide after it iB formed or when added from with- 
out, nor will the compound support the growth of 
seven L colt mutants which require purines for 
growth p-\minobcnzoic acid when added at in- 
tervals after inoculation will immcdiatch relieve 
growth inhibition and accumulation of the car- 
boxamide but the quantitj which has already 
accumulated remains constant Ptcroj Iglutamic 
acid has no effect on either the grow th inhibition 
bv sulfadiazine or accumulation of the carbox- 
amide Methionine or vitamin Bt* will relieve 
growth inhibition bj’ low concentrations of sulfa- 
diazine without relie\nng the accumulation Of 
the numerous substances tested, the most marked 
effect on the accumulation of this compound was 
found in the presence of the purines, xanthine, 
adenine and guanine, which in concentrations as 
low as 2 to 4 pg/ml will prevent accumulation 
almost 100% without relieving growd.h inhibition 
The hj’pothesis that 5(4)-amino-4(5)-imidazole- 
carboxarmde is a normal intermediate in the bio- 
synthesis of purines maj'' be valid, but the data 
presented here cannot support it A more likelj 
explanation may be that this compound is an 
abnormal by-product brought about by an al- 
ternate pathway after normal metabolic pathways 
are blocked bj sulfonamides 

Effect of dietary cholesterol on hepatic cholesterol 
synthesis R Gordon Gould and C Bruce 
Tatlor * Rusk Depts of Btochetnistry and Pa- 
thology, Presbyterian Hospital, Chicago, III 
Dogs and rabbits were maintained on high 
cholesterol diets for 6 weeks and the relative rates 
of cholesterol synthesis by liver slices determined 
bj mcubation with C“ labeled acetate followed bj 
isolation and assay of cholesterol Comparison 
wath control animals showed that dietary choles- 
terol suppressed hepatic synthesis to a few per cent 
of the control rate in both rabbits and dogs In 
I’li'o sjmthetic rates were also compared by ad- 
mimstenng labeled acetate bv stomach tube and 
isolating cholesterol from the blood 1 and 16 hours 
Inter and the results were in agreement with those 
from the in vitro studies Comparison of the rates 
of hepatic synthesis between animals of different 
species on cholesterol-free diets, together mth 
data on cholesterol excretion, suggests that the 
o\er all aspects of cholesterol metabolism pro- 


ceed more bIowIj' in the rabbit than in the other 
species studied, and it is suggested that this may 
account for the extreme hypercholesteremia ob- 
served in cholesterol -fed rabbits By separation 
of free and estcnficd cholesterol, it was shown that 
the newlj’’ synthesized cholesterol was largely in 
the free form Of the other tissues tested, only 
skill was found to possess cholesterol synthetic 
actix'ity of the same order of magnitude ns liver 
Adrenal cortical tissue was found to be capable 
of cholesterol symthesis as previously reported 
bj Srere, Chaikoff and Dauben, (J Biol Chem 
176 829, 1948), but in the present experiments the 
amount sj'nthcsized by the adrenals was of negli- 
gible quantitative importance compared with that 
formed in the liver or in the skin 

Transphosphorylation in the absence of nucleo- 
tides Harry Green* and O Meyerhof Dept 
of Physiological Chemistry, School of Medicine, 
Univ of Pennsylvania, Philadelphia 
As was showm recently (Science 110 503, 1949) 
transphosphorylation from phosphate compounds 
of higher energy to those of lower energy m the 
absence of nucleotides occurs readily with alkaline 
intestinal phosphatase It can be observed with 
the help of P 32 if energy rich P donors with 
labeled P are incubated with glycerol or sugar and 
inorganic phosphate together mth phosphatase 
This finding was extended to several more P 
donors like phosphopjreuvate, nitrophenyl phos- 
phate and also to acid phosphatase Moreoever, 
the formation of a phosphate-enzyme compound 
was investigated with P 32 The bearing of these 
facts for the mechanism of transphosphorylation 
and the establishment of the specificity of phos- 
phatases will be discussed 

Mechanism of biosynthesis of punne G Robert 
Greenberg (introduced by Harland G Wood) 
Dept of Biochemistry , School of Medicine, West- 
ern Reserve Untv , Cleveland, Ohio 
The investigation of the hypoxanthme-sj n- 
thesizing system of pigeon liver preparations 
(Federation Proc 8 202, 1949) has been continued 
Employing compounds as tracers several pos- 
sible intermediates in this synthesis have now been 
separated by paper chromatography Evidence 
will be presented that the synthesis of hypo- 
xanthine involves the following overall reaction 
NHj, CO:, glycine, formic acid, nbose-phosphate 
— » intermediates — » inosmic acid -+ hypoxanthine 
-b nbose-phosphate This mechanism is based in 
part on the following data Bj specific activitx 
versus time measurements and bj balance studies 
it has been demonstrated that C“ formic acid is 
incorporated into mosinic acid prior to the forma- 
tion of hxpoxanthine, dilution expenments with 
added non-radioacti\c inosinic acid proiidc addi- 
tional exidencc for this observation \ddilion of 
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nbose-phosphate or compounds forming nbose- 
phosphate frequently effected a threefold increase 
in the rate of mcorporation of radioactive formic 
acid into inosimc acid When carboxyl-labeled 
glycme was employed as a tracer, a C*‘-contammg 
component was separated which did not occur m 
simultaneous experiments with radioactive formic 
acid This component apparently is not a known 
metabolic product of glycme The nature of this 
fraction and its possible role in the reaction is 
being mvestigated It has been shown that 4- 
amino-5-imidazole carboxamide per se is not in- 
volved in the synthesis of purine m this system 

Simplified serum alkaline and acid phosphatase 
method using phenolphthalem monophosphate 
substrate Alexandee B Gutman Columbia 
Research Service, Goldwater Memorial Hospital 
and Dept of Medicine, College of Physicians and 
Surgeons, Columbia Umv , New York City 
The estimation of serum alkalme and acid 
phosphatahes can be greatly simplified by use of 
suitable phosphoric ester substrates which on 
hydrolysis yield a chromogen that can be measured 
directly Phenolphthalem diphosphate has been 
proposed for this purpose but since the phospho- 
monoesterases m question dephosphorvlate pure 
diphoaphonc esters slowly if at all, phenolphtha- 
lem monophosphate would seem more appropriate 
The monophosphonc ester was synthesized by 
phosphorylating phenolphthalem m dry pyndme 
with 1 equivalent of freshly redistilled phosphorus 
oxychloride under controlled conditions Phenol- 
phthalem monophosphonc acid precipitated out 
on acidification After dissolving with sodium 
bicarbonate, free phenolphthalem was removed 
by shaking with ethyl acetate Reprecipitation 
with acid gives the monophosphonc ester in good 
yield and sufificiently pure for general use The 
preparations are standardized by their rate of 
dephosphorylation by sera of known phosphatase 
activity and also by their optical density at 450 
rofi, pH 9 0 Phenolphthalem monophosphate is 
rapidly hydrolyzed by both alkalme and acid 
serum phosphatases With our present prepara- 
tions, incubation for 14 minutes at pH 8 7 or 35 
minutest at pH 4 9 gives activities for serum 
alkaline or acid phosphatases equivalent to those 
obtamed in 1 hour with jS-glycerophosphate or 
phenylphosphate respectively The pink free 
phenolphthalem color is developed immediately 
with sodium carbonate Units of phosphatase 
activity are read directly from a standard phenol- 
phthalem transmittance-concentration curve The 
method, m regular use for several years, is simple, 
rapid and gives results in normal and a wide 
variety of abnormal sera that are in good agree- 
ment with the standard methods 

Mechanism of thiamine destruction by bracken 


fern J R Haag, Baebaba Stearman*, P H 
Weswig*, R T Pierce* and J R Schubeet * 
Agricultural Exper Station, Oregon Stale College, 
Corvallis 

Antithiamine activity in rations contammg air- 
dned fern and the harmless nature of steamed 
fern have previously been noted Confusion con- 
cernmg the significance of results obtamed by the 
thiochrome procedure w as clarified by our finding 
(ACS, Sept 1948, Portland, Oregon), that 
both raw and steamed fern suspensions rapidly 
adsorb thiamine from pn 4 5 buffers Subsequently 
raw' fern more slowly destroys thiamine by enzjmi- 
matic activity Studies of temperature and pn 
effects and inhibitors therefore yield complicated 
results Thiamine removal is more rapid at 0°C 
than at 25°, due to adsorption Enzyme activity 
IS slow at 25°, increases to 60°, then decreases at 
70° due to heat inactivation Moist heat inactiva- 
tion can be detected at 65°, and is complete at 
100° in less than 30 mmutes Dry heat at 100° for 
24 hours results m some 50% mactivation for 
rats Some activity remains after 24 hrs at 110° 
Enzymmatic activity increases from pH 2 0 to 5 5 
or 6 5 Concentration and nature of buffers in 
which fern suspensions are incubated variously 
affect adsorption and enzymmatic processes Su- 
percentnfuged H;0 extracts possess pronounced 
enzymmatic activity only Neopynthiaraine in- 
hibits both processes AgNOj inhibits enzymmatic 
activity NnCN and NaF do not inhibit Cysteine 
markedly stimulates enzymmatic activity, cjstme 
18 shghtly stimulatmg, methionme is without 
effect Thiaimne removed by raw fern is not avail- 
able to rats, that removed by steamed fern can be 
recovered and is available Raw fern does not 
destroy the value of thiamine for yeast fermenta- 
tion 


Fluorescence scanner for evaluation of paper- 
grams of adrenal cortical hormones Wiluam 
J Haines and Noeman A Deake (mtroduced 
by M H Kuizenga) Research Labs Upjohn 
Company, Kalamazoo, Mich 
A rapid and convement techmque has been 
devised for evaluating and recordmg the paper- 
grams of those adrenal steroids and related su^ 
stances having strong absorption at about ^00 
1 No chemical reactions are mvolved, and 5 
gamma or less of thfese compounds can be detected 
The procedure mvolves the use of a stainless steel 
box (6 X 12 X 13 inches) contammg an 8-watt 
genmcidal lamp m the bottom and covered on top 
with a 6 X 12 inch piece of Vycor glass or a Coming 
#9863 filter On top the box there is placed a 
special glass screen having a thm layer, on i 
under side, of du Pont zmc silicate phosphor # 
which emits a bright green fluorescence when 
exposed to 2537 1 light A dried papergram 
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placed vindcr (lie fluorr^niiK Hcrecn, tliuH iii (ho 
padi of (he ul(ri\iolo( lij;h( The local loiiH of (he 
slerouls ire hccii iiniuc(lia(ol\ as non llnoroscuiK 
spo(s \ perm incn( record of (lie chronniloRrain 
IS made m n dark room h\ inscr(ing a focal plane 
slmder near (he top of (he 1 ) 0 \, and replacing the 
fluorescent screen \\i(h a piece of contacl priiKing 
paper Again (he pipcrgram is in (he light pi(h 
when the 1 imps arc tnrneil on and ( he slit i8 draw ti 
across the field The con( ic( p ipcr is dcvclojicd bv 
standard photograjihic ))rocedurcs Since the 
papergram is not sacrificed l)^ tins process, it 
mai be caaluated siibscqucntU hi other techni- 
ques or used for the actual isoladon of its com- 
ponents 

Tdlization ofcjstine in man \V Know i son Hai !/, 
V P SauENSTRicKLU* AMI Xathan ItirMs* 
Depts of Btochciinslri/ and Maltcinc, Untv of 
Georgia School of Medicine and Med Service, 
Ollier General Hospital, \ugusla 
L cjstinc was administered to each of thirti' 
fasting adult patients in amounts of S grams or 
20 grams In the csscntiallj normal subjects, 
there was no significant change in the blood ammo 
acid nitrogen levels or in blood urea nitrogen over 
a period of 4 or 6 hours In 5 out of 6 cases of cir- 
rhosis of the liver there w as a small but consistent 
drop in the blood amino acid nitrogen level after 
administration of 8 grams of L-cjsline In 6 of 
12 cases of cirrhosis or of diseases senouslj' in- 
volving the Ever, after the administration of 
ej'stme the e\cretion of amino acid nitrogen m 
the urine was significant!}'' higher than m the con- 
trols 

Method for the determination of proline plus 
hydroxyproline carboxyl nitrogen PaulB Ham- 
ilton AND Phiscilla J Ortiz * Dept of Bto- 
chemislry, Alfred I du Pont Inst Nemours 
Foundation, Wilmington, Del 
Prolme and hydroxyproline are unaltered by 
mtrouB acid when reaction is earned out in hot 
6N HCl, while alpha ammo acids are rapidly con- 
verted to alpha hydroxy denvatives When hydro- 
chloric acid hydrolysates of proteins are treated 
irith nitrous acid, prolme and hydroxyproline 
remam and can be determmed by the nmhydrm 
method of Van Slyke, Dillon, MacFadyen and 
Hamilton (/ Biol Chem 141 623, 1941) In the 
method to be described, excess nitrous acid is 
decomposed by ammomum sulfamate and frac- 
tional amounts of N-nitroso prolme and hydroxy- 
probne, formed durmg the initial treatment with 
nitrous acid, are hydrolysed Reaction of nitrous 
acid w ith some alpha ammo acids yields products 
that Intel fere in the mnhydrin method but these 
are extracted by ether Pure prolme suSers a 3% 
loss, pure hydroxyproline a 4% loss of carboxjl 
nitrogen, but the losses are constant and repro- 


(hieiblc Cystine, tryptopimne, tyrosine, arginine, 
ornilhmc ami cilrulbiic give small positive errors 
bill m most jirolcms jiositivc errors contributed by 
these ammo acids jircscnt, comjicnsate for the 
loss of miino carbox}! nitrogen so that correction 
factors arc iiimccessnr} Tlic 2 mg of imino acid 
iicccssnr} for determination under optimal condi- 
(loiiB is contained m 10 mg of gelatin or 50 mg 
of most oilier pro(cins Several proteins have been 
aiiiil}scd by tins tochniquc 

Uptake and conicrsion of radioactive iodine by 
thjroid gland In tourniquet shock in rats Mil- 
ton W Hamolsky*^, Zygmunt S Gierlach* 
AM) II JiNSBN Med Dept Field Research Lab 
Fort Knox, Ky 

A standardized method of tourniquet ‘shock’ m 
rits produced a 24 -hour mortality of 84 7% (145 
minmls), therap} with 0 9% NaCl lowered this 
(0 7 SS% (91 animals) Tracer doses of I”* (5-15 
uc witliout earner) were injected mtravenousl}’', 
th} roids anal} zed for total and organic I”‘ (per- 
centage of injected dose) In total I”* there was 
no significant difference between controls without 
tourniquets versus those with occlusion mam- 
tamed for 3-23 hours However, 1 hour after tour- 
niquet release, glands contained 50% control 
values, 2 hours after release, 30% of control values, 
16 hours after release, only 5 2% of controls 
There was no significant difference in percentage 
organic conversion at 1 and 2 hours, only sbght 
decrease m 16 hours Of 27 animals treated with 
saline, mjected with I”> 16 hours later, 17 had 
values 1 5-4 times untreated controls Uptake by 
liver, spleen, kidney, gastro-mtestinal tract 
show'ed no significant difference m shock versus 
controls, traumatized bmbs contained 3-7% more 
I*“ than control limbs In intro incubation of 
glands m toto did not reveal as marked changes — 
uptake and conversion 2 hours after tourniquet 
removal were equal to control values, 16 hours 
after removal, both were slightly, but signifi- 
cantly decreased 

Fixation of radioactive carbon dioxide in lysine 
and tyrosine by decarboxylase-enzymes of these 
ammo acids Martin E Hanke and M S H 
SiDDiQi* Dept of Biochemistry , Unto of Chicago, 
Chicago, HI 

When L-lysme is treated wuth its decarbox-ylase 
(acetone washed cells of Bacterium cadaverts) in 
the presence of C’‘Oi, and the reaction is stopped 
when the decarboxylation is about half complete, 
the remaining ammo acid, and also the CO; formed 
by its subsequent decarboxylation, contain radio- 
activity This CO- fixation does not occur if the 
enzyme is first heated to 100° The fraction of tlie 
lysine synthesized (or extent of CO; fixation) was 
calculated as the ratio of the radioactive counts 
of the remaining lysine (or the B iCOj obtained 
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from the COj from its decarboxylation) to the 
radioactive counts of the BaCOj obtamed from 
the residual medium COj at the end of the partial 
decarboxylation The extent of COj fixation at 
pH 7 1 and an mitial lysme concentration of 0 036 
M IS mcreased from 26 to 359 parts per million as 
the extent of decarboxylation is mcreased from 17 
to 48%, it 18 greater at pH 6 2 than at 7 1, and in- 
creases with mcreasmg initial concentration of 
the ammo acid The greatest extent of COj fixa- 
tion observed, 1 part m 200, occurred at pH 6^, 
an mitial concentration of 0 13 m lysme, and a 
degree of decarboxylation of 62% Similar observa- 
tions were made with tyrosine and its decarboxy- 
lase, but here the residual ammo acid was not 
isolated Added ATP had no effect on the COi 
fixation m either lysme or tyrosine 

Enzymatic incorporation of COj in oxalacetate 
Isaac Harabt,* J B Veiga SAXiLEs* and Sb- 
VEBO Ochoa Dept of Pharmacology, New York 
Umv College of Medicine, New York City 
Highly purified pigeon hve ‘malic’ enzyme (/ 
Biol Chem 174 979, 1948) catalyzes reactions (1) 
i-malate -f- TPNor pyruvate + CO* -f TPNrod 
and (2) oxalacetate — ► pyruvate -f- COs, in presence 
of Mn''^ 1) has a sharp optimum at pH 7 4, S) at pH 
4 6 COOH — CHOH — CH* — C'^OOBL is obtamed 
when (1) proceeds m presence of C‘*Oi although 
little or no label is mcorporated into added oxal- 
acetate (OAA) This shows that free OAA is not an 
mtermediate m (1) No radioactive OAA is formed 
when the enzyme catalyzes reaction (2) m presence 
of C‘'*Oi The same is true of bactenal preparations 
which catalyze (2) but not (1) This indicates that 
S) IB practically irreversible Ready mcorporation 
of C‘‘Oi m OAA occurs, however, when Straub’s 
mafic dehydrogenase is added to ‘mafic’ enzyme, 
OAA, TPN, and Mn'’^, if a catalytic amount of 
malate is present Mafic dehydrogenase catalyzes 
reaction (3) OAA + DPNrcd (or TPNred) i-mal- 
ate -f DPNot (or TPNox) and will form COOH — 
CO — CHi — C^^OOH from C'^-malate The sum of 
(1) and (3) is (4) Z-malate -f- OAA pyruvate -1- 
COi -b Z-malate, i e , OAA pyruvate -b CO 
(Wood and Workman reaction) Evidence for (4) 
was also obtamed manometrically COi fixation m 
OAA m pigeon fiver extracts with added ATP (/ 
Biol Chem 164 455, 1946) may occur via reaction 

( 4 ) , 

DjO dilution space to measure body water — rela- 
tidn' of body water to body size James D 
Habdy* and David L Drabkin Harrison Dept 
of Surgical Research and Dept of Physiological 
Chemistry, Grad School of Medicine, Umv of 
Pennsylvania, Philadelphia 

Thfe DjO dilution space, as a measure of total 
body water, w'as deterimned m 10 adult hu- 
man subjects, ranging m size from very lean (male 


of 60 9 kg mass and 91 cm height and female of 
63 7 kg and 90 2 cm ) to very obese (male of 121 kg 
and 90 2 cm and female of 86 4 kg and 76 2 cm ) 
After eqmfibration of mtravenously mjected 
heavy water with the body water, the concentra- 
tion of DjO m the water distilled from plasma sam- 
ples was obtamed by means of accurate specific 
gravity determmations The extracellular flmd 
and plasma spaces were also determmed by means 
of sodium thiocyanate and the dye T-1824 The 
total body water and body mass were found 
to have an mverse relationship to each other In 
percentage of body weight, body water vaned from 
70 (the commonly accepted value) m the abnor- 
mally loan to as low as 40 m the most obese The 
volumes of extracellular fluid and plasma were 
more closely correlatable with total body water 
than with body mass Evidence for a reciprocal re- 
lationship between water and fat is provided by 
our findings, and a revision of views as to the quan- 
tities of body fluids becomes necessary An objec- 
tive evaluation of overnutrition (excess fat) was 
derived from the nutritive index (Cowgild, G R 
AND D L Drabkin Am J Physiol 81 36, 1927) 

A nomogram has been constructed for the predic- 
tion of excess fat and total water content of sub- 
jects of uidelj different size 


Lactic acid oxidizing system of Escherichia colt 
Niels Hahgaard (introduced by W C Stadie) 
John Herr Musser Dept of Research Medicine, 
Umv of Pennsylvania, Philadelphia 
The mechanism of lactic acid oxidation by E 
colt (stram B) has been studied The organ- 
isms were grown m media contammg DL-lactate as 
the source of carbon Cell free preparations were 
obtamed by exposing suspensions to sonic vibra- 
tion Such preparations under aerobic conditions 
were found to convert DL-lactic acid quantita 
tively into pjTTivic acid In expenments m which 
the reaction was allowed to go to completion an 
exact balance was obtamed between the lactic acid 
added, the oxygen taken up, and the pyrruvate 
formed The entire metabolic activity was asso 
mated with particulate matter, the supernatant 
after high speed centnfugation havmg no activity 
A complete hydrogen transferring system was 
apparently situated on the suspended particles 
since the preparations oxidised lactate in the ah 
sence of added hydrogen earner Addition of 
methylene blue did not further increase the ac 
tmty An acetone powder was prepared from the 
suspensions obtained by sonic vibration 
suspension of such an acetone powder was inM iv 
m the absence of added meth\ lene blue en 
methylene blue was added it converted half o 
added DL-lactate to pyruvate It was ' 

the presence of L-lactate It is conclude a 
enzyme systems are present in E coli, one oxi 
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jiig D-lftctic ncid, tlic other L-lnctic acid Precipita- 
tion with acetone dcstrojs the 8^stcm oxidizing 
h lactic acid ns nell ns part of the hjdrogeii trnns- 
fernng cn7^ mes 

Hemoglobin, oxjhemoglobin and anhjdro-hemo- 
globln Felix Haurowitz, Saide Tunc* and 
Rauite CiNDi* Dcpl of Chcmtelry, Indiana 
Uiiiv , Bloonnnglon , hid 

Moist Injers of oxjhemoglobin (HbOj) exposed 
to low pressures are converted into hemoglobin 
(Hb HjO), and, on evaporation of the v ater at low 
temperatures, into nnhj dro-hemoglobin (Hb), a 
hemochromogen-like substance vith absorption 
maxima at 569 and 52S m/i (v Zeynek 1926, Hnuro- 
witz, in Hemoglobin New York Interscience, 
1949) Anhjdro-hemoglobin dissolved in water in 
the presence of air furnishes IlbO; which on reduc- 
tion gives hemoglobin, but no hemochromogen It 
is concluded that in hemoglobin one of the water 
molecules is bound to Fe, replacing the Oi mole- 
cule m HbOi The equilibrium of reaction (I) Hb 
-f HjO Hb HjO, was examined spectrophoto- 
metncally at different temperatures The ratio 
Hb HjO/Hb w as approximatel v 1 0 at 34®C and 22 
mm Hg Reaction (I) is reversible between 0“ and 
40°C On the other hand, dry HbOs does not disso- 
ciate into Hb and 0;, even when ex-posed to low 
pressure (pOj = 0 06 mm) We were not able, 
therefore, to determine expenmentally the 
equilibrium constant of reaction (II) Hb -k 0* 
HbOj This equation, (II), is the arithmetical sum 
of the above mentioned equation (I) , and of equa- 
tion (III) Hb H2O -k O3 HbOj + E,0 Hence 
the equilibrium constant Kn is equal to Ki X 
Kin Using data of Roughton and Hartndge (1925, 
1936) for Ivm we find that Ku is approximately 
10’ This high value of Ku is in accordance wnth 
the weak dissociation tendenej of dry HbO; found 
m our expenments Evidently Oj is bound more 
firmlj by Hb than is water The higher affinity of 
Hb for ox\ gen is attributed to the covalent linkage 
of Oj m the diamagnetic complex HbOi (Pauling 
and Corj ell) The combination of hemoglobm with 
0- in aqueous solution is represented by equation 
(III) and not by (II) 

Effect of body exposure to x-rays on rate of incor- 
poration of carboxyl -labeled alanine info 
mouse protein L H Hempelaiann, S Cabs, I 
D Frantz, Jr , R Masters and E Lamdin (in- 
troduced bj Lew IS L Engel) Mod Labs of the 
CoUts P Huntington Memorial Hospital of Har- 
ford Univ , at the Massachusetts General HosvUal, 
Poston, Mass 

The influence of lethal doses of x-rajs on the in 
iivo incorporation of C-14 carboxjl-labeled alanine 
into the protein fraction of spleen, liver, and 
muscle was studied in joung mice Decarboxjla- 
tion bx means of the nmhjdnn reaction was used 


to determine the quantity^ of total an'd radioactive 
carbon in the free carboxjd groups of the ammo 
acids in protein hydrolysates Tlie specific activity 
of C-14 was unchanged m liver, spleen, and muscle 
protein of litter mates divided into control and 
irradiated groups when the alanine was given im- 
mediately after exposure and the animals laUed 2 
hours later When the alanine was given 2 hours 
after exposure, the amount of incorporated C-14 m 
the spleen protein was reduced in the irradiated 
groups The total carboxyl carbon in the liver and 
spleen protein of irradiated animals was consider- 
ably' less than that of controls 4 day s after expo- 
sure The specific activity in muscle and spleen 
protein was less in the irradiated than m the con- 
trols while the activity in the liver was greatly m- 
creased in the exposed animals The distribution of 
C-14 id the amino acid fractions of the liver pro- 
tein of irradiated and control animals was deter- 
mined by means of starch column chromato- 
graphy 

The in tnvo observations were largely' confirmed 
by' studies with spleen and liver slices, but dif- 
ferences from normal were less stnking The 
amount of C-14 m the urea fraction of the 
liver slice media was greater in irradiated than m 
control expenments 

Effect of nboflarin and vitamin Be deficiencies on 
conversion of tryptophan and S-hydroxyanthra- 
nihc acid to quinolinic acid L M Henderson, 
I M Weinstock* and G B Rauasarma • Dtvt- 
ston of Biochemistry , Noyes Lab of Chemistry, 
Unw of Illinois, Vrbana 

Vitamin Be, thiamme, nboflavm, and folic acid 
deficiencies have been reported to reduce the unn- 
ary excretion of N’-methy'lmcotinanude and mco- 
tinic acid followmg the administration of trypto- 
phan to the rat Unnary quinobnic acid accounts 
for a larger percentage of administered try'ptophan 
or 3-hydroxyanthraniJic acid than either nicotinic 
acid or N’-methylmcotinamide Attempts to local- 
ize the reactions m which the vitamins are con- 
cerned have been made by' studying the excretion 
of quinolinic acid in response to tryqitophan and 3- 
hy'droxyanthranilic acid Control rats receiving a 
9% casein diet excreted 11 0 ± 1 1% of the admm- 
istered tryptophan and 12 7 db 2 0% of the 3- 
hy'droxy'anthranilic acid as quinolinic acid Rata 
acutely' deficient m riboflavin excreted 1 06 ± 
0 0S% of the tryptophan and 7 3 =h 1 6% of the 3- 
hy'droxy anthramlic acid as quinolinic acid, vita- 
min Bs -deficient animals excreted only 0 73 =b 

0 16% of the administered try'ptophan and S 8 ± 

1 1% of the 3-hydroxy anthramlic acid as quino- 
linic acid Results with pair-fed control groups in- 
dicated that inanition was not the cause of these 
changes Thiamine-deficient animals and their 
pair-fed controls exhibited reduced coniersion of 
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ioth tryptophan and 3-hydro\j anthranilic acid 
Increasing the casein level of the diet from 9%- 
18% reduced the amount of administered trj pto- 
phan excreted as quinolinic acid to 3 0% for con- 
trol animals and to 0 4% for vitamin Be -deficient 
animals These results suggest that riboflavin and 
vitamin Be function m the conversion of trypto- 
phan to 3-hydro\vanthranilic acid and not in the 
conversion of the latter to quinolinic acid 

Specific nucleotidases Leon A Heppel and R J 
Hiemoe * Nail Insls of Health, Belhcada, Md 
Studies have been earned out mth enzymes from 
several sources that hydrolyze nucleotides con- 
taining phosphate in different positions Prelimin- 
arj evpenments with potato extracts indicate the 
presence of a nucleotidase specific for adcnosine- 
5-phosphate and another for adeno3ine-3-phos- 
phate Bull seminal plasma, nhich rapidly 
dephosphorj lates adenosino-S-phosphato (Mann 
Btochem J 39 451, 1945) was also investigated A 
50-fold purification of this activity nas achieved 
by fractionation with salmine, ammonium sulfate 
and ethanol, and bj adsorption nith alumina Cy 
The rate of liberation of inorganic phosphate from 
different compounds by seminal plasma and by the 
purified enzyme is given below (The activity of 
both preparations is expressed on the basis of 100 
for adenosine 5 phosphate ) 


StTBSTRATE 

ACTIVITY OF 
BEUINAL FtTWriED 
PLASUA EMrVUE 

Inosine-S-phosphate 

115 

113 

Nicotinamide-riboee-5-phosphate 

70 

67 

Ribose-5-phosphate 

1 3 

0 S 

Adenosine-3-phosphate 

2 0 

<0 005 

Sodium-0-glycerophosphate 

1 0 

0 02 

Glucose-6-phosphate 

0 8 

<0 01 


Guanosine-3-pho3phato, riboflavin phosphate, 
fructose-1, 6-diphosphate, fructose 6-phosphate 
and 3-pho8phoglj ceric acid were hydrolyzed more 
slonly than glucose-O-phosphate by seminal 
plasma and the activity was greatly reduced on 
purification These data would support the view 
that a single enzyme dephosphorylates the several 
compounds containing phosphate on position 5 of 
the ribose moiety Snake venom has a nucleotidase 
of apparently similar substrate specificity but 
purification has been hampered by its instability 

Effect of cysteine and hydrogen sulfide on pteroyl- 
glutamic acid conjugase of hog kidney C H 
Hilo AND M L Scott (introduced by L C Nor- 
ris) Cornell Untv , Ithaca, N Y 
Mims, Snondseid, and Bird (/ Btol Chem 170 
367, 1947) reported that the inhibitory effect of 
nucleic acid upon the pteroy'lt,lutamic acid (PGA) 


conjugase of hog kidney is overcome in vitro by the 
addition of cysteine or hy drogen sulfide to the en- 
zyme sy^stem These research workers stated that 
their findings suggested the presence of sulfhy dryl 
groups in the PGA conjugase of hog ladney In ex- 
tending the studies of Mims etal in this laboratory 
it n as found that exceedingly low levels of hog kid- 
ney conjugase, vliich were completely inactive 
alone, exhibited maximum activity when cy'steine 
V as added to the enzyme system Hy drogen sulfide 
also served as an activator of this system, but the 
rate of release of PGA i\ as not increased with this 
substance to the same extent that it was with cys- 
teine Relatively high levels of cysteine were re- 
quired to produce maximum activation of the en- 
zyme On the other hand, much lower levels of 
cy^steinc, which produced little activation alone, 
w'ere completely' effective when a low level of hy- 
drogen sulfide w as also added The addition of sod- 
ium thioglycolate, which is known to inhibit 
cy'steine de-sulfhy'drase activity', completely in- 
hibited PGA conjugase activation bv either cys- 
teine or hydrogen sulfide These studies present 
further evidence indicating that the conjugase of 
hog kidney' requires sulfhy'dryl groups While hy- 
drogen sulfide was show n to activate the enzyme, 
the results point to cysteine as the pnmary sulf- 
hydryl donor A possible explanation of the action 
of hydrogen sulfide is that this substance may 
transfer sulfliydrvl groups to cysteine which in 
turn transfers them to the enzyme 

Inhibition of the ‘oxalacetlc oxidase system’ In 
tissues adjacent to methylcfcolanthrene tumors 
Robert M Hill, Dorsey E Holtkamp* and 
Enid Iv Rutledge * Depts of Biochemistry and 
Pathology, Univ of Colorado Med Center, Den- 


ver 


Potter, LePage, and Klug (/ Biol Chem 175 
619, 1948) reported that “homogenates of several 
rat tumors showed negligible amounts of oxy'gen 
uptake w hen oxalacetate” was used as a substrate 
Using a similar reaction mixture, and a transplant- 
able methylcholanthrene induced fibrosarcoma of 
the thigh muscle of the rat, we were able to verify 
their obaorvations We have compared homo- 
genates of these tumors with 1) homogenates of 
muscle tissue adjacent to the tumor, but not av 
ing a neoplastic appearance by histological exam- 
ination and with 2) homogenates of oorresponihng 
normal muscle tissue from the opposite leg 
muscle tissue adjacent to the tumor shoira some 
0. uptake but considerably less than does the cor- 
responding normal tissue of the opposite leg W- 
servations have been made on 17 anima ® 

methylcholanthrene induced tumors and on ^ 
animils m the first, second, and third generations 
of transplantation of these tumors 
Inhibitory effect of beef extract and 2.niethylthio. 
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adenine on growth of tjphoid bnciIluB G II 
IIiTcniNGS, G B El ION* and M B Siibn- 
wooD * IFct/conic Reseat eh ImIs , Tuekahoe, 
N 1 

During roulinc tests of the aniibactcnnl efTccLs 
of purine and pjrimidinc annlogs, by the filler 
paper disk-agnr plate technique, 2-inethylthio 6- 
aminopunne was found to inhibit the growth of 
tjqihoid baeillus pow erfull y ‘When these tests w ere 
repented, with substitution of a sjnthctic medium 
m the agar for the usual proteose peptone-beef ex- 
tract mixture, no inhibition b}'' the antagonist was 
observed, although no difference m growth on the 
2 media could be detected The addition of yarious 
substances to the sj nthctic medium resulted in re- 
appearance of the antibacterial effect of the ana- 
log Beef extract is the most effective substance 
found to date, but liver extract and yeast extract 
have appreciable activities The concentration of 
the beef ex-tract factor w as follow ed by preparing 
agar containing the sjmthetic medium and 2- 
methylthioadenine and seeding this wath the ty- 
phoid bacillus Gdowth on this medium is excel- 
lent, but zones of inhibition can be produced by 
the application of filter paper disks which 
have been dipped in beef extract solution Paper 
chromatography of beef extract revealed the pres- 
ence of at least 2 substances wnth activity Frac- 
tional precipitation bj alcohol and adsorption and 
elution from superfiltrol have resulted in a con- 
siderable concentration of the factor 

Synthesis and microbiological activity of higher 
aliphatic |3-keto acids Kuatts Hofmann, A E 
Axelrod* and M A Mitz * Dept of Chetntslry, 
Untv of Ptltaburgh, Ptllshurgh, Pa 
In connection wuth studies on the relation of bio- 
tin and fatty acids, a number of higher ;3-keto acids 
were prepared and their microbiological activities 
determined Although higher /3-keto acids have 
been postulated as intermediates in the metabo- 
lism of fatty acids, little is known about their pre- 
paration and properties Unsaturated members of 
the senes have not been previously prepared 
Highly punfied fatty acids were converted into the 
correspondmg /S-keto esters containing 2 addi- 
tional carbon atoms by the procedure of Stallberg- 
Stenhagen (Arc/itu Keint Miner Geol 20 A No 19, 
1945) In view of the fact that the known 
procedures for the saponification of /3-keto esters 
are highly unsatisfactory, a new procedure w’as 
developed which allows the preparation of /3-keto 
acids in high jnelds 0-ketomyristic, palmitic, 
stearic and arachidic acids w ere prepared and char- 
actenzed Application of the same procedures to 
oleic acid leads to the sj nthesis of 3-keto A-** “ 
eicosenoic acid (oleoil acetic acid) The /3-keto 
acids and esters were tested for their abilitj to re- 
place biotin for Lactobacillus arabinosus The 


saturated /3-keto acids were inactive Methyloleoyl 
acetate w is as active as methylolcate in contrast 
to free olcoyl acetic acid which was practically in- 
active 

Alterations in tissue proteins of dogs following 
prolonged fasting Elmore Holjibs* and Demp- 
siE B Morrison Dept of Cheimstry, Umv of 
Tennessee, Memphis 

Proteins of heart, skeletal muscle, liver, kidney, 
and blood plasma were analyzed in the Tiselius- 
Longsw'orth apparatus Dissected tissue was 
homogenized in a Waring blender The homogen- 
ate w'as then frozen and thawed after which ali- 
quots w'ere taken for centrifugation (12,000 
r p m ), for determination of water content, total 
solids, and proteins (Kjeldahl), and for fractiona- 
tion of the proteins by extraction Proteins soluble 
m 0 12 M NaCl were first removed by repeated ex- 
traction The residue was then similarly^ extracted 
with 10 m NaCl, and finally with 0 06 m NaOH 
Only a small insoluble fraction remained after 
these successive extractions All extractions were 
carried out at 3-5“ Total proteins were determmed 
on each extract, on the final insoluble residue, and 
on the supernatant obtained by centrifugation 
The supernatant fluids and saline extracts were 
also equilibrated against veronal buffer (pH 8 6) 
preparatory to electrophoresis Representative 
electrophoretic patterns of the plasma and tissue 
extracts of well fed and fasted dogs will be showm 
Alterations in the proteins as shown by fractional 
extraction and by electrophoretic analysis will be 
presented graphically 

Phosphogluconic acid metabolism B L Horec- 
KER Nail Insis of Health, Beihesda, Md 
The oxidation of 6-phosphogluconic acid was 
studied by Warburg and Chnstian and by Dickens 
and shown to require tnphosphopyndine nucleo- 
tide (TPN) Several degradation products were 
obtained, none of which was positively identified 
An enzyme has now been punfied from yeast which 
quantitatively converts S-phosphogluconate to 
pentose phosphate and COs The enzyme occurs in 
extracts of liver, kidney, brain, heart muscle and 
red cells, as well as in yeast maceration juice The 
yeast enzyme has been purified 40-fold by a num- 
ber of steps including acetone precipitation and 
fractionation with ammonium sulfate With the 
purified enzyme pentose-phosphate accumulation 
was accomplished by means of the following dis- 
mutation 

1) 6-phosphogluconate -h TPN — > 

pentose phosphate -b CO; -b TPNH; 

3) pj ruvate -b TPNH; — ► lactate + TPN 

In agreement with equation 1, one xi of pentose 
phosphate and one xr of CO; are produced/xi of G- 
phosphoglueonate (or pj ruvate) disappearing 
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COi production at intermediate stages in the reac- 
tion 18 equal to 6-phosphogluconic acid removal or 
pentose phosphate production, no accumulation of 
a 6-carbon oxidized intermediate is observed The 
pentose phosphoric acid ester formed if hy- 
drolyzed by a phosphatase purified by Dr L A 
Heppel from semen at a much slower rate than is 
nbose-6-phosphate In glycylglycme buffer at pn 
7^ the rate of TPN reduction by 6-phosphoglucon- 
ate is increased 6-fold by Mg"*^ or Mn"*^, or 2-fold 
by CN“ Reaction 1 is used for the determination of 
6-phosphogluconate 

Synthesis of rhodopsm from vitamin At Ruth 
Hubbabd and George Wald (introduced by J 
T Edsall) Biological Labs , Harvard Untv , 
Cambridge, Mass 

It has been believed since KQhne that the syn- 
thesis of rhodopsm from colorless precursors, now 
known to be vitamin Aj and rhodopsin-protein, 
occurs only in the intact eye This process has now 
been earned out in vitro Intact retinas and re- 
tmal homogenates, incubated in the dark, regener- 
ate about 10% as much rhodopsm from vitamin Aj 
as 18 formed during dark adaptation in vivo The 
addition of cozymase, or of a homogenate of the 
pigment layers of the eye, pigment epithelium and 
choroid, to a retinal homogenate approximately 
doubles the yield of rhodopsm When both cozy- 
mase and pigment layer homogenate are added to 
a retmal homogenate, the yield is doubled again, 
approximating 40% Aqueous retmal extracts to 
which cozymase and vitamin Ai are added also 
synthesize rhodopsm m a yield of about 10% The 
mechanism of these syntheses is not yet n holly 
understood Retmal homogenates can oxidize vit- 
amm Ai slowly to retmenei (vitamin Ai aldehy de) 
m the presence of an aldehyde-bmdmg reagent 
such as hydroxy lamme In the retina, rhodopsin- 
protein IS a specific retmene-bmdmg reagent, con- 
densing with retmenei spontaneously to form 
rhodopsm One pathways for rhodopsm synthesis 
therefore is the oxidation of vitamin Ai to 
retmenei by retmene reductase, coupled with the 
bmdmg of retmenei by rhodopsin-protein to form 
rhodopsm Cozymase promotes this process as the 
coenzyme of the retmene reductase system Pig- 
ment layer homogenate may act upon the same 
system by supplying respiratory factors which 
dnve it m the oxidative direction Rhodopsm may 
also be synthesized by other mechanisms still to 
be explored 

Potentiation of esterase activity of chymotrypsm 
by electrolytes Bernard J Jandorf Biochem- 
tstry Section, Med Division, Army Chemical Cen- 
ter, Md 

With commercial preparations of chymotrypsm 
no direct relationship was found between enzyme 
concentration and the rate of action on N-acetyl- 


tyrosme ethyl ester as determined manometn- 
cally The divergence from proportionality is due 
m part at least to a variable content of MgSOi in 
the enzyme preparations employed When suffi- 
cient MgSOi IS added to the reaction mixture, the 
esterse activity becomes proportional to the con- 
centration of chymotrypsm In addition to this 
effect, MgSOi increases esterase activity mar- 
kedly, values exceeding the control activity by 
fivefold or more being obtained if sufficient salt is 
added This effect of MgSOi can be duplicated by 
other salts, while no potentiation of esterase ac- 
tivity 18 found m the presence of non-electrolytes 
On partial inactivation of chymotrypsm with 
diisopropylfluorophosphate, the enzymatic activ- 
ity remaining is potentiated by salts to the same 
degree as that found for the completely active 
enzyme, this indicates that the activatmg effect of 
salts 18 not due to their rendering enzymatically 
active groups on the protein molecule more acces- 
sible to the substrate When limiting amounts of 
substrate are employed, the presence of salt affects 
only the rate and not the extent of ester hydroly- 
sis No salt which was found to potentiate the es 
terase activitj’’ of chiunotrypsin had any effect on 
the proteinase (casern hydrolysis) activity of this 
enz3Tno 


A crystalline, active oxidation product ofa-chymo- 
trypsin Eugene F Jansen, M D Fellows 
Nutting,* A Laurence Curl* and A K 
Balls Enzyme Research Division, Bureau of 
AgncuUnral and Industrial Chemistry, United 
Stales Department of Agriculture, Albany, Cahf 
Crj'stallme a-chyTiiotry'psm nas found to con- 
tain an impurity which gave rise to acetaldehjde 
on oxidation mth sodium periodate The amount 
of this ‘terminal threonine’ varied from 0 5-1 0 
m/m of enzyme, using 27,000 for the molecular 
weight of the enzynne With just sufficient perio 
date (2 6 m/m of enzyme) to cause the maxunum 
formation of acetaldehyde mthm one hour, no de- 
crease m the activities (esterase and proteinase) 
occurred Doubling this amount of periodate re- 
sulted m no more acetaldehyde, but m 60% 
destruction of the activities when assayed under 
conditions for a-chymotrypsm Larger amoun 
of periodate (as much as 50 m/m of enzyme) caused 
no greater decrease The oxidation product result 
mg from 6-10 m of penodate/M of enzyme was crys- 
tallizable from 0 5 saturated ammonium sffifate at 
pH 5 5, but attempts to crystallize at pH 4 ( 

g-chymotrypsin crystallizes . 

failure After 3 recrystallizations the ^eld 
dized enzyme was 35% The 
mum of the recry^tallized product wa 
with that of a-chymotrypsin, but the °P ‘ ^ 

ethyl 

oxidation from pH 6 25 to 6 60 ivaen comi, 
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the rcspcrtnc optiinn, llic si)ccific cstcraso 
actmtA of o\idi7C(l ('i)7\)ne \\n‘^ 80% mid (he pro- 
(cmisc 15% of (he onginnl Ace(\In(ion of o-chv- 
motr\i)sn) gave n produc( vi(!i JK(ivi(ies ver\ 
similnr (o (lie o\idircd nidcnnl, suggcsfing (hat 
the rcmo% nl or hlockinp of in ammo group iiinv he 
nfnefor 

Compe(i(ire inhibition bcdiccn corfnin snlicjlntcs 
and pantothenic and pnntoic acids for E cob 
B CoNNon Johnson ami IN \ M Cohn * Dirt- 
swn of Antnial A tilnbou, brut of Illinois, I r- 
bana 

Twelve different compounds were studied is (o 
their inhibiting effect on (he grow (h of ■( st rams of 
E coh Of the compounds studied, onh sslicjlic 
acid and its dermtnes acetjl silic\lic icid and 
phen\l salicylate completclv inhiintcd growth at 
low concentrations (approN 5 ijm) This inhibit ion 
was complctelj reversed bj cilcium pantothenate 
or equally well In pantoic acid Iiul was not re- 
versed bj /S-alaninc, p-smmobenroic icid, methio- 
nine, glutamic acid, lysine or valine Mandelic acid 
Cm contrast to the report of Peuaijit and Gnr in 
Compt rend Soc dc liiol 13S 50G, 191-t), cinnamic 
acid, benaoic acid, m- ind p-hj dro\j bcn/oic icids, 
anthramlic acid and gallic acid gai c grow Ih inhibi- 
tion only at much higher concentrations, and this 
inhibition was not reversed ba pantothenic acid 
or pantoic acid The onlj ibph itic lijiIroNj"^ acid 
tested, malic acid, was found to stimulate rather 
than inhibit growth of E coh on the simple 
medium used Salicylic acid, bismuth snlic\late 
and phenyl salic\late have been fed to rats at 0 1 
to 1% of pantothenic acid-frce diets in attempts to 
inhibit coliform sjaithesis of pantothenic acid in 
the intestinal tract Under some of these condi- 
tions a severe deficiency was produced which was 
completely counteracted by pantothenic acid 

Distribution of free ammo acids between erythro- 
cytes and plasma in normal human subjects 
B A Johnson* and Olaf Bergeim Depl of 
tolopieal Chemisiiy, JJntv of Illinois, College 
of Medicine, Chicago 

The plasma and red cell levels of 12 ammo acids 
^ere determined on single blood samples obtained 
rom 24 young men in a postabsorptive state Clot- 
'og was prevented by heparin and the cell volume 
easured by hematoent Following centrifugation 
0 p asma was siphoned off, the white cell layer 
discarded, and the red cells 
th°^°A The plasma and red cell fractions were 
1 en eproteinized wuth tungstic acid Microbio- 
tungstic acid filtrates were 
results indicated that the concen- 
of ^®^^c®8od in v/ml of plasma or red cells) 
Sine ^ phenylalanine, threonine and tyro- 

'^PPco'^uiiatelv the same in both blood 
ions For the remaining ammo acids, the 


ratios of the concentrations in phsma to the con- 
centrations in red cells increased in the following 
order leucine, histidine, valine, lysine, laoleucme, 
cystine, try'ptophanc and arginine, the ratios rang- 
ing from 1 2 for leucine to 6 2 for arginine If the 
individual ammo acid concentrations were calcu- 
lated on the basis of red cell water (65%) 
and plasma water (92%), the 12 ammo acids 
studied might be arranged in tlirec groups 1) those 
w ith cell levels above plasma levels, those about 
cqually^ distributed, and 5) those with cell levels 
below plasma levels It would appear, therefore, 
that red cells may show some selectivity’- in regu- 
lating the passage and accumulation of these 
imino acids 

Mode of action of (he sperm 'regulator,’ 2,4- 
dinitrophenol and usnic acid R Bernal John- 
son,* AND Henri A Lard\ Dept of Biochem- 
istry, I'niv of IVisconsin, College of Agriculture, 
Madison 

In studies of the function of a naturally 
occurring metabolic 'regulator' {Science 109 365, 
1949) It was found that, like dinitrophenol and 
usnic acid, this substance prevents the phos- 
phorylation reactions normally associated with 
substrate ovidation by a washed residue of rabbit 
kidney' or rat liver homogenate In the absence of 
such ‘uncoupling’ agents, the ONidation of either 
carbohy drate or fatty' acids (Johnson and Lardt 
/ Biol Chern In press) is accompanied by' a net 
uptake of inorganic orthophosphate With either 
citrate, as aconitate, a-ketoglutorate, succinate, 
malate, fumarate, or py'ruvate plus a trace of fum- 
arate ns the substrate, about 15 /iir of phosphate is 
taken up in 10 minutes and transferred to glucose 
by' means of y'east heNokinase In the presence of 
suitable concentrations of either the sperm ‘regu- 
lator,’ dinitrophenol or usnic acid, uptake of phos- 
phate occurs but it accumulates in the form of an 
extremely acid-labile compound This umdentified 
ester (not inorganic pj'rophosphate or metaphos- 
phate) 18 reasonably stable at pH 4 At this pH its 
hydroIy'Bis is catalyzed by molybdate Under some 
conditions the labile ester accumulates even m the 
absence of the ‘uncouplmg’ agents indicating that 
it may be a naturally occurring intermediate 

Synthesis of glutathione in extracts of pigeon liver 
Robert B Johnston* and Konrad Bloch 
Dept of Biochemistry and Inst of Radiobiology 
and Biophysics, Unit) of Chicago, Chicago, III 
The formation of the peptide bond between cys- 
teine and glycine m glutathione has been investi- 
gated with the aid of C“-glycine A dialy'zed 
saline-bicarbonate e-vtract of acetone-dried pigeon 
liver was the source of the enzy'me Peptide bond 
formation, as measured by the incorporation of 
labeled gly'oine into glutathione, occurs in such ex- 
tracts at a rapid rate when glutamic acid cy'steine. 
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glycme, phosphate, and either adenosine 

triphosphate or 5-adenyhc acid are added Under 
these conditions ATP and 5-adeny]ic acid are 
equally effective, while inosmic acid and guanylic 
acid show a much smaller effect The isolated 
glutathione contams no significant readioactivity 
when the adenylic acid derivatives are absent or 
when Mg"*^ or phosphate are omitted Under the 
same experimental conditions peptide synthesis 
can also be effected by the addition of vari- 
ous amides In the presence of enzyme, amino acids 
and salts, the followmg amides caused the forma- 
tion of glutathione glutamine, asparagine, 
pyruvamide, and acetamide In these experiments 
also the presence of phosphate is necessary These 
results suggest that the energy of the amide bond 
can be utilized for peptide synthesis 

In vitro effect of DDT and its metabolites on rat 
heart succinoxidase Cahter D Johnston (in- 
troduced by R Lorimer Grant) Division of 
Pharmacology, Food and Drug Admimslrahon, 
Federal Security Agency, Washington, D C 
DDT, its dehydrochloride, and its acetic acid 
denvative (DDA) were added to rat heart homo- 
genates suspended in phosphate buffer (pH 7 4), 
using succmate as the substrate Oxygen consump- 
tion was measured manometncally DDT in- 
hibited this succinoxidase system 60% at a concen- 
tration of 10~< M, while DDA (an important 
metabolite of the insecticide) caused only 33% in- 
hibition at 6 times this concentration The dehy- 
drochlonde, possibly a metabolic intermediate, is 
as effective as DDT in suppressing the oxj^gen up- 
take of these preparations 

Effect of desoxycorticosterone glucoside (DCG) 
on glucose reabsorption m the dog kidney 
Edwin H Kaufman and Agamemnon Dbb- 
POPOULOs (mtroduced by Donald D Van 
Sltke) Hospital of Rockefeller Inst for Med 
Research, New York City 

St Rusznyak et al {Experientia 3 420, 1947) re- 
ported that mtravenous DCG (Percorten Gluco- 
side, Ciba) in barbiturate-anesthetized dogs pro- 
duced a several-fold increase in Glucose Tm The 
present study, in which TmG was measured before 
and after i v injection of DCG in dogs under pen- 
tobarbital anesthesia, was an attempt to confirm 
this remarkable observation Our results showed, 
on the contrary, a prompt depression of TmG fol- 
lowing single doses of 30-100 mg m dogs weighing 
13-26 kg , with TmG decreasing to zero after the 
100 mg dose The mhibition persisted 30 minutes 
after 30 mg , and longer with larger doses Reduc- 
tion of 25% of control TmG was maintained 
by constant i v infusion of 1 mg /min Marked 
glycosuria, with no change from normal in blood 
glucose concentration, following injection of 160 
mg of DCG in a dog receiving no exogenous glu- 


cose DCG had no consistent effect on glomerular 
filtration rate These results are in agreement with 
those recently published by Lambert and asso- 
ciates (Ada Clin BelgicaZ 629, 1948) showing that 
DCG depresses TmG in man The failure of 30 and 
60 mg 1 V doses of free desoxycorticosterone in 
propylene glycol to decrease TmG below levels 
produced by control injections of the vehicle 
alone, indicates that the depressant action on the 
glucose reabsorptive mechanism is a property of 
the glucoside rather than the free steroid That 
this action may be analogous to that of phlonzm is 
suggested by certain structural similanties be- 
tween the two molecules 


Anticoagnlant polysaccharide sulfates Louis A 
Kazal, Daniel S Spicer* and Rose A 
Brahinsky * Dept of Biochemistry, Med Re- 
search Division, Sharp and Dohme, Inc , Olenol- 
den. Pa 

A number of polysaccharides were sulfated with 
pyridine chlorosulfonic acid (P C A ) (2 6 hours at 
76-80°C ) , and the sulfated products screened for 
anticoagulant activity by a modification of the 
prothrombin time determination Chlorosulfomc 
acid and concentrated sulfunc acid also were em- 
ployed as sulfating agents in some instances The 
sulfated products obtained with PGA were more 
active as anticoagulants than those obtamed with 
the other agents The most active products were 
derived from dexdnn, karaya gum, tragacanth, 
chitin, sodium ammomum pectate, cellulose and 
oxidized cellulose Dextrin was selected for more 
detailed studies, it was sulfated under various con- 
ditions of time and temperature, and the resultant 
products tested for anticoagulant activity and for 
toxicity in rabbits Essentially maximum activity 
was reached in 2 to 1 hour periods of sulfation at 
60°C and 102°C , and in 3 hours at 45°C At a con- 
stant temperature of sulfation, less toxic products 
were obtamed with short periods of sulfation, with 
time a constant, less toxic products were obtained 
at lower temperatures of sulfation Using constant 
conditions for sulfation (1 hour, eO^C ) the pro 
ducts derived from low ml wt dextrins were more 
active The glycollic acid ether of dexdnn sulfate 
was slightly less active than the parent substance 
The dextrin sulfates have an in vivo activity m the 
rabbit approximately equivalent to i of that o 
heparin (Connaught Standard) 


irsible changes in the L-amlno acid oxidase 
ilecule Edna B Kearney* and Thomas f 
^GER Dept of Biochemistry, Western Reserve 
iiv School of Medicine, Cleveland, Ohio 
1 have reported (Federation Proc 8 no 1) tear 
ixidase of many snake venoms is inactivate 
w concentrations of POf and related ions it 
leen found that in distilled water the enz;^ 
ictivated similarly because of protein-bouna 
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PO“ nnd that at liiEhcr tcmpcraturca an opposing 
process of reactivation occurs An equilibrium 
llierefotc exists between (lie active and inactive 
forms of the cnzjTnc characteristic of the tempera- 
ture and pH, at IS'C (pu 7) the equilibrium is 
largelj in favor of the active form, and at 30°, the 
inactive form The temperature determines both 
the position of the equilibrium and the rate 
at which it IS reached Monovalent anions prevent 
the inactivation and enhance reversal , incubation 
with Cl" at 38° completch reactivates the inactive 
enzjTne P 07 increases the rate of inactivation 
and shifts the equilibrium toward the inactive 
form Following inactivation by PO“, heating 
with Cl" effects reactivation only after the excess 
PO" is removed by diah sis While PO” is rapidly 
bound bj the protein even at 0°C , the inactiva- 
tion occurs only gradualh on incubation at higher 
temperatures, indicating a secondary process w ith 
an appreciable activation energ}-^ This process is 
not a poljTnerization or denaturation, as the in- 
active enzjnne retains the size and shape of the 
active form, as judged bj ultracentnfuge studies 
The mechanism of the inactivation may involve an 
intramolecular bridge formation between PO" 
and a protein group, possibly histidme The nature 
of the bond is being studied with the aid of P® 

Inhibition of rat liver choline oxidase by urethane 
in vitro Ceceua K Keith and James S Din- 
ning (introduced by Paul L Dat) Depl of 
Biochemtslry, Univ of Arkansas School of Medi- 
cine, Little Rock 

Cholme oxidase was determined by standard 
Warburg procedure The final volume in the flasks 
was 3 2 ml contaming 1 ml of a 5% rat liver homo- 
genate buffered at pH 7 8 With 5 mg of cholme 
chlonde added as substrate, 5, 10, 50, and 100 mg 
of urethane inhibited cholme oxidase 4, 27, 78, and 
84% respectively With 50 mg of urethane the 
addition of 6, 10, 15, 20 and 25 mg of cholme chlo- 
ride resulted m the consumption of 24, 30, 38, 33, 
and 28 ft\ Oi/hr respectively^ The tissue prepara- 
tion with 25 mg of choline chlonde as substrate 
and no urethane consumed 98 6 al Os/hr It 
appears that the inhibition of chobne oxidase pro- 
duced by 50 mg of urethane is not readilj"^ rever- 
sible by increasing the amoimt of substrate Ure- 
thane was without effect on the succinic oxidase 
actmtj'^ of these tissue preparations This inhibi- 
tion of cholme oxidase bj’’ urethane is of interest m 
view of the fact that the nitrogen mustards and 
ammopterin, also substances which reduce white 
cell counts m animals, inhibit choline oxidase 

Lipotropic effect of pteroylglutamic acid on rats re- 
ceiving toxic levels of dietary glycine Barbara 
Ivellet* and John R Totter Dept of Bio- 
chemistry, Vniv of Arkansas School of Medicine, 
Little Rock 


Weanling littcrmate Sprague-Dawley rats were 
placed on an adequate purified diet containing 10% 
gljcme with and without added pteroylglutamic 
acid (PGA) Another group of animals received the 
diet without added glycine (basal diet) Liver fats 
were determined on all of the animals after 64-60 
days on the various diets The addition of 10% 
glycine to the diets brought about a 50% increase 
m the fat content of the liver over that on the basal 
diet When PGA w as added to the high glj'cine diet 
at a level of 5 mg/kg the liver fat was reduced to a 
value slightly lower than that obtained on the 
basal diet In one experiment the average values 
for liver fattj acids of 10 animals were as follows 
10% gljcine diet, 6 68%, 10% glycine PGA, 
3 70%, and basal diet 3 92% The possibility that 
the observed increase m liver fats on the high 
glj'cine diet is due to a metabolic deficiency of 
cholme is suggested by an elevated kidney weight 
bod 3 '' weight ratio, which was also reduced to nor- 
mal by PGA 

An automatic multiple extraction apparatus 
Marian W Kies and Paul L Davts * Bureau 
of Agricultural and Industrial Chemistry, Agn- 
tural Research Center, Bellsville, Md 
Recent work on countercurrent distribution has 
emphasized its usefulness in biochemical frac- 
tionations, but the available equipment is inade- 
quate for large-scale work, and repeated extrac- 
tions in separatory funnels are much too labonous 
An apparatus has been devised m which large vol- 
umes of solvent can be handled with bttle effort 
Its principle differs somewhat from that of the 
Craig machine, but the end result — separation of 
solutes having different distribution coefficients — 
18 similar Successive aliquots of the quiescent 
(heavier) phase of two immiscible solvents are sub- 
jected to continuous extraction by extremely small 
mcrements of the lighter phase The appara- 
tus consists of a senes of side-arm test tubes, each 
contaming a separate inner tube havmg a coarse 
fntted disk sealed to the lower end The solute is 
placed m the first test tube, after which all the 
tubes are filled with the heavier member of a sol- 
vent pair The lighter member is then introduced 
continuously and at a properly regulated rate into 
the first dispersion tube Droplets of upper phase 
enter the lower phase through the fritted disk, nse 
to the top and overflow into the next dispersion 
tube The number of tubes necessarjq as well as 
the total volume of upper phase required for ani 
degree of separation of tw o or more solutes can be 
predicted from their respective distnbution coeffi- 
cients The versatilitj^ of the apparatus and the 
ease with which it can be assembled and used sug- 
gest a wide application for it in fractionation 
studies 
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Hydrolysis of glutathione J R IOmmel,* C K 
Olson,* Donald Okeson* and Francis Bink- 
ley Univ of Utah College of Medtctne, Salt Lake 
City 

The enzyme of pig kidney responsible for the 
hydrolysis of glutathione to glutamic acid and 
cysteinylglycme has been separated from the en- 
zyme responsible for the hydrolysis of cysteinyl- 
glycine The activity is associated with a lipopro- 
tein of high molecular weight Considerable 
activation of all preparations is obtained by the 
addition of glutamine , the preparations of highest 
purity are relatively inactive in the absence of 
glutamine The hydrolysis of glutathione is in- 
hibited in a competitive manner by various 
phthaleins and by penicillin G, these inhibitions 
may be reversed by the addition of either gluta- 
mine or glutathione The antibacterial action of 
penicillin toward S aureus is reversed under cer- 
tain conditions by glutamine and/or glutathione 

Enzymatic hydrolysis of urinary reducing lipids 
Ralph A Kinsella, Jr , R J Doisi and John 
H Glick, Jr (introduced by' Edi\ ard A 
Doisy) Dept of Biological Chemislry, Saint 
Louts Univ School of Medicine, Satnl Louis, 
Mo 

Enzymatic liy'drolysis of urinary neutral reduc- 
ing lipids has yielded increases in reducing activity 
of 3-5 times that of suitable controls The order of 
increase is the same for normal male and for preg- 
nancy urine In terms of the reducing power of 
deso\y corticosterone, values ranging from 8 to 30 
mg/24 hr for normal male urine and 24-41 mg/24 
hr for pregnancy (9th month] urine have been ob- 
tained The enzyme source is the culture fluid pic- 
paration of Buehler, Katzman and Doisy {bcdcra- 
iion Proc 8 189, 1949) which is obtained by' 
centrifugation (to remove cells and menthol) of a 
10-day old culture of a strain of B cob, which was 
grown in the presence of menthol glucuronide, and 
IS rich in glucuronidase Five or 10 ml of urine is 
im\ed with one ml of culture fluid, the pn ad- 
justed to 6 2 ± 0 1 w’lth 0 6 m phosphate, and the 
mixture incubated at 38° over chloroform for 15-18 
hours (overnight) The nuxture is brought to pH 
1 with 12 N H1SO4 and extracted 4 times with 2 
volumes of ether chloroform (4 1) , the extract is 
washed with 0 1 n NaOH and water, dried with 
Na;SO<, transferred to an Erlenmeyer flask and 
evaporated with a water pump at a temperature 
not over 35°C The reducing power is then deter- 
mined directly on the residue, using 3 ml of the 
phosphomolybdate reagent of Heard, Sobel and 
Venmng (J Biol Chem 165 699, 1946) for color 
development and 7 ml for dilution 

Effect of beryllium on certain enzymes Friedrich 
W Klemperer Dept of Biochemistry of Tru- 
deau Fndn for Clinical and Experimental Study 
of Pulmonary Disease, Trudeau, N F 


The effect of bery Ilium on tissue slices and vari- 
ous enzymes has been mvestigated Previously it 
had been reported by us that alkalme phosphatase 
was partly mhibited by concentrations of beryl- 
lium lower than 10“' m Acid phosphatase was 
slightly inhibited by 10“’ m Be DuBois et al have 
demonstrated an effect of 0 8 X 10“’ m Be 
on adenosme tnphosphatase {Science 110 420, 
1949) Respiration of rat liver slices ivas unaltered 
by 10“’ M Be Succinic oxidase activity of liver- 
homogenate was enhanced by beryllium ions while 
succinic dehydrogenase was unaffected The mech- 
anism of this activation appears similar to that 
described for aluminum Beryllium in concenra- 
tions up to 10"’ M had no effect on glycolysis in 
duced by' acetone powder of muscle Aldolase, iso- 
merase, carboxylase, and arginase were not in- 
hibited by beryllium and the divalent metals 
which normally activate these enzymes could not 
be replaced by' beryllium Uncase and carbonic 
anhydrase were also unaffected by beryllium 


Electrophoretic studies of plasma proteins in chil- 
dren with rheumatic fever Elizabeth L 
Knapp,* Robert L Jackson* and Joseph I 
Routh Depts of Pediatrics and Biochemistry, 
Stale Univ of loica College of Medicine, Iowa 
City 

Electrophoretic analysis has been made of over 
200 plasm i samples from 70 children wnth rheuma- 
tic fever in different stages of the disease Serial 
studies on many' children are included Plasma 
samples were diluted and dialvzed with veronal 
buffer, pn 8 6, for 3 days in the cold Electrophor- 
esis was conducted at 0 8°C m the Longsworth 
modification of the Tiselius apparatus Dunng the 
more active phase of the disease the values for 
plasma albumin were consistently and markedly 
decreased but increased w’lth clmical improve 
ment Increases in the or-globulins frequently were 
observed in children with exudative manifesta- 
tions of the disease Marked increases m both 
fibrinogen and y-globulin often were noted dunng 
the early acute phase, although a given child 
might not show deviations m both fractions e 
T-globulm fraction usually returns to normal inore 
slowly than the other components, the rate 0 r - 
turn appears to follow the rate of climcal improve- 
ment Statistical analysis indicated a Bipiific“t 
association between changes m sedimentation rate 
and changes in albumin, fibrinogen and r-elo^' “ 
Examination of serum samples m j 

d.cates that the 7' globulin component ^ 

For this reason the elevation in the ^ 

t,o» »ouia appear to be real and 
The® b.oehem.cal data are be.ng 
,n relatron to the el.n.eal and j. 

the chrld, duration of the f "r^de 
ual cardiac damage, and also as a ggg 

to determine mactivity of the disease p 
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Effect of adrenal cortical steroids on argmase 
activity Chakles D Kochakian and Evan- 
geline Robertson * Jjntv of Rochasler School 
of Medicine and Dcnlislry, Rochester, N Y 
The subcutaneous injection of aqueous adrenal 
cortical extract (Upjohn) at 8 X 0 25 ml/hr and 
11-dehi drocorticosterone acetate (Merck) at 8 X 
0 25 mg/hr into fasted castrated adult mice did 
not alter the argmase activities of the liver or kid- 
neys but did increase the liver glycogen and urin- 
ary nitrogen excretion On the other hand, a 
subcutaneously implanted 13-15 mg pellet of 11- 
dehj dro-17-hydroxycorticosterone acetate pro- 
duced a sigmficant increase in both the liver and 
kidney argmase activities after 2 da^ s On extend- 
ing the treatment a further increase was attained 
after 7 and 30 days The same increases were ob- 
tamed when the enzyme was determined with Co 
Cl- as the enzyme activator or by preactivation at 
50°C with imi Cl« The body weight of these 
treated mice decreased very sharply durmg the 
first 4^6 days accompanied by an increased nitro- 
gen excretion, a nearly complete disappearance of 
the thymus within 2 da j’b and a decrease m the size 
of the spleen The liver increased m weiglit after 2 
days but, thereafter, progressively decreased The 
kidney showed no change after 2 days but was sig- 
nificantly increased after 7 and 30 days 11-dehy- 
drocorticosterone (I^endall) implanted as a pellet 
for 7 and 30 days produced effects qualitatively 
similar but quantitatively less than those of 11- 
dehydro-17-hydroxycorticosterone acetate The 
injection of ll-dehydrocorticosterone acetate 
(Merck) m oil solution at 0 5 mg/day for 26 daj’s 
was completely ineffective 

Fractionation of blood lipides in orgamc solvents 
at low temperature Alfred E Koehler and 
Elsie Hill * Sansum Clinic Research Fndn and 
Santa Barbara Cottage Hospital, Santa Barbara, 
Calif 

An apparatus has been devised consistmg of two 
50 cc Erlenmeyer flasks joined at their opening to 
a glass fritted disk Side arm connections to the 
bottom of the flasks permit filling and emptjung 
and equalization of pressure A group of these ves- 
sels are rotated on an axis at their center so as to 
permit agitation and inversion for filtering A solu- 
tion containing 2—4 mg of lipides in petroleum 
ether is evaporated in the bottom flask and 10 cc 
solvent added The vessel is stoppered to prevent 
evaporation or the access of moisture After 24 
hours of shaking at low temperature the apparatus 
18 inverted for gravitv filtering without ani dis- 
turbance of the temperature \ useful temperature 
has been found to be —26° particularly so that an 
ordmarj freezing cabinet can be adapted In 
ethanol the esters of the saturated fattj acids of 
cholesterol are insoluble, with the exception of the 
butNwatc but the latter has not been found m the 
blood lipides Free cholesterol and neutral fats in 


equivalent amounts arc soluble and can be thus 
separated The unsaturated fatty acid esters are 
soluble, particularly Imoleic which constitutes 
about 62% of the cholesterol esters In methanol a 
separation of the cholesterol esters from neutral 
fat can be made inasmuch as the esters are nearly 
completely insoluble This permits separation of 
the cholesterol esters so as to enable a study of 
their constitution 

Failure of pterylglutamic acid (PGA) to function 
as growth factor for L arabinosus {17-5) Ber- 
nard W Koft,* E Steers* and M G Sevag 
Dept of Bacteriology, Univ of Pennsylvania 
School of Medicine, Philadelphia 
It has been found that it is a decomposition prod- 
uct and not PGA per se w hich is a growth stimu- 
lant for L arabinosus Growth stimulation by PGA 
is directly related to the degree of decomposition 
Aged PGA (80% decomposed, calcaulated as p- 
aminobenzoylglutamic acid (PABG)) is almost 
100-fold more active than intact PGA, as are also 
p-ammobenzoic acid (PABA) and PABG In sys- 
tems containing 3% phosphate (pH 6 8) to main- 
tam neutrality, unlike PABA, PABG and aged 
PGA, intact PGA fails to stimulate growth earber 
than after 72 hours The antagonism of PGA per se 
to sulfonamides here is apparent rather than real, 
and 18 controlled by the following 7) an incuba- 
tion period which is associated with the decom- 
position of PGA and is necessary for any antago- 
nism to sulfonamides, 2) the concentration of PABG 
and/or PABA which brings about a competitive 
type of antagonism, PABG content of 0 01 y of 
PGA, though adequate for optimal growth, is in- 
adequate to antagonize 1 -y of sulfonamide, and S) 
the rapid increment of acidity in the medium The 
mcreased acidity suppresses the inhibitory 
capacity of sulfonamide and augments the anti- 
sulfonanude capacity of the liberated PABG In a 
well-buffered medium contaming 3 0 gm % of 
phosphate (pH 6 8) the complete inhibition of 
growth by sulfonamides persists m the presence of 
PGA without a detectable reversal These data do 
not support the postulate {J Biol Chem 170 133, 
1947) that sulfonamides interfere with the sjmthe- 
6is of PGA via PABA or PABG 

Permeability of axonal surface membranes to 
ammo acids Saul R Koret (introduced by H 
T Clarke) Dept of Neurology, Columbia Univ 
College of Physicians and Surgeons, New Yorl 
City 

The changes of permeability of axonal surface 
membranes are an essential element in the conduc- 
tion of nerve impulses The availability of stable 
and radioactive isotopes has provided the possi- 
bditj of approaching the problem of the properties 
affecting the permeabiliti of cell membranes For 
the study of the permeabiliti of axonal surface 
membranes the giant axon of Squid has proved to 
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be an excellent material in this connection Studies 
n ere initiated iinth amino acids labeled with N*' 
Giant axons of Squid were exposed to artificial sea 
water prepared accordmg to Pantin in which 0 1 m 
of NaCI was replaced by the labeled ammo acid in 
the same concentration After 30 minutes exposure 
the axoplasm was extruded and the atom percent- 
age excess N*' determined after the usual prepara- 
tion In the cases in which glycine containing 32 
atom % excess N*'’, alanme containing 23 atom % 
excess N^® and n-aspartic acid containing 30 atom 
% excess N*'’ were used, the following data may be 
considered typical After 30 minutes exposure 
to glj^cme 0 949 and 1 10 atom % excess N^® were 
found in the axoplasm This corresponds to 15 3 
and 17 7 ^im of N/gm Since the outside solu- 
tion contains 100 /hm of N /ml , 16 6% had 
penetrated withm the penod of exposure In the 
case of alanine 0 4307 atom % excess N“ uere 
found, corresponding to 9 7 MM/gm After exposure 
to L-aspartic acid 0 276 atom % excess N*® is ere 
ound, corresponding to 4 7 aM/ml 

Isocitnc acid breakdown in yeast Arthur Korn- 
BERQ Nail Inals of Health, Bethesda, Md 
With triphosphopyndine nucleotide (TPN) as a 
specific coenzyme and acetone pouders of animal 
tissues, Adler et al (Btochem J 33 1028, 1939) 
demonstrated the oxidative decarboxylation of 
isooitnc acid to a-ketoglutaric acid and COj 
Ochoa (J Biol Chem 174 115, 1948) provided evi- 
dence for oxalosuccmic acid (OSA) as the inter- 
mediate and established the reversibility of the 
reaction starting either with a-ketoglutaric acid 
and COi or with OSA Our studies with extracts of 
either fresh baker’s or dried brewer’s yeast indi- 
cate the existence of 2 distinct and readily sepa 
rable systems for isocitnc acid breakdovTi One is 
TPN-specific and the other diphosphopyndme 
nucleotide (DPN) -specific The TPN system is 
entirely comparable with that of Ochoa The DPN 
system, which has been punfied over 50-fold, has 
certam distinctive features Although this enzyme 
catalyzes the stoichiometnc conversion of n-iso- 
citnc acid to a-ketoglutaric acid (identified by 
chemical and enzymatic means), it does not cata- 
lyze either the fixation of COi in a-ketoglutanc 
acid or the reduction of OSA Also, in addition to 
a strict specificity for DPN, it requires the pres- 
ence of adenosine-5-phosphate in catalytic 
amounts and is inhibited by sodium azide 

Sources of bacteriophage nitrogen Lloyd M 
Kozloff*, Kathryn Knowlton,* Frank W 
Putnam and E A Evans, Jr Dept of Bto- 
chemtalry, Untv of Chicago, Chicago, 111 
The precursors of the nitrogenous components 
of Escherichia coll bactenophage T»r+ were stud 
led using both N“ labeled bacterial cells and 
medium While the medium is the source of about 


80% of the virus N, bactenal N also appears in 
both phage nucleic acid and protein The major 
portion of the bactenal N contnbution was found 
m the virus nucleic acid Six'teen^3% of the virus 
nucleic acid was denved from the host The N of 
the punne and pynmidine bases contamed about 
equal proportions of host N When the bacteria 
were labeled wnth N*® and P“ the ratio of 
% of virus nucleic acid N fro m host 
% of virus nucleic acid P from host f 3-1 4 
The amount of bactenal N appeanng in the virus 
nucleic acid was found to be independent of the 
time of lysis or the number of virus particles pro- 
duced/cell These results indicate that bactenal 
desoxyribonucleic acid is utilized for the syn- 
thesis of the new virus particles Seventy-five to 
95% of phage protein N came from the medium 
after infection of the host while the remaining 
5-25% was contributed by the host The bacterial 
N contnbtuion was distributed among the vanous 
amino acids of the virus The actual amount of 
bacterial N appeanng in the phage protein was 
inversely proportional to the number of virus 
particles produced/bactenal cell 


Cytosine deaminase of yeast Jacob Kheau* and 
Erwin Charqaff Dept of Biochemistry, Co- 
lumbia Univ , College of Physicians and Surgeons, 
New York City 

The discovery of an enz 3 Tne m cell-free extracts 
of bakers’ yeast which deaminates cytosme to 
uracil (Chargaff and Ixream J Biol Chem 
175 093, 1948, compare also Hahn and Lintzel 
Ztschr Biol 79 179, 1923) prompted a study of 


its preparation and properties A 5-fold concen- 
tration of activity in terms of protein was effected 
when the enzyme was precipitated from the super- 
natant, resultmg from the centnfugation at 15,000 
g of aqueous extracts of crushed cells, by adjust- 
ment to between 0^5 and 0 7 saturation with 
(NH 4 ).S 04 Following the evaporation of the 
dialyzed frozen solutions m a vacuum, prepara- 
tions stable for a long period when stored m the 
dry state at -16° were obtained The kinetics of 
the enzymatic reaction were studied by means of 
the previously published analytical methocte 
(VISCHER AND Chargaff / Btol Chem 176 703, 
1948) The pH optunum was found at pH 6 »-0 y, 
the temperature optunum lay between 3 an 
37 5° (dependent upon the duration of mcubationf 
The enzyme solutions were very sensitive to heat 
Considerable inactivation at 37 5° was prevented 
by the substrate cytosine and to a less evten y 
uracil The preparations contained neither gu 
nor adenase Conclusions as to the struc ura p 
cificity of the enzyme can be drawn 
that It does not deammate cytidine, } y 
acid, thiocytosme, 2-methoxy cytosine 5 ami^^ 
uracil, or isocytosme which latter a , 
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as an inhibitor 5-Methyl cytosine, however, is 
deaminated to thymine 

Estimation of lipoproteins in serum immunolog- 
ically H G Kttnkel (introduced by Stanford 
A'Ioore) Hospital of Rockefeller Inst for Med 
Research, New York City 

In order to determine whether the protein 
moiety of serum lipoproteins was immunologically 
specific from the other serum proteins and whether 
elevation of serum lipids causes a rise in such 
protem, various lipoproteins were purified from 
normal and pathological sera Dilution of serum 
30 times with a weak buffer solution (pn, 6 4, m, 

0 02) containing 0 005% zephiran chloride has been 
found to precipitate selectively the hpoprotems 
from serum Analysis of such precipitates indi- 
cated a lipid content ranging from 50-70% Fur- 
ther separation of this material by high speed 
centrifugation in solutions of high density yielded 
chiefly a clear lipoprotem preparation that by 
electrophoretic analysis showed one major p glo- 
bulin component making up 90% of the total area 
Injection of this material mto rabbits readily pro- 
duced an antiserum which did not react with puri- 
fied preparations of albumm or y globulm although 
it was very reactive with lipoprotem preparations 
or whole serum Similar results were obtained 
with antisera to the protein portion of the lipo- 
protein after 90% of the hpid had been removed 
Quantitative analysis of precipitm nitrogen mdi- 
cated that normal serum contained an average of 
0 03 gm of lipoprotem nitrogen/100 cc The 
majority of sera containing elevated total lipid 
showed a high content of lipoprotem and sera 
containing very little lipid were very low m lipo- 
protein The values shoved a fourfold range of 
variation Observations on sera from patients 
with nephrosis with high serum lipid levels mdi- 
cated that this normal lipoprotem was markedly 
increased although the total protem, albumm and 
y globulm were very low 

Effect of zinc on oxidation of citric acid cycle 
intermediates H O Kttnkel (introduced by 
Jajles B Sumner) Dept of Biochemistry and 
Nutrition, Cornell Univ , Ithaca, N Y 
Copper ions have been shown by Ackermann 
and Potter ^Proc Soc Exper Biol ct Med ,72 1, 
1949) to inhibit rat liver and kidney succmoxidase 
SI stems by forming an inactive non-dissociable 
complex vith the enzjme I find that zinc ions 
behave m a similar manner but shov more toxicitj 
than copper ions Under conditions which favor 
oxidative phosphorj lation (isotonic KCl homo- 
genates, Mg"^ and adenosme-5 phosphate), inhibi- 
tion b> zinc occurs, but this inhibition is transi- 
torT The rate of oxidation subsequenth rises to 
a le\el exen higher than the control data A. later 
fall to a lover lex el of actixitx can be attributed 


to the zinc inhibition of the oxidation of other 
citric acid cycle intermediates, particularly the 
oxidation of citrate With the exception of sucem- 
oxidase, the oxidizing enzymes of rat kidney are 
more readily inhibited by zinc ions than are those 
of rat liver The addition of a protem such as 
insulin has no protective action against zinc inhi- 
bition, but crystalline zinc insulin causes the same 
inhibition as does zinc sulfate Amorphous insulin, 
m itself, inhibits citrate oxidation by rat kidney 
homogenates 

Considerations on indiscriminate use of the 
Waring Blendor copper contamination and 
ascorbic acid loss Merton P Lamden (intro- 
duced by BLarold B Pierce) Dept of Bio- 
chemistry, Univ of Vermont College of Medicine, 
Burlington 

The Warmg Blendor, a useful and popular com- 
mmutmg apparatus, has been considered unde- 
sirable for use m the determmation of ascorbic 
acid since it incorporates large amoimts of oxj'gen 
mto the slurry presumably thus causing oxidative 
loss of ascorbic acid Also the Warmg Blendor has 
been shown to cause oxidation of sulfhydrjd 
groups and mactivate enzjme systems In some 
instances such untoward effects could be due to 
the use of containers haxung blending assemblies 
with worn chrome plate and an exposed brass 
undersurface That dissolved copper, probably 
ongmatmg m the brass, is responsible for the 
destruction of ascorbic acid in a blended solution 
was shovm m the folloxvmg manner 200 ml por- 
tions of a solution of ascorbic acid (20 lig/ml ) m 
6% metaphosphoric acid were blended for 3 min- 
utes m triplicate m each of 6 Blendor containers 
Copper and ascorbic acid were determined m aU 
solutions before and after blending The coeffi- 
cient of correlation between the concentration of 
dissolved copper and the percentage ascorbic 
acid lost was 0 97 Furthermore, the extent of loss 
of ascorbic acid correlates rather well xvith the 
physical appearance of the blending assembly 
Solutions m contact xvith well plated blending 
assemblies showed small losses m ascorbic acid, 
while those solutions m contact with blending 
assemblies having worn plating or exposed brass 
parts showed considerably higher losses The 
Waring Blendor thus does not contribute to the 
oxidative loss of ascorbic acid m 5% metaphos- 
phoric acid solution unless copper is dissolved 
from parts of the blending assembly hax mg worn 
chrome plate 

Effect of reducing agents on the biological activ- 
ities of crystalline vitamin Bn Calxux A Lang* 
AND Bacon F Chov Dept of Biochemistry, 
School of Hygiene and Public Health of lohns 
Hop! ins Univ , Baltimore, Md 
It was reported that reaction of crj stallme x ita- 
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mm Bij with hydrogea m the presence of platinum 
catalyst with yield vitamin Bm, which possesses 
a lower microbiological activity and animal pro- 
tem factor activity than vitamin Bu This treat- 
ment may involve the addition of hydrogen 
atoms to double bonds in the molecule or reduc- 
tion Our study deals with the reaction between 
crystaUme vitanun Bu and several reducing agents 
(ascorbic acid, cysteme HCl, thiamine HCl, and 
hydroqumone) in a phosphate buffer at pH 7 6 
To this end, a solution of crystalline vitamin Bn 
was mixed with a solution of one of the above 
mentioned reducing agents, so that the ratio of 
Bn to reducmg agent varied from 1 400-1 4000 by 
weight m several experiments An aliquot solu- 
tion of Bn to which no reducmg agent was added 
served as the control These solutions were sealed 
m pyrex tubes and kept at 37° C for different 
lengths of time, and changes m spectrophoto- 
metnc transmittance at 650 mfi were followed 
After incubation for a desired interval of time the 
tubes were opened, and the contents were assaved 
for excess reducmg agent, for microbiological 
activity usmg L lexchmamt, and tor animal pro- 
tein activity usmg Bn deficient rata No special 
precautions were used to exclude air from contact 
with the solutions The results obtained demon- 
strated that the original vitamm Bn activities 
were greatly decreased as a result of incubation 
in the presence of the reducmg agents listed above, 
whereas the vitamm Bn activities of the control 
tube treated imder identical conditions were un- 
affected 

Radioactive tobacco mosaic virus Robert V 

Lashbrook* and Hubert S Lorinq De-pt of 

Chemistry and School of Medicine, Stanford Univ , 

Stanford, Calif 

Several methods were studied for incorporating 
radiactive phosphorus (P’“) into toabacco mosaic 
virus m Turkish tobacco plants The most highly 
radioactive virus was obtamed when normal plants 
were allowed to take up the P”-phosphate as 
completely as possible from small volumes of 
distilled water and were grown m nutrient medium 
for about two weeks after inoculation When 
P**-phosphate was introduced into previously 
mfected plants, the isolated virus was only about 
one-half as radioactive as that from the newly 
mfected plants In experiments m which radio- 
active virus was mixed with macerated plants and 
re-isolated after standing at room temperature 
for various periods of time, 6(MK)% of the origmal 
virus was recovered with unaltered radioactivity 
When radioactive virus was inoculated onto grow- 
mg leaves, the recovered virus had the same radio- 
activity as that used for inoculation but the 
amount recovered was only 10-20% of the origmal 
when the plants were worked up 24 hours later 


In these instances over 60% of the radioactivity 
V as found in the supernatants after ultracentrifu- 
gation The results of the several types of expen- 
ments performed have suggested a) that there is 
little, if any, exchange of P” between virus and 
host, 6) that virus becomes associated with insol- 
uble plant components such as chloroplasts after 
inoculation, and c) that during virus multiplica- 
tion the origmal virus phosphate is largely con- 
verted to a non-virus form 


Trypsin inhibitor in colostrum M Laskowski, 

Jr * AND M Laskowski Dept of Biochemistry, 

Marquette Univ School of Medicine, Milwaukee, 

Wis 

Human and bovine colostrum were found to 
contain a compound inhibiting the proteolytic 
action of trypsin The inhibitor content was deter- 
mined according to Kunitz (/ Gen Physiol 30 
291, 1947) In bovine colostrum maximum content 
of inhibitor occurred on the 1st day after deliv- 
ery' In human the peak value was reached be- 
tween the 1st and 3rd day, and then gradually 
declined till on the 5th day it was impossible to 
detect Partial purification of the inhibitor was 
achieved by 1) the removal of casein at pa 4 6, 
£) removal of inactive proteins by 30% saturation 
with ammonium sulfate, 3) precipitation of m- 
hibitor by 70% saturation at pa 3 0, 4) removal 
of the inactive protein by 2 6% trichloroacetic 
acid at 80°C and 5) precipitation with 70% 
ammonium sulfate Steps 3, 4, and 5 are identical 
with the method of Kunitz and Northrop (J Gen 
Physiol 19 991, 1936) It seems, therefore, likely 
that the properties of the mhibitor from colostrum 
and from pancreas may be very similar, possibly 
possibly identical Partially purified ‘fraction 6 
inhibits trypsin apparently by forming a stoichio 
metric compound It also possesses a strong blood 
anti -coagulant action The physiological sigmfi- 
cance is now only a matter of speculation, but it 
IB believed that the main purpose of the mhibitor 
is to protect the antibodies of colostrum Further 
purification and the physiological role are under 
investigation 


n viFo effect of toxic dose of P« on phosphorus 
fractions of rat thymus P S Lavik, IfeoBN 
Harrington and G W Buckaloo (mtmduced 
by H G Wood) Atomic Energy Med Research 
Project, Western Reserve Univ , Cleveland, Ohio 
In studies of the damagmg effects of 
adiation, we have examined the over-all chang 
a the phosphorus fractions in the thymus ot 
roung adult rats given a smgle LDto dose o 
.e, 4 6 ,0 P«/g» My 
Comparable anunals receiving 0 /ic 
>ody weight served as controls i^hours 

mimals from each group were killed at 4 
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1, 2, 3, 6, and 8 days after the injection of P® and 
the th^-mus tissue was fractionated into the acid- 
soluble (AS), inorganic (INORG ), phospholipid 
(PL), ribonucleic acid (RNA) plus ‘phosphopro- 
tein’ (PP), and desox jTibonucleic acid (DNA) 
fractions Specific activity measurements (% of 
P® dose/mg P) showed a reduced uptake of P® 
in the AS, RNA plus PP, and DNA fractions 
This was particularly the case vith the DNA and 
RNA plus PP fractions There was histological 
evidence of tissue damage, and a marked loss 
(62%) in the gland weight occurred during the 
first 3 days after P® injection IVhile the total 
amount of each of the phosphorus fractions de- 
creased rapidly during this same penod, the loss 
of DNA, RNA plus PP, and AS was greater than 
would be expected from the change in tissue 
weight The DNA concentration (mg DNA phos- 
phorus/gm fresh tissue) had decreased 57% by the 
end of 3 dajs and thereafter its concentration 
remained essentially unchanged Similar, though 
less marked, changes occurred in the RNA plus 
PP and AS fractions, whereas the concentration 
of the PL and INORG fractions changed little if 
any 

Differential fixation of sulfate by tissues mam- 
tamed in vitro Lauhence L Layton (mtro- 
duced by E V McCollum) Depi of Btochem- 
tsiry, Johns Hopkins Umv School of Hygiene 
and Public Health, Baltimore, Md 
Tissues removed from chicks at various stages 
of embryonic development or after hatchmg, and 
maintained 45 hours in vitro in media containg 
S® labeled inorganic sulfate, exhibit different 
rates of conversion of sulfate ion to insoluble tis- 
sue sulfate It was found that sulfate fixation by 
heart ventricle reached a mavimum of 1 60v/100 
mg tissue between the 13th and 15th days of incu- 
bation, and dropped to 0 371- on the day of hatch- 
ing Tissue from the aortic arch exhibited a con- 
stant rate of 2 5-)'/100 rag wet tissue from the 10th 
day of incubation to the 44th daj after hatchmg 
Fixation by the midsection of the tibia dropped 
from 33 7 on the 8th day of incubation to 0 6y on 
the day of hatching SO--fixation bj cartilage 
from the proximal tip of the tibia dropped from 
38 y on the 9th daj of incubation to 9 Oy for the 
lateral condjle on the 6th daj after hatching 
Tissues from 6-daj old chickens gax'e the follow- 
ing values for sulfate ion absorbed (ag/100 mg 
wet tissue) tibial red marrow, 0 4, spleen, 10 
kidnej , 1 0, heart xentncle, 0 18, skeletal muscle,’ 
0 1 Tissues from a 12-^ear old boj ga\e the fol- 
lowing muscle, 1 2, eosinophilic granuloma of 
fibula, 1 1, periosteum, 3 6, bone from fibula, 0 5 
Pg/100 mg wet tissue The indications are ’that 
sulfate 18 utilized in tissue formation 


Incorporation of glycine.2-Ci< into proteins and 
nucleic acids of normal and neoplastic rat 
tissues G A LePage and Charles Hhidel- 
BBHOER * McArdlc Memorial Lab , Umv of IFis- 
consin, Madison 

Glycine has been demonstrated to be a pre- 
cursor of nucleic acids and heme in the rat (Hein- 
rich AND Wright Federation Proc 8 206, 1949, 
Altman, el al J Biol Chem 176 319, 1948) No 
reports aie available to compare the incorpora- 
tion into neoplastic and normal tissues Glycme- 
2-C‘<wa8 administered by stomach tube to normal 
rats and to rats beanng multiple 8-day Flexmer- 
Jobhng carcinoma transplants Animals were 
killed at 12, 24 and 48 hours Samples of liver, 
thjonus and tumor were fractionated to obtain 
the desoxyribonucleic acid, ribonucleic acid and 
protein from each Large samples of blood were 
taken from each animal and purified protopor- 
phyrin-9 methyl ester isolated There was no 
significant difference in specific activity of blood 
porphjTin, liver and thjmius DNA, PNA and 
^oteins between normal and tumor-beanng rats 
The specific activities of DNA, PNA and protem 
of tumor were alwaj^ higher than those of the 
liver and thymus Specific activities of the 12-hour 
samples were highest In all cases protem activ- 
ities were higher than those of the nucleic acids 
The punne and pynmidine bases obtained on 
hydrolj '618 of the PNA contained Further 
degradation studies are in progress 

Presence in wheat germ oil of factors capable of 
affecting endocrine metabolism I Ezra Lejtn 
^ John F Burns (introduced by B Connor 
Johnson) VioBm Labs , Monticello, HI 
An androgenic factor m wheat germ oil Andro- 
gemc activity has been demonstrated in wheat 
gcTO oil (solvent extracted from /resA wheat germ 
^th ethylene dichlonde) by three methods I) 
crease in the weight of the seminal vesicles of 
the castrate rat 1 0 cc subcutaneously every 

weieht^wh'^V ^^erage seminal vesicle 

weight wheat germ oil group 206 0 mg control 

(injected with sesame oil) seminal vesicle 7 1 
Xbe colony was maintained on a ‘synthetic' diet 
using glj'ceryl tnlaurate as a fat source S) In- 

crease in combs of full-grown capon 1 0 cc injec 

R 7 ^ ^ -■Average increase (BE -f L) 

of comb on 1- to 
5-daj old chicks, 0 1 cc daily injections for 15 

138 mg , controls (injected wath sesame oil), 54 7 
A progestational factor in wheat germ oil Progesta- 
tional actmty in wheat germ oil (solvent ex- 

Sf rl iT eerm with ethylene 

dichlonde), has been assa^ed by the Corner-Alien 
and McPhail methods, showing a 3-}- proliferation 
^hen injected with 1 0 cc wheat germ oil s c’ 
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daily for 2 days This reaction corresponds to that 
given by 0 75 mg of progesterone Both bioassays 
demonstrate the presence in wheat germ oil of a 
factor capable of eliciting a progestational re- 
sponse m the endometrium of the rabbit Activity 
IS absent in rabbits given a-tocopherol Dimin- 
ished activity was found in wheat germ oil solvent 
extracted from rancid vheat germ 

Survey of serum cholinesterases m a number of 
mammalian species Milton Gjelhauq Levine, 
Robert E Hott* anb Anita A Suran * Inst 
of Experimental Medicine, College of Med Evan- 
gelists, Los Angeles, Calif 
The observation published by Mendel and Rud- 
ney (Biochem J 37 473, 1943) that the cholin- 
esterases found in animal tissues could be sepa- 
rated into 2 types (the specific and non-specific) 
on the basis of the hydrolysis of 3 substrates, 
acetyl-choline, benzoylcholine and acetyl-B-meth- 
ylcholme, led them and other workers to the 
assumption that all mammalian species had one 
or the other or both of these cholinesterases 
They have indicated, for example, that rabbit 
serum has both forms {Science 100 499, 1944) 
Our work shows that only one cholinesterase is 
present in the serum of this species (the specific 
type) and in addition, an enzyme which hydrolyzes 
benzoylcholine but not acetylcholine A number 
of other mammalian species have been investi- 
gated (rat, guinea pig, dog, monkey, horse, cow, 
goat, swine) and indicate that there are a whole 
family of enzymes capable of hydrolyzing acetyl- 
choline, rather than merely the 2 suggested by 
Mendel and Rudney 

Serum proteins and experimental liver damage in 
the rabbit Milton Gjelhauq Levine, Robert 
E Hott and Anita A Suran (introduced by 
R J Winzler) Inst of Experimental Medicine, 
College of Med Evangelists, Los Angeles, Calif 
Liver damage was produced in rabbits by the 
oral admmistration of CCL in Wesson oil The 
ammals were fed 1 co of 20% solution tivice weekly 
for the period of the experiment The progress of 
the liver damage produced was studied by biopsy 
and necropsy Serum proteins and serum cholin- 
esterase were determined weekly up to the time 
of death Of the 23 rabbits studied, 18 developed 
cirrhosis and were observed for the periods up to 
5 months Five of the animals showed fatty de- 
generation and necrosis of the liver after being 
killed early in the expenment (2-29 days after 
CCL administration was started) None of the 
animals showed a significant decrease in either 
serum acet 3 'lcholme or benzoylcholine hydrolysis 
during the period of observation The most inter- 
esting observation made was that despite obvious 
liver damage, none of the animals shoved a de- 
crease m serum proteins This observation, how- 


ever, coincides with that of Kwok-Kew Cheng 
{*! Path & Bad 61 23, 1949) in the same animal 


Influence of pH upon rates of denaturation of 
some proteins Milton Levy and Robert C 
Warner Dept of Chemistry, New York Univ 
College of Medicine, New York City 
For many years it has been customary to dis- 
tinguish between the products of acid denatura- 
tion, alkali denaturation and heat denaturation 
of proteins The processes leading to denaturation 
have been classified on the same basis Thus heat 
IS regarded as a 'physical’ denaturing agent 
whereas hydrogen and hydroxyl ions are fegarded 
as 'chemical’ denaturing agents Nevertheless, it 
IS clear that the intensity factor associated with 
acidity and alkalinity (the pn) and with heat 
(the temperature) in aqueous solutions are con- 
tinuous and not mutually exclusive functions 
We must regard the rate of denaturation of a pro- 
tein in solution as a simultaneous function of 
temperature and pH The temperature function 
has been handled in terms of the Arrhenius equa- 
tion or some interpretation of it but the pH func- 
tion has been dealt with rationally only in limited 
situations Studies on the rates of denaturation of 
a number of protems will be presented which 
demonstrate that the postulates of Stemhardt 
(D Kgl Danske Viderdabers Selslab Maih-fystk 
Med 14 11, 1937) suitably generalized and modi- 
fied lead to rational general descnptions of the 
relation between rate of denaturation and pH 
From these descriptions one can draw the conclu 
Sion that only a very limited number of the hydro- 
gen ion donor and acceptor groups in the protem 
molecule are significant for its denaturation and, 
therefore, general salt bndges are relatively mmor 
factors m determining the structure of native 
proteins 


Iterations in steroids excretion after adminis- 
tration of ACTH in man Seymour Lieberman, 
Lucie B Hariton* and Konrad Dobrinee 
Sloan-Kettering Inst for Cancer Research, New 
York City 

The steroid excretion patterns before, dunng, 
id after the administration of ACTH to human 
ibjects have been investigated After the libera- 
on of the unnary steroids from the conjugates 
r continuous ether extraction at pH 1 without 
•lor heating followed by hydrolysis of the 'glu- 
ironidate’ fraction with calf spleen ^-Glucuroni- 
ise, the free steroids were partitioned 
mzene and water The constituents of the Water 
iluble’ and ‘Benzene Soluble’ a and ^ ketomc 
actions have been studied Compound F and a 
iw adrenal metabohte, pregnane 3«, 17a, 21-tri- 

-11,20 dione, isolated as acetate, m p ’ 

]„ 89°, was isolated from the Water Soluble 

action The latter compound was also detecte 
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m the urine after the administration of Cortisone 
Acetate At least 6 other crj^talline steroids, ns 
j'et unidentified, have been isolated Androstane- 
3,17-dione, etiocholane-3,17-dione, androsterone, 
etiocholanolone, pregnnn-3a-ol-20-one, 11-keto- 
etiocholanolone, and ll-hydroxj'^androsterone, 
were present in the ‘Benzene Soluble’ extracts 
and were excreted in increased amounts dunng 
the penod of ACTH admmistration A number of 
new unidentified compounds, some of which have 
been observed previously only in the unne from 
patients with Cushing’s Syndrome, have been 
detected in this ‘Benzene Soluble’ fraction The 
nature of the new compounds isolated and the 
vanations in the excretion of the mdividunl 
steroids in relation to steroid metabolism dunng 
stimulation of the adrenals by ACTH will be dis- 
cussed 

Specificity of xanthine oxidase Dohis C Lorz* 
AND G H Hitcbungs Wellcome Research Labs , 
Tuckahoe, N Y 

Fifty punne derivatives and structural analogs 
of the naturally-occurring purmes and 10 pyrimi- 
dmes have been tested for their abihtj’’ a) to serve 
as substrates for xanthine oxidase, h) to mhibit 
the action of the enzjune on xanthine Punnes m 
general exhibit more or less ability to combine 
with the enzjTne as measured by the mhibition of 
xanthine oxidation A number of unnatural purmes 
and analogs serve as substrates Thus 8-azahj’po- 
xanthme is oxidized to 8-azaxanthme, 2-amino- 
punnes are oxidized to the corresponding guanines 
and 2-hydroxypurines are oxidized to 2,8-dihy- 
droxypurmes 1-Methylxanthme is unique m that 
it IS oxidized faster than xanthme A few pjTimi- 
dmes have been found to have activity 4-Hy- 
droxj'pjTiimdine is oxidized to uracil and 4-hj- 
droxy-6-methylpj'Timidine is oxidized to thymine, 
while 4-amino 2,6-dihydrox3q)ynmidine is an m- 
hibitor From these data it is possible to determme 
some of the spacial requirements for combination 
of substrate and enzjnne and to assess the influ- 
ence of the nature of certam functional groupings 
on the course of the enzjTnatio action 

Inhibition of respiration and acceleration of 
aerobic glycolysis in tissue slices by certain 
a,|3-unsaturated anions H J Lowe,* E C 
Weixbach,* W R Frisell* and Leslie Hel- 
LERMAN Dcyt of Physiological Chemistry, Johns 
Hopkins L mv School of Medicine, Baltimore, 
Md 

Respiration is inhibited markcdlj with con- 
comitant acceleration of aerobic gljcohsis, ap- 
proaching the anaerobic le\el, in slices of xanous 
organs of the rat and guinea pig The inhibitors 
include the cinnamatc, benzoate, and related ions 
The inhibitor ions are known to embarrass oxida- 
tion of ammo acids and fatt\ acids in such tissues 


In our hands, the}-^ fail to slow the rate of disap- 
pearance of phosphoglj cerate, lactate, and pyru- 
vate They do not affect significantly the rate of 
oxj gen-uptake in the presence of key substrates 
for the tnearboxj lie acid cjmle These agents fail 
to alter the rate of aerobic glycolysis in certain 
cultured malignant cells and tumors denved from 
rat fibroblasts The phenomenon is interpreted 
as a 'reversal of the Pasteur effect’ initiated by 
a denial of essential substrates through a com- 
petitive mechanism 

Use of partition chromatography for the study of 
porphyrin metabolism in the rat John Lucas* 
AND James M Ortbn Dept of Physiological 
Chemistry, Wayne Univ College of Medicine, 
Detroit, Mich 

Partition chromatography employing silica gel 
at a pH of 4 5 and using mixtures of chloroform and 
ligroin as the mobile phase has been found satis- 
factorj’- for the separation of small amounts of 
the various porphj'nns occurrmg m feces and 
unne The urme or extracted feces are adsorbed 
on talc after adjusting to a pn of 4 0 and the 
methyl esters of the porphjTins are obtained by 
subsequent treatment with methyl alcohol-hy- 
drogen chloride The methjdated products are 
dissolved m chloroform, washed, concentrated, 
and then chromatographed The vanous major 
porphyrins separate as distmct entities on the 
column By collecting fractionally and readmg 
the fractions in a spectrophotometer or a photo- 
fluorometer previously calibrated with pure erj^s- 
tallme proto-, copro-(I) and uro-(I) porphjTm 
respectively, small amounts of these porphynns 
may be determined quantitatively The foregoing 
procedure is being applied to studies of porphjTin 
metabolism m the rat The influence of dietary 
protein and of glycine on the synthesis of proto-, 
copro-, and uroporphyrin as mdicated by fecal 
excretion is now under investigation Five groups 
of rats are fed the followmg diets 1) a purified 
basal diet, «) basal diet plus 2% gUcine, S) basal 
dmt plus 3% sodium benzoate, J) basal diet plus 
3% sodium benzoate and 2% glycine, 6) basal diet 
containing onlv 3% protein Feces and urine are 
collected quantitatively each day and body 
weights, food intake, and hemoglobin levels are 
determined weeklj The results indicate a rela- 
tionship m the rat between the protein and ghr. 
cine intake, and porphjrin sjmthesis as measured 
bx fecal porphxnn excretion and hemoglobin 
formation 

Liver desoxyribonucleoprofein J Murray Luck 
Donald Klpke,* Alberta Rhein-* and a’ 
Clark Grifon * Dept of Chemistry, Stanford 
vniv , Stanford, Calif 

Desoxx ribonucleoprotein has been prepared 
from the fixers of normal rats Homogenates and 
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Buclei were used as the source material Differ- 
ential extractions with sodium chlonde and pre- 
cipitation m 0 14 M sodium chlonde were used in 
preparation The product, dialyzed until salt-free, 
was lyophilized and used for detenmnation of 
nucleic acid content, free and bound lipid, and 
protem The punne and pyrimidine bases of the 
nucleic acid portion were determined as well as 
the ammo acid distribution in the protein hydrol- 
ysate The lyophilized nucleoprotem does not 
redissolve satisfactorily either in water or in 
molar sodium chlonde Other studies m this 
laboratory confirm the findings of others that 
dissociation proceeds in solutions of high ionic 
strength The low solubility of the nucleoprotem 
in 0 001 M citrate or arsenate militates against the 
use of aqueous extraction as a preparative method 

Effect of total body x-radiation on plasma alkaline 
phosphatase of rats Stephan Litdewig Bio- 
chemical Lab , Univ of Virginia, Charloilesvilte 
The plasma alkaline phosphatase activity of 
60-day old male rats was determined after irradi- 
ation with doses between 200 r and 600 r The 
King-Armstrong method used in the determina- 
tion of plasma phosphatase was slightly^ modified 
A moderate increase in enzyme activity was noted 
24 hours after irradiation The values decreased 
after the 2nd day in the 400, 500 and 600 r groups 
The length of tune that the values remained low 
was dependent on the dosage Pair-fed rats served 
as controls since food intake of exposed animals 
was influenced by x-radiation The phosphatase 
activity was depressed in the plasmas of animals 
exposed to multiple small doses 

Liberation of amino acids in human seminal fluid 
Frank Lundquist (introduced by H A 
Lardy) Inst of Legal Medicine, Univ of Copen 
hagen, Denmark 

Dunng some attempts to determine the compo- 
sition of the secretions from the accessory sex 
glands in man, it was accidentally observed that 
the amino-nitrogen of semen showed a very rapid 
mcrease on incubation Ammo-nitrogen levels of 
about 200 mg/100 ml were obtained in 2 or 3 hours 
Experiments using the manometnc mnhydnn 
method gave evidence that free amino acids were 
the substances concerned The proteolytic enzyme 
responsible for this phenomenon was partly puri- 
fied through salt fractionation It has a pH opti- 
mum of about 7 6 when casein is used as a sub- 
strate Chromatographic analyses using filter 
paper showed the same pattern of amino acids in 
deproteimzed filtrates of incubated semen as m 
filtrates from fibnn incubated with the purified 
enzyme A fibrm-like substance has been isolated 
from fresh semen and was found to give rise to 
the same amino acids as native semen Possibly 
the enzyme concerned is identical with the fibrmol- 


ysin observed by Huggins and Neal {J Exper 
Med 76 527, 1942) m human ejaculate 


Studies on lactalbnmin heated vnth carbohydrate 
Ivan J Mader,* Lawrence J Schroeder* and 
Arthur H Smith Dept of Physiological Chem- 
istry, Wayne Univ College of Medicine, Detroit, 
Mich 

A comparison of in vitro and in vivo studies was 
made m an attempt to evaluate the role of heat 
and carbohydrate concentration in the non enzy- 
matic browning of protems as exhibited m the 
Maillard Reaction Commercial and ‘carbohy- 
drate-free’ lactalbumin, heated under vanous 
conditions, was used in in vitro digestion expen- 
ments The conventional formol titration pro- 
cedure, showed that the rate and amount of diges- 
tion of the protein by pancreatm la inversely 
proportional to the seventy of heat treatment 
Removal of reducing substances from lactalbumin 
before heating permits a greater rate and degree 
of enzyme hydrolysis of the heated product 
Microbiological assays for valine, histidine, leu- 
cine, phenylalanine, lysme and methionine in 
acid hydrolysates of the vanous proteins showed 
that only lysine was partially destroyed These 
observations suggest that the carbohydrate reacts 
with the protein to form enzyme-resistant mate- 
rials A nitrogen balance study in dogs was used 
to determine the relative effect of heat and of 
carbohydrate in the alteration of the nutntive 
value of heated protein ‘Carbohydrate-free* lac 
talbumin and extracted lactalbumm to which 
had been added 2 and 5% lactose served as the 
protem nitrogen sources The time of autoclaving 
of these proteins was vaned from one-half to one 
hour The biological value was high in all cases 
However, as either the carbohydrate concentra- 
tion or the time of heating was mcreased, the 
nutritive index of the protem decreased Lowered 
digestibility, shown by mcreased fecal nitrogen, 
accounted for the decrease in nutritive value 


Quick blood sugar method suitable for routine 
use and screening Emanuel E Mandel and 
Raymond H Owings (introduced by Olat 
Mickelsen) Clinical Pathology Section, Lew 
Services, Communicable Disease Center, Public 
Health Service, Federal Security Agency, Atlanta, 


a , 

1 the search for a blood sugar method appH- 
le to large-scale diabetes surveys, modification 
, ‘bed Side' procedure (J Lab & Ghn Med 
, 1949) not only lent itself to this purpose but 
i proved to be a useful routine method From 
ixture of blood and saturated picric acid soJu- 
i m the proportion of 1 5 or higher, a fil ra e 
ibtained which after addition of 1°% 
toxide, boiling and dilution with distille 
er IS read in a spectrophotometer at wave 
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length 540 The glucose color reaction is stable 
for one hour, readily reproducible, and follows 
Beer’s law, it is unaffected by delay in centri- 
fuging or filtering the initial blood-reagent mix- 
ture up to 3 days or by minor vanations in the 
boiling tune The determination includes non- 
fermentable reducing substances in the blood, 
and hence compares well with Folm-Wu’s and 
similar methods while results are consistently 
higher than those obtained with ‘true glucose’ 
methods (Somogti, Kingsley) Addition of cad- 
mium sulfate to the picric acid reagent and alka- 
Imizing before filtration approximates results to 
the true glucose levels In screemng for diabetes, 
expediency is enhanced by f) using automatic 
devices such as Cornwall S 3 Tinges and pipetting 
machines for volumetric measurements S) dividing 
the spectrophotometer scale mto groups according 
to selected blood glucose levels and reporting 
group designations rather than individual values 
After the initial centrifugation, 5 technicians can 
conveniently run 2,000 determmations in leas than 
4 hours 

A continuous indicating recordmg oxygen cathode 

Geobge H Mangun and Walteh D Geiest • 

Dept of Labs , Henry Ford Hospital, Detroit, 

Mich 

A recordmg oxygen cathode useful m studymg 
tissue oxygen changes has been devised, based on 
the pnnciple descnbed m 1942 by Davies and 
Brink It differs prmcipally m the followmg 
details 1) Semi -micro electrodes of various metab 
are employed, S) Tungsten electrodes 1-20 mm 
long have proven very useful since they may be 
mserted readily without causmg severe mechanical 
injury and give reproducible values for many 
hours, S) A Ag/AgCl reference electrode is apphed 
directly to the skin via saturated KCl Jelly, 4) A 
General Motors chopper amplifier of low mput 
resistance is employed Although this amphfier 
interrupts the current momentariljr at 60 cycles/ 
sec , it yields current -oxygen tension curves simi- 
lar to continuous direct current, 5) The amplifier 
output IS fed into a 0-5 ma Esterline-Angus re- 
cording milliometer, 6) Resistors parallel to the 
cathode circuit provide for rapid calibration 
Smce factors other than oxj^gen tension affect the 
rate of arrival of oxygen at the cathode surface, 
calibrations have been made by gasometnc anal- 
ysis of venous and arterial blood, or the results 
expressed arbitrarily m terms of microamperes/ 
mm of tungsten n ire Tissues rendered completely 
anoxic jneld zero readings, furnishing one known 
point for calibration Studies ha\e been made on 
muscle, Iner, \enous and arterial blood, and sub- 
cutaneous tissues, and the effects of nitrogen 
owgen, barbiturates, infra-red heat, and ice water 
demonstrated Comparative studies wath this m- 


strument and the oxyhemograph will be reported 
elsewhere by Behrmann, Gnest, Mangun, Hart- 
man 

Determination of fumanc, cis-aconitic and alpha- 
ketoglutaric acids m rabbit kidney and liver by 
partition chromatography Lawrence M Mar- 
shall AND Frederick D Drew (introduced by 
Vernon A Wilkerson) Dept of Biochemistry, 
Howard Umv College of Medicine, Washington, 
D C 

The chromatographic analysis of fumanc acid 
(J Biol Chem 179 1127, 1949) has been extended 
to the determination of alpha ketoglutanc, cia- 
aconitic and fumanc acid in rabbit kidney and 
liver Improved rate of flow through silica gel 
columns was obtained by maintaining constant 
pressure over the influent Cis-aconitate and 
alpha ketoglutarate were measured with an influ- 
ent mixture of tertiary amyl alcohol and chloro- 
form m a ratio (vol /vol ) of 1 9 while for fumanc 
a 1 19 ratio was used Mechanically collected 
samples, each of 2 ml volume, showed peaks for 
fumanc, alpha ketoglutanc and aconitic acids at 
fractions 9, 33 and 56 respectively Effluent frac- 
tions were measured spectrophotometncally (X 
230) and bv titration Symmetry of the chromato- 
graphic curves and a correlation between the 2 
methods of measurement for each acid served to 
charactense the effluent zones Known metabolic 
acids did not mteifere Average percentage recov- 
ery of each acid added to tissues exceeded 95 % 
The average concentrations of fumanc acid m 
fadney and liver m (mg/100 gm wet tissue) were 
3 2 and 2 0 respectively while those of acomtic 
and alpha ketoglutanc acids were less than 1 

Acetylation of p-anuno benzoate and related 
compounds by the rabbit M F Mason, Gus 
Casten* and Allan Lindsay * Parkland Hos- 
pital and Southwestern Med School of Univ of 
Texas, Dallas 

Followmg mtraperitoneal mjection of 200-500 
mg of p-ammo benzoate in the rabbit, acetyla- 
tion by the liver attains a maximum rate (« ‘Lm 
acetylammobenzoate’) which is then essentially 
mdependent of the plasma concentration of 
p-ammo benzoate achieved The acetylation rate 
IS calculated by measuring the amount of acetyl- 
aminobenzoate appearmg in the unne and accu- 
mulatmg m the body per unit time Calculations 
based on the ultimate plasma concentrations 
Obtained after similar injections mto nephrec- 
tomized rabbits indicate that the free and aceU - 
lated forms are distributed in a fluid mass approx'i- 
mateh 30% of the body weight of the rabbit 
Preliminary estimates of Lm acetilsulfanilamide, 
and Lm acetil p-ammo hippurate, have also been 
made 
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Deamination and denaturation of crystalline egg 
albnmin Paul H Maurer* and Michael 
Heidelberger Depts 0/ Biochemislry and Med- 
icine, Columbia limv College of Physicians and 
Surgeons, New 1 orL City 

Deamination of crystalline egg albumin (Ea) 
beyond 30-35% at pn 4 and 0° C leads to a de- 
anunated denatured Ea (Fraction A), the word 
‘denatured’ being used to indicate insolubility at 
the isoelectric point {Federation Proc 8 227, 
1949) The physical, chemical and immunological 
properties are different from those of acid de- 
natured Ea (DnEa) Treatment of Fraction A 
at 22-24° C and pH 1 6, conditions leading to acid 
DnEa from Ea, gives an A Dn preparation with 
physical, chenucal and immunological properties 
differing little from those of the original A frac- 
tion A partly deaminated (25-30%), undenatured 
Ea (Fraction B) gave at pH 1 5 a B Dn preparation 
with properties similar to those of acid DnEa 
The structure arrived at by partial unfolding of 
the protein molecule during deamination is there- 
fore different from that of acid DnEa It is more 
resistant than Ea or Fraction B to acid denatura- 
tion and 18 more stable than DnEa to aggregating 
mfluences, and hence has a smaller particle weight 
than DnEa prepaiations vith the possible excep- 
tion of heat DnEa 

Hydrolysis of protamines by cathepsins Mart 
E Maver and Antoinette E Greco * Natl 
Cancer Inst , Nall Insts of Health, USPHS, 
Bethesda, Md 

The role of cathepsins m nuclear metabolism 
has been studied by follomng the activity of these 
intracellular proteinases on the constituents of 
the nucleus The ability of calf spleen and thymus 
cathepsin preparations to hjdrolj'ze thymus nu- 
cleoproteins and to depol 3 Tnenze the liberated 
nucleic acid has been reported previously The 
cathepsin preparations also hydrolyzed the pro- 
tamines, salmine and clupein, which are combined 
with desoxyribonucleic acid in the ripe sperm 
heads of salmon and herring The degree of hy- 
drolysis was found by determining the increase in 
soluble N, amino N, arginine, serine and proline 
when the digests were precipitated with methyl 
alcohol The hydrolyses were markedly activated 
by cysteine and had an optimum at pn 6 0 Cath- 
epsin preparations from calf and beef spleen, calf 
thymus and 2 transplantable rat tumors, a lym- 
phosarcoma, and a hepatoma shoved protaminase 
activities which corresponded in most cases to 
their proteolytic activities on hemoglobin 

Relation of sulfhydryl and disulfide groups in 
ferritin to its vasodepressor activity Abraham 
Mazur and Ephraim Shorr * Dept of Medicine, 
Cornell Univ Medical College and The New York 
Hospital, New York City 


The vasodepressor activity of solutions of crys- 
talline ferntin, as measured by its effect m the rat 
mesoappendix test, is shown to be related specifi- 
cally to sulfhydryl groups Treatment of ferritin 
with reagents such as o-iodosobenzoate, p-chlor- 
mercuribenzoate, lodoacetate, lodoacetamide, or 
oxygen in the presence of a trace of Cu++, leads 
to the disappearance of the SH groups as well as 
of the vasodepressor activity Reactivation can 
be obtained with cysteme, ascorbic acid or reduced 
glutathione When the vasodepressor activity of 
ferritin is inactivated by incubation with normal 
liver slices in oxygen, reactivation occurs after 
treatment with the above reduemg agents, indi- 
cating a simdar chemical mechanism Normal 
liver slices in oxygen oxidize the SH groups of 
ferritin, no oxidation takes place in nitrogen 
Saline extracts of aerobic liver slices, centrifuged 
free of cells, will aerobically mactivate the vaso- 
depressor activity of ferritin as v ell os oxidize its 
SH groups Reactivation is obtained with cys- 
teine or ascorbic acid Evidence is presented to 
shov that the ferritin normally present m liver is 
predominantly in the -S-S- or inactive form but 
that after being subjected to anaerobic conditions 
the ferritin is converted to the SH or vasotropi- 
cally active form Normal liver slices exposed to 
nitrogen and then returned to oxygen suffer an 
impairment in their ability to mactivate the vaso- 
depressor activity of ferritin parallel with an 
impairment in their ability to oxidize the SH 
groups of ferritin 


Enzymatic anodic phosphorylation in rat brain 
homogenates W K jMcEwen* and John J 
Eiler College of Pharmacy, Untv of California 
Med Center, San Francisco, Calif 
A smooth platinum anode was used to accept 
electrons from the anaerobic oxidation of succi- 
nate in fortified rat brain homogenates A 3 3 X 
10 ~’ M ferro/ferncyanide couple was employed as 
a mediator The homogenates were similar to 
those used in our previous work (Eiler and 
McEwen Arch Biochem 20 163, 1949) mcludmg 
the use of pentobarbital to suppress the oxidation 
of substrates other than succinate Dunng the 
course of a run the amperage was relatively con 
Btant and the coulombs produced were equivalent 
to the oxygen consumed by an identical homog- 
enate under aerobic conditions The phosp a e 
estenfication was about 3 of that of the oxygen 
control It can be shown that both the 
flow and the phosphate estenfication are depend- 
ent upon active enzymes The addition 0 ma 
nate depressed markedly the flow of current an 
abolished the phosphorylation to the d^senc 
added succinate, or when heated brin tis 
substituted for normal brain tissue, 
neither significant current flou nor pop 
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tion From the evidence available it is probable, 
under the conditions of anodic phosphorylation, 
that cytochrome oxidase is not involved in either 
electron transport or phosphate esterification 
The general applicability of this method and its 
significance in the studv of oxidative phosphorj la- 
tion wall be discussed 

Investigation of relation of insulin to lipid metab* 
ohsm, with special reference to phospholipid 
Eva C McGhee,* Evangeline Papageorge,* 
Walter L Bloom* and George T Lewis 
Btochemisiry Dept , Emory Vmv School of Med- 
icine, Emory Univ , Ga 
In a senes of 5 experiments rabbits were used 
to stud}”^ the effect of msulin on blood lipid com- 
ponents and on brain and liver lipid phosphorus 
Massive doses of insulin were administered to 3 
groups of animals One was given insulin alone, 
the second and third were given subsequent in- 
jections of lecithin and glucose, respectively 
Insulin deficienc} w as studied m aUoxan diabetic 
animals, and lecithin tolerance, in normal rabbits 
Normal values for tissue lipid phosphorus were 
■obtained from a control group A summary of the 
statistical appraisal of the data obtained is as 
follows Heavj’’ doses of msulm produce a signifi- 
cant decrease in the blood levels of total fatty 
acids and glucose, and a decrease in lipid phos- 
phorus which approaches significance These de- 
creases appear to be a secondary msulm effect 
inasmuch as they do not occur when glucose is 
administered in quantities sufficient to mamtam 
the blood glucose above a convulsive level A 
■significant increase m blood sugar follows the 
administration of lecithin to normal rabbits 
However, the injection of lecithin does not alter 
the course of msulm action on blood sugar m the 
msulmized animal No significant change m liver 
lipid phosphorus was noted under our expenmental 
conditions Hjqiermsulinism produces a signifi- 
cant decrease m brain lipid phosphorus This 
decrease is independent of the blood glucose level 
and IS not alleviated b}^ lecithin in the amount 
given 

Histamine release from rabbit blood cells by 
pure compounds — competitive inhibition phe- 
nomena Flovd C McIntihe*andL W Roth 
Dcpls of Biochemistry and Pharmacology, Abbott 
Labs , f\orth Chicago, III 
In our investigations on the mechanism of his- 
tamine release from rabbit blood cells we haie 
found that the histamine is released xeri rapidh 
bi 2 senes of pure compounds (primari aliphatic 
amines and alk\ 1 /3-carbomcthoxi pi ridinium 
salts) Hid that closeli related compounds will 
conipetitnch inhibit this histamine release \t 
11 octadocilaniine S X 10“‘ m, will release 
all or ncirh all of the histamine from the norma! 


rabbit blood cells At the same concentration 
n-hexadecylamine is less effective and n-dodecyl- 
amine releases histamine onlj' slightly The his- 
tamine release by the primary amine, octadecyl- 
amme, is 60-80% inhibited bj" the simultaneous 
addition to the blood of the tertiary amine, N-di- 
meth} loctadecylamine or N-dimethyldodecyla- 
mme, m a ratio of 3 molecules/molecule of octa- 
decylamme A maximum histamine release results 
also w hen n-hexadecyl-(S-carbomethoxj'pyridinium 
bromide is used at a concentration of 8 X 10~® m 
T he histamine release by this compound is almost 
completely blocked by the simultaneous addition 
of i) aliphatic quaternaries, e g N-tnmethyl- 
octadecj lammonium chloride, or 2) alkjl p 3 'n- 
dinium quaternaries where the ^-carbomethoxy 
13 replaced by a carbamyl group or halogen, e g 
n-hexadecjd-jS-carbamylpjTidinium bromide or 
n-hexadecjd-d-bromopj'ndinium bromide 
At 37°C the histamine release by these com- 
pounds IS 90% complete in one mmute The fact 
that pure compounds will release histamine and 
the rapidity of the reaction cast doubt upon the 
theory that the release of histamine requires a 
protease activation as a preliminary step 1,10- 
Diaminodecane and 1 , 6-diguanidylhexane (Mac- 
intosh AND Paton J Physiol 109 190, 1949), 
^ ^ released little or no histamine from 

rabbit blood cells 


v^iiemicai components and metabolic activities of 
relapsing fever spirochete (Borrelta novyi). 
Ralph W McKee and Quentin M Geiman * 
Dept of Biological Chemistry, Harvard Med 
School, and Dept of Tropical Public Health 
Harmrd School of Public Health, Boston, Mass’ 
btudies of B novyi have been conducted to 
determine the biological nature of the spirochetes 
and to indicate a logical approach to the formula- 
tion of a nutrient culture medium which will 
produce in vitro growth and multiplication The 
organisms were isolated from the blood of infected 
white rats bj differential flotation and centrifu- 
gation A partition of the phosphorus (P) compo- 
nents of the isolated spirochetes was conducted 
according to the method of Schmidt and Thann- 
hauser (J Biol Chem 161 83, 1945) The trichlor- 
acetic acid insoluble matenal was extracted with 
fat solvents and the ex-tract analj-zed for total 
lipid P (^01 mg/10'' organisms), lipid (382 mg ) 
and cholesterol (73 mg ) The remainder of the 
trichloracetic acid insoluble fraction was parti- 
anahzed for desoxi ribonucleic acid 
J" to 694 mg ), ribonucleic acid P (1 565 mg ) and 
phosphoprotem P (0 606 mg ) The trichloracetic 
anahzed for inorganic P 
mg ), 15-minute hidrohzable P (0 691 mg ) 
and residual organic P (0 3S2 mg) The total 
nitrogen of the isolated spirochetes was 99 mg 
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The organisms are bemg analyzed for ammo N 
and ammo acids Glycolytic studies show that B 
novyi utilize large quantities of glucose (0 4 mii) 
but only 0 1 mw of oxygen/hr About 66% of the 
glucose was accounted for as accumulated lactic 
acid Thus no more than 10% of the consumed 
glucose could have been oxidized completely to 
carbon dioxide and water Use of the accumulated 
data has been made m prelunmary cultivation 
studies Growth and prolonged motility of the 
spirochetes in vitro have been obtamed but with- 
out multiplication 

Plasma growth and inhibitory factors for malarial 
parasite {Plasmodium knowlesi) Ralph W 
McKee and Quentin M Geiman * Dept of 
Biological Chemislry, Harvard Med School, and 
Dept of Tropical Public Health, Harvard School 
of Public Health, Boston, Mass 
Although in vitro multiplication of P Lnoivlcst 
can be obtamed consistently m cultures using a 
synthetic medium, the addition of normal monkey 
plasma enhances growth and multiplication The 
effective components of plasma are only slowly 
dialyzable but they can be separated by prolonged 
dialysis through cellophane membranes In a 
study to determine the animal species jneldmg 
the highest plasma concentration of the stimula- 
tory agents, blood from cattle, man and monkey 
were studied Bovme plasma inhibited growth 
while human plasma stimulated growth to only a 
small extent Monkey plasma produced the best 
results with marked enhancement of growth (mul- 
tiplication approximately doubled -when 20% of 
the culture was plasma) Simultaneous perfusion 
cultures (J Exper Med 84 583, 1946) were carried 
out in an effort to separate by dialysis any growth 
stimulatory material Very striking results were 
obtained indicating that bovine plasma contains 
stimulatory materials but their effects were 
masked by the inhibitory substances which dia- 
lyzed away faster than did the active components 
Tests of the dialysate showed definite inhibition 
of growth while the impermeate produced stimula- 
tory effects with P knowlesi The implications of 
these findings are two-fold Not only is the stimu- 
latory effect of importance for a complete evalua- 
tion of the nutrient requirements and for pro- 
longed cultivation but the chemical differences 
among various anunal species, particularly the 
presence of inhibitory substances, may help to 
explain host-parasite specificity 

Effect of acute choline deficiency on tissue lipids 
of young puppies J M McKibbin Dept of 
Biochemistry, Syracuse Univ College of Medi- 
cine, Syracuse, N' Y 

Total Iipid nitrogen, phosphorus, choline and 
sphmgosme were determined on punfied extracts 
of 10 tissues of cholme deficient puppies and their 


httermate controls Total liver hpid phosphorus 
and nitrogen were not decreased m the deficient 
animals although considerable variation was ob- 
served in both groups Lipid choline/gm of dry 
lipid free tissue was not significantly decreased 
but the percentage of lipid nitrogen represented 
by choline was very significantly decreased Sphm- 
golipids were significantly increased m the de- 
ficient dog livers on both the per gram and 
percentage of lipid nitrogen basis These are 
interpreted as sphmgomyelina Lecithms were 
therefore significantly decreased on both a per 
gram and percentage basis m the deficient livers 
The pattern of lipid nitrogen is altered more than 
the absolute amounts of the various lipids Blood 
plasma total lipid phosphorus and nitrogen were 
reduced to an average of about one-third that of 
the controls The choline to phosphorus ratio was 
not reduced but the sphmgosme to phosphorus 
ratio was increased in the deficient plasmas It is 
concluded that sphingomyelms are replacing leci- 
thins in the plasma The intestme phospholipids 
were deci cased about 15% in the deficient animals 
and this decrease was not confined to the choline 
phospholipids Skeletal muscle phospholipids were 
slightly lowered due pnncipally to an 18% reduc- 
tion in the cholme phospholipids The lipids of 
lung, cerebrum, spleen, pancreas, kidney and 
heart were rigidly maintained in this severe de- 
ficiency 


Factors affecting synthesis of acetylcholine (ACh) 
by rat brain cortex slices Hugh McLennan* 
AND K A C Elliott Montreal Neurological 
Inst , McGill Univ , Montreal, Canada 
In confirmation of work of Mann, Tennenbaum 
and Quastel, the synthesis of free ACh by bram 
cortex slices in the presence of glucose and oxygen 
was found to be greatly stimulated by the presence 
of 0 027 SI K+, this effect occurred m bicarbonate 
but not in phosphate buffered medium and was 
inhibited by high Ca++ concentration Contrary 
to the report of the previous authors, no equilib- 
rium concentration of free ACh was found but 
synthesis contmued for several hours, the rate 
tended to increase dunng the first 2 hours and 
addition of ACh often accelerated, never inhibited, 
the synthesis No consistent change m the bound 
ACh was produced by added K+ The synthe^s 
was very sensitive to the concentration of CA 
Synthesis was low without Ca++ maximal at 1.3 
mM Cs++, and fell off sharply with higher concen- 
trations Similar but less marked dependence 
on Mg"*^ was observed Citrate inhibited syn 
thesis in Ca-«--containing medium Synthesis 
was greatly reduced m unbuffered medium con- 
taining 1 3 mu Ca++ or m debicarbonated 
The presence of bicarbonate-COs was ^ 

essential and experiments indicated an op i 
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bicarbonate concentration (at nearly constant pH) 
around 25 him Bicarbonate could not be replaced 
by oxaloacetate, when glucose and bicarbonate 
were present, o\aloacetate and pyruvate caused 
some inhibition Under otherwise optimal con- 
ditions sodium pentobarbital (Nembutal) inhib 
ited synthesis by about 50% at a concentration, 

0 6 mil, which inhibited respiration by only about 
15% Metrazol, 6 mil increased synthesis, higher 
concentrations were inhibitory, with little effect 
on respiration 

Mechanism of carbon dioxide fixation in Af lyso- 
deikticus Rosabelle McMaitos (mtroduced 
byM F Utter) Dept of Biochemistry, Western 
Reserve Umv School of Medicine, Cleveland, Ohio 
The oxalacetic carboxylase reaction was first 
demonstrated m M lysodeikticus and its apparent 
reversibility shown by mcorporation of C *02 
in the jS-COOH of oxalacetate dunng its break- 
down to pyruAHC acid and COi in the presence of 
C*Oi We have continued the study of this re- 
action in M lysodeikticus using an aqueous extract 
from dismtegrated cells as enzyme source and have 
demonstrated certain properties of this system 
which differ from the system occurrmg m pigeon 
liver In contrast to the stimulatory effect of 
ATP on the fixation reaction catalyzed by pigeon 
liver, ATP fails to enhance the fixation of COi by 
M lysodeikticus That muscle ATP is active under 
the conditions of this study was established by 
demonstrating its participation in the hexokinase 
reaction and in the phosphopyruvate transphos- 
phorylase reaction usmg the same bacterial prep- 
aration After purification of oxalacetate from 
the incubation mixture by means of chromato- 
graphic techmques, there was no indication that 
substances other than oxalacetate contamed 
radioactivity Under our experimental conditions, 
fixation of CO 2 m oxalacetate formed enzjanati- 
cally from malate appears to be comparable to 
fixation in sjTithetic oxalacetate Possible opera- 
tion of Ochoa’s ‘malic’ enzyme sj^tem m the 
bacteria prompted study of fixation in the pres- 
ence of malate In contrast to results with pigeon 
liver where there is some fixation of CO* in malate, 
the bacterial sj stem fails to fix CO: into malate 
even in the presence of TPN although good fixation 
IS occurring in oxalacetate, precluding malate as 
an intermediate in this system 

Composition and densities of^-lactoglobulin crys- 
tals in sucrose and in serum albumin solutions 
T L McMeekin, M L GROiEs’‘ and N J 
HiPP* Eastern Regional Research Laboratory, 
Philadelphia, Pa 

The fact that the densitj of a \irus as deter- 
mined bv ultracentrifugal studies i aries in differ- 
ent suspending media (Smadel, Pickels and 
SnEDLOiSKi J Expcr Med 6S 007, 193S) sug- 


gested that a study of the densities and composi- 
tion of protein crystals suspended in similar 
solutions n ould bo of value in interpreting the be- 
havior of the virus The composition and densities 
of /3-lactoglobulin crystals have been determined 
in sucrose and in serum albumin solutions Several 
relations were found between the composition of 
the crystal and the suspending medium which are 
consistent with the variations m the density of 
the virus m similar solutions as determined by 
ultracentrifugal studies It was found that sucrose 
penetrates the protein crystal, and that the con- 
centration of sucrose in the water of the crystal 
varies with the concentration of sucrose in the 
suspending medium In contrast, serum albumm 
does not penetrate the /3-lactoglobulm crystal 
It was also found that protein crystals suspended 
m sucrose solutions lose water and that the loss in 
water is directly proportional to the difference 
between the osmotic pressure of the sucrose in 
the water of the protein crystal and the osmotic 
pressure of the suspending sucrose solution These 
findings indicate that the value for density of a 
virus as determined by ultracentrifugal studies 
m serum albumin solutions is less likely to be m 
error than the value obtained m sucrose solutions 
Also, the calculated nonsolvent water or ‘bound’ 
water of a protein crystal is shown to vary with 
the environment 

Lipids of peripheral nerve after nerve crush 
(axonotmesis) A R McNabb* and R J 
Rossiter Dept of Biochemistry , Umv of West- 
ern Ontario, London, Canada 
Previously it has been shown {Biochem J 45 
500, 1949) that when a cat sciatic nerve under- 
goes Wallenan degeneration after nerve section 
(neurotmesis) there is at first an increase in the 
content of water and a temporary decrease in the 
content of neutral fat After 8 days there is a 
steady decrease m the concentration of both 
total lipid and mj^elin lipid, 1 e cerebroside, free 
cholesterol and sphingomyelin, the three sub- 
stances which we hai e suggested are the principal 
lipid components of the myelin sheath of a mam- 
malian nerve There is also a remarkable esteri- 
fication of cholesterol, greatest at 16 days For 
the first 32 daiT after nerve crush (axonotmesis) 
the changes in the concentration of water and lipid 
vere essentially the same as those following nerve 
section Then from 32 to 64 days the concentra- 
tion of the various lipids decreased less rapidly 
in the crushed nerve, and by 64 days the con- 
centration of lipids in the crushed nerv e had com- 
menced to mcrease The concentration of ester 
cholesterol reached a maximum between 16 and 
32 days, and thereafter decreased progressively, 
none remaining at 144 days The slower decrease 
in the concentration of the lipids between 32 and 
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64 days and the actual increase in the concentra- 
tion of these lipids after 64 days undoubtedly 
represent the formation of new myehn sheaths, 
and other lipid-containing structures, following 
upon the regenerative peripheral outgrowth of 
new axons The individual myelin lipids, i e 
cerebroside, free cholesterol and sphingomvebn 
returned at similar rates 

Histochemical distribution of indophenol oxidase 
and acid phosphatase in rat cortex J A Meath 
AND A Pope (introduced by J Folch) Mc- 
Lean Hospital, Waverley, Mass , and Harvard Med 
School, Boston, Mass 

The cjdological distribution of indophenol oxi- 
dase (cytochrome oxidase) and of acid phospha- 
tase was determmed histochemically m the motor 
somatoaensorj' and entorhinal areas of rat cortex 
Coronal sections of unfixed tissue were cut at 
— 10°C and used alternately for histochemical 
and histological study Indophenol oxidase ac- 
tivity, determined bj' a modification of Graf’s 
method, was greater in isocortex (motor and 
somatosensory) than in allocortex (entorhinal), 
the increase being the outer lamina (layers I-IV) 
In motor cortex the greatest activity v as in laj'ers 
I, II and IIIA, in somatosensory cortex in lajers 
I, III and IV Intensity of oxidase reaction was 
similar to degree of vasculanzation, both possibl}' 
reflecting the local metabolic rate Acid phos- 
phatase activity, determined by a modification of 
Gomori’s method, was greatest in axones and in 
the larger pyramidal cells irrespective of location, 
their cell body and apical dendrites being most 
mtensely stained Smaller neurones were less 
intensely stained Glial elements vere unstained 
with the exception of subpial astrocytes With 
unfixed frozen cortex, the phosphatase reaction 
differed quantitatively and qualitatively from 
that observed vhen acetone fixed and paraffin- 
embedded tissue was used Optimal incubation 
time was 3 hours for the former as compared to 
72-96 hours for the latter In the former, the cyto- 
plasm of the neurones was maxunall}’’ stained In 
the latter, staining was usuallj more intense in 
the nucleolus and nucleus than in the cytoplasm 

Effect of keto acids on the in vitro metabolism of 
glutamine and glutamic acid Alton Meistee 
(mtroduced by Jesse P Gebenstein) National 
Cancer Inst , Bethesda, Md 
The effect of a number of acids possessing a, 
/3, 7 , or 5-keto groups on the desamidation of 
glutamine by liver homogenates and partially 
purified liver fractions has been investigated 
Only a-keto acids produced significant accelera- 
tion of glutamine desamidation Although a, 7 - 
diketo acids accelerated this reaction this was due 
to pyruvate formed by hydrolysis of the diketo 
acids Protein fractions were obtamed from rat 


liver homogenates which exhibited a 30-fold in- 
crease in desamidase activity and which also 
exhibited considerable transaminase activity 
With these preparations no desamidation of glu- 
tamme occurred in the absence of pyruvate, while 
in the presence of pyruvate the products were 
alanine, a-ketoglutarate and ammonia Similar 
results were obtamed with a-ketoisocaproate and 
phenylpyruvate, although desamidation of glu- 
tamme in the presence of these keto acids occurred 
more rapidly than did transammation The ammo 
acids were identified and quantitated by micro- 
biological and chromatographic methods, a-keto- 
glutarate was identified as the 2,4 dmitrophenyl- 
hydrazone In experiments with glutamme labelled 
with N“ in the amide group and with added 
pyruvate, all of the isotope was recovered as 
in organic ammonia Pyruvamide did not substi- 
tute for pyruvate nor was this compound desami- 
dated in this system, vhile the 7 -meth 5 damide of 
glutamic acid uas considerably less active than 
glutamine or glutamic acid 


Studies in the metabolism of L-threonine Hee- 
BEHT L MeLTZEE* AND DaVID B SpBINSON 
Dept of Biochemistry, Columbia Univ , New 
1 ork City 

L-threonine, containing C'^ m the 7-carbon atom 
ind N'® m the ammo group, has been prepared 
ind fed to rats Urinary acetyl-L-a amino-7- 
phcnjlbutyric acid and hippuric acid revealed 
that at least 25 % of the adnunistered threonine 
ft as converted to acetate while conversion to 
jlj'cine occurred to a smaller extent Almost all 
of the activity of the excreted acetate was found 
in the methyl carbon The ratio of activities m 
ihe internal organ cholesterol and fattj^ acids 
suggests that the acetylating agent formed from 
ffireonine is acetate The concentration of the 
ntemal organ serine vas higher than that of the 
;lutamic acid, indicating a direct conversion of 
ihreonine to glycine followed by formation 0 
serine Isotopic threonine vos isolated from the 
nternal organ proteins by large-scale starch c^o- 
natographj (Moobe and Stein J Biol Chem 
178 53, 1949 ) By the analysis of the internal 
>rgan threonine isolated after feedmg N'^-n-leu 
line It was demonstrated that the carbon chain of 
,hreonme, like that of lysine, does not accept 
ntrogen from the metabolic pool (Cf 
IND Neubeeqbb Btochem J 46, no 2 xui, 194 ) 
Vhen the labeled threonine was added to ducK 
flood m vitro the isolated hemin had C 
n agreement with the known utilization 
md gljcme for heme synthesis Ri^n- 

3EKG and Shemin Federation Proc 8 240, 1949) 

Chemical and biological properties ofbiotii^tiir- 
oxide Donald B 

Genqhof* AND Johanna M Lee Hept f 
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chcmistrij, Cornell Univ M^d College, New York 
Cdij 

A crystalline compound highly active as n yeast 
growth factor was isolated from esteriRed biotin 
concentrates from milk, and w as show n by analysis 
and by synthesis from biotin to bo the methyl 
ester of biotin sulfoMdc The free acid was pre- 
pared by treatment of biotin wuth the theoretical 
amount of hydrogen peroxide in acetic acid solu- 
tion Under these conditions two diostereoisomeric 
forms of biotin sulfoxide are produced, by virtue 
of the asjTnmetric nature of the sulfoxide group- 
ing The isomer produced m largest amount is 
dex-trorotatorj and possesses essentially the same 
growth-promoting activitj' for Saccharomyees cere- 
visiae as biotin, conversion of this isomer to the 
niethjl ester juelds a compound identical wuth 
that isolated from esterified biotin concentrates 
The other isomer is levorotatory and is not more 
than one-thousandth as active os biotin toward 
Saccharomyees ccrevisiae Both isomers on further 
oxidation with hydrogen peroxide yield biotin 
sulfone The dextrorotatory sulfoxide shows the 
same grondh activity as biotin toward Lactobacil- 
lus arabinosus, but negligible activity, compared 
to biotin, for Lactobacillus casei The levorotatory 
sulfoxide shows approximately 5% of the activity 
of biotin toward both these microorganisms The 
injection of either the dextro or levo sulfoxide into 
biotin-deficient rats, at a level of 10 y daily, did 
not alleviate the deficiency symptoms 

Nitrate and ammonia assimilation in plants Jul- 
ius L Mendel and Donald W Vissee (intro- 
duced by R J Winzleb) Dept of Biochemistry 
and Nutrition, Univ of Southern California School 
of Medicine, Los Angeles 

A comparison of the assimilation of nitrate and 
ammonia m nitrogen deficient tomato plants was 
investigated by measuring the incorporation of 
Ni® after administration of N“ labelled nitrate or 
N®® labelled ammonia The plants were divided 
into root, leaf, and stem tissues which were frac- 
tionated into various nitrogenous constituents 
(ammonia, amides, and ammo acids) For a given 
tissue, the N®® distribution followed the same 
general pattern whether nitrate or ammonia were 
the nitrogen source , the highest atom percentage 
excess of N®® in both cases was found in the am 
monia and amide fractions In the plants given 
ammonia, there was a higher atom percentage 
excess of N®® for each nitrogenous constituent in 
the roots than in the leaves, while in the plants 
given nitrate, there was a higher atom percentage 
excess of N’® in the leaves than in the roots 

Nature of the intrinsic factor Curtis E jMeter, 
Saxiuel H Eppsteix*, Frank H Bethell* 
AX’D Btrox E Hall * Research Labs , Upjohn 
Company, Kalamazoo, Mich , Thomas Henry Simp- 


son Memorial Inst , Ann Arbor, Mich , and Mayo 
Clinic, Rochestei , Minn 

During the course of concentrating the intrinsic 
factor from hog intestines, certain similarities 
between this factor and lysozyme became ap- 
parent It has been observed that lysozyme de- 
rived from egg w lute has the property of combimng 
with vitamin B-12, thus rendering it unavailable 
to Lactobacillus lactis Dorner and Escherichia 
coll Oral administration of 9 yg of vitamin B-12 
in the form of the complex, daily, to patients w'lth 
pernicious anemia results in remission, with char- 
acteristic reticulocyte response and erythropoiesis 

Hydrolysis of sulfaled mucopolysaccharides by 
(esticular hyaluronidase Karl Meter and 
Maurice M Rapport* Dept of Medicine, 
Columbia Univ , College of Physicians and Sur- 
geons, New York City 

Chondroitin sulfate of hyaline cartilage has 
been shown to be hydroljzed by testicular, but 
not by pneumococcal (Meyer, K , E Chaffee, G 
L Hobby and M H Dawson J Exper Med 
73 309, 1941) or streptococcal (Humphrey, J 
H Biochem J 40 442, 1946) extracts active as 
hjaluronidases The hydrolysis of chondroitin 
sulfate was believed to be due to an enzyme 
distinct from hyaluronidase (Meter, K Physiol 
Rev 27 335, 1947) Comparison of the activity of 
10 testicular hyaluronidases of greatly varying 
potency and mode of preparation toward hyal- 
uronate and 3 different samples of chondroitm 
sulfate showed a constant ratio of the activities 
on the 2 substrates The depolymerization was 
measured by turbidimetnc and reductimetnc as- 
say methods for both activities These experi- 
ments indicate that testicular hyaluronidase 
hydrolyzes chondroitin sulfate Other as yet un- 
identified sulfated mucopolysacchandes isolated 
from heart valves, tendon and other connective 
tissues are hydrolyzed by testicular hyaluron- 
idase at rates similar to that obtained with hvalur- 
onate as substrate 

Pasteur effect in dead yeast O Meyerhof and 
Silvio Piala * Dept of Physiological Chemistry, 
Univ of Pennsylvania School of Medicine, Phil- 
adelphia 

The quickly dried y^east which was recently 
described (0 Meyerhof J Biol Chem ISO 
575, 1949) has been used for the study of the 
Pasteur effect This y'east preparation which has 
preserved its ATP-ase and which ferments sugar 
with constant speed shows a respiration similar 
to living yeast Quickly’ dried brewers’ yeast has 
a very low uptake of oxwgen but quickly dried 
bakers’ ymast shows an appreciable respiration in 
the presence of sugar The Pasteur quotient, 
moles carbon dioxide disappeared/moles oxigen 
consumed, is around two like that in the In mg 
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yeast With such a yeast, in which phosphate does 
not accumulate anaerobically, accumulation of 
phosphate occurs in the presence of oxygen 
coupled with respiration Substances which in- 
hibit the oxidative phosphorylation at least par- 
tially without mhibiting the respiration as nitro- 
phenol and diinitrophenol mhibit also the Pastuer 
effect The same substances do not mhibit anaero- 
bic phosphorylation The meaning of these obser- 
vations for the theory of the Pasteur effect will be 
discussed 

Micro-method for determining carbohydrate com- 
ponents of gastric mucin Moritz Michaelis*, 
Fbankun Hollaj^der and Caryl Tarr * Gas- 
tro-Enterology Research Lab , Mount Sinai Hos- 
pital, New York City 

Methods m current use for determining gastric 
mucin are based on estimations of either tyrosine 
for the protein moiety, or total reducing matter 
or glucuronic acid for the prosthetic group These 
methods all assume that the component being 
deternuned is an indicator of the total amount of 
mucin, even for imxed stomach contents which 
contains two or more varieties of mucoprotem 
This assumption still remams to be validated 
The present report describes a relatively simple 
procedure for the simultaneous determination of 
glucuromc acid, glucosamine and reducing sub- 
stance Total reducing power is measured by the 
arseno-molybdate methods (Nelson), and glucos- 
amine by Ehrlich’s reaction ivith p-dimethyl- 
aminobenzaldehj^de according to Elson and 
Morgan, as modified by BIlx A third aliquot is 
treated with Ba(OH)s and ZnSO^ under critical 
conditions to precipitate glucuronic acid quanti- 
tatively, as checked vith Dische’s carbazole re- 
action, without removing any of the other 
components Total reducing power is measured 
m the supernatant fluid, the difference between 
this and the initial reducing power gives glu- 
curonic acid This procedure, when tested on 
imxtures of the pure carbohydrates in question, 
in quantities of the order of 35-56 7/ml, has been 
found reliable to about 6% The entire determina 
tion involves a single precipitation and two series 
of colorimetric readings This procedure is now 
being adapted to the study of gastric mucin fol- 
lowing acid hydrolysis, with a view to its ultimate 
use in accurately determining mucin content of 
various gastrointestinal secretions 

Studies on the orcinol method for determining 
pentoses Gail Lorenz Miller, Elizabeth 
Eshelman Miller*, and Richard H Golder* 
Inst for Cancer Research and the Lankenau 
Hospital Research Inst , Philadelphia, Pa 
Rial’s color test for pentoses has evolved from a 
qualitative to a quantitative status, yet the effects 
of the pnncipal variables have been but partially 


investigated Studies were, therefore, made of the 
effects of the concentrations of orcinol, iron and 
HCl, and of the time of heatmg, on the develop- 
ment of color Ribose nucleic acid was used as the 
test substance Optimum results were obtamed 
with a reagent containing 0 4 gm of feme alum 
and 2 gm of orcinol in 100 ml of concentrated 
HCl, added m equal volume to the aqueous 
sample to be tested, and heated for 45 minutes m a 
constant boiling water bath The rate of color 
development and the absorption spectrum of the 
final color, obtained with nbose nucleic acid, 
were then compared with corresponding rates and 
spectra obtamed with adenosine-S-phosphate, 
adenosine-6-phosphate and free nbose The dif- 
ferent test substances developed colors at de- 
creasing rates in the order adenosme-5-phosphate, 
ribose, adenosine-3-phosphate, and ribose nucleic 
acid The total color intensities were, however, 
the same per unit ribose content, except for that 
produced by the nbose nucleic acid which was 
only 63% of the others The absorption spectra 
were essentially identical The findings extended 
and, in part, confirmed those of previous investi- 
gators 


Plasma protein synthesis observed in direct study 
ofthe liver with aid oflysine-e-C'^ L L Miller, 
C G Blt*, M L IFatson* and W F Bale 
Depts of Radiation Biology and Pcdhology, Untv 
of Rochester School of Medicine and Dentistry, 
Rochester, N Y 

A direct study of the isolated surviving rat liver 
in intro yields evidence that the liver sjmthesizes 
all plasma albumin and fibrinogen and at least 
80% of the plasma globulin fraction Livers are 
obtained from adult Wistar strain rats and rapidly 
incorporated in a simple system for the contmuous 
perfusion of isolated intact organs with hepari- 
nized o\\ genated blood at known temperature 
and pressure With the aid of lysme « the 
liver is found to respond to variations m ammo 
acid substrate in a fashion qualitatively and 
quantitativelv analogous to that of the mtac 
animal Very little plasma protein is synthesized 
when the liver is offered only lysine in the 
perfusing blood The addition of the essra 1 
ammo acids enhances plasma protem synthesis 
tenfold Protein synthesis is further increased by 
the simultaneous addition of the non essential 
ammo acids The addition of extra glucose to tne 
blood slows the disappearance of the free amm 
acids, but enhances not only the pl^ma pro 
production but also the apparent depos'tion 
new hver tissue protein When ^'^der opt mal 
conditions for plasma protein ° J 

*-C» IS replaced by d lysine-eC , ^ 

thesis IS less than 10% of that seen ° 

ly8ine-£-C** A comparison of the ra 
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the surviving posterior half of the rat carcass 
including gonads and kidnevs (Blt, C G , L L 
Miller, AND Y F Bale Federation Proc , this is- 
sue) demonstrates the dominant role of the liver 
in plasma protein sjmthesis 

Factors affecting pyruvate and lactate metabolism 
in cardiac muscle slices O Neal Miller and 
Robert E Olson (introduced by Halvor N 
Christensen) Dcp{ of Nidrtlton, Harvard 
School of Pnbhc Health, and Dept of Biological 
Chemistry, Harrard Med School, Boston, Mass 
Previous experiments with radioactive carboxjd- 
labeled pjTmvate in this laboratory' (Federation 
Proc S 391, 1949) have shown that only part of 
the p 3 ruvate which disappears in cardiac muscle 
slices undergoes oxidation to carbon dioxide In 
the present investigation the effect of varying 
initial concentrations of pyruvate and lactate 
upon oxygen consumption and disappearance of 
these substrates, the effect of varying concentra- 
tions of carboxyl- and carbonyl-labeled pyruvate 
upon C ’^02 production, and the effect of certain 
inhibitors of glj coly sis upon pyruvate and lactate 
utilization have been studied Slices of cardiac 
muscle from healthy ducklmgs fed ad libitum were 
incubated with pyruvate or lactate at concentra- 
tions of 2-40 nm/l in Warburg vessels at 37° 
for one hour Changes in the amounts of pyruvate 
and lactate in these vessels were determined 
chemically and the rate of oxidation of radioactive 
substrates, when present, was determined by 
counting the C^Oj trapped in the center well 
It was found that both the disappearance and 
oxidation of lactate and pyruvate increased with 
increases in initial concentration of substrate 
At 2 mu/l of pyruvate the C“0; from labeled 
pyruvate amounted to 30% of the total, or an 
amount equivalent to the stimulation of respira- 
tion caused by addition of substrate, while at 40 
mw/l it amounted to 90% of the total At all 
concentrations of pyruvate and lactate, the 
amount of disappearance was greater than could 
be accounted for by interconversion or oxidation 
At 10~< M lodoacetate and 10 ~’ m arsenate, pyru- 
vate and lactate utibzation were reduced without 
change m the respiration Fluoride at 10“‘ m re- 
duced pyruvate but not lactate utilization 

A study of the scattering of light in myosin solu- 
tions W F H M Mommaerts (mtroduced by 
George W Schweet) Dept of Biochemistry, 
Duke Umv School of Medicine, Durham, H C 
My'osin was obtained in crystalline form, and 
the homogeneity of the preparations was con- 
trolled by' ultracentnfugation The scattermg 
properties of my'osm solutions were studied after 
ultracentnfugal clarification by measuring the 
absolute scattering intensity and the dissym- 
metry of the forward and backward scattered light 


at various concentrations and at two different 
wavelengths The dissymmetry studies, inter- 
preted with the aid of Debye's theory, indicate a 
particle length of about 2000 au The molecular 
weight as computed from the absolute turbidity 
IS between 1 and 1 G million These results are in 
good agreement with ultracentnfugal and other 
data Actomyosm solutions show a much higher 
turbidity The dissymmetry is, even at high 
dilution, considerably higher than the limited 
value for very long rods, so that no quantitative 
deductions are permissible Upon addition of ATP 
to the actomyosm, the turbidity decreases con- 
siderably', indicating dissociation of the acto- 
myosin At high concentration of the protem, the 
dissymmetry increases under influence of ATP, 
but this 13 not the case for dilute solutions No 
contraction of dissolved particles is indicated 

Determination of total serum bilirubin Ferhin B 
Moreland, William W O’Donnell and Joseph 
H Gast, with the technical assistance of Marie 
McGinn (introduced by J M Johlin) Dept of 
Biochemistry, Baylor Umv College of Medicine, 
and Veterans Admin Hospital, Houston, Texas 
The use of sulfanilamide mstead of sulfamlic 
acid in the MaUoy-Evely'n diazotization of bili- 
rubin gives a much more rapid color development 
(maximum within 5 mm instead of 30-40 mm ) , 
the intensity is about the same Sulfanilanude 
can also be used as an artificial standard for the 
bilirubin detemunation, developmg a color bv 
the usual couplmg with N-G-naphthyl) -ethylene- 
diamine dihydrochlonde after diazotization With 
the Ivlett-Summerson photoelectnc colorimeter, 
using the green filter iK54. (maximum transmission 
at 525-530 ma), it has been found that 1 mg 
sulfanilamide is equivalent in color produced to 
2 95 mg bibrubm Several samples of sulfanila- 
mide, mcluding one which we recry stallized, all 
gave the same factor, thus avoidmg the variabihty 
of commercial bihrubm and givmg the clmical 
laboratory a simpler, more stable, more rehable 
standard In the detemunation of bihrubm, more 
color developed when methyl alcohol was used 
than with ethyl alcohol For this reason and be- 
cause of the easier availability of methanol to 
physicians’ and commercial laboratones, the use 
of methyl alcohol is recommended The alcohol 
should be redistilled, otherwise some samples yueld 
less color than others To avoid errors mherent m 
low optical densities, undiluted serum should be 
used when the bihrubm concentration is low If 
the consequent shght turbidity is the same in 
blank and sample, it is of no importance, if it is 
not the same, it can be corrected for by reading 
the tubes also with the red filter *66 and calcu- 
lating a corrected blank Be = B^ X — 

Btt 
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Tracer studies on the biosynthesis of glucuronic 
acid E H Mosbach* and C G IGnq Dept 
of Chemistry, Columbia Univ , New York City 
The utiiization of glucose and carbon dioxide 
for glucuronic acid synthesis in the guinea pig 
has been investigated using uniformly labeled 
C*^-D-glucose and NaHC^Klj Bomeol ivas ad- 
ministered orally to mduce stimulation of glu- 
curomc acid synthesis, and urinary bomeol 
glucuromde was isolated as the zinc salt After 
24 hours, 2 to 4% of the radioactivity of uniformly 
labeled C“-D-glucose (adimnistered by mtrapen- 
toneal injection) was recovered in the urinary 
glucuronic acid, while only 0 2 to 0 3% of the 
injected dose was found in the glucuronic acid 
when NaHC*'‘Oi was used as the source of radio- 
carbon Partial degradation of the isolated glucu- 
ronic acid indicates that the carbon chain of 
glucose 18 available directl}'’ for conversion to glu- 
curonic acid C‘^Oj appears to enter the glucu- 
ronic acid molecule via fixation into glucose and 
liver glycogen Injection of l-Ci*-n-ascorbic acid 
into bomeol -treated guinea pigs show ed that this 
compound is unavailable for conversion to bor- 
neol glucuromde 

Pituitary preparations more potent than electro- 
phoretically homogeneous adrenocorticotropic 
hormone (ACTH) Paul L Munson, Frances 
L Natloe and Wiluam D Gray (introduced 
by C N H Long) Dept of Pharmacology, 
Yale Untv , New Haven, Conn 
Because of its high potency, stability, thorough 
biological evaluation and availability, ‘La-l-A’, 
a hog pituitary fraction prepared by Munson in 
1944 , 18 accepted as the practical working bioassay 
standard for adrenocorticotropic hormone 
(ACTH) Although La-l-A contains two electro- 
phoretically distinct components it is equal or 
supenor in potency to the homogeneous protein 
isolated previously by others Two additional 
pituitary fractions have been prepared which are 
approximately twice as potent as pure ACTH, 
yet neither is electrophoretically homogeneous 
Both were obtained from acid acetone extracts of 
hog pituitaries, the first by the usual methods of 
salt and pH precipitation The second was pre- 
pared by the application of what is believed to be 
a new approach in protein fractionation The 
ACTH in the cmde extract was concentrated 
by extraction with 0 1 m NaiHPO^, precipitation 
with (NHOsSOi, and removal of fractions msolu- 
ble between pH 9 and pn 4 7 The remaming solu- 
tion at pH 4 7 contained 6% protein and 5% 
(NH4);S0< When t\vo-thirds volume of acetone 
was added and the mixture chilled below 0° C , 
the solution separated into two hquid phases, and 
the bulk of the ACTH activity was found in the 
lower In other applications of this procedure. 


however, the distnbution of the ACTH activity 
between the two phases has been found to vary 
with the pH, temperature and relative concen- 
trations of water, acetone, protem and morgamc 
salt 


Blood phosphorus, calcium, citric acid and total 
protein after oral administration of calcium 
hexose phosphate Samuel Natelson,* Mar- 
garet Klein* and BENjAinN Kramer Pediatric 
Research Lab , Jewish Hospital of Brooklyn, 
Brooklyn, N Y 

Calcium fructose diphosphate was administered 
orally (6 gm ) m pill form to 10 normal adults 
Blood levels of calcium, protem, citric acid, m- 
organic phosphoms and organic phosphorus not 
precipitable by trichloracetic acid were deter- 
mined on fasting, and at the end of one, 2 and 3 
hours An average rise of approximately 16% of 
inorganic phosphorus was noted, of 5% in calcium 
levels, 6 5% m citnc acid levels and 1% m protem 
levels The most dramatic rise was observed in 
the levels of non - protein - organic phosphorus, 
which rose approximately 200% above the fasting 
levels Approximately from 8-35% of the organic 
phosphorus taken orally may be accounted for 
in the extracellular fluid m combmed form as 
Burning uniform distribution The rise in calcium 
levels was less than might be expected after the 
administration of 6 gm of calcium hexose diphos- 
phate This probably signifies the dissociation of 
the compound in the intestines with absorption 
of the fructose-diphosphate radicle independently 
of the calcium Similar results were observed with 
calcium gly cerophosphate in one instance and 
direct absorption of combined phosphate is prob- 
ably a general characteristic of the phosphoric 
acid esters of polyhydroxy compounds 


Tects of anions on the activity of carboiypeptb 
dase Hans Neurath and Glenn de Maria* 
Dept of Biochemistry, Duke Unw School of 
Medicine, Durham, N C 
It was recently reported that the hj drolj sis o 

rbobenzoxj gljcyl-uleucme by carboxypeptidase 
mhibited by orthophosphate, pyrophosphate, 

irate, oxalate and cyanide (Smith and Hanson 
Biol Chem 179 803, 1949) From the nature of 
e inhibitory anions it was concluded that car 
ixypeptidase is a metal-protein and that mag- 
sium is the essential activating metal ion 
■cause of the general significance attached 
ese findings (Smith Federation Proc 8 Ml, 
49), the effect of these anions on enzjTM 
drolj SIS of the typical substrate ^arbobm o J 
ycyl-L-phenylalanme was ^^'^^^^iga ed and eval 
ted m terms of the kinetic constants 1. and 
determined from initial reaction veloc bes, 
td also in relation to the reaction course 0 
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phosphate, up to 0 2 m, has no effect on kj and Km, 
nor on the inhibition bv D-phenylalamne (Ki) 
Hovsever, bej'ond the initial phase, the reaction 
Tvas retarded in 0 2 m orthophosphate, owing to 
inhibition by L-phcn^lalanlnc, as confirmed also 
bv measurements in which L-phenylalaninc was 
added in stoichiometric excess The orthophos- 
phate effect was instantaneous and reversible 
Inhibition bj L-phen\ lalanine was negligible as 
compared to D-phenjlalanme Similar, though 
accentuated, effects were obtained wnth 0 01 m 
pj rophosphate Citrate (0 1 m), oxalate (01 m) 
and c^ anide (0 002 m) had no measurable effects 
whatsoever It is concluded that combination o( 
carboxypeptidase with orthophosphate or pyro- 
phosphate, m itself does not impair catalvtic 
activity but mereK retards the rate of desorption 
of one of the end products A specific contribution 
of magnesium to the catalj'tic activity of car- 
boxj^peptidase is not evident from these findings 

Effect of methionine on toxicity of crystalline 
‘agene factor’ against Leuconosiic mesen- 
ieroides G W Newtill and W W Cabman 
(introduced by L Reinek) Research Labs of 
Wallace and Tieman Products, Inc , Belleville, 
N J 

It has been reported that the crystallme toxic 
factor obtained from nitrogen tnchloride treated 
zem inhibits the growth of Leuconostoc mesen- 
terotdes, P-60 (Hevthcote Nature 161 43, 1949) 
This has been confirmed with matenal isolated m 
our laboratories The relationship between con- 
centration of toxic factor and percentage inhibi- 
tion of growth was studied under various condi- 
tions Fifty % mhibition of growth was obtained 
with 4-6 fig/cc Methiomne reversed the growth 
inhibition almost completely when its concentra- 
tion was 12 times that of the toxic matenal and 
a detectable reversing effect of methiomne still 
occurred at concentrations equal to that of the 
toxic matenal A number of compounds have been 
tested to detemune whether the effect of methi- 
onine IS specific Among sulfur-containmg com- 
pounds methiomne sulfoxide and glutathione 
showed about 1/10 the activity of methiomne, 
while methiomne sulfone produced little reversal 
of the inhibition Cystine, cysteine, cysteic acid 
and homocystme were without any effect Methj 1 
donors, such as choline, gave no protection 

Preparation, bioassay and metabolism of radio- 
actiie IT-methylestradiol H J Nicholas*, S 
A Thayer, E \ Doist, Jn *, William H 
Elliott*, B Bocklage* and Edward A Doisv 
Dcpls of Biochemistry and Internal Medicine, 
St Louis Unit School of Medicine, St Louts, 
Mo 

A prehmmari stud\ has been made of the me- 
tabolism of 17-methilestradiol, labeled with car- 


bon 14 at the C-17 methyl group The non-radio- 
nctivo compound, reported as the 3-methyI ether 
in crude form by Cohen and Cook (/ Chem Soc 
445, 1935), was prepared from estrone acetate by 
the reaction with methyl magnesium iodide The 
17-methylestradiol and a derivative were char- 
acterized by the customary procedures A similar 
procedure using 1 millicurie of C’^HjI produced 
17-methyle8tradiol with activity of 9662 c/m/mg 
The free phenol was approximately equal in estro- 
genic activity to a-estradiol when assayed by 4 
different methods The radioactive compound was 
injected into normal adult female rats at 1 0 mg 
levels Most of the radioactivity was recovered 
from the feces over a 72-hour period, with a small 
amount in the urine In rats with bile fistulas, the 
major portion of the radioactivity was recovered 
from the bile 

Enzymatic degradation of coenzjrme A G David 
Novelli*, Nathan 0 Kaplan and Fritz 
Lipmann Biochemical Research Lab , Massa- 
chusetts General Hospital, Dept of Biological 
Chemistry, Harvard Med School, Boston, Mass 
It was reported previously that intestinal phos- 
phatase inactivates coenzyme A (Co A) and 
liberates all bound phosphate , with prostate phos- 
phatase, however, which acts exclusively on mono- 
esters, no inactivation of Co A occurs More re- 
cently, the action of a potato dinucleotidase on 
Co A was studied Lowry and Colowick observed 
(unpubbshed) that between 1 2 and 1 8 st (NH4)2- 
SOi concentrations, a fraction was obtained from 
potato extract which splits diphosphopyridine 
nucleotide and flavinadenme dinucleotide into 
the respective mononucleotides If Co A was 
incubated with this potato enzyme m conjunction 
with prostate phosphatase, complete inactivation 
and bberation of inorganic phosphate occurred 
In absence of prostate phosphatase, the action of 
the dinucleotidase was obscured by the fact that 
in crude liver extracts, in the presence of ATP, a 
resynthesis of Co A occurred from the split prod- 
ucts To shon inactivation of Co A by dinucleo- 
tidase, a purified liver fraction, obtained betneen 
40 and 70% (NH^sSOi saturation, had to be used 
for the tests on sulfanilamide acetylation With 
this assaj sj'stem, activity disappeared after 
incubation of Co A with potato enzyme These 
experiments seem to suggest a structure for Co A 
which 18 similar to that of pvndine and flavm- 
adenine dinucleotide It is of interest that in 
Cheldelin’s Acetobacter growth test, after incu- 
bation mth dinucleotidase presumably liberating 
pantothenil phosphate, Co A. shons a 2- to 2 4- 
fold increase in activitx This seems to support 
our earlier suggestion that Cheldelin’s factors 
were a degradation product of Co A 
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Intracellular distribution of phosphatase activity 
in rat liver Alex B Novikopf, Estelle Pod- 
BER AND Jean Rtan (introduced by Elvin A 
KIabat) Depts of Pathology and Btochenuatry, 
Univ of Vermont College of Medicine, Burling- 
ton 

Rat liver homogenates, prepared in distilled 
water and 0 88 m sucrose, were separated by 
differential centrifugation into 4 fractions nuclei, 
mitochondria, sub-microscopic particles and 'su- 
pernatant fluid’ Homogenate, fractions, and a 
mixture of the fractions reconstituting the original 
homogenate were tested for phosphatase activities 
with disodium phenyl phosphate (OP) at pn 4 5 
and 9 1, adenosme-5-pho8phate (ASP) at pn 7 4, 
and adenosme tnphosphate (ATP) at pH 7 4, 
under conditions in which enzyme activity (micro- 
grams P split from substrate) bears a linear 
relation both to tissue concentration and to time 
of incubation A chart shows the distribution of 
phosphatase activities in the fractions obtained 
from water homogenates, expressed in percentage 
of onginal homogenate activity 



V.fmi s 

P, 1 

icmi 
MgCIi 

Asp pm 4 
3Xi(rni 
AfgCls 

ATP, />H 

7 4 i(r»M 
MgQj 

NucleP 

6- 10%' 

10- 18%' 

40- 45% 

10- 20% 

Mitochondria 

35- 40 

17- 20 

40- 45 

70- 75 

Sub-micro- 

5- 10 

0- 10 

5- 10 

2- 4 

scopic par- 
ticles 





‘Supernatant 

35- 50 

55- 70 

10- 15 

0- 1 

fluid' 

Mixture 

90-100 

85-105 

85-105 

85-105 


1 Contaminated with unbroken cells and mito- 
chondria 

The intracellular distnbution of activities is the 
same m 0 88 m sucrose homogenates as in water 
homogenates in the case of OP at pn 4 5 and 9 1, 
but significant differences occur with ASP and 
ATP Other data to be presented for each fraction 
include 1) phosphatase activities with ASP and 
ATP in the presence of CaClj, 2) nucleic acid 
(DNA, PNA) and nitrogen content and 3) sue- 
cmoxidase activities 

Nucleic acids in development and division of plant 
cells Maurice Oqur and Ralph O Erickson 
(introduced by Wavne Umbreit) Botanical 
Labs , Univ of Pennsylvania, Philadelphia 
A quantitative study of the nucleic acids during 
development and mitotic division has been made 
based upon further extensions of assay methods 
previously reported (OouR and Rosen Federa- 
tion Proc 8 ^4, 1949, Arch Btochem In press) 
Suspensions of microsporocytes, microspores and 


pollen grains from anthers of Lilium longiflonnn 
have been prepared Cell numbers have been 
counted and cell homogenates have been analyzed 
for pentose nucleic acid (PNA) and desoxypentose 
nucleic acid (DNA) Analytical results have been 
calculated to the nucleic acid content per cell 
These results have been related to the logarithm 
of flower bud length, which serves as an external 
time index of the developmental and cytological 
status of the cells (Erickson Am J Bot 35 
729, 1948) This report covers the developmental 
period from microsporocyte meiosis to pollen 
release A sharp drop in DNA content per cell is 
observed at meiosis followed by a gradual linear 
increase dunng the interphase of microspore de 
velopment Just prior to microspore mitosis DNA 
content doubles rapidly The resultmg binucleate 
pollen grain shows a further mcrease in DNA 
content with time before the pollen is normally 
released from the floiser The PNA content fol- 
lows the same pattern up to microspore mitosis 
at a level about twice that of DNA, mcreases 
sharply at mitosis, and continues to mcrease 
rapidly at a rate nine times that for DNA in the 
maturing pollen grain 


New coenzymes of cell-free fermentation Paul 
Ohlmeyer (introduced bv Arthur Kornbbrq) 
National Insts of Health, Bethesda, Md 
Previous investigations showed that the glucose 
fermentation in dialyzed Lebedewsaft is stimu- 
lated by a thermostable fraction prepared from 
fresh yeast (Zfschr/ physiol Chem 267 264,1941) 
It contained 2 factors and could not be replaced 


jy known coenzymes including adenosinetn- 
ihosphate Further studies have now led to the 
ibservation that the fraction maintams a high 
•ate of fermentation even after the inorganic 
ihosphate is exhausted, contrary to the Harden 
md Young equation The velocity is constant 
md near maximal as long as free sugar is available, 
bus, the addition of morganic phosphate or 
irsenate does not even double the rate and 
ihopyruvic acid does not influence it at all 's 
effect which appears related to the transfer or 
iberation of phosphate is not due to activation of 
idenosinetriphosphatase , the fermentation o ex- 
isediphosphate or phosphopyruvic acid m tue 
ibsence of glucose is not accelerated by t e 
nostable yeast fraction Punfication of tae 
raction showed that one of the factors (A) is very 

imilar to or identical with the adenined.nucleo- 
ide of Meyerhof and ICiessling {Btochem Ziscnr 
96 410, 1938) While factor A alone acts as a 
ransphosphorylating coenzyme it does 
he fermentation effect desenbed above in the 
bsence of the second factor The 
oenzyme factors and the mechanism of their 
ction are under investigation 
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Comparative metabolism of radioactive glucose in 
heart, brain, kidnej and Iner slices Robert 
E Olson, James S Robson, Heidi Richards 
AND Euilt G Hirsch (mtioduced by H^lvor 
N Christensen) Dept of Nutriltori, Harvard 
School of Public Health and Dept of Biological 
Chemistry, Harvard Med School, Boston, Mass 
Glucose utibzation bj’’ slices of heart, brain, 
kidney, and liver from representative mammalian 
(rat, rabbit, guinea pig, cat) and avian (duck, 
pigeon) organisms was studied with the aid of 
radioactive glucose prepared photosjmtheticallj' 
Tissue slices were incubated in Warburg vessels 
at 37°C with C*^-labeled glucose at concentrations 
rangmg from 1 25 to 20 mii/l for one hour Glucose 
disappearance or appearance and aerobic glycoly- 
sis were determmed chemically, and the rate of 
oxidation of added glycose detenmned bycountmg 
the C“Oj captured in the center well Oxidation 
of glucose to CO; occurred m all tissues but at 
vastly different rates C^*0; production from added 
glucose m mammalian liver was of a very low 
order (Qci<Os = ca 0 1) as indicated previously 
m a comparison with hepatoma (Proc Am Ckem 
Soc 116 61C, 1949) Oxidation rates were 15-20 
times as rapid m heart, avian liver, and kidney 
shoes, and 60-100 times as rapid in bram shoes 
Increasmg mitial glucose concentration umformly 
resulted in mcreased oxidation rates In all cases, 
except with hvers nch m glycogen, disappearance 
of glucose exceeded oxidation rate by several- 
fold Neither glycogenolysis nor glycogenesis in 
liver shces appeared to affect the rate of oxidation 
of added glucose Aerobic glycolysis accounted 
for part of the glucose which disappeared and 
bore a positive relationship to the rate of C'ff); 
production Studies of anaerobic glycolj^is in 
homogenates of duck and rat hver with vanous 
physiological hexose phosphates as substrate sug- 
gest that the activity of phosphohexokinase may 
be the hmitmg factor m breakdown of glucose by 
mammahan hver 

Preparation of thymus nucleohistone in native 
form Gerald Oroel* and Kurt G Stern 
Dept of Chemistry, Polytechnic Inst of Brook- 
lyn, N Y 

The isolation of a desoxynbonucleoprotein from 
calf thymus vuth the aid of desoxyribonuclease 
inhibitors and aqueous solvents of low ionic 
strength has been briefly reported {Federation 
Proc 6 296, 1947) It has since been found that 
this material exhibits significant ATP-ase ac- 
tmtj (114th Meeting, ACS, Wash , D C , 
194S) The isolation procedure has been modified 
to improve its reproducibility and the uniformity 
of the nucleoprotein preparations The new 
method inxmlves the following steps remoial of 
cytoplasmic proteins from thymus homogenates 


by exhaustive extraction with 0 14 m NaCI at 
0°C , extraction of the desoxyribonucleoprotem 
from the nuclear residue with 20% ethanol at 
—5°C , precipitation of the nucleoprotein with 
acetate buffer, pn 4 6, at 0°C , dissolving the 
precipitate in phosphate buffer, pH 7 4, of low 
ionic strength, reprecipitation of the nucleopro- 
tem with 0 14 m NaCl at O^C , and redissolving 
the nucleoprotein in distilled water or phosphate 
buffer, pH 7 4, of low ionic strength to form color- 
less, opalescent sols The final product may be 
preserved as a white, fluffy, soluble matenal by 
freeze-dryung The DNA-content (Dische Re- 
action) approx-unates 20% The nucleoprotein 
contains argimne (Sakaguchi Reaction) and forms 
a stable, msoluble complex with lanthanum salts 
at pH 7 The sedimentation and electrophoretic 
behavior of the nucleohistone preparations, as 
well as their viscosity, flow birefnngence, mfra- 
red and ultraviolet light absorption, and enzy- 
matic activity towards energy-nch phosphate 
compounds are described 

Application of partition chromatography to study 
of absorption of ammo acids from the intestine 
Aline Underhill Oeten, C J France and 
K Kiozuin (introduced by Arthur H Srhth) 
Depts of Surgery and Physiological Chemistry, 
Wayne Univ College of Medicine, Detroit, Mich 
Employing the starch column chromatographic 
techmc (Stein and Moore J Biol Chem 176 
337, 1948, Moore and Stein J Biol Chem 176 
367, 1948), the first 4 emerging ammo acids, leu- 
cine, isoleucine, phenylalamne and methionine 
have been studied The results of Stem and Moore 
m which approximately 01 mg quantities of 
each of the 4 ammo acids are separated and re- 
covered quantitatively from pure solution have 
been confirmed The identical mixture of these 
ammo acids m the same amounts have been 
separated quantitatively from mtestmal loop con- 
tents with the same degree of accuracy A method 
for removing protem and other contaminants 
which may mterfere m the determmation of ammo 
acids by the nmhydnn reaction has been de- 
veloped Thiry- jejunal loops of dogs were pre- 
pared by the method of Johnston {Proc Soc 
Exper Biol A Med 30 193, 1932) Water was 
placed m the loop, the loop contents withdrawn 
after an hour, and the samples prepared for 
chromatographic analyses m such a way that a 
fiat base line chromatogram showing no effluent 
peaks was obtained Leueme placed m such loops 
and immediately withdrawn and determmed by 
the aboxH procedure is consistently recovered 
Studies of the comparati\e absorption rates of 
leueme, isoleucme and pheny lalamne from Thiry 
loops are reported 
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Ergosterol synthesis in neurospora R C Ottke*, 
E L Tatum, I Zabin* and K. Bloch Dept of 
Chemistry, Yale Univ , New Haven, Conn ,Dept of 
Biology, Stanford Untv , Cahf , and Dept of Bio- 
chemistry, Univ of Chicago, Chicago, III 
The synthesis of ergosterol has been studied m 
a Neurospora mutant which requires acetate for 
growth The mold was grown on a medium which 
contamed sucrose, 15 gm and doubly labeled 
acetate (C‘^HiC”OOH), 5 gm Calculated on the 
basis of a C*’ concentration of lOO and a specific 
activity for C*"* of 100 m the added acetate, the 
isotope concentrations were 20 m the mold my- 
celium and 60-70 m the ergosterol isolated from 
the cells Acetate is therefore a preferential carbon 
source for the mold steroid as previously demon- 
strated with deuteroacetate (Ottke, Tatum and 
Simmons, Federation Proc 8 235, 1949) In a 
second experiment the acetate-less strain of 
Neurospora was grown on a medium containing 
sucrose, 15 gm , acetate, 6 gm , and a small quan- 
tity of isotopic isovaleric acid The labeled sub- 
strate contamed C'* in the end methjd groups and 
C^* m the carboxyl group The isotope concentra- 
tions m the mycelium and in ergosterol were less 
than 1% of those in the isovalerate, indicating 
either that isovalerate was not appreciably me- 
tabolized or that isovalerate carbon was greatly 
diluted by carbon from other sources It was found 
however that the C‘* concentration was 5 times 
greater m ergosterol than in the mycelium, while 
the C“ concentrations of both mycelium and of 
the sterol were negligible Therefore, in the syn- 
thesis of ergosterol by Neurospora as well as of 
cholesterol by the rat (Zabin and Bloch, Federa- 
tion Proc 8 267, 1949) the isopropylmoiety of 
isovalerate is a more efficient source of carbon 
than the carboxyl portion of the molecule 

Diamine oxidase in streptomycin sensitive and re- 
sistant strains of Mycobacterium smesmatis 
C A Owen and E A Zeller (introduced by 
M H Power) Division of Biochemistry, Mayo 
Foundation, Rochester, Minn 
Previous studies mdicated that the diamine 
oxidase (DO) of Mycobacterium tuberculosis var 
hominis is sensitive to less than 10~® m dihydro- 
streptomycm The DO of sensitive strains of 
Mycobacterium smegmatis is nearly completely 
blocked by 10“* m dihydrostreptomycin, while the 
same concentration does not influence the same 
enzyme of the corresponding streptomycin re- 
sistant strain (Zeller, E A , C A Owten and 
A G Karlson, Proc Staff Meet , Mayo Clin 24 
490, 1949) The question arises as to whether this 
loss of enzymic sensitivity toward dihydrostrep- 
tomycm is due to a change in the physicochemical 
structure of the DO or to factors apart from the 
enzyme The observation that the DO of sensitive 


and resistant bacteria is equally sensitive toward 
pyocyanin, chloramphenicol and streptothncm, 
points more toward the second alternative The 
DO of resistant smegma bactena, after their brief 
treatment with acetone, is much more sensitive 
toward dihydrostreptomycin than before treat- 
ment On the other hand, when sensitive bacteria 
are incubated with putrescine (which was used in 
all these studies as the DO substrate), and then 
washed, they become resistant, even 10~* m di- 
hydrostreptomycin IS no longer able to mhibit 
completely the DO of these pretreated bactena 
Thus the sensitivity of DO of smegma bactena can 
be altered by various procedures A tentative 
hypothesis to explam these phenomena wiU be 
presented 


Studies on the metabolism of pyrimidine ribo- 
sides L M Paege* and F Schlenk Dept 
of Bacteriology, Iowa State College, Ames 
Cytosine nboside and uracil nboside are rapidly 
metabolized by bacterial enzymes Cytidme is 
deaminated, nucleoside phosphorylase sphts off 
the base, and rapid disintegration of the carbo- 
hydrate occurs as described earlier for purine 
nbosides (Schlenk, F Adv Enzymol 9 455, 
1949) No indication was found that the action 
of bactenal pyrimidine nucleoside phosphorylase 
18 preceded by opening of the pynmidme nng as 
suggested by Mitchell and Houlahan for Neuro 
spora {Federation Proc 6 506, 1947) For deter- 
mination of pynmidine-bound nbose the ordinary 
orcinol technique is not suitable A modification 
has been elaborated which permits distmction 
between pyrimidine nucleosides and other pentose 
derivatives 


Effect of growth hormone on the glucose uptake 
and glycogen synthesis by the rat diaphragm 
C R Park and William H. Daughadat (m 
troduced by M E Erahl) Dept of Biologica 
Chemistry, Washington Univ School of Medicine, 


St Louts, Mo , 

Glucose uptake by rat diaphragm in vitro and 
;he effect of added insulin dimmish rapidly during 
I hours of incubation Using pooled sections ot 
Iiaphragms from 6 rats suspended m &ebs- 
Jenseloit mGdium containing 140 mg % g ^ 
,he rates of glucose uptake (mg/gm wet ti^e/ 
lour for the first 30-nun period) were as follows 

lormal rats 3^, hypophseyctomized rats & , 

lypophysectomized - ™ 

v^h insulin added tn vitro normal 6 7 hypo 
ihysectomized 6 6, hypophysectomized - adren 
ictomized 6 9 Crystalline growth ® 

ugh growth potency mjected 
nto hypophysectomized rats reduced g u m P 

,ake to normal This effect was obtained M hours 
ifter one mjection of 20 t per 100 gm ” 
ifter repeated injections of 6 r daily 
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cortical extract or ACTII did not depress glucose 
uptake under the conditions tested In hypopliy- 
sectoniized - adrcnalcctoniizcd rits growth lior- 
nione led to less depression of glucose uptake 
than in hj'pophj sectoniizcd rats unless adrenal 
cortical extract was injected concurrently The 
initial gljcogcn content of diaphragm from hj-^- 
pophj'sectomized rats fasted 24 hours was not 
altered significantly bj" grow th hormone or adrenal 
cortical extract injection Initial glycogen in 
diaphragm of hj^pophj^ectomizod - adrenalec- 
tomized rats was very much higher than in dia- 
phragm of hj'poph3'8ectomi7ed or normal rats 
Glycogen sjm thesis was proportional to glucose 
uptake in all these coses and corresponded to 
about half of the glucose utilized 

Isolation of three labile phosphate compounds 
containing uracil from penicillin-treated Staph- 
ylococcus aureus celts James T Park (mtro- 
duced bj"^ Mabxun J Johnsov) Camp Dctnck, 
Frederick^ Md 

The accumulation of acid-soluble, labile phos- 
phate in S aureus cells during grow th in the pres- 
ence of 0 5 unit of penicillin per ml has been re- 
ported (Park, J T and M J Johnson, J Btol 
Chem 179 585, 1949) Purified preparations rich 
in labile phosphate (10-imn hjdrolysis in 1 N 
HCl at 100° C ) were obtained by alcohol precipi- 
tation of the banum salts and use of the cation ex- 
change resin, IRIOO The material was resolved 
into 3 components by use of partition chromatog- 
raphy (mobile phase phenol, non-mobile phase 
0 1 M sulfate buffer, ps 1 7) Each of the separated 
components contained, in approximate!}’' equi- 
molar proportions, uracil, labile phosphate, stable 
phosphate, pentose (orcinol test), and an unknown 
sugar Preparations of the component most soluble 
in phenol gave positive biuret tests This compo- 
nent contains approximately 3 moles of alanine 
per mole of labile phosphate, and it may contain 1 
mole of glutamic acid The second component, 
w’hich IS believed to be a mixture of 2 labile phos- 
phate compounds, contains alanine The third 
component contams no ammo acids The amino 
acids have been tentatively identified by paper 
chromatography employing 82% phenol as the 
solvent It is suggested that this series of complex 
molecules maj’ be normal intermediates of the 
cell and that the mhibition of a specific sjmthetic 
reaction by penicillin causes them to accumulate 
in abnormal amounts 

Interaction of quinoline and acridine derivatives 
with nucleoproteins and nucleic acids Frank 
S Parker,* J Logan Iriun and Elinor 
Moore Irxun * Depl of Physiological Chemistry, 
J ohns Hopkins Utuv School of Medicine, Balii- 
inorc, Md 

A recently reported studj (Science 110 426, 


1949) of the reversible interaction of antiraalarials 
of the 4-aminoqmnoline and 9-aminoacridine series 
with nucleic acids has been extended to nucleo- 
proteins The cationic species of quinacnne, 
of 7-chloro-4-(l'-methyl-4'-diethylaminobutyla- 
mino)-quinoline (SN-7618) and of 2-methoxy-6- 
chloro-9-(l '-metho3d-8'-diethylamino octylamino)- 
acridine {SN-12868) interact strongly with a highly 
polymerized, asj’mmetnc desoxypentosenucleo- 
protein of spleen For the interaction with this 
nucleoprotein the values of log k (the association 
exponent, formulated as described previously for 
the case of interactions with nucleic acids) are 
3 7 for SN-7618 and 4 3 for SN-12868 at pH 6 and 
ionic strength 0 02 At ionic strength 1 0 the value 
of log k is 2 8 for SN-12868 thus demonstrating 
that the effect of ionic strength on the interaction 
with nucleoprotein is comparable with the large 
effect previously reported in the study of nucleic 
acids Each of these antimalanals mteracts with 
the nucleoprotem more strongly than with a less 
highlj poljmensed preparation of pentosenucleic 
acid from j'east All interactions were evaluated 
spectrophotometncally at concentrations of the 
nucleoprotein (0 5 to 10 yg of nucleoprotem- 
phosphorus per ml ) and of the antimalanal com- 
pound (6 X 10~® m) at which the the complex re- 
mains in solution At higher concentrations (5 X 
10"< m, and greater) of the antimalanal compounds 
precipitation of the complex occurs The com- 
pound, 2-methoxy-6-chloro-9-aminoacndme, also 
interacts strongly with nucleoprotem which sug- 
gests that the side-chams of quinacnne and SN- 
12868 are not essential for the interactions al- 
though the side-chains modify other properties 
such as solubility, to an important degree 

Electrophoretic analyses of plasma and serum pro- 
teins in rheumatoid arthritis and rheumatoid 
spondylitis W D Paul* and Joseph I Routh 
Dept of Medicine (Dtv of Physical Medicine) 
and Biochemistry, College of Medicine, State 
Univ of Iowa, Iowa Ciiy 
One hundred and twenty-two plasma and serum 
samples were obtained from 70 patients with 
arthritis Included m this series were plasma- 
serum pairs from 34 patients These samples were 
diluted with 3 volumes of barbiturate buffer (pa 
8 6), dialyzed 3 dajs at 5° C and subjected to 
electrophoresis m the Tiselius apparatus The 
analjqical cell was used The plasma proteins of 
57 patients with rheumatoid arthritis showed a 
marked decrease m albumin, a marked increase 
m fibrinogen and y globulin, and a moderate in- 
crease m ai and a; globulin components when 
compared to plasma fron normal individuals 
Ten children, under 15 j ears of ago, with this dis- 
ease, showed a greater decrease m plasma albumin 
and increase in y globulin than the adults An 
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analysis of plasma-serum pairs from 27 adults in 
tins group gave values similar to those obtained 
with plasma The average y' globulm content of 
the serum was 3 0%, which is a normal value A 
group of 7 patients with rheumatoid spondylitis 
showed stnkmglj' different plasma and serum pat- 
terns from rheumatoid arthritis Average values 
for all components fell within the range for normal 
mdmduals The y' globulin component in the 
sera averaged 1 9% Other types of arthritis in- 
cluding osteo or degenerative arthritis are being 
studied 

Isolation of cell nuclei in neutral medium Mart 
L Pbtermann and Rose M Schneider Sloaii- 
Kettcnng Inst New York City 
The great elevation in total pentose nucleic 
acid (PNA) found in the spleen of the leukemic 
mouse IS caused by increases in the PNA content 
of both the cytoplasm and crude ‘nuclear frac- 
tion’ {Cancer 2 610, 1948) In order to determine 
the PNA content of the nuclei alone an isolation 
procedure which would avoid contamination nith 
cytoplasmic nucleoprotein was required This has 
been accomplished in a neutral medium contain- 
ing 0 88 M sucrose and approximately 0 002 si 
CaClj The entire procedure was carried out at 
4° C One gram of fresh mouse spleen was crushed 
m a glass homogenizer in 15 cc of sucrose It was 
then strained successively through surgical gauze, 
single-napped flannelette, and double-napped 
flannelette, into a 50 cc centrifuge tube The con- 
tents were homogenized by means of a stirrer con- 
sisting of stainless steel blades rotating at 16,000 
r p m The homogenate was centrifuged for 10 
minutes at 600 X g and the sediment washed three 
times The final sediment was resuspended to give 
approximately^ 10' nuclei/co and counted in a 
haemacytometer Wet smears stained with methyl 
green-pyronin or orcein-fast green (Kurnick and 
Ris, Stain Technol 23 17, 1948) showed well dis- 
persed and morphologically intact nuclei, free 
from microscopically evident cytoplasmic mate- 
rial Their content of nitrogen and of both types 
of nucleic acid has been determined 

Net production of serum albumin in vitro Theo- 
dore Peters, Jr and Christian B Anfinsen 
Biophysical Lab and Dept of Biological Chem- 
istry, Harvard Med School, Boston, Mass 
Serum albumin content of a chicken liver slice 
system was found to increase from about 0 3 
mg/gm liver to 0 6-1 0 mg/gm in a 5-hour incu- 
bation in 0-, but onlv to 0 35-0 4 mg/gm in Ni 
These results lend direct confirmation to previous 
conclusions (Peters and Anfinsen J Biol Chem 
182 No 1, In press) regardmg serum albumin 
synthesis based on measurements of the in intro 
incorporation of radioactive CO* Serum albumin 
was determined by a quantitative immunochem- 


icaJ precipitin technique, using rabbit antiserum 
against serum albunun of over 99% electrophoretic 
purity prepared from chicken serum A standard 
curve relating the amount of precipitate formed 
to the amount of antigen added was determmed 
Aliquots of the comfamed homogemzed slices and 
medium were analyzed for serum albunun content 
after centrifugation The initial serum albunun 
level was lowered by perfusion of the mtact hver 
and by nashmg the slices m medium for an hour 
prior to the eypenment The bulk of the serum 
albumin present after 5 hours was in the medium 
Studies were also made on the effects of ions, sub- 
strates, and inhibitors Calculations based on 
the observed rates of production indicate that the 
liver could replace half the circulatmg serum 
albumin of the intact animal in 5-8 days 


Characteristics of the amino acid incorporation 
system of liver homogenates Elbert A Peter- 
son,* Daxud M Greenberg and Theodore 
WiNNiCK Div of Biochemistry, Unit of Cali- 
fornia Med School, San Francisco 
The incorporation of carboxyl and a-labeled 
glycine, phenylalanine-iS-C'', senne-jS-C*' and 
methionine-CHj-C*' into protein has been studied, 
using a suspension of cydoplasmic granules ob- 
tained by fractional centrifugation in a KCl — 
KHCOi medium The incorporation activity of 
the cy toplasraic granules, which was relatively 
low alone, nas increased as much as seven-fold 
by mixing it with the supernatant from a concen- 
trated (1 1) homogenate centrifuged at 2700 g 
or mth a medium containing ATP Mg'*^, citrate, 
and a mixture of a number of n-amino acids, ex 
cept with methionine When ATP was omitted, 
the incorporation was even lower than with no 
additions With methionine, only' ATP was ac- 
tivating In the presence of the above-mentioned 
activators, plus phosphoglycerate, a particle free 
supernatant (20,000 g) can incorporate the lalwl 
of gl} cine aerobically, but not anaerobically T e 
radioactive protein obtained with radio-glycme 
loses a considerable portion of its label when 
treated with mercaptoethanol or with performic 
acid evidently as a result of the cleavage of disul- 
fide bonds This is true for whole liver homog- 
enates also but not for protein from embryo 
homogenates or tissue slices The removed radio 
material may possibly be glutathione but this 
has not yet been positively identified When the 
label 18 methiomne-CIEC'b most of the radio- 
activity 18 removed by mercaptoethanol and pro 
tein labeled with radio serine loses a small amou 
of activity on such treatment However, the mdio 
activity of protein meubated with phenylalanine 
/ 3 -Ci' 18 completely resistant to both reagen 

Pyrimidine content of certain Pe"‘°«Xero*'l?D 

pentose nucleic acids Anthont PiRcro and 
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Lroroin R Crnrcrno Dcpl of Btochc7)iistrift 
Forrf/ia?)i L')iir , New YorLCtty 
\ colonmcinc method for (he determination of 
citosmc and uracil, developed in this laboratory 
(J Bwl Choi) 181 713, 1040) has been applied to 
astudi of the distribution of the free pi nmidincs, 
the pjriniidiiie nucleosides and nucleotides of 
the pentose nucleic acids of jenst, dog liver, and 
nhent germ The separation of cytosine and uracil 
vras earned out bj means of the reolitc, Dccalso, 
while citidinc and undine could be separated iiith 
the aid of the resin, Zco-Rc\ The pyrimidine com- 
position of both the j cast and nheat germ pentose 
nucleic acids was found to be closel}' similar, but 
that of the dog liver differed in that approximately 
twice ns much cytosine as uracil was found Al- 
though the jeast and wheat germ pentose nucleic 
acids contained nearly equal amounts of the free 
pjnmidines and of the pjnmidine nucleosides, 
the quantities found were not as high as would be 
expected from the tetranucleotide lijpothesis 
For the determination of thymine, a method based 
on Hunter’s qualitative test (Btochem J 30 
745, 1936) has been developed YTiile this work 
was in progress, Woodhouse {Btochem J 44 185, 
1949) published a method which is based on the 
same principle Using this procedure in conjunc- 
tion with the aforementioned method for the esti- 
mation of cjdosine, thjTmne and cj’tosinc were 
determined in the hydrolysates of the desoxy- 
pentose nucleic acids of fish sperm and calf thy- 
mus The molar ratios of thymine to cytosine 
found were for fish sperm DNA, 12 1, for calf 
thjmus DHA, 16 1 

Quantitative histochemical distribution of en- 
zymes in cytoarchitectural layers of cerebral 
cortex Alfred Pope, James R Ware, and 
Rubt H Thomson (introduced by J Folch) 
McLean Hospital, Waverley, Mass and Harvard 
Med School, Boston, Mass 

In the nervous system the mutual interdepen- 
dence of structure and function makes the correla- 
tion of chemical composition wuth histological 
structure of especial importance Because of its 
laminated architecture the cerebral cortex is suit- 
able for such correlative study by the methods of 
quantitative histochemistry (Lindebstr0m-Lanq, 
K. Harvey Led 34 214, 19391 Accordingly, tech- 
niques for alternate frozen section sampling, histo- 
logical control, and ultra-micro enzyme assay are 
being used to establish the quantitative distribu- 
tion of certain enzymes within the cytoarchitec- 
tural layers of rat somatosensory^ isocortex En- 
zymes of probable importance in the general or 
special metabolism of the nervous system are 
thus being studied, and attempts made to correlate 
their distribution patterns with details of the 
histological fine structure of this region Thus, 


diphosphopjTidine nucleotide and alanyl-glycinc 
dipeptidase have been found most abundant in 
layers II, IIIB-IV, and VC- VIA (designations of 
Brodniann) winch are levels numencally nch in 
ganglion cells, thereby suggesting that these sub- 
stances arc maiiily^ located within nerve cell bodies 
together, perhaps, with their protoplasmic ex- 
pansions Similarly, acetydcholineeterase and ade- 
nosinetriphosphntase (preliminary expenments) 
have been found most active in layers I, IIIA, 
IIIB, and VA-VB These are levels within or just 
superficial to zones containing many horizontal 
myelinated fibres and are probably regions of 
extensive fine arborization of axones and hence 
of maximal axonal surface It is suggested, there- 
fore, that in cerebral cortex as in peripheral nerves 
these enzymes may be principally^ located at 
axonal surfaces 

Effect of flnoroacetate on reactions in the Erebs 
oxidative cycle Van R Potter and Harris 
Btjsch * McArdle Memorial Lab , Med School, 
Vmv of Wisconsin, Madison 
Buffa and Peters reported in 1949 that injections 
of lethal doses of fiuoroacetate produced staking 
increases in the citrate content of brain, heart and 
kidney and questioned earlier reports that fluoro- 
acetate interfered wuth acetate metabolism We 
have confirmed their findings using 5 mg of fluoro- 
acetateperkg body weight in rats After one hour 
the citrate content of these organs was 212, and 
1029 pg /gm of wet weight, respectively, while m 
uninjected animals the citrate content was only 
about 50 /ig /gm The citrate content increased 
over 2 successive 30-minute periods but ceased 
thereafter In addition to the three organs previ- 
ously studied, increases in all of the other normal 
organs of the body have been found with the 
exception of blood and liver Studies wnth homog- 
enates showed that liver is capable of producing 
large amounts of citrate in vitro However, fluoro- 
acetate appeared to divert pyruvate metabolism 
into acetoacetate formation rather than to cause 
an increase in citrate in contrast to the results 
with kidney, in which the alternative pathway is 
weak or absent, and in which citrate accumulates 
both in vivo and in vitro The results with liver 
in vitro thus seem to explain the lack of citrate 
production in vivo 

Alternative metabolic pathways in rat liver homog- 
enates Van R Potter and Richard 0 
Recknagel * McArdle Memorial Lab , Med 
School, XJniv of Wisconsin, Madison 
Lehninger previously demonstrated 2 co existing 
alternative metabolic pathway s open to py ruvate 
in washed residues of liver, one leading to aceto- 
acetate, the other to citrate In the present study 
an assay' sy'stem was devised to determine the 
relative activities of the two systems in whole 
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Ihomogenates of rat and mouse liver Measure- 
ments are based on detennmations of pyruvate 
removal and acetoacetate formation Under opti- 
mum conditions for the citrate pathway, i e , in 
the presence of adequate quantities of oxalacetate, 
the pyruvate accounted for as acetoacetate was 
found to be only 10% of the total pjTUvate oxi- 
dized, thus demonstratmg the high priority of the 
citrate pathway However, with no available 
oxalacetate, pyruvate is quantitatively converted 
to acetoacetate Acetoacetate production is there- 
fore a measure of the availability of oxalacetate in 
this system This fact forms the basis for studying 
a related pair of alternative pathways When 
ammonium chloride was added to the pyruvate 
sjstem in the presence of catalytic levels of C4 
acids their regeneration via the Krebs cycle was 
prevented and acetoacetate production was de- 
creased by an amount equivalent to the Ct acid 
onginally added Furthermore, in the ammonium 
chloride system, pyruvate preferentian3'- forms 
citrate so long as C* acids are present, but is 
diverted to acetoacetate production as soon as the 
supply of C< acid is exhausted The ammonium 
chlonde was effective at physiologicall}'- significant 
levels and is believed to divert a-ketoglutarate to 
glutamate Ammonium chloride is more effective 
in blocking regeneration of added C4 acid than is 
malonate 

Enzymatic resolution of racemic histidine, cystine, 
and alanine Vincent E Price,* Leon Levin- 
tow* and Jesse P Greenstein Nall Cancer 
Inst , Natl Inst of Health, Bethcsda, Hid 
Although most of the racemic amino acids can 
be easily resolved by asymmetric enzjmatic 
hydrolysis of their N-acylated derivatives, histi- 
dine, arginine, cystine, and proline are not resolv- 
able by this method Since one of the reasons for 
acylation of the ammo acids is to remove their 
dipolar character, it was considered that this could 
be accomplished as well by amide formation 
Consequently, DL-histidine amide, S-benzyl-nn- 
cysteine amide, and DL-alanme amide were pre- 
pared and subjected to the action of hog kidnej^ or 
liver concentrates at pH 8 8-9 2 The concentrates 
were prepared by low temperature-alcohol frac- 
tionation of the tissue homogenates Mn++ in 
a final concentration of 0 01 m was used in the 
digestion of the former two substrates The race- 
mates were hydrolyzed asymmetrically to a 
mixture of n-amino acid, ammonia, and n-amino 
acid amide After removal of the n-amino acid from 
the deproteinized digest, the mixture was con- 
centrated, brought to pH 11, the n-amide extracted 
into acetone, the solvent removed, the amide 
hj^drolyzed with dilute HBr, and the free n-amino 
acid isolated after neutralization The isomers 
vere obtained in good yield and possessed rotation 


values which compared favorably with those in the 
literature DL-Proline amide was almost com- 
pletely resistant to the animal enzymes studied, 
but both isomers were readily hydrolyzed by 
mushroom preparations 


Sedimentation and diffusion of E colt bacteno- 
phage Tj Frank W Phtnam and Eugene 
Goldwasser * Dept of Biochemistry, Untv of 
Chicago, Chicago, III 

The sedimentation and diffusion behavior of 
E colt bacteriophage Tj was investigated m the 
analytical ultracentnfuge and in a refractive 
index apparatus in a study of the molecular 
homogeneity, physical constants, and apparent 
size of this tadpole shaped virus Although the 
phage sediments with a single sharp boundary 
(S*o = 1050,S) at pH 4 9 to about 6 6, a second more 
slowly sedimenting boundary (Sto ■= about 850 S) 
is observed at higher pn The proportion of the 
tvo components depends on the age and history 
of the preparation but is independent of the gravi- 
tational field and concentration and is unrelated 
to the infectivity Since S*o is constant within 
experimental error from 716p to 18,900g, the 
particles are unoriented m sedimentation The 
virus obeys the laws of normal diffusion, and, 
at pH 5 5, Djo 18 0 45 X 10“^ cm %ec for phage 
which 18 homogeneous in electrophoresis and m the 
ultracentnfuge Equivalent spherical diameters 
calculated from diffusion (94 m), from biological 
infectmty (98 p), and from sedimentation (60 p) 
arc in fair agreement with the dimensions pre- 
viously obtained directly from electron micro- 
graphs (head = 60 X 80 mp, tail = 100 X 20 mp) 
The particle weight calculated from S50 and Dw 
IS 1 7 X 10® gms per mole The results appear to 
exclude motilitj'' for this tailed bacteriophage 
Estimates of shape based on Sm and Dio suggest 
that the slowly sedimenting form is the monomer 
and the fast form is a dimer with particles aligned 
end-to end 


:ct of surface on coagulation reactions 
RMAND J Quick Dept of Biochemistry, Mar- 
letle Vniv School of Medicine, Milwaukee, 

IS 

glass surface influences coagulation in a two- 

manner it causes platelets to adhere an to 
ergo lysis, and it plays an essential role m the 
srersion of prothrombinogen to active pro 
imbin No adequate exiilanation for the acbon 
urface on platelets has been offered ParatM, 
one and certain plastics having non-wettaWe 
aces preserve platelets, but collodion w c 
a wettable surface likewise is equally efficient 
, preserver Since there is good evidence that 
imbin IS the specific agent responsible for tn 
, of platelets, a probable explanation for the 
idoxical behavior of collodion can be 
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A rough surface such as glass has no effect on 
platelets per sc It acquires this property under 
circunist inccs which permit the formation of 
thrombin It can be postulated tbat thrombin is 
adsorbed to a wettable surface and that this layer 
IS responsible for the disintegrating action on 
platelets Collodion which not onlj adsorbs but 
also absorbs thrombin fails to become coated with 
a continuous film, therefore platelets coming in 
contact with its surface do not suffer destruction 
The absorption of thrombin by collodion can 
readily be demonstrated by testing the potency of 
a standard thrombin before and after contact 
wath collodion A distinct diminution of activity 
occurs The activation of prothrombiuogen which 
18 mediated through a rough surface such as glass 
requires neither thrombin, thromboplastin, cal- 
cium nor platelets The action occurs slowly in 
oxalated or citrated plasma and rapidly in native 
plasma, irrespective of the number of platelets 

Glyoxalases E Rackek Dept of Microbiology ^ 
New York JJniv College of Medicine and College 
of Dentistry, New York City 
In the presence of reduced glutathione, tissue 
extracts convert methyl glyoxal to lactic acid 
Yamazoye using rabbit liver extracts presented 
evidence for a biologically formed addition com- 
pound between reduced glutathione and methyl 
glyoxal which is not identical with the chemically 
formed addition compound This finding has been 
confirmed in the present study and an enzyme 
obtained from baker’s yeast which catalyzes the 
formation of the ‘biological’ addition compound 
This enzyme, referred to as glyoxalase I, has been 
purified by acetone and ammonium sulfate frac- 
tionation When glyoxalase I is added to methyl 
glyoxal and glutathione, an mcrease in absorption 
in the ultraviolet at X 240 nrm can be observed, 
which IS proportional to the concentration of 
enzyme added This is a convenient method for the 
assay of glyoxalase I The enzymatic formation of 
the intermediate compound is proportional to the 
concentration of both glutathione and methyl 
glyoxal Glyoxalase I is used for the preparation of 
the addition compound which is isolated as an 
alcohol insoluble barium salt A second enzyme 
which catalyzes the breakdown! of the inter- 
mediate addition compound to lactic acid and 
glutathione has been purified from beef liver The 
activity of this enzyme is measured spectrophoto- 
metncally by the disappearance of the absorption 
of the intermediate The initial rates are propor- 
tional to the enzjnne concentration This enzyme is 
referred to as glj oxalase II YTien purified gHmxa- 
lase I and II are combmed, a very active glj oxalase 
preparation is obtained which cataljzes the con- 
version of methjl gljoxal to lactic acid This 
preparation is a sensitive sj stem for the assaj of 


glutathione since as little as 6 yg are readily 
determined 

Analgesic action of 3-hydroxy-N-methyl mor- 
phlnan hydrobromide (Nu*2206) Lowell 0 
Randall and G Lehmann * Pharmacology Dept , 
Hoffmann-La Roche Inc , Nntley, N J 
Nu-2206 IS a synthetic substitute for morphine 
Structurally, it lacks only the ether-oxygen bridge 
of dihydrodesoxy morphine-D The analgesic activ- 
ity was measured as the percentage increase in 
reaction time to a radiant heat stimulus applied 
to the back of rats By the subcutaneous route, 
Nu-2206 was found to be 4 times as strong as 
morphine and about twice as long in duration Bj^ 
the oral route, Nu-2206 was slightly stronger than 
Methadon and longer in duration Tolerance to 
the analgesic effects developed at about the same 
rate as wnth morphine The response to a constant 
daily 8 c dose decreased about half in a period of 
8 weeks and to the limit of error of the method in 
11 weeks Respiration of unanesthetized rabbits 
was decreased by doses of Nu-2206 which were 
about i those of morphine and the duration was 
also longer The compound was spasmogenic to the 
dog intestine as measured m a Thiry Vella loop 
but was nearly inactive on isolated rabbit in- 
testine Nu-2206 IS 5 to 6 tunes as toxic as morphme 
in several species but about half as toxic as 
Methadon Toxic doses produced charactenstic 
morphine effects in ammals includmg tail erection 
in mice, excitement m cats, depression m dogs and 
catatonia in rats The safety factor is slightly less 
than that for morphine but at least twnce that of 
Methadon The L-form of the racemic mixture, 
Nu-2206, has twice the analgesic activity and 
respiratory depressant action of the DL-mixture 
and equal toxicity 

Correlation of reductimetrlc and turbidimetric 
methods of byaluronidase assay Maheice M 
Rapport,* Karl Meter and Alpred Linker * 
Dept of Medicine, Columbia Univ College of 
Physicians and Surgeons, New York City 
The mechanism of action of hyaluronidase on 
h 3 '-aluronic acid is not well defined Of the changes 
measured to provide estimations of hyaluronidase 
activitj’’, only the increase in reducing sugar is 
unambiguously interpretable in a mechanistic 
sense the reducing sugar results from the breaking 
of glucosidic bonds between N-acetyl-hexosamine 
and glucuronic acid residues It is further agreed 
from observations of the color development with 
dimethj laminobenzaldehj'de that the first bond 
broken is that which liberates the reducing group 
of the N-acetjdglucosamine It has been suspeeted 
that the decreased turbidity formation as well as 
the decrease in viscosity of the low viscositi 


* Deceased 
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preparations employed m viscosimetnc assays 
IS the result of hydrolysis of glucosidic bonds 
However, the absence of exact information on this 
point has, in general, prevented correlation of 
information obtained by the 3 different methods 
By application of the submicro determination of 
glucose of Park and Johnson {J Biol Chcm 
181 149, 1949), it has been possible to show that 
under the conditions employed for turbidimetric 
assay of hyaluronidase (Meyer, K Physiol Rev 
27 335, 1947), namely, the action of one turbidi- 
metric unit of enzyme on 200 ng of hyaluronic 
acid in 1 ml of acetate buffer at pn 6 for 30 min- 
utes, reducing sugar of the order of 2-3 gg glucose 
equivalent is liberated, representing 1- % hj drol- 
ysis of the substrate The reaction responsible for 
the decreased turbiditj’’ formation is thus the 
same as that measured by the roductimetnc 
method The suitabilit}' of this submicro reducing 
sugar method for assaj^ of hyaluronidase wnll be 
discussed 

Enzymatic conversion of homogentisic acid to 
fumarylacetoacetate Robert G Ravdin and 
Dana I Crandall (introduced by Samuel 
Gubin) Dept of Physiological Chemistry, Umv 
of Pennsylvania, School of Medicine, Philadel- 
phia 

A concentration of 30% alcohol in a water clear 
centrifugate of homogenized rat liver at 0®C 
precipitates a protein fraction (I) which converts 
homogentisic acid into a beta-keto-acid which is 
very slowly decarboxjlnted by aniline citrate at 
38°C Another precipitable protein fraction (II) 
obtained by increasing the alcohol concentration 
to 50%, discarding the precipitate, and increasing 
the alcohol to 70%, converts the slowly 
decarboxylating beta-keto-acid into acetoacetate 
The beta-keto-acid was precipitated as a silver 
salt from a trichloroacetic acid deproteimzed 
incubation mixture of homogentisic acid and 
protein fraction I The acid was obtained from 
the sdver salt by acidification and ether extraction 
and purified by repeated precipitation from ether- 
petroleum ether The free acid (M P 158°C ) 
titrates as a dicarboxylic acid with an apparent 
molecular weight of 200 It appears to be a diketone 
for the followmg reasons a) reactions with o- 
phenylene diamine yields a lavender color similar 
to that exhibited by beta-diketones (Witter, 
Snyder and Stotz J Biol Chem 176 493, 1948,) 
6) two additional titratable groups appear at 
alkaline pu’s, and c) hydrolysis to fumarate and 
acetoacetate is brought about by a purified protein 
fraction known to hydrolyze triacetic acid 
(Connors and Stotz J Biol Chem , 178 881, 
1949) These observations suggest that the acid is 
fumarylacetoacetate 

Properties of a red cell metabolism regulator 
Allen F Reid and Ellsie B Ryan (intro- 


duced by M F Mason) Southwestern Med 
School of Umv of Texas, Dallas 
A component of human blood serum has been 
found to have an inhibiting effect on the rate of 
phosphate metabolism of human erythrocytes 
This component is dialyzable, but not lonically 
removed by strong anion or cation ion exchange 
resins A similar factor is found in the serum of 
cattle, dogs and mice None was found m human 
unne Physical and chemical properties of this 
material were similar to those of simple carbo- 
hydrates A much less pronounced but smular 
effect on red-cell phosphate metabolism was shown 
by some carbohydrates but not by others, provid- 
ing a lead to the functioning structural units of the 
molecule 


Nitrogen trichlorlde-treated prolamines Vn 
Further characterization of toxic factor L 
Reiner, F Misani,* M G Cordasco* and 
T W Vaiti.* Research Labs , Wallace and Tternan 
Products, Inc , Belleville, N J 
It has been postulated on the basis of analytical 
data that the toxic factor is a derivative of methio 
nine (Reiner et al J Am Chem Soc In press) 
It differs m composition from methionine only by 
one additional atom of each hydrogen, nitrogen 
and oxygen Furthermore the development of 
convulsions caused by the toxic factor was found 
to be suppressed by the administration of large 
doses of methionine (Reiner el al Arch Biochem 
In press) Evidence is now being presented indi 
eating that the methionine skeleton is maintained 
in this derivative Hvdrolytic degradation with 
aqueous hy'drochloric or sulfunc acid yielded 
some homocy steic acid identified chromatographi- 
cally , refluxing with hy^dnodic acid vielded methyd 
iodide and a residue which gave a positive nitro 
prussido test and contained the thiolactone of 
homocysteine, the latter was converted into 
cystine, hydrogenolysis with Raney nickel yielded 
alpha-amino-n-butyric acid The toxnc derivative 
was found to be transparent to ultraviolet rays 
It seems that only the sulfur atom of methionine 
18 involved m the formation of the toxic derivative 


Metabolism of polyunsaturated fatty adds m 
chickens Raymond Reiser (introduced by 
Carl M Lyman) Texas Agricultural Expen 


lent Station, College Station „ , , 

L group of 12 White Leghorn Cockerels were 
a low fat synthetic ration, and 3 similar 
same basal ration in which 1% ^aybe ^ 
ow, cottonseed oil or cod liver o;l ^ 
uted for 2% sucrose At the end of 6 weeta the 
cks were killed and the Polyunsaturated fatty 

is of the phospholipids nnd triglyeerides of the 
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acids %icrc also found in tlic organ gljccndcs and 
5 and 6 double bond acids in the organ phospho- 
lipids of cottonseed oil fed birds No evidence of 
5 or 6 double bond acids was found in the tissues 
of the clnchs on the fat free or ba-s berry tallow 
rations Arnchidoiiic acid a\n8 present in sig- 
nificant amounts in all cases Linolcnic acid was 
completely absent or present in traces only 
Linoleic acid composed about 5% of the triglycer- 
ides and 10% of the phospholipids of the tissues 
of the fat free and baj berry tallow fed chicks, but 
10% of the triglycerides and 15% of the phos- 
pholipids of the cottonseed oil and cod liver oil 
groups It appears that the growing chick cannot 
convert Imoleic acid to 3, 5, or 6 double bond acids 
but probably does convert it to arachidonic acid 
However, when S-week old chicks were fed con- 
jugated Imoleic acid, this acid was not found m the 
tissues but apparently was converted to a con- 
jugated 3 double bond acid with maximum absorp- 
tion at 270 ma 

Purine metabolism in rat liver homogenates 
Dan a Richert* and W W Westerfedd 
Dept of Biochemistry, Syracuse Umv College 
of Medicine, Syracuse, N Y 
The mcreased oxygen uptake due to the addition 
of various purines, nucleosides, and nucleotides to 
rat liver homogenates of varying xanthine oxidase 
actmtiea was determined Decreases m liver 
xanthine oxidase were obtained by feeding a 
purified 8% casein diet Normal rat liver homog- 
enates gave a theoretical increase m the oxygen 
uptake from the addition of guanine, guanosme, 
xanthosme, adenosine, and adenosme-S-phos- 
phate, due to the oxidation of xanthine and hypo- 
xanthme formed from these substrates by 
enzymatic hydrolytic reactions The S-phosphate 
derivatives of guanosme and adenosine were 
hydrolyzed slowly Adenine gave no oxygen uptake 
due to the absence of adenase When the xanthine 
oxidase activity was reduced to a zero oxy^gen 
uptake with xsmthine, the homogenate failed to 
oxidize any of the above substrates In vitro 
addition of punfied milk xanthine oxidase to such 
a liver preparation restored its normal capacity to 
oxidase all of the substrates It was concluded 
that /) no unidentified nucleoside or nucleotide 
oxidative enzymes were present in rat liver, 
S) the hydrolj'tic enzymes mvolved m nucleotide 
metabohsm were not destroyed by feeding a low 
protein diet, and S) mosmo was a key intermediate 
m the formation of uric acid from adenylic acid 
in rat liver 

7-Aminobutyric acid m brain Eugexe Roberts 
and Saai Fraxkel (introduced b^ C Car- 
RUTHERs) Division of Cancer Research, Wash- 
ington Umv , S( Louis, Mo 
Relatively large quantities of an unidentified 
ninhy dnn-rcactive material were found m numer- 


ous two dimensional paper chromatograms of 
protcm-frcc extracts of fresh mouse, rabbit, and 
frog brains At most, only traces of this material 
w'ere found m a large number of many other normal 
and neoplastic tissues and m urine and blood 
The eluate from suitably chosen strips of one- 
dimcnsional phenol chromatograms of mouse brain 
extract contained the unknown substance and 
only traces of valine and an unidentified peptide 
material A comparison of the properties of the 
unknown substance m the eluate with those of 
known compounds by chromatography in different 
solvent systems showed it to be identical with 
7 -aminobutyric acid This conclusion was inde- 
pendently confirmed by the isotopic denvative 
method using the 1-131- and S-35-labeled p-iodo- 
phenyl sulfonyl derivatives (S Udenfriend) 
Experiments with brain homogenates showed a 
formation of 7 -aminobutync acid w hich appeared 
to be accelerated when glutamic acid was added 
7 -Aminobutync acid was also formed in homog- 
enates of liver and muscle Expenments are 
under wmy to characterize the precursors of y- 
aminobutyric acid and the enzymes involved in its 
formation 

Role of potassium in cellular metabolism I Z 
Roberts (introduced by L B Flexnee) , 
Carnegie Insi of Washington, Dept of Terrestrial 
Magnetism, Washington, D C 
Various methods have been used to investigate 
the effects of potassium deficiency on cells of 
E coll In cells partially depleted of potassium the 
rates of growth and glucose utilization were 
reduced Radioactive tracers gave a more sensitive 
mdication of changes in the metabolic activity of 
the cells With glucose as a substrate, cells de- 
ficient in potassium showed less incorporation of 
radioactive sulfate into proteins and less 
incorporation of radioactive phosphate into phos- 
pholipids and nucleic acids The most marked 
reduction (factor of 8) was found in the incorpora- 
tion of phosphate into desoxyunbose nucleic acid 
With other substrates such as lactate, pyruvate, 
glutamate, and hexose phosphates, a smaller 
effect from potassium depletion was found These 
observations are in accord with the hypothe- 
sis that potassium is involved in one of the early 
steps in the glucose cy^cle 

Biological activity of some undine derivatives 
Martin Roberts, T Kat Fukotara and 
Donald W Visser (introduced by Richard 
J Winzler) Dept of Biochemistry and Nutri- 
tion, Umv of Southern California School of 
Medicine, Los Angeles 

There is evidence that nucleosides are the build- 
ing stones used by organisms to smthesize the 
nucleic acid portion of nucleoproteins It w as 
therefore of interest to syTithesizc some undine 
dematues and in\estigate the ability of these 
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derivatives to replace or antagonize the utilization 
of naturally occunng nucleosides Broraouridine 
(1 D-ribofuranosjd-2, 4-dio\y-6-broinopyrimidine) 
and chlorouridine (1 D-ribofuranosyl-2,4-dio\y-6- 
chloropyriraidme) were synthesized by brom- 
ination and chlorination of natural undine 
Ribosylthynaine (1 D-ribofuranosyl-2 4-diovy-5- 
methylpyrimidine) was synthesized from thymine 
and D-ribose Chlorouridine competitively in- 
hibited the growth of the uracil-requinng mutant 
of Neurospora (1298) The molar ratio of chloroun- 
dine to undine to producd 50% gro\\th 
was approximately 4 Ribosylthymine neither 
replaced nor inhibited undine under the same 
conditions The growth of the wold strain of 
Neurospora was not inhibited by either chloroun- 
dine or ribosylthymine in the concentrations 
tested The growth of Mycobacterium tuberculosis 
was not inhibited by bromoundine or chloro- 
undine but was inhibited by chlorouracil at a 
concentration of 0 0001 gm in 10 cc medium 
Studies are in progress testing these undine 
derivatives with thymidme-requiring organisms 
The propagation of mouse encephalomj'clitis virus, 
Theiler’s GD VII, m cultures of mouse brain is 
also being investigated 

Influence of adrenal cortex on antibody produc- 
tion in vitro Sidney Roberts* and Abraham 
White Dept of Physiological Chemistry, School 
of Medicine, Univ of California at Los Angeles 
Previous studies have demonstrated that splenic 
tissue, obtained from rats given a single intra- 
venous injection of sheep erythrocytes 5 days 
earlier, released large amounts of hemolysin 
against this antigen on incubation under 96% 
oxjrgen, 6% carbon dioxide in serum obtained 
from non-immunized animals This release of 
antibody did not occur when the incubation was 
carried out under an atmosphere of 100% nitrogen 
Sinular experiments have been conducted with 
animals which had been either adrenalectomizod 
2-4 days earlier, or injected intraperitoneally 2 
hours earlier with 2 ml of Wilson's aqueous 
adrenal cortical extract (ACE) It was found that 
the amount of antibody released by splenic tissue 
from adrenalectomized rats was much smaller 
than that seen with splenic tissue from unoperated 
animals, and that there was no evidence for new 
formation of antibody The level of antibody in 
the serum of the adrenalectomized animals was 
slightly lower than that of the control, and 
definitely lower in extracts of spleen and 
mesenteric lymph nodes of the adrenalectomized 
rats In contrast, splenic tissue from immunized 
rats injected with ACE produced very large 
amounts of antibody in vitro In addition, evi- 
dence was obtained that the injection of ACE 
resulted in the release of antibody from spleen 


and lymphoid tissue in the intact immunized 
animals, and in a prolongation of the period of 
maximal antibody production 

Chemical composition of some bacterial pyrogens. 
Gertrude Rodney and H B Devlin (intro- 
duced by J J Pfiffner) Research Labs , 
Parke, Davis & Co , Detroit, Mich 
Pyrogenic matenal w'as isolated from strains of 
B prodigiosus, E typhi, B subtilis and Ps aeru- 
ginosa grown on synthetic media The pyrogens 
were purified by fractionation with organic solv- 
ents after treatment by various procedures to 
remove protein and nucleic acid Pyrogen from 
different sources prepared by the same procedures 
differed in activity The most active, from B 
prodigiosus, reacted in concentrations of 0 01- 
0 005/ig/kg in rabbits The pyrogens were analyzed 
for N and P, and for reducing substances and 
glucosamine after hydrolysis Quantitative filter 
paper partition chromatography was applied to 
the determination of the sugars present m the 
hj'drolysates, and the composition of the 4 p 3 TO- 
gens was found to differ qualitatively and quanti- 
tatively 


The a-glucosaminldase activity of partially puri- 
fied testicular extract Saul Roseman* and 
Albert Dorfman Dept of Pedialncs, Untv 
of Chicago, Chicago, III 

Partially purified testicular extract was found 
to hydrolyze N-acetyl-phenyl-a-D-glucosaminide 
(prepared bj' way of its tetracetate) This hydro- 
lysis does not parallel hyaluronidase activity as 
evidenced by the fact that the glycosidase activity 
was markedly decreased in a more highly purified 
hyaluronidase preparation The ^-gluoosaminidase 
discovered by Helferich and Roff {Z physiol 
Chem 221 252, 1933) in emulsm and snail exdract 
(Nbuberqer and Pitt-Rivehs, Biochem J 33 
1580, 1939) had been previously demonstrated m 
testicular extract (East et al Biochem J 3 
872, 1941) This fact has been confirmed thus 
indicating that crude testicular extract contains 
both a- and / 5 -glucosanumdases That the apparent 
hydrolysis of the a-sugar is not due to p contamina- 
tion 18 indicated by the failure of emulsm to act 
on the ra-glucosaminide These data suggest 
presence in testicular extract of a previous y 
undescribed a-glucosaminidase 


ct of protein starvation on enzyme activity of 
irmal and regenerating rat Aver O™ Rosbn- 
lAL, James C Fahl*, Gordon M ^ 

HARLBsS Rogers* 

I Research, Univ of Pennsylvania Schools f 

edicine, Philadelphia „nnrted 

he liver enzyme study previously reported 
leration Proc 8 244, 1949) has been extended 
include additional enzymes and prolong 
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periods of protein-starvation Malc250-gin Wistar 
rats vcre used Expressed in terms of mass of 
protein or of cnrjme aotlVlt^ per total liver 
per 100 gin initial boih v eight, the following 
percentages of nornnl values (obtained with 
protein-fed rats) were found after 2 and 6 weeks of 
protein depletion respecliveh prolein(57%,50%), 
argiiiase (32%, 20%), rhodanese (32%, 29%), 
nonspecific cholinesterase (43%, 42%), adcnosine- 
paropliosphatase (50%, 40%), alkaline phospha- 
tase (142%, 107%) With the exception of alkaline 
phosphatase which increased, all enzj'mes ex- 
hibited sharp initial drops which exceeded the 
protein loss to a x'arj mg degree Prolonged pro- 
tein-starvation produced an additional significant 
decrease of arginase and a reduction of alkaline 
phosphatase to normal lexmls Partial hepatectomy 
in depleted animals caused a sharp rise in alkaline 
phosphatase content of the liver remnant The 
nse which greatly exceeded the protein increase 
resembled that of arginase previously reported 
Ko other enzyme displayed this phenomenon 
Differential changes of enzjTnes with gam or loss 
of liver protein maj be ex-plained to a large extent 
by location differences With arginase and alka- 
line phosphatase, however, the metabolic state of 
the animal appears to be an additional factor 
which controls either quantity or activity of the 
enzyme 

Sulfur balance of rats fed excess DL«methionine 
plus glycine orDL-alanine Jat S Roth*, James 
B Aluson and Lawtience J Milch* Bureau 
of Biological Research, Rutgers Univ , New 
Brunswick, N J 

Pour groups of mature, male Sherman strain 
rats were fed a basic 12% casein diet and m addi- 
tion to this. Group 1 1 was fed 4 8% DL-methionine , 
Group 111,4: 8% DL-methionine plus 4 8% glycine, 
and Group IV, 4 8% DL-methionine plus 5% dl- 
alanme All the groups were fed the same weight 
of diet consumed by Group 1 1 over 20-day period 
Nitrogen and sulfur balances were determined on 
the 4 groups and in addition, liver and kidney 
weights, liver fats and plasma pseudocholmes- 
terase Urmarj’’ sulfur partitions were performed 
also and it was found that in Group I, two-thirds 
of the urmarj'- sulfur w as excreted as sulfate and 
one-third as organic sulfur This proportion was 
maintained in Groups II and IV, but in Group 
kll, excess gh cine favored the excretion of sulfur 
in the organic form The animals in Group III 
Were in sulfur balance while those m Groups II 
and IV maintained a positive sulfur balance 
equivalent to 10% of the ingested sulfur Excess 
glxcine counteracted in part the kidnej hyper- 
trophj and weight loss observed when excess 
methionine was fed but an equivalent quantitj 
DL-alanine had no significant effect in this way 


showing that the action of glycine was quite spe- 
cific High liver fat values were observed in rats 
fed excess methionine plus alanine 

Enzymatic formation of citric acid studied with 
C'Mabeled oxalacetate Harry Rudnet*, Vic- 
tor Lorber, M F Utter and Margaret 
Cook * Dept of Biochemtslry , Western Reserve 
Untv School of Medicine, Cleveland, Ohio 
The concept that citrate maj’- behave as an 
asymmetrical molecule in enzymatic reactions, 
proposed by Ogston (Nature 162 963, 1948) and 
supported by the work of Potter and Heidelberger 
(A^ature 164 ISO, 1949), removes prior objections 
to the inclusion of citrate in the mam path of the 
Krebs cycle In addition. Stern and Ochoa (J 
Biol Chem 179 491, 1949) have demonstrated 
citrate formation from oxalacetate and acetate 
in an enzjme preparation containing negligible 
aconitase activity, indicating that citrate may be 
the primary^ reaction product This implies con- 
densation of the methyl carbon of acetate on the 
carbonyl group of oxalacetate This reaction was 
studied in an enzyme preparation similar to that 
of Stem and Ochoa using non-isotopic acetate and 
C‘ ■‘-/3-carboxyl labeled oxalacetate, prepared en- 
zymatically and isolated by partition chromatog- 
raphy The resulting C‘ ■‘-citrate (plus earner) was 
isolated by partition chromatography and the 
quinidine derivative prepared Degradation to 
yield the non-carboxyl carbons, the tertiary car- 
boxyl, and primary carboxyls, as three separate 
fractions, and enzymatic conversion to a-keto- 
glutarate followed by a-decarboxylation revealed 
significant activity only in the primary carboxyl 
corresponding to the a-carboxyl of a-ketoglu- 
tarate These results are in accord with the reac- 
tion mechanism postulated for citrate formation 
from acetate and oxalacetate, and confirm the ob- 
servations of Potter and Heidelberger offered in 
support of Ogstons’ proposal Oxalacetate, re- 
covered after incubation of C‘<-citrate with the 
citrate-fornung enzjme in the presence of non- 
isotopic acetate and oxalacetate, contained no 
acti-vity, suggesting though not establishmg the 
irreversibihty of the condensation reaction 

Inheritance of rate of protein synthesis in the 
liver of mbred strains of rats Robert Rtjtman 
( mtroduced bj’^ Harold Tarver) Univ of Cali- 
fornia, Berkeley 

Two mbred strains of rats, differmg in body 
weight, were compared as to in vitro incorporation 
of labeled DL-methionme into the protein of 
liver slices The heaner F stram (Wistar Albmo) 
showed 50-57% greater uptake than did the lighter 
J strain (Fisher ^344), for the 3-4 generations 
tested Mature FJ and JF and young FJ hybrids 
showed essentiallj the same tn vitro acti'vitj’^ as 
the F parent Young JF hj bnds were not signifi- 
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cantly different from the J parent Average activi- 
ties for backcrosses showed no significant differ- 
ences from the higher inbred strain However, the 
distribution of individual values showed that 45% 
of the offspring of J males and hj'bnd females 
resembled the J strain, whereas 95% of the com- 
parable F offspnng equalled or exceeded the F 
strain Foster nursing of J males on inbred F 
mothers raised the liver activity to the level of the 
foster parent Fostering of F males had no effect 
Thus, the characteristic liver activities are deter- 
mined by both the individual and the maternal 
genotypes Backcross segregation suggests that a 
smgle genetic factor contributes a major portion 
of the strain difference The superior potency of 
this factor in the F strain is shown by the equiva- 
lence of the hjbnds Maternal influence is shown 
in the depressed activity of 3 mung hybrid liver 
tissue and is confirmed by the foster nursing 
studies 

Acetone metabolism in the intact rat Wahw'ick 
Sakami Dept of Biochemistry, H'^estcrn Reserve 
Univ School of Medicine, Cleveland, Ohio 
Borek and Rittenberg (J Biol Chein 179 S43, 
1949) have indicated that acetone is metabolized 
at least in part via acetate in surviving rat liver 
We have found that it also contributes to the pool 
of ‘formate’ or formate derivative for which the 
^-carbon of serine is used as an indicator Acetone 
18 also converted to the methjl groups of choline 
and methionine When C' ^-methyl -labeled acetone 
was administered to rats, the ^-carbon of the iso- 
lated senne and the methyl carbons of the choline 
and methionine contained appreciable activity 
The formation of the ff-carbon of senne from 
formate did not occur via acetate When C*''- 
methyl-labeled acetate replaced the acetone in a 
parallel experiment, the i3-carbon of senne con- 
tained negligible actmtj^ Comparison of the in- 
corporation of C*'* into the /3-carbon of serine 
from methyl labeled acetone and formate (Sakami 
J Biol Chem 176 995, 1948) indicate that formate 
formation is a major mechanism of acetone me- 
tabolism under these conditions This suggests 
that the prmcipal pathway of acetone utilization 
involves cleavage of its carbon chain into acetate 
and formate or substances derived from these 
compounds The finding of C" in the methyl 
groups of choline and methiomne afforded the 
possibility that the synthesis of labile methyl 
groups occurred via formate 

Studies on the biosynthesis of chlorophyll Kubt 
Salomon, Kuht I Altman and Rocco Della 
Rosa (introduced by W R Bloor) Dept of 
Radiation Biology, Univ of Rochester, Rochester, 
N Y 

The utilization of the alpha-carbon atoms of 
glycine and acetic acid in the biosynthesis of 


chlorophyll by chlorella vulgans has been investi- 
gated Chlorella cells were grown in a synthetic 
stenle medium containing mineral supplements 
and 1% glucose To this medium were also added 
either sodium acetate or glycine labeled with C* 
in their respective alpha-carbon atoms and having 
a Ci^-actmty of 2 57 X 10’ and 2 55 X 10’ dis 
mtegrations/min/ziM carbon respectively The 
final concentration of glycine and acetate m the 
medium was 0 01 m The cells were grown for one 
week under stationary conditions in fluorescent 
light at pH 5 8, and were then harvested by cen- 
tnfugation The harvested cells were washed with 
water and then with dilute solutions of either mert 
glycine or inert acetate The chlorella cells were 
then extracted exhaustively with dioxane and the 
chlorophyll thus prepared was precipitated with 
a concentrated aqueous KaCl solution The chlo- 
rophyll preparation was purified by several repre 
cipitations with XaCl and converted to methyl- 
pheophorbide, which was recrystaUized several 
times from chloroform-ligroin The contnbution 
of the alpha-carbon atom of acetate to methyl 
pheophorbide was 3 5 times greater than that of 
the methylene-carbon atom of glycine In the case 
of chlorella grown in the presence of acetate, the 
isotope dilution of methylpheophorbide isolated 
w as 20 ns compared with 60 in the case of chlorella 
grown in the presence of glycine The data indicate 
that chlorella vulgaris is able to utilize directly 
the alpha-carbon atoms of gly cine and acetate for 
the bjo3}nthesw of chlorophyll 


'hysiopalhology of intermediary carotene me- 
tabolism in animal organism Stelios C 
Samaras, William Reals and Daniel Hin- 
GERTT (introduced by Victor E Levine) 
Depts of Biological Chemistry and Nutrition, 
and Pathology, Creighton Univ School of Medi 
cine, Omaha, Nebr 

Forty male white rats, 4 weeks old and divided 
ito groups, were put on a vitamm A-deficient 
let When the classical symptoms appeared, the 
aimals were given orally 400 U ST umte of 
irotene in oil Control animals were able to build 
p great reverves of vitanun A without accumula- 
on of carotene (carotene liver 2 3 gg/gm , mtes 
ne (small) 3 6 gg/gm , lung 3 1 i.g/gm , 
hver 85 1 ng/gra , intestine 1 6 yg/gm, Ju e 
8 iig/gm ) Rats, 4 w'eeks deficient, with live 

taimn A less than 1 yg/gm - 

mptoms and with considerable weight los , 

lowed immediate gams in “/“^ad 

Iministration Killed 

irotene liver 3 8 yg/gm , mtestme 2 1 yg/g > 
nil 2 0 ag/gm > vitamin A liver 9 1 yg/g > 

St™ 0 » 

ore advanced deficiencies also e o 
nehoration, but lastmg only 2-5 weeks 
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reasurable quantity of vitamin A was found m 
their organs Verj severely deficient rats i\ith 
marked hemorrhagic conjunctivitis were unable 
to convert given carotene, dying despite the pres- 
ence of appreciable carotene carotene liver 8 1 
^g/gm , intestine 12 6 fig/gm , lung 7 3 ng/po - ) 
Histological examinations showed that deficient 
ammals first develop reversible changes In ad- 
vanced stages the alterations are irreversible, 
impairing carotene absorption and conversion 
Especially in gastrointestinal tracts of animals 
with advanced symptoms we found a marked des- 
quamation of the columnar epithehum This was 
especially prominent m animals unable to use the 
administered carotene Evidently in vitanun A 
deficiency vitamin A, not carotene, should be 
administered 

A simple densiometric determination of heavy 
water Leo A Sapihstein (introduced by Wal- 
tee Maex) Dept of Physiology, Umv of South- 
ern Caltfornia Med School, Los Angeles 
Density deternunations can be performed on 
deutenum oxide-water mix-tures with an accuracy 
of 3 parts in a million by the present method, 
which requires only standard laboratory equip- 
ment and a Beckman differential thermometer A 
small hollow glass bead is prepared and its specific 
gravity is adjusted by trial and error until it just 
sinks in redistilled water at 20-25°C The tem- 
perature at which this bead just begins to float 
18 detenmned to 01 °C for standard DtO-H.O 
mixtures ranging from 0-2% With pyrex beads 
the end-point for 2% DiO is TC higher than for 
distilled water and the plot of temperature vs 
DjO concentration is linear By substituting a 
redistilled sample of the unknown DiO-H.0 mix- 
ture, and determining the end-point temperature, 
the DiO concentration may be read directly from 
the calibration curve The method differentiates 
DtO concentrations of 3 X 10"' with no difficulty 
Samples containing approximately 1% D.O m 
water have been determined mth an accuracy of 
0 3% by this method 

Concentration of the factor required for the 
growth of Lcuconostoc Cl fro wrum SOW H E 
Saubeelich (introduced by W D Salmon) 
lah of Animal Xuinlton, Alabama Polytechnic 
Inst , Auburn 

Further studies were made on the concentration 
of the factor from Wilson’s liver ‘L’ This was 
dissolved in w ater, adjusted to pn 3 0 with sulfuric 
acid and treated repeatedly with charcoal (Norite 
X) at room temperature The factor was eluted 
from the charcoal with ethi 1 alcohol-water-amrao- 
nium hydroxide solution at 65'C The eluate was 
e\ aporated to dnaiess and the residue taken up in 
water The solution was adjusted to pn 3 0 mth 
sulfuric acid ind the precipitate filtered off The 
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filtrate nas extracted repeatedly nith n-butyl 
alcohol at a pn of 3 0 The butyl alcohol fractions 
were then extracted n ith n ater at pH 8 6 The 
water extracts were adjusted to pH 7 0 and passed 
over amberhte columns to remove anions and 
cations The filtrate was evaporated partially and 
then extracted at a pH of 3 0 vnth butyl alcohol 
The butyl alcohol extract nas further purified by 
partition chromatography This n as accomplished 
by placing the solution on potato starch columns 
and developing mth butyd alcohol saturated with 
water and made acidic with acetic acid Various 
bands and fractions were collected and analyze 
microbiologically for activity Active fractions 
were further punfied by partition chromatog- 
raphy In this manner concentrates of the un- 
known factor were obtained which were exceed- 
ingly active and of very low solids content Details 
of the procedure employed and the preparations 
obtained will be presented 

Effect of adrenal mince and cell-free filtrate on 
desoxycortlcosterone Kenneth Savabd*, Lena 
A Lewis* and Aeda Alden Geeen Research 
Division, Cleveland Clinic Foundation, Cleve- 
land, Ohio 

Desoxycorticosterone has been incubated with 
minced or filtered ex-tracts of beef adrenal tissue 
The neutral steroid fraction extracted from these 
incubation mixtures exhibits glycogenic activity 
in fasting adrenalectonuzed mice (Venning test) 
This activity is substantially greater than that 
of the controls incubated without added desoxy- 
cortisterone Studies on possible coenzyones, on 
different substrates, and on the chemical charac- 
teristics of the produces will be reported 

Ketoglutanc acid carboxylase in higher plants 
Otto Schales, Selma S Schales* and Gatle 
M SCHWAEZEN-BACH* Chemical Research Lab , 
Alton Ochsner Medical Foundation, and Dept 
of Biochemistry, Tulane Umv School of Medi- 
cine, New Orleans, La 

Kxtracts from a variety of higher plants were 
found to decarboxy late py-ruvic acid (PA) and 
a-ketoglutaric acid (KGA) The addition of phenol 
(2 mg/ml ) to the incubation mixtures completely 
inhibited to the decarbox-y lation of PA, but inter- 
fered less stnkingly with the decarboxylation of 
KGA, suggesting that the two keto acids were 
attacked by different enzymes Extracts from dif- 
ferent plants varied widely in their activity 
against PA and KGA Cucumber extract, for ex- 
ample, decarboxy lated PA., but had no significant 
effect on KGA Various types of potatoes ynelded 
extracts with considerably higher activity against 
KGA than against PA Squash, com and canta- 
loupe were found to be particularly rich in KGA 
carboxylase The new enzyme (from squash) 
Ehoned optimal activity at pH 6 0-G 1 It lost 95% 
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of its activity after 17 hours dialysis against 3&-40 
volumes of distilled water, while PA carboxylase 
was only slightly mactivated by this treatment 
Both carboxylases were reactivated on addition 
of concentrated dialysate to the dialyzed material 
PA earboxylase but not KGA carboxylase was 
also activated on addition of diphosphothiamin 
(cocarboxylase) plus Mg or Mn ions to extracts 
which had been dialyzed for several days Yeast 
extract (Difco) activated dialyzed KGA carboxyl- 
ase but did not activate dialyzed PA carbox3da3e 
The easily removable prosthetic group of KGA 
carboxylase is not identical uith diphospho- 
thiamin 

Intracellular localization of uncase activity 
Arnold H Schein, Estelle Podber and Alex; 
B Novikoff (introduced by H B Pierce) 
Depts of Biochemistry and Pathology, Univ of 
Vermont, College of Medicine, Burlington 
Nuclei, mitochondria, sub-microscopic particles 
and ‘supernatant fluid’ were separated from rat 
liver homogenate by differential centrifugation 
The uncase activity of each fraction, of the origi- 
nal homogenate and of a mixture prepared by 
combining the separated fractions in the propor- 
tions found in the homogenate vere measured 
Three dilutions of tissue were incubated i\ith a 
known amount of uric acid in borate buffer pn 9 3, 
at 46 °C in a Dubnoff Metabolic Shaking Appa- 
ratus Under the conditions emploj'ed, uncase 
activity (pg unc acid, dcstroyed/30 mm ) nas in 
each case proportional to the quantitj' of tissue 
used Seventy to 80% of the uncase activitj'^ was 
found in the mitochondrial fraction, 10 to 15% in 
the nuclear fraction Little or no actmtj'' could 
be demonstrated for the sub-microscopic particles 
and the supernatant fluid The uncase activity 
of the rmxture closely approximated that of the 
original homogenate, indicating the absence of 
interaction among the matenals of the 4 fractions 
As a check on the effective separation of the frac- 
tions, nucleic acids (DNA, PNA) and succm- 
oxidase determinations were made The fractions 
were also examined microscopicallj’’ (phase con- 
trast) The mitochondrial contamination (as free 
particles or in unbroken cells) may account for the 
uncase activity of the nuclear fraction The mito- 
chondrial fraction was completely free of nuclei 

Nature of rabbit liver glycogen Max Schlamo- 
wiTZ (introduced by David M Greenberg) 
Division of Biochemistry , Univ of California 
Med School, Berkeley 

Studies have been carried out on the influence 
which type of carbohydrate and the mode of its 
administration has in determinmg the structure of 
glycogen deposited in rabbit livers Measurements 
of degree of branching and iodine adsorbing and 
light scattering properties have been used to es- 


tablish differences in the structures of the several 
glycogens isolated, The end-group assay as deter 
mined by periodate oxidation was found to corre 
spond to an average branch-length of 19 to 25 
glycose residues, depending on the type carbo 
hydrate administered and the mode of its adminis 
tration Under no condition thus far tested has it 
been possible to produce the more highly branched 
12 unit glycogen, generally considered to be the 
‘normal’ glycogen Glycogens with low-degrees of 
branching such as those obtained in the present 
investigations, have in the past been considered 
‘abnormal’ 


Action of ribonuclease and its bearing on stmc 
ture of yeast ribonucleic acid Gerhard 
Schmidt, Nepomuk ZOllner*, Lisa Hecht*, 
Ricardo Cubiles*, Maria Wargon* and S J 
Thannhauser Tufts College Med School, Bos 
ion. Mass 

Prostate phosphatase releases from j east RNA 
7 to 8% of its total P as inorganic phosphate with 
out formation of nucleosides After precipitation 
of the total P with uranium acetate the super- 
natants contained negligible amounts of nitrogen, 
phosphatase action did not lead to an increased 
consumption of periodate After digestion vith 
nbonuclease, approximately one half of the total 
phosphorus of RNA was hydrolysed by phos 
phatase The pyTimidine nucleotide groups were 
practically^ completely' dephosphorylated, the 
purine nucleotide groups were practically' com- 
pletely preserved ns polynucleotides The uranium 
supernatant contained no punnes The periodate 
test showed that 70 to 80% of the pyrimidine 
groups were liberated as free nucleosides, the rest 
remained in linkage with the purine polynucleo- 
tides Yeast ribonucleic acid consists of long 
chains of punne nucleotides Imked to long chains 
of py'Timidine nucleotides Titration experiments 
showed that a large part of the alkali uptake o 
yeast RNA between pH 5 and pn 8 6 originate 
from groups other than secondary phosp orj 
groups Crystallized ribonuclease does not hydro 
lyse pancreas RNA Pancreas contains a secon 
nbonuclease (B) which hydrolyses y east and pan 
creas RNA Its action differs from that of 
nbonuclease because nbonuclease B y 
the cross-linkages between the purine nucleotioe 


ition of adrenocortical compounds from nor- 
al male urine John J Schneider (mUoduce 
r F L Munro) Dept Exper Med , Jeffcr 
ed College, Philadelphia, Pa 
irge volumes of pooled, normal male urine 

: Stracted with chloroform both before nd 
r adjustment to pn 1 Further fractionation 
Med recovery of the ketonic fraefo^ fbei_ 
itioning between benzene and water and 
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matography of the acetylated residues Of the 
crjstallme compounds recovered, one has been 
shown to be 17-h}'^dro\y 11-dehydrocorticosterone 
vhich vas isolated largely as the free compound 
in an over-all yield of 55 3 y/l and another, the 
corresponding tetrahydro derivative, 3(a:),21-di- 
acetovy-17(a)-h3'dro\JT)regnanetriol -11,20-dione 
Three other cr 3 'stallme compounds and one non- 
cr 3 'stalline substance have been partiall 3 '' charac- 
terized Two of these are regarded as reduction 
products and the remaining two as possibly ph 3 ' 8 i- 
ologicall 3 '^ active compounds These results will be 
discussed in relation to other relevant data 

Effect of ultraviolet irradiation on certain amino 
acids Klaus Schocken (introduced by H 
Jensen) Med Dept Field Research Lab Fort 
Knox, Ky 

The degree of decomposition of the following 
amino acids phen 3 dalanine, tyrosine, dihydrox 3 '- 
phen 3 dalanine, histidine and tr3T3tophane b 3 '- ultra- 
violet irradiation has been studied quantitativel 3 " 
The buffered ammo acid solutions were irradiated 
with the unfiltered light of a Hanovia quartz 
mercury lamp at 30 cm distance in test tubes of 
about 1 in diameter, which were placed in a water 
bath The degree of conversion of benzoic acid to 
hydro\ 3 ’'benzoic acid, of phen 3 dalanine to t 3 TO- 
sme, and of tyrosine to dopa b 3 ’’ ultraviolet irradia- 
tion has been determined The significance of these 
findings will be discussed Histidine has been 
found to be ver 3 ’- sensitive to ultraviolet irradia- 
tion and was therefore used to study the effect of 
certain compounds which were expected to inhibit 
the decomposition effect of ultraviolet irradiation 
Cysteine, C 3 ’^stine, homoc 3 "stine and methionine 
were found to exert a pronounced inhibiting re- 
sponse In addition, experiments on the influence 
of compounds which were ex-pected to accelerate 
the irradiation effect have been carried out 

Precursors of purines Martin P Schulman,* 
John M Buchanan and Charles S Miller • 
Dept Physiological Chemistry, School of Medi- 
cine, Univ of Pennsylvania, Philadelphia 
There is appreciable disappearance of C“- 
labeled-4-amino-5-imidazole carboxamide (s 3 mthe- 
sized bv method of Miller and Gunn) when in- 
cubated with pigeon liver homogenates BTien 
carrier hipoxanthine was added at the experi- 
ment’s conclusion, radioactivit 3 was found in the 
isolated h 3 ’poxanthine in quantities indicating 
that most of the disappearing carboxamide was 
converted to Inpoxanthinc The hvpoxanthine 
was precipitated b\ animomacal siUcr nitrate and 
purified b\ 3 passages through a starch column 
(butanol water) Since rigorous punne charac- 
tcnzation is necess ir\ , further attempts arc being 
made to separate the ridioactivitv from the puri- 
fied hvqioxanthine Nevertheless hvpoxanthine 


contaminated with C* '‘-carboxamide in control 
experiments ma 3 '' be freed of radioactivit 3 '’ by the 
above procedure Furthermore, radioactive uric 
acid wms excreted by a pigeon administered C^*- 
carboximade Inappreaiable isotope concentration 
was present in the respiratory CO; Further ex- 
periments have showm that NH;CHjC*''-OOH and 
HC'OOH participate in h 3 'poxanthme S3mthesi3 
in vitro at a rate comparable to C‘''-carboxarmde 
utilization A previous report (Sonne, Buchanan 
Delluva) that acetate is involved m uric acid syn- 
thesis has not been substantiated CHjC‘‘'OOH, 
S3nthe8ized from C‘''02, failed to be incorporated 
into the purine ureide groups w hen administered 
to a pigeon or added to pigeon liver homogenates 
When acetate was synthesized from isotopic NaCN 
and (CIDsSO^, formic acid was a significant by- 
product and was undoubtedly responsible for the 
appearance of isotope in the ureide carbons of uric 
acid in the earlier experiments with C“-acetate 

Nature of the hepatic protein lost during a 2-day 
fast Julius Schultz* and Harry M Vars 
Harnson Dept of Surgical Research, School of 
Medicine, Umv of Pennsylvania, Philadelphia 
The total heat-coagulable protein of the livers 
of fed, 24-hour and 48-hour fasted rats were ana- 
lysed for nitrogen, ash, glycogen, total-S, C 3 - 8 tine- 
S, phosphorus and purme-N In terras of the liver 
of a ‘standard’ 200-gm rat, it was found that dur- 
ing the first 24 hours of fasting there was a loss of 
268 mg protein, 30 mg nucleic acid, 3 6 mg total-S 
and 0 4 mg C3^8tine-S Dunng the second 24 hours 
of fasting there was lost 183 mg , 5 mg , 2 2 mg , 
and 1 2 rag respectively of the above constituents 
This indicates that the proteins lost from the liver 
during the first day of fast contams little C3’-atine- 
S while that lost dunng the second day contains 
much more The nucleic acids lost during the first 
day were greater than that lost later These data 
suggest that the composition of the ‘labile’ pro- 
teins of the liver may differ from that of the more 
metabolically ‘stable’ protems 

Preparation of a soluble, punfied succinic dehy- 
drogenase Charles R Scott (introduced by 
Elvier Stotz) Dept Biochemistry, Umv of 
Rochester School of Medicine and Dentistry 
Rochester, N Y 

Succinic dehydrogenase, defined by its ability 
to catal 3 ze the reduction of an electromotively 
active d 3 e b 3 succinate, has been prepared from 
pig heart muscle extract in a form which is not 
sedimented b 3 centrifugation at 20,000 g The rate 
of reduction of sodium 2,6.dichIorobenzenone- 
indo-3-chlorophcnol, measured aerobicallv and 
mthin a two-minute reaction period, was used for 
cnzvme assav The tvpical buffer extract of heart 
muscle IS fractionated with ammonium sulfate in 
t e presence of cholate, the appropriate fraction 
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subjected to partial heat denaturation, followed 
by further ammonium sulfate fractionation The 
final clear, yellow solution contains the enzyme 
with some 20-fold purification over the heart 
muscle extract It contains less than 0 04% cholate 
and some a mm onium sulfate The enzyme is pre- 
cipitated by dialysis against water or buffer, but 
the activity is retained in a clear solution when 
dialyzed against strong ammonium sulfate solu- 
tions The final preparation is free of cytochrome 
oxidase and cytochrome c, but shows a weak band 
at 560 TOfi after dithionite reduction Parallel stud- 
ies of hemin content and enzyme activity at vari- 
ous stages of purification do not indicate anj 
necessity of a hemin for succinic dehj'drogenase 
activity The apparently low flavin content has 
not yet justified a similar study of flavin and 
enzyme activity The preparation no longer cata- 
lyzes the reduction of c 3 'tochrome c by succinate 
unless another heart muscle fraction is added 

Amino acids in two tuberculin protein fractions 
Florence B Seibert and Paul W Kent * 
Henry Phipps Inst Unw of Pennyslvania, Phila- 
delphia, and Dept of Chemistry, Univ of Birm- 
ingham, England 

Protein fractions with different phj'sico chemical 
and biological properties have been isolated pre- 
viously from unheated culture filtrates of a num- 
ber of different strains of tubercle bacilli growm 
upon a non-protein synthetic medium Two of 
these fractions with the most different properties, 
designated as A and C fractions, were chosen for a 
prelimmary studj’’ of their ammo acid composition 
By the paper chromatographic method at least 10 
ammo acids and also one or two unidentified spots, 
possibly di- or tri-peptides, were identified m 
both A and C fractions Quantitative chemical 
analyses of each fraction showed more trj’pto- 
phane by the Bates’ method, and more phenolic 
groups, by the Folin reagent, m unhydrolyzed 
samples of the A than of the C fraction On hy- 
drolysis, however, still more phenolic groups ap- 
peared m the A fractions, but not in the C frac- 
tions, indicating that some of the phenolic groups 
m the A fractions are inaccessible until released 
by hydrolysis In analog}’- with work by many 
investigators on other physiologicallj’- active pro- 
tems, such as pepsin, papain, insulin, viruses, etc , 
it IS interesting that this tuberculoprotem A frac- 
tion, which contains some of these apparentlj'- 
combined phenolic groups, is also the most potent 
fraction isolated, in regard to tuberculin activity 
and antigemcity It is also the least chromogemc 
one, as well as the least stable in regard to solu- 
bility properties It is, furthermore, from the A 
fraction that it is most difficult to separate carbo- 
hydrate, and while some carbohydrate can be 
easily removed, it is not yet certain how much may 
actually be strongly combined -with the protein 


Effect of carbon dioxide on rate of denitrogena< 
tion m human subjects Julius Sendrot, Jr 
AND Rodolfo Margaria* Naval Med Research 
Inst , Bethesda, Md 

Following exposure to pressure at 2 atmospheres 
(absolute) for 4 hours, the elimination of Ni from 
the bodj'- has been measured in human subjects 
over periods of from minutes to 60-120 

minutes of inhalation of an N.-free gas mixture 
The Nj elimination over such periods following 
decompression, may be descnbed as the resultant 
of simultaneous processes, the rate of which may 
be expressed as a function of tune, by the sum of 
exponential terms of the type Y = of which 

2 are given special consideration On breathing 
a 3% CO" — Os mixture, the rate is not appre- 
ciably altered A 5% CO* — 0: mixture causes an 
increase of 70% m the velocity constant of the 
fast rate component, w hile it may slightlj decrease 
the speed of the slow process An increase of 
ventilation per se has no effect on the Ns exchange 
over the time interval studied as is shown when 
the subject inhales a low CO- mixture (3%), or 
when the ventilation is increased by the intro- 
duction of a respiratory dead space The effect 
of the 5% COs mixture is attributed to an in- 
creased blood flow through some areas (watery 
tissues, muscles etc ) and to a decrease m others 
(fattj tissues) On inhalation of such a mixture, 
during the first 30 minutes of denitrogenation, 
20% more N* is given off than when pure 0i is 
breathed It is suggested that COi may possibly 
be effective in dinumshing the incidence of de- 
compression sickness in divers 


Hood volume of the rat measured by the tagged- 
erythrocyte dilution method L M Sharpe, 
G G CuLBRETH* AND J R Klein Biology 
Dept Brookhaven Natl Lab , Upton, N 1 
Male rats of the Sprague-Dawley strain, weigh- 
ng from 260 to 340 gm , were mjected, via the 
uperficial epigastric vein, with 0 5 ml 
at blood the cells of which had been tagged wita 
i'e^’ After 1-2 hours the animals were again 
mesthetized and bled maximally from the aorta 
<’rom the radioactmties of donor and recipien s 
flood, the average blood cell volume and its s an 
ird deviation were calculated to be 2 35 ± 
q 1 /lOO gm body weight The corresponding aver- 
tge blood volume and its deviation, estimat 
rom the cell volumes and hematocrit, were 
I 31 ml /lOO gm The blood volume ' 

:dly less than most derived from plasma-labeling, 
,ut agrees well with that found in another strai 
if rat (Berlin et al Proc Soc Exper Bio 
\Ied 71 1949) by means of ceU-labehng 

JiMactic acid as acetylalme aeent in inlatl 

aaS m ra. lice, and Hdacr .lice. 

Shreevb (introduced by John A. 
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Dept of Biochemistry, School of Medicine, West- 
ern Reserve Untv , Cleveland, Ohio 
Conversion of C‘^ a-labeled lactate to acetyl 
groups was studied in normal rats and in rat liver 
and kidney slices Phenylaminobutync acid was 
fed, or incubated in vitro, together with the labeled 
compound The resulting acetylated foreign amine 
was isolated from the unne or mcubation medium, 
the acetjd group split off, and the isotope content 
of its mdmdual carbons determined Entrance of 
a-labeled lactate (via pyruvate) into reactions of 
the Krebs cycle should generate pyruvate labeled 
to a considerable extent in the |S as well as the a 
carbon This expectation is based on the finding 
that after feeding a-labeled lactate, carbons 1 and 
6 of the glucose derived from rat liver glj'cogen 
contain j — } as much isotope as found in carbons 
2 and 5 (Lokber et al Am J Physiol 155 452, 
1948) Of the isotope present in the acetyl groups 
isolated from the whole animal and the kidney 
sbees, on the other hand, only 10% occurred in the 
methyl carbon Acetylation by liver slices was 
negbgible compared with kidney From these find- 
ings it may be inferred that kidne)'^ is a mam site 
of occurrence of the acetylation reaction under 
study, and that in this organ the major fraction 
of the isotope entering the acetyl groups from 
lactate does so without prior passage through the 
Krebs cjcle, in contrast to the pathway from 
lactate to liver glycogen 

Reversible inhibition of the dotting of fibrinogen 
Sidney Shulman* and John D Ferry Dept 
of Chemistry, Untv of IFtsconstn, Madison 
The conversion of bovine fibnnogen to fibnn by 
thrombin can be markedly retarded by a number 
of reagents at moderate concentrations (2-5%) 
The normal clotting time (about 12 min at pn 6 3, 
ionic strength 0 45, 1 unit/ml thrombin) is pro- 
longed to well over 24 hours by a charactenstic 
minimum concentration of each reagent These 
inhibitors can be classified in 3 groups 1) neutral 
molecules, 8) anions and S) cations Their char- 
acteristic functional groups are hydrox-jl, amino, 
sulfonic acid and sulfhydrjd, but the whole mo- 
lecular arrangement seems to be significant, since 
manj of the inhibitors are closely related struc- 
turallj, iihile certain other compounds, quite 
sinular in structure, fail to produce inhibition 
The inhibition can be shown to be reversible and 
not due to anj permanent protein damage Nor- 
mal clotting results from diahsis of inhibited mix- 
tures, furthermore, dialjsis of a mixture of one of 
the proteins with reagent Melds a solution that 
gives the normal clotting behavior wath the other 
protein Addition of the reagent after the mixing 
of fibnnogen and thrombin, at anv time up to the 
moment of clotting, also results in reversible in- 
hibition 


Metabolism of N-valeric acid in the intact rat, 
studied with carboxyl-C* labeled va- 

lerate Irwin Siegel (introduced by John A 
Muntz) Dept of Biochemistry, School of 
Medicine, Western Reserve Univ , Cleveland, 
Ohio 

Solutions of CHjC‘'*HjCH 2 CHjC‘’OONa and 
glucose were administered to fasted rats by stom- 
ach tube The reapiratory'- CO- was collected 
hourly for 3 hours, at the end of which time the 
liver gljTogen was isolated, hy-^drolyzed to glucose, 
and the position of and C'* in the glucose mole- 
cule determined C’ appeared only in carbons 3 
and 4, at too high a concentration to be explained 
by CO- fixation alone, while C*'* was found pre- 
dominantly and equally in carbons 1, 2, 5 and 6 
The respiratory CO- contained about twice as 
much C” as expressed as percentage of isotope 
administered These results indicate clearly that 
the carboxyl and y carbons of valerate follow dif- 
ferent metabolic pathways Of the various pos- 
sible mechanisms, the only plausible one which is 
consistent with the data mvolves oxidation to 
yield CHjC»OOH and CHjC»<H-COOH The dis- 
tnbution of isotope in liver glycogen following the 
feedmg of carboxjd-labeled acetate and a-labeled 
propionate (Lifson et al J Biol Chem 176 
1263, 1948, Lorber et al Federation Proc 8 99, 
1949) coincides with the patterns observed m the 
present study The report by Atchley (/ Biol 
Chem 176 123, 1948), who identified propionate 
and acetate m a kidney enzyme preparation incu- 
bated with valerate, is in harmonj'^ with the 
present results obtamed in the intact animal 

Biological formation of formate and formaldehyde 
from methyl compounds in liver slices Philip 
S iEKEvuTz* AND David M Greenberg Division 
of Biochemistry, Univ of Calif ornta Med School 
San Francisco ’ 

The formation of formate and formaldehyde 
was studied with C><-labeled compounds The 
radioactive compounds were isolated by the car- 
rier method The formate was determined by 
^eam distilling the compound and oxidizmg it to 
CO- with mercuric oxide, the formaldehyde was 
isolated by steam distillation into dimedon solu- 
tion and recrystalhzation of the resulting methjl- 
enebis methone to constant specific activity The 
methyl group of methionme and choline have been 
found to give nse to formate and to formaldehj de 
and can serve as a source of the /3-carbon of senne 
These reactions are inhibited by ethionme Intra- 
pentoneal injection of ethionme inhibits the in 
tilro production of formate from glycine but not 
the synthesis of senne from gly cine The a-carbon 
of glycine and the ^-carbon of senne have been 
^und to form both formaldehyde and formate 
Formate production from the above 4 compounds, 
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except for choline, was greater in air than in nitro- 
gen With the exception of serine, formaldehyde 
production was higher in air than in nitrogen 
The amount of labeled formaldehyde obtained was 
small compared to the formate formed 

Synthesis of some phosphate fractions in the 
threonine-deficient rat S A Singax., V P 
Sydenstricker,* Juua M Littlejohn,* H T 
Hates* and S J Hazan* Untv of Georgia 
School of Medicine, Augusta 
In the attempt to determine the specific bio- 
chenucal defect responsible for the fatty livers in 
rats resulting from threonine deficiency (Sinoal, 
Stdenstricker and Littlejohn Federation Proc 
8 251, 1949) radiophosphorus has been employed 
in the study of the turnover of inorganic, acid 
soluble, phospholipid and nucleoprotein phos- 
phorus fractions in the liver, kidney and small 
intestine of the deficient and normal rat The 
relative specific activit}’' of the phospholipid and 
nucleoprotein fractions of the kidney and small 
intestine is not significantlj’’ different in the defi- 
cient and normal animal The administration of a 
single dose of 0 2 mM DL-threonine does not alter 
the activities In the liver the phospholipid ac- 
tivity IS siimlarly unaffected by either threonine 
deficiency or by supplementary threonine In the 
nucleoprotein fraction, however, the relative spe- 
cific activity 18 significantly depressed 30% m the 
deficient rat The administration of a single dose 
of threonine increases the uptake 26% In the rat 
receiving an adequate quantity of the amino acid 
in the diet, supplementary threonine is without 
effect on the uptake of radiophosphorus 

Isolation of L-amino acid oxidase from moccasin 
venom Thomas P Singer, Edna B Kearnev* 
AND Evelyn A Heisler* Dept of Biochemis- 
try, Western Reserve Univ School of Medicine, 
Cleveland, Ohio 

The preparation of the L-amino acid oxidase of 
moccasin venom involves the use of Cai(PO<)- gels 
under rigorously controlled temperature, pH, and 
ionic strength Impurities are removed by heating 
to 73° C for 5 minutes in the presence of L-leucine, 
followed by adsorption of inert proteins on 
Caj(P04)2 gel at pn 6 The enzyme is next ad- 
sorbed at its isoelectric point on Caj(PO«)s gel 
and the latter is washed with acetate buffer The 
enzyme is eluted with 0 65 saturated (NH4)2S04 
at its isoelectric point and precipitated by further 
addition of (NH4)iS04 In this manner, the oxidase 
IB obtained in nearly pure form in good jueld in a 
few hours working time The purity of the enzyme 
has been studied by electrophoresis, diffusion, 
solubility measurements and in the ultracentn- 
fuge The absorption spectrum is characteristic 
of flavoenzjanes, with maxima at 273, 389, and 
465 m^ These peaks are bleached in the presence 


of L-leucine, even under aerobic conditions The 
prosthetic group has been separated and identified 
as FAD by its absorption spectrum, by its fluorea 
cence before and after hydrolysis with nucleotide 
pyrophosphatase or CCbCOOH, by the quantita 
tive measurement of the adenosme-6-phosphate 
content following enzymatic hydrolysis, and by 
the demonstration of the presence of adenine by 
paper chromatography The prosthetic group 
quantitatively replaces FAD in the D-amino acid 
oxidase test, and it activates cytochrome reduc 
tase, a flavin mononucleotide enzyme, only after 
hydrolysis by nucleotide pjTophosphatase 


An inter-relationship between arginine and 
proiine in metabolism of Leuconostoc mesen- 
terotdes P-60 R J Sirny,* L T Cheng* and 
C A Elvehjem Dept of Bioehemtslry, Univ 
of IFtsconsm College of Agriculture, Madison 
Investigations into possible causes of the marked 
lag observed m the standard curve response to 
proline under the routine conditions of microbio- 
logical analysis mth the Henderson-SneU uniform 
medium {J Biol Chem 172 15, 1948) have re 
venled an unusually high requirement for arginine 
when proline is limiting and vice versa, in Leu- 
conostoc mesenteroides P-60 The unmodified me 
dium normally contains 400 yg L-arginine HCl 
and 200 yg L-proline in 2 ml , though 20 yg 
arginine and 10 yg L-proline are sufficient to give 
near maximal growth when one is made limiting 
with respect to the normal excessive amount of the 
other However, when the level of L-arginine is 
low ered to 20 j no growrth occurs with 10 yg 
L-proline Maximal growth is not obtained until 
levels of 400 yg L-arginine are approached Simi- 
larlj', when l arginine is held at 20 yg , growth 
increases progressively until levels somewhat 
above 200 yg proline are reached This inter 
relationship is not found with any of the other 16 
amino acids w hen the low level of proline is used 
Studies on the possibility of inter conversion of 
these amino acids have thus far shown that orni- 
thine is ineffective in replacing argmine for t e 
organism’s needs with limiting proline Furt or 
studies on the mechanism of this interrelationship 
are in progress 


:nne ribose nucleotide inhibition of desoxyribo 
lucleic acid utilization by Lactobacillus 
Hdus Helen R Skbggs,* Lemuel D Wmght, 
Katherine Valentik,* Helga Nepple aot 
loHN Spizizen * Med Research Division, bharp 
1 Dohme, Olenolden, Pa . 

rhe abihty of nbonucleic acid (RNA) sp 
lly to inhibit the utilization of 
cleic acid (DNA) hy Ixictohacillus hifidus 
nllus acidophilus ATCC ^4963) was desenbed 

Skeccs ei al (J Am Chem Soc In pres ) 
7A, degraded by alkaline hydroljms, retaine 
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its inhibitorj'^ ability Further investigations have 
been made to determine whether any of the know n 
products of RNA degradation could substitute for 
RNA in inhibiting the utilization of DNA by 
L bifidxis The punnes and pjnimdines, nbose 
nucleosides, undjlic acid and cj^tidjlic acid have 
no effect on the ability of L hifidua to utihze 
DNA The punne nbose nucleotides, adenylic 
acid (adenosine-3-pho8phonc acid or adenosine-S- 
phosphoric acid) and g ansdic acid, competitively 
inhibit the utilization of DNA by the organism 
The effects of the punne nucleotides can be demon- 
strated either by the test tube assay procedure 
previously described or by filter disk plate assay 
techmques tVhen vitamin B 12 is substituted for 
DNA m the nutrition of L bifidxis the effects of 
the punne nucleotides cannot readily be demon- 
strated 

Cytochrome c reductase (DPN) of heart muscle 
particles E C Slater (introduced by^ S 
OcHOi) Molteno Inst , Umv of Cambridge^ Eng- 
land 

The aerobic oxidation of reduced DPN 
(DPNH”) by Keilin and Hartree’s heart muscle 
preparation was completel} inactivated by treat- 
ment V ith 2 3 dimercaptopropanol (BAL) m air 
The oxidation was restored bj the addition of 
methylene blue The reduction of cydrochrome C 
by DPNHj in the presence of heart muscle prepa- 
ration and cyanide was also inactivated by B YL- 
treatment Spectroscopic studies mdicated that 
cytochrome 6 v as not on the main pathway for the 
aerobic oxidation of DPNH. but is concerned m 
a slov anaerobic oxidation of DPNH; by' fumarate 
This reaction is also inhibited by BAL It is con- 
cluded that the cydochrome c reductase (DPN) on 
the heart muscle particles contains at least two 
components, one of which (diaphorase) is un- 
affected by BAL and the other is the BAL-labile 
factor previously' found in the succinic oxndase 
system, acting between cytochromes b and c The 
endogenous cy tochrome c on the heart muscle par- 
ticles must be reduced b% DPNH. or succinate 
at 1200 times the rate at vhich the same concen- 
tration of added cr tochrome c is reduced (in the 
presence of cianide) in order to account for the 
observed rate of aerobic oxidation in the absence 
of added ci tochrome c or ca anide 

Mechanism of anticonvulsant action of 2-diethyI, 
1,3-propanediol I H Sl\ter,D E Le\ki and 
J F O’Learv (introduced ha S W Clalsex) 
Dept of Pharmacology and 7 oncology and Dept 
of Surgery Dnision of Orthopedics, Univ of 
Pochcslcr School of Medicine and Dentistry, 
Rochester, \ 1 

It has been suggested that monocthers and sub- 
stituted kctals of gKcerol which cause flaccid 
parahsis without loss of consciousness inhibit 


multisynaptic pathw ays, particularly m the spinal 
cord These agents are effective in the protection 
of animals from death from metrazol and stryc- 
nine convulsions More recently, Berger has re- 
ported that 2-diethy'l, 1,3-propanediol (DEP) 
appears to be an unusually' effective agent for the 
protection of mice from metrazol and stry'chnine 
convulsions We have extended these studies to 
larger animals Cats anesthetized with dial given 
intravenous doses of 60 mg/kg of DEP did not 
convulse after large doses of either strychmne or 
metrazol Conversely', when convulsions were in- 
duced in such cats with these drugs, it was pos- 
sible to control the seizures with DEP Similar 
observations were made after intraperitoneal in- 
jection in unanesthetized cats and rabbits In cats 
anesthetized with dial, the 1 v administration of 
DEP in doses as high as 153 mg/kg caused no 
change in the knee jerk or in the response of a 
muscle to nerve stimulation Doses of 50 mg/kg 
mtravenously' caused a distinct transient decrease 
in the amplitude of the flexor reflex response, a 
finding indicative of inhibition of multineurone 
reflex arcs in the spinal cord Rapid 1 e injection 
of DEP was followed by slowing of the heart rate, 
a drop in mean arterial blood pressure and a slow- 
ing or cessation of respiration, findings more 
marked in ether than in dial anesthesia After 
fatal doses, circulation continued several minutes 
after cessation of respiration 

Competitive effects of substrates for hexokmase 
Milton W Slein (introduced by C F Cohi) 
Dept of Biological Chemistry, Washington Umv 
School of Medicine, St Louis, Mo 
The question has been investigated whether 
yeast and brain hexokmase have one or more 
active centers for the utilization of the 3 ferment- 
able hexoses The order of affinity for the yeast 
enzy'me (from determinations of Ks, the substrate- 
enzyme dissociation constant) was mannose > 
glucose > fructose and this was also the order of 
mutual inhibition of utilization of these sugars 
from mixtures For the pair glucose-mannose it 
was shown that Ki mannose was the same as Ks 
mannose and Kj glucose the same as K 3 glucose, 
indicating that they act as substrates and inhibi- 
tors at the same center of the enzy-me With brain 
or least hexokmase there was nearly 100 % inhibi- 
tion of fructose utilization by an equimolar con- 
centration of either glucose or mannose, while 
fructose had little inhibitor% effect on the utiliza- 
tion of the aldo sugars This strong inhibition is 
largch explained In the fact that the concentra- 
tion of fructofuranose (which is the form with 
which the enzt-mc reacts) is onh a small fraction 
of the total fructose concentration (roughly 20 % 
m the abo\e expenments) The predominant 
hexokmase in brain appears to be of the \east 
tape and the competitne effects of substrates 
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descnbed above would explam why mannose but 
not fructose causes an immediate relief of hypo- 
glycemia Sugars which are not utilized by yeast 
or brain hevokinase (e g galactose) do not act 
as inhibitors The fructokinase of muscle (Federa- 
tion Proc 6 246, 1947) which does not act on 
glucose IS not inhibited by this sugar Enzymes 
which act on fructose-l -phosphate (probably the 
primary phosphorylation product of fructose by 
liver fructokinase) have been found in liver and 
muscle but not m brain 

Effect of diet upon urinary amylase excretion 
Benjamin W Smith* and Joseph H Roe 
Dept of Btochemtslry, George Washington Vntv 
Sehool of Medicine, Washington, D C 
The effect of fasting and of diets high in carbo- 
hydrate, protein, fat, punne, and alkaline residue, 
upon the urinary amylase excretion was deter- 
mined, using 156 medical students as subjects A 
control 24-hour sample of unne mth the subjects 
on their usual diet was collected The subjects 
were then placed upon the experimental diet for 
4 days and urine was collected during the final 
24-hour penod The amylase content of the urine 
samples was determined by the method of Smith 
and Roe {J Biol Chem 170 53, 1949) Urinary 
nitrogen values were determined as a control 
upon the dietary intake Statistical analysis of 
the data showed a highly significant decrease in 
the urinary amylase excretion on the high carbo- 
hydrate and alkaline residue diets and an increase 
of borderline significance on the high protein diets 
(P = 0 13) and on fasting (P = 0 06) These data 
suggest that the metabolism of carbohydrates 
decreases, and of proteins increases, the excretion 
of amylase in the urine 

Partition chromatography of the vitamin Bu 
group of factors E Lester Smith, W F J 
CUTHBERTSON, A WaLKER AND K A LeES 
(introduced by F S Daft) Research Dtmsion, 
Glaxo Labs , Greenford, Middlesex, England, and 
Fermentation Division, Glaxo Labs , Barnard 
Castle, Co Durham, England 
We first obtained evidence of a second red clini- 
cally active anti-pemicious anaemia factor by 
partition chromatography of purified liver ex- 
tracts with n butanol on columns of moist silica 
or starch Subsequently we used strips or sheets 
of filter paper in place of the columns, following 
the separation of the red factors and coloured 
impunties visually, then (independently of WiN- 
STEN AND Eigen J Biol Chem 177 989, 1949) 
we developed an ultra-micro method whereby the 
factors were located by the 'zones of exhibition’ 
induced on sheets of nutrient agar seeded with 
L lochs Domer after contact with the developed 
strips and incubation With this technique liver 
extracts and fermentation liquors gave 2 or 3 zones 


of strong growth, and, further down the strip, one 
or more zones of diffuse growth The substances 
responsible were tentatively identified by com- 
parisons of Rf values with those of reference 
substances, using as solvents a range of higher 
alcohols and ketones The order of separation with 
n butanol was (from slow to fast) vitamin Bub, 
vitamin Bu (giving dense zones), the desoxy- 
nbosides of cytosine, guanine, hypoxanthine, 
adenine, thymine (giving diffuse growth) By the 
visual technique, early samples of our own and of 
American vitamin Bu gave a small slow-moving 
spot besides the mam spot, but more highly pun- 
fied English and American samples gave only 
single spots By the ultra-micro technique, how- 
ever, even these pure vitamin Bu samples gave 2 
(sometimes 3) zones on the agar, due to artefacts 
produced (presumably by oxidation) on the paper 


Solubilization and purification of cytochrome oxi- 
dase from heart muscle extract E Luam: 
Smith* and Euuer Stotz Dept of Biochemis- 
try, Univ of Rochester School of Medicine and 
Dentistry, Rochester, N Y 
Cj'tochrome oxidase in heart muscle extract, 
commonly considered insoluble or associated with 
insoluble particulate material, has been prepared 
in a form which is not sedimented at 20,000 g 
Pig heart muscle extract containing 0 8% sodium 
cholate w as digested with crude trypsm or a frac- 
tion of fresh pancreas under carefully controlled 
conditions This process increased the solubility 
of the oxidase, and the digest was subject to a 
fairly sharp fractionation of the enzyme with am- 
monium sulfate The appropriate fraction was a 
clear brownish solution which had an oxidase 
purity about 7 times greater than the extract The 
preparation contained approximately 3% ammo 
mum sulfate and 0 5% sodium cholate A further 
purification was effected by dilutmg the prepara 
tion to decrease the concentration of cholate and 
ammonium sulfate, then dissolving the precipitate 
formed in a mixture of ammomum sulfate an 
cholate The cholate can be removed by dialysis 
against strong ammonium sulfate solution, and 
the enzyme remains in solution The presence o 
ammonium sulfate was found to increase the solu- 
bility of cytochrome oxidase m the digested prepa- 
rations, but not in the undigested heart extract 


:omposition of chloramphenicol (chloromyce- 
n) by bacteria Grant N Smith and Ceciua 
WoBREL (mtroduced by 0 D Bird) « 
arch Labs , Parle, Dams & Company, Delroti, 

a attempt has been made to deternune the 
,s involved in the decomposition of chlor^ 
mcol by bactena sensitive to the drug us 

er chromatography and je 

1 from these studies indicates that there 
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several possible pathways bj means of which 
chloramphenicol can be degraded to compounds 
which no longer exhibit the strong antibiotic 
properties of the parent compound At least 2 
points of attack on the molecule are known with 
certamty The aromatic nitro group may be re- 
duced to an amine group or the amide linkage may 
be hj'-drolyzed with the formation of dichloracetic 
acid and D(-)threo l-p-mtrophenyl-2-amino-l,3- 
propanediol The order m which these reactions 
occur IS determmed by the individual organism 
In the case of E colt, the predominate reaction is 
the reduction of the nitro group of chlorampheni- 
col to an arjd amine group The amide hnkage is 
then hydrolyzed with the formation of dichlor- 
acetic acid and l-p-ammophenyl-2-ammo-l,3- 
propanediol With other organisms such as B 
subttbs, the chloramphenicol is hydrol}’’zed first 
to dichloracetic acid and l-p-nitrophenyl-2-ammo- 
1,3-propanediol The latter compound can then 
be reduced to l-p-aniinophenjd-2-ammo 1,3-pro- 
panediol Once the nitro group has been re- 
duced to an ar 3 d amine group no further change 
in this group appears to take place No evidence 
could be obtamed that the aryl amme group could 
be acetylated in the presence of ATP and acetate 

Proteolytic activity of rabbit mnscle John E 
Snokb* and Hans Neurath Dept of Bto- 
chemietry, Duke Untv School of Medtcine, Dur- 
ham, N C 

Dilute KCl extracts of ground striated rabbit 
muscle exhibit proteolytic activity when tested 
against denatured hemoglobin as substrate Ac- 
tivities were determmed by incubatmg the ex- 
tracts with the substrate for 1 hour at 35° and 
measuring the optical density of the supernatant 
solution at 280 m/i, after precipitation of the pro- 
teins by trichloracetic acid The proteolytic activ- 
ity exhibits maximum stability at pH 6 0 and a 
sharp pH optimum at pn 4 0 Ferrous ions (0 04 m) 
cause a 5-fold increase in activit} , manganese and 
magnesium being less effective in this respect 
Zinc and barium ions, or cj’steine, produce no 
activation The amount of hemoglobm hj'drolj zed 
IS linear with time and the rate is proportional 
to the amoimt of extract used Partial punficatiou, 
with a concomitant increase m proteolytic ac- 
ti\itj% has been achieved bj’ a process involnng 
partial denaturation of the inactive proteins at 
35° and fractional precipitation with trichlorace- 
tatc at pH 4 Active fractions thus prepared were, 
per mg nitrogen, approximatelv 1/200 times as 
active at pn 4 as crj-stalline trv’psin at pn 7 S 

Effect of advancing age on the cholesterol concen- 
tration of blood serum Y xrken M Sperrv 
AND Merrill Webb * Dept of Biochcmtelry, 
AVio Yorf State Psvchwtnc Inst ,Xcxr Yorf City 
Recent reports of a marked increase in average 


serum cholesterol concentration with advancing 
age (Keies, A Federation Proc 8 523, 1949, 
Gram, M R and R M Leverton Federation 
Proc 8 384, 1949) are inconsistent with the hy- 
pothesis (Sperri, W M / Btol Chem 117 391, 
1937) that each individual maintains his serum 
cholesterol at a constitutional level from which 
large deviations do not ordinarily occur There- 
fore, the cholesterol concentration of the serum 
was redetermmed m most of the subjects of the 
investigation which led to this hypothesis, and 
which was carried out 13-16 years ago In over 
half of the men no appreciable change in either 
direction from the earlier level was found But in 
the remaining men and all but one of the women 
there were fairly substantial increases, rangmg 
from about 10-30% The average of the concentra- 
tions found in men in 1949 was 5 4% higher than 
the average obtained m the same subjects in 1934 
to 1936, in women the corresponding value was 
22 3% The findings show that in some persons the 
serum cholesterol concentration is not mamtained 
at as constant a level as had been thought, but 
they also indicate that an increase with advancing 
age IS not obligatory Changes in the method of 
determmmg cholesterol will be discussed in rela- 
tion to the findings 


Studies of cellular calcifying mechanism Albert 
E Sobel, Albert Hanok* and Alexander 
W oLFPE • Jetmeh Hospital of Brooklyn, Brook- 
lyn, N Y 


. r .■!_ uuutiij was used. 

to further investigate the ceUular mechanism of 
minerahzation Shakmg rachitic rat sections with 
a solution contammg 150 mEq/1 of calcium chlo- 
ride plus one of the following gave complete or 
almost complete inhibition of calcification, at a 
concentration of 2 5 nm/l of calcium and 0 161 

A ® ^ of beryUium 

cWoride, g) 0 5 mEq/I of cupnc chloride, S) 10 0 
m^q/1 of magnesium chloride, 4) 50 0 tuEq/l of 

^ of strontium 

c londe. 6) 4TO 0 mEq/1 of potassium chloride 
S^sei^ent shaking with a solution containing 
150 mEq/1 of calcium chloride alone not only 
restored the calcifynng power of the cells but 
increased the degree of calcification obtained 
under snmlar conditions before treatment of the 
sections The inhibition due to beryllium was pre- 
V ented by nickel chloride (5 0 mEq/1 ) and that of 
sodium bv potassium chloride (5 0 mEq/1 ) Lower 
or higher concentrations of nickel and potassium 
were not as effective The degree of mliibition of 
calcification appears to be a function of the ratio 
of calcium to the inhibitor indicating that this 
phenomenon obevs the Law of Mass Action 


Quantitative analysis of N».labcled amino acids 
Herbert A Sober,* Max Bfrenbom* 


AND 
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JuLitJs White Natl Cancer Imt , Natl Inste 
of Health, Bethesda, Md 

The investigation of nitrogen metabolism using 
N'Mabeled ammo acids often depends on the iso- 
lation of pure amino acid fractions A chromato- 
graphic procedure is described for the separation 
of some amino acids so that quantitative deter- 
minations of both the amino acid and isotope 
content may be performed The procedure was 
designed for the determination of the ammo acids 
in tissues Conditions are descnbed for the analy- 
sis of a mixture (ca 30 mg of nitrogen) consisting 
of aspartic acid, glutamic acid, glycine, alanine, 
urea and ammonia The mixture is developed on 
a cation exchanger in the acid cjcle )Do\\ex 50, 
200-500 mesh), vith increasing concentration of 
HCl The effluent is divided into a regular series 
of small fractions (2 ml ) mtli the aid of a fraction 
cutter The constituent or constituents of each 
small fraction is determined by paper chromatog- 
raphy and the fractions combined accordingly 
The combined fractions are analj zed for ammonia, 
nitrogen, etc and then analyzed for isotope con- 
tent m the Consolidated Nier hloss Spectrometer 
It 18 essential that at least a part of an ammo acid 
appears uncontaminated iiith the component fol- 
lomng it The relative amounts of each constitu- 
ent m a mixed fraction is determined b3' calcula- 
tion using simultaneous equations containing the 
isotope content of each pure fraction Recoveries 
of the components of S3Tithetic mixtures have been 
obtained within 10% of theorv The application 
of this technique to the determination of free 
ammo acids m tissue dial3'sates v ill be presented 

Effect of niacin on tryptophan requirement of the 
rat Harry Spector (introduced by Harrx L 
Fevold) Nutrition Branch, Quartermaster Food 
and Container Inst for Armed Forces, Chicago, 
III 

Several investigators have stated that niacin 
increases the utilization of dietary try'ptophan 
The possible sparing of tryptophan by niacm has 
special nutritional significance in heat processed 
foods since it has been shown (Patton, Hill and 
Foreman Science 107 623, 1948) that heat process- 
ing of foods m the presence of reducing sugars 
results m partial destruction of try'ptophan 
Effects of 3 levels of niacm (0, 2, and 10 mg %) 
were determined at 4 levels of try^ptophan as pro- 
vided b3' 6, 9, 12 and 18% of ‘vitamm-free’ casein 
The nitrogen content of all the rations was made 
equivalent to that of 18% whole casein by' the use 
of acid-hydrolyzed casein The food intake of 
trios of rats, representing each level of niacm, 
was equalized during the first 4 experimental 
weeks Five trios of Sprague-Dav ley rats vhose 
Heights had been previously adjusted to about 
66 vm were used at each level of tnqitophan At 


all 4 levels of tryptophan the addition of macin 
produced no greater gam m weight The presence 
of niacm had no significant effect on the 24-hour 
urinary excretion of apparent-free tryptophan 
and nitrogen, at each tryptophan level Dunng 
the 6th and 6th weeks when all animals were al- 
lowed to eat ad libitum the addition of macin, 
except at the level of 18% casein, resulted in a 
greater gam m weight associated with an increased 
food consumption The significance of these data 
w'lll be discussed 


Nutritional status of mice and their suscepti- 
bility to infection with Shigella dysentenae 
Eugene M Sporn, Edward J Schantz and 
Frank B Englet, Jr (introduced by Alden 
K Boor) Camp Detncl, Frederick, Md 
Previous work m this laboratory (Schantz 
Sporn and Englet Unpublished data) demon- 
strated that mice fed a senu-synthetic ration defi- 
cient m the vitamin B-complex were more sus- 
ceptible to infection with S dysentenae than those 
fed a nutritionally complete ration The present 
phase of the study was undertaken to detemime 
whether individual vitamins were involved in this 
decreased resistance Male weanling mice were 
fed diets lacking various members of the B-com- 
plex for extended periods, and then challenged 
with graded levels of S dysentenae Mice fed diets 
deficient m riboflavin, pyndoxme, macin, biotin 
or folic acid did not show any change in suscepti- 
bility to this organism A thiamine deficiency was 
the only one of the 6 vitamin deficiencies examined 
which increased the susceptibility of mice The 
lethal dose for mice on this deficiency' was X 
10‘ organisms while the mice on the other rations 
required a dose of 1 2 X 10* Experiments were 
conducted to examine the possibility that this 
increased susceptibility' might be due to the ema 
mated condition of the mice Pair fed controls for 
the thiamine deficient group, as well as mice 
restricted m food intake to drastically lower their 
weights, were maintained on a complete ration 
There was no indication of an increased suscepti- 
bility' in these animals Miee that were fed a die 
deficient m all members of the B-complex except 
thiamine showed no significant change ^ 
sistance From these results, it is believed that 
thiamine is involved in some mechanism m the 
resistance of mice to S dysenisruic 


Hormonal control of combination of insulin Mt 
isolated muscle W C Stadie, Nie^ ^ 
OA.XRD* AND JULIAN B MaRSH * 

Musser Dept of Research Med , Univ of en - 


vania, Philadelphia t 

5 have previously reported (Am J i 
265, 276, 1949) that the isolated ' 

hragm, after a short preliminary 
medium containing insulin, utilizes gl 
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and sjoithesizes glycogen at a greater rate than 
controls when equilibrated in a subsequent period 
in a medium containing glucose but no insulin 
This was interpreted to mean that a chemical 
combination of insulin \\ ith structural units of 
the diaphragm takes place rapidly, that this com- 
bination IS not easily reversed, and that the com- 
bined insulin exerts its customary effects on the 
metabolic pattern of the muscle Furthermore, 
hormonal control of this chemical combination 
was indicated by the dmunution of the reaction 
in the alloxan diabetic rat, and following injection 
■of crude APE or crystalline growth hormone 
Further studies on the hormonal aspects of this 
phenomenon are reported Experiments on normal 
and adrenalectomized rats injected with purified 
growth hormone, ACTH, or adrenal cortical ster- 
oids, indicate that there is an mterrelation be- 
tween pituitary and adrenal hormonal factors m 
the regulation of the combination of insulin mth 
muscle 

Goenzyme A-dependent fransacetylation and 
transphosphorylation Eabl R Stadtman (in- 
troduced by Fritz Lipmann) Biochemical Re- 
search Lab , Massachusetts General Hospital, 
Dept of Biol Chemistry, Harvard Med School, 
Boston, Mass 

Extracts of Cl kluyveri contain a transacetyla- 
tion enzyane which is measured by the catalysis 
of interchange of acetyd-bound with inorganic 
phosphate, using P” (Stadtsian and Barker) 
This enzyme was considerably purified by'' ammo- 
mum sulfate fractionation After several refrac- 
tionations the enzyune becomes completely inac- 
tive but regains activity n ith the addition of 
coenzyme A (Co A) This purified fraction makes 
sy’nthetic acety'l phosphate avadable as an acetyd 
donor to CO A-dependent liver acetyl-acceptor 
systems (acetoacetate, citrate and acetyl sulfanil- 
amide sy'nthesis) The fraction is free of ATP- 
acetate reaction The apparent identity of the 
acetyl phosphate activating enziTne with the Co 
A-dependent transacety lation enziune appears sig- 
nificant for the theory of acetyl transfer and of 
Co A function A further surprising Co A-depend- 
ence nas found ■with crude, resin-treated Cl 
kluyveri extract ■with reference to phosphate trans- 
fer from acetyl phosphate to propionate The non- 
dependence of this reaction on adeny he acid was 
prc'viousli observed bi Stadtman and Barker, 
who studied this reaction The Co A-dependent 
acetyl and phosphori 1-transfer functions appear 
in different protein fractions 

Preparation of 11-ketosteroids from methyl 3a- 
acetoxy-A* i^-cholenate Ho'mer E St ai ely 
(introduced b\ O Y intersteixer) Diiiswn 
of Organic Chemistry, Squibb Inst for Med Re- 
search, Xcw Briniswiel , \ J 


Most of the methods for introducmg the Cu- 
ketone group start with A'* ‘’-steroids Hicks and 
Wallis (J" Biol Chem 162 641, 1946) have reported 
the preparation of methyl 3a-acetoxy-ll-keto- 
cholanate from methyl 3a-acetoxy-A* “-cholenate 
In this paper the results of a similar investiga- 
tion conducted in 1943 are reported The semi- 
carbazone of methyl 3a-aceto\y-A’ “-12-keto- 
cholenate was reduced by the Wolff-Kishner 
method to 3a-hy'dro\y-A’ “-cholenic acid, puri- 
fied by chromatographing the crude 3a-acetoxy 
methyd ester After treatment ■with N-bromacet- 
amide in aqueous acetone the total reaction 
product was debrominated with zinc-acetic acid 
A product was isolated which appeared to be 
methyd 3a-acetoxy-ll-hydro'xy -A®® -cholenate 
(Anal Calcd for C-tHjoOs C, 72 6,H, 9 5 Found 
C, 72 5, H, 98) This structure nas proved by 
chromic acid oxidation to methyl 3a-acetoxy- 
A*®-ll-ketocholenate (m p 145-148°, Anal Calcd 
for CjiHioOs C, 72 9, H, 9 1 Found C, 72 4, 
H, 8 9) which had an absorption peak at 252 mp, 
e 5600 Only an a|8;3-substituted a/S-unsaturated 
ketone would absorb in this region Thus dehy'dro- 
brommation, rather than debromination, took 
place When methyl 3a-acetoxy-A» “-cholenate 
was reacted with N-bromacetamide and O'xidized 
prior to treatment ■with zinc-acetic acid, a normal 
debromination occurred and methyl 3a-acetoxy- 
11-ketocholanate was isolated (rap 127-129°, 
Wd -4- 85°, Anal Calcd for C 27 H 42 O 6 C, 72 6, 
H, 9 5 Found C, 72 3, H, 9 3) Proof for this 
structure was obtained by hydroly'sis of the 
acetoxy ester, re-estenfication with diazomethane 
and chromic acid oxidation to methyl 3,11-diketo- 
choknate (m p 78-82°, Anal Calcd for C^HiaOi 
C, 74 6, H, 9 5 Found C, 74 6, H, 9 6) The crude 
product would not crystallize until seeded ■with 
an authentic specimen 

Relation of the labile factor to the 'accelerator 
effect’ of serum Mario Stefanini and Wil- 
LiAii H Crosby (mtroduced by W H Fish- 
man) Ziskind Labs {Hematology Section) of 
Joseph H Pratt and New England Center Hos- 
pitals and Dept of Medicine, Tufts College Med 
School, Boston, Mass 

One or more factors accelerating the conversion 
of prothrombin have been demonstrated m fresh 
serum As some discrepancy exists on their nature 
and identiti , it seems ad^visable to define them m 
term of activity as ‘serum accelerator effect ’ 
WTiile studiing the relationship of these factors 
with other knonn coagulation agents, the concen- 
tration of the unconi erted labile factor and the 
prothrombin activity n ere found imersely propor- 
tional to the accelerator effect m thrombin-free 
oxalated human serum This was consistenth ob- 
sened in normal subjects and in patients with 
hemophilia, seierc thromboci topenic purpura or 
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under Dicumarol treatment Prothrombin activ- 
ity was determmed accordmg to Qmck et al {J 
Lab &Chn Med 34, 761, 1949), labile factor con- 
centration accordmg to Stefanini (Am J Cltn 
Path In press) and accelerator effect of serum 
according to de Vries ei al (Blood 4 247, 1949) 
Various amounts of bovine thrombin (from 0 5-10 
Iowa umts/ml ) were then added to human fresh 
oxalated plasma, deprothrombmized according to 
Quick and Stefanini (J Gen Physiol 32 191, 
1948) The serum thus obtamed was incubated at 
37° C for one hour, to assure complete neutraliza- 
tion of thrombm A marked accelerator effect 
developed m the sera Again the concentration of 
the labile factor was found to be inversely propor- 
tional to the accelerator activity Similar results 
were obtained with hemophilic and thromboc5'to- 
penic plasmas Our findings indicate that plasma 
contains the precursors of the agents responsible 
for the accelerator effect of serum One precursor 
18 probably represented by the labile factor (factor 
V, plasma Ac globulin) and thrombin is required 
for its activation 

Masking of carboxylate groups in native horse 
carbonylhemoglobin Jacinto Steinhardt and 
Ethel M Zaiser * Dept of Chemistry, Massa- 
chusetts Inst of Technology, Cambridge, Mass 
‘Titration curves’ of carbonylhemoglobin are 
characterized by an anomalously high, almost 
abrupt increase in acid bound between pn 4 and 3, 
as compared with other proteins Since hemo- 
globin rapidly denatures in this region and back 
titration yields an entirely different curve, an 
effort has been made to determine the true titra- 
tion curve by measuring pH and acid bound within 
3 seconds after instantaneous mixing Data so 
obtained show only about one-third as much acid 
bound by carboxylate within this range as when 
otherwise determined The amount bound rises 
first very rapidly, and then much more slowly for 
some hours before attaining a stationary equi- 
libnum value Changes m the increase in acid 
bound are paralleled, at each pH, by changes in 
the rate of simultaneous spectrophotometric 
effects The difference between the 3-second and 
long-time equilibrium curves reaches a maximum 
of 0 6 niM/gm by pH 3 It diminishes at lower pH 
where the liberation of titratable groups, and 
parallel spectrophotometric changes, proceed so 
rapidly that both techniques approach the same 
results Thus, at least 33 carboxylate groups, and 
probably many more, out of about SO in this pro- 
tem, are unavailable for combination nith acid 
at pH below 4, until after exposure to acid (not 
necessarily below pH 4) has induced other changes 
The assumption that the liberation of all the 
unavailable groups is brought about by the bind- 
ing of 2 protons by 2 of the initially available 


carboxylates is shown to account for the observed 
phenomena 


Sulfur-contammg ammo acids in growth with a 
ffabiie methyl’-free diet contaimng vitamin Bu 
Jakob A Stbkol, Mart A Bennett, Kath- 
ryn Weiss,* Philip Haepern* and Sidney 
Weiss * Lankenau Hospital Research Inst and 
Inst for Cancer Research, Philadelphia, Pa 
We reported previously that 30 days or older 
rats are able to grow on a diet which was free of 
all the known ‘labile methyl group’ donors but 
which contained vitamin Bu and homocystme 
(Abstracts, Am Chem Soc , 116th meeting. Sept 
18, 1949, 55C) The ammo acid diet which was 
used in the above studies was complete with re- 
spect to all the essential amino acids, except for 
methionine, and it contained all the known vita- 
mins, including folic acid and biotin We now find 
that on this diet, in the presence of vitamin Bji, 
homocysteine produces even better growth re- 
sponse than equivalent amounts of homocystme 
Substitution of homocysteine by l- and L-affo- 
cystathionine resulted in cessation of growth, 
which was resumed as soon as the cystathionines 
were replaced b}’’ homocystme On a diet contam 
mg ample methionine as the sole sulfur-ammo 
acid, but which was free of vitaimn Bu, poor 
growth was obtained, supplementmg the methi- 
onine containing diet with vitamin Bu resulted 
m good growth None of the experimental animals 
receiving vitamin Bu died of kidney lesions m 
spite of the complete absence of 'labde methyl 
group’ donors in the diet 


Enzymatic synthesis of citric acid Joseph R 
Stern* and Severo Ochoa Dept of Pharma- 
cology, Ncio York Univ College of Medicine, 
New York City 

The synthesis of citrate from oxalacetate, ace- 
tate (or acetoacetate), and ATP by enzyme solu- 
tions from pigeon liver has been previously re- 
ported (J Biol Chem 179 491, 1949) Bot 
Lipmann’s coenzyme A and Mg++ or Mn"*^ are 
required for activity Citrate, rather than cw 
aconitate or d-isocitrate, is the product of t e 
Cl -f Cl condensation /S-ketovalerate, /9-keto- 
caproate, and ^-ketooctanoate, like acetoacetate, 
can contribute a Cj fragment for citrate synt esw 
in pigeon liver Citrate synthesis proceeds througS 
at least 2 steps 1) ATP -f acetate ^ ‘active 
acetate, 3) ‘active’ acetate -1- ocalacetate ^ 
citrate The ‘active’ acetate is closely related to 
acetyl phosphate The ‘condensmg enzyme cata- 
lyzing step 5) IS present in large amounts m yeM 
and in a vanety of animal tissues (skeletal muscle, 
heart, liver, kidney, brain) It can be rea^ y 
tracted with water and is relatively steble 
enzymes (1) and (S) are present m E ceh ^ 
Azotobacler agilis besides pigeon liver e 
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Preparitions have been obtained from E colt 
which contain a very active enzyme for step (I) 
but are almost devoid of condensing enzyme 
Large amounts of citrate are synthesized when 
this preparation is combined with condensing 
enzyme from various sources 

Further studies on fractionation and photometric 
estimation of urinary estrogens Benjamin F 
Stimmel Rees-Stealy Med Research Fund, San 
Diego, Cahf 

The hemiphthalates of a-estradiol and estnol 
are quantitatively extractable from their ethyl 
ether solutions by aqueous potassium carbonate 
and sodium bicarbonate respectively The esters 
produce tjTucal Kober color products in propor- 
tion to their estrogen content Advantage of these 
observations has been utilized to achieve addi- 
tional purification of our chromatographic estra- 
diol and estnol fractions (/ Btol Chem 162 99, 
1946) from nonalcoholic contaminants With the 
utilization of Girard’s reagent T on our estrone 
chromatographic fraction, this modified procedure 
constitutes a more rigorous fractionation of the 
estrogens than can be achieved with our liquid 
chromatogram alone The modified procedure is 
particularly effective in freemg nonpregnancy 
urmary estrogen residues (especially the estradiol 
fraction) from occasional purple pigments which 
cause overestimation of Kober titers By this 
procedure comparative Kober and fluorometric 
(modified Jailer method) estrone, estradiol and 
estnol titers in human pregnancy unne generally 
are m good agreement In nonpregnancy urine the 
fiuorometne titers generally approximate one- 
third to one-half the corresponding Kober titers 
There is evidence that nonestrogenic substances 
from the hydrol 3 '^zed urine are present in sufficient 
amounts to quench the full ffuorescence exhibited 
b}^ pure estrogens By this procedure we have 
observed that the substance accountable for the 
Kober color product in pooled male unne to which 
had been added 16-ketoestrone immediately pre- 
ceding zmc-hy'drochlonc acid hydrolysis cannot 
be 16-ketoestradiol nor estnol and is probably 
estradiol 

Relation of vitamin Bijb to vitamin Bi; and the 
biological activities of these compounds E L 
R Stokstab, T H Jukes, John A Brock- 
man,* J V Pierce,* H P Broqdist * Ledcrle 
Labs Division, American Cyanamtd Company, 
Pearl River, N Y 

Vitamin Bub has been isolated from a fermenta- 
tion product of Slreplomyces aureofaciens as a red 
crystalline compound nhich exhibits different 
absorption spectra than \ itamin Bi; The bio- 
logical activities of vitamin Bi- and Bj«b are the 
same for Lactobacillus Icichmannit and for chicks 
Catahtic h\ drogenation of \itamin Bi- yielded 


a compound nhich possessed the same ultraviolet, 
visible and infra red absorption spectra and the 
same biological activities for chicks and L letch- 
manmi as vitamin Bub These biological activi- 
ties of the vitamin Bu reduction product, de- 
scribed here, are in marked contrast to those of 
xntamin Bi-, also produced by the hydrogenation 
of vitamin Bij (Kaczka, Wolf and Folkers / 
Am Chem Soc 71 1514, 1949) Vitamin Bm was 
reported to be approximately 10-30% as active 
as Bis for L leichmannn and 30% as active for 
chicks Evidence has been obtained which indi- 
cates that vitamm Bu is involved in the methyla- 
tion of homocystine to methionine in the chick 
Chicks were placed on a ration composed of alco- 
hol extracted soybean protein 25%, glucose 62 5%, 
cystine 0 2%, dimethylammoethanol HCl, salts, 
corn oil plus vitamins A, D, and E, inositol, cal- 
cium pantothenate, niacinamide, riboflavin, pyn- 
doxine, thiamine, pteroylglutamic acid, and bio- 
tin On this diet, and in the presence of vitamin 
Bis, both homocystme and methionme were found 
to give a growth response In the absence of vita- 
min Bis, only methionine gave a response while 
homocystme was without effect 

Nitrogen and ash content of soft tissues adja- 
cent to bones and joints L J Strobing (mtro- 
duced by Paul B Hamilton) Dept of Bto- 
chemtstry, Alfred I du Pont Inst , Nemours 
Fndn , Wilmington, Del and Dept of Orthopedic 
Surgery, Univ of Pennsylvania, Philadelphia 
The present study represents a continuation of 
the investigations reported by Strobino and Farr 
(J Btol Chem 178 599, 1949), on the nitrogen 
and ash content of beef and human bones Analy - 
ses of calf bones showed an average of about 4 6% 
nitrogen and 67% ash on the dry weight Samples 
of articular cartilage, tendon, ligament, perios- 
teum and semilunar cartilage, carefully cleaned 
of extraneous material, were dried to constant 
weight and analy’^sed for nitrogen and ash Nitro- 
gen nas determined by the gasometne micro- 
Kjeldahl method of Van Slyke and ash was meas- 
ured gravimetncally after heating in a mufffe 
furnace at 600°C Samples of the above tissues 
were taken from each of 10 calves less than 2 weeks 
old All samples n ere taken from rear extremities 
between the knee and hoof Averages of 10 deter- 
minations for nitrogen and ash as percentage of 
dry weight are as follows articular cartilage, 
nitrogen 13 7, ash 7 0, tendon, nitrogen 17 1, ash 
1 7, ligament, nitrogen 16 7, ash 1 9, periosteum, 
nitrogen 16 5, ash 1 4, semilunar cartilage, nitro- 
gen 17 0, ash 1 6 As expected, these tissues show 
a much higher nitrogen and loner ash content 
than bone Articular cartilage is intermediary in 
composition and the other tissues analysed show 
a remarkable similarity , mth a high nitrogen and 
xery low ash content 
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Observations on plant amide enzyme system 
P K Stumpf (introduced by H A Barker) 
Division of Plant Nutrition, Univ of California, 
Berkeley 

An enzyme has been isolated from sugar pump- 
kin seedlings which specifically catalyzes the ex- 
change reaction COOHCHNHjCHjCHjCONi^H* 
+ N‘*H, ^ COOHCHNHjCH5CH5CON'‘H, + 
N'^Hj Since glutamylhydroxamic acid is formed 
when NH2OH 18 substituted for NHj, the rate of 
its formation was employed for the majority of 
experiments to be reported With either N“Hj 
or NHjOH, the components of the system are 1) 
enzyme protein (s), IS) manganese, and S) inorganic 
phosphate or arsenate Manganese is the specific 
metal component Mg, Zn, Cu, Co, Fe, Ba, and \1 
are ineffective Furthermore, Zn and Cu are 
strong inhibitors of the system The Km value 
for Mn is about 2 5 X 10“'' m While phosphate or 
arsenate was found to be essential, ATP, ADP, 
and Co A could not replace them Arsenate in- 
creased the rate of hydroxamic acid formation 
some 2-3 times above that of the jihosphate sj s- 
tem Attempts to detect the accumulation of a 
glutamylphosphate intermediate in the enzvme 
reaction mixture m the absence of NHjOH have 
failed Further, glutamic acid, vliich should accu- 
mulate from a hydrolytic breakdown of the hypo- 
thetical phosphoryl derivative, could not be de- 
tected by paper chromatography in the reaction 
mixture Finally, the enzjmie is apparently highly 
specific for glutamine The following compounds 
proved inactive asparagine, glutathione, nico- 
tinamide, pyrrolidone carboxylic acid, and glu- 
tarmc acid 

Liberation of ammo acids and active peptides 
from raw, heated and vitamin-free casein bj 
tryptic digestion Royal A Sullivan, William 
E Downey, Elizabeth K Stanton, Eliza- 
beth Van Wagoner and Mary Jane Hansell 
(introduced by L K Riggs) Natl Dairy Re- 
search Labs , Oakdale, N Y 
The digestion of vitamin-free casein by enzymes 
has been studied by Pader, Melnick and Oser 
(J Biol Chem 172 763, 1948) after further dry 
heat treatment of the casein and by Hankes, 
Riesen, Henderson and Elvehjem (/ Biol Chem 
176 467, 1948) after further moist heat treatment, 
but m both cases the starting material may have 
been considerably altered from the protein found 
in milk Casein pastes were prepared by acid 
precipitation of raw skimimlk and washed m a 
supercentrifuge After 6 days hydrolysis with 
Wilson’s trypsin, it was found that 46% of the 
anuno acids had been liberated from raw casern 
as compared with 35% from vitamin-free casein 
and 26% from commercial dned casern Similarly, 
hy^drolysates prepared from raw casein or from 


vitamin-free casein contained only 11% of non 
dialyzable nitrogen, vhile those prepared from 
commercial dried casein contained 18% of non- 
dialyzable nitrogen The non dialyzed residues 
were partially hydrolyzed by the addition of fresh 
trypsin Microbiological assays of these hydroly- 
sates for 18 ammo acids showed distinct differ- 
ences in the availability of individual amino acids 
from one type of casein to another The total 
weight of available ammo acids amounted to 78% 
for commercial dried casein, 77% for vitamm-free 
casein and 84% for raw casein 


Nucleotidases of liver Marjorie A Swanson 
(introduced by C Artom) Dept of Biochemis- 
try, Bowman Gray School of Medicine, Winston- 
Salem, N C 

The specificity of enzjmes of the liver which 
split the nucleotides, especially adenosine tn- 
phosphate (ATP) has been investigated The ac- 
tivity of two fractiohs of rat liver homogenate, 
the large granules or mitochondria, and the 
supernatant solution freed of granules, was 
tested against 4 substrates, at 5 pH values, both 
nith and without added magnesium or calcium 
ions Glj cerophosphate and adenosine 3 mono 
phosphate were more actively split bj the super 
natant than bj the granules The optimum pH was 
in the acid range Adenosine-5-monophosphate 
(A-5-MP) was more actively split b} the granules 
than b}' the supernatant The activit} was highest 
at neutral pH Activiti against these 5 substrates 
w ns little affected b} the added ions On the other 
hand, the rate of splitting ATP was about the 
same for the granules and the supernatant The 
greatest activit} was around pn 5 5 m the absence 
of added ions, and between 7 4 and 9 in the pres 
ence of Mg"^ At pH values above 5 the activitj 
was also increased b^ Ca'*'^ but not nearlj^ to the 
same extent as by Mg"*^ By fractional precipi- 
tation with (NHO.SOj a precipitate was obtained 
which split ATP but not A-5-MP Lysed human 
red cells also split ATP but not A-5 MP More 
detailed studies on the partially purified liver 
preparation are in progress From the results re- 
ported above, it appears that there is at least one 
specific enzyme splitting ATP The effects 0 
Mg+^, Ca'*"*' and pH are specific for this enzyme 
and are not due to the action of these factors on 
other enzymes, such as A-5 MPase or non speci 0 
phosphatases 


A study of the transamination reaction using 
isotopic nitrogen Stuart W Tanenbaoti .ird 

David Sheuin Dept of Biochemistry, Columoxa 


'mv , New York City 

n in intro system employmg pig heart breis 
been used to study both the scope and mecna- 
n of the transammation reaction The adi 
abeled ammo acids and a-ketoglutarate 
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above vvith Bubsequent isolation and isotopic 
analysis of the products formed has enabled us to 
ascertain vs hether or not transamination has taken 
place To serve as a model experiment, n-alanine 
(1 97% N*‘) a-ketoglutaric acid, and non-isotopic 
ammonia in equivalent amounts were incubated 
with the pig heart breis at 37° at pn 7 4 for one 
hour This experiment yielded n-glutanuc acid 
(1 43% N“) with practically the same isotopic 
content as that of the reisolated alanine (1 70% 
Ni*) Samples of ammonia recovered had ex- 
tremely low isotopic values, being of the order of 
0 033% N*® Thus it can be concluded that oxida- 
tive deamination coupled with reductive amma- 
tion mvolvmg the transient formation of ammonia 
had not taken place, and that transammation via 
a Schiff’s base type of intermediate has occurred 
Similar experiments were performed with L-leu- 
cine as the isotopic ammo acid In this case, while 
the glutamic acid isolated had only roughly one- 
third the isotopic content of the recovered leucine, 
the N“ values of ammonia samples were negligi- 
ble This then demonstrates that leucine is capable 
of transamination with a-ketoglutarate Further 
experiments with other labeled ammo acids m 
this system are in progress Using sinular tech- 
niques, the role of the co-enzyme, pyndoxamme, 
in this process is also under investigation 

Synthesis of high molecular-weight protem-like 
substances by chymotrypsin Henhy Tauber 
Natl Insts of Health, Inst of Mtcrohtologij, 
Lab of Antibiotic Research and Development, 

U S Marine Hospital, Staten Island, N 1 
It was recently found that an insoluble pro- 
tein-like substance is synthesized when a small 
amount of chymotrypsin is added to a concen- 
trated solution of Witte peptone Such synthetic 
protem-like substances have now been produced 
from neutralized, protein-free concentrates of 
peptic digests containing about 45% solids on an 
ash-free basis of egg albumin, bovine albumin, 
fibrin and zem No such action could be observed 
with crystalline trypsin When 30 mg of cr 3 ’^stal- 
Ime chymotrypsin (m 4 cc of water) is added to 
100 cc of the peptic digest of pH 7 3 and kept at 
37 °C , the solution turns viscous within a few 
hours and becomes a solid mass within 6 to 24 
hours With more chymotrypsin the reaction is 
more rapid During peptic digestion, toluene is 
used as the antiseptic During sjm thesis, sodium 
fluoride IS employed The sjmthetic protein-like 
substances contain a large number of different 
ammo acids They contain about 15 5% nitrogen 
They are soluble m dilute acids and alkalis and 
form gelatinous precipitates on rcmov al of these 
lonsby dialjsis Thev are precipitated bj protein 
precipitants and are insoluble at pH 4 0 to S 5, with 
the exception of the zem product nhich is soluble 
betvv een 6 2 and S 5, and in more alkaline solutions 


The zem product is isoelectric close to pH 6 0 
The average molecular weights of the synthetic 
products as determined in the analytical ultra- 
centnfuge are estimated to be in the range 250,000- 
400,000 The protem-like substances are readily 
hydrolyzed by crystalline pepsin at pH 1 5, fairly 
well by crystalline chjmiotrypsin at pH 7 6, and 
less readily by crystalline trypsin at pH 7 6 

Specific volumes and molecular weights ofD-gly- 
ceraldehyde phosphate dehydrogenase and al- 
dolase John Fuller Taylor Dept of Biological 
Chemistry, Washington Univ School of Medicine, 

Si Louis, Mo _ 

The partial specific volume, V, of a protem is 
needed in order to calculate molecular weight 
from sedimentation and diffusion We have in- 
vestigated the use of the gradient tube of Lmder- 
strpm-Lang to measure the densities of protein 
solutions, concentrations of which were deter- 
mmed from dry weights The requisite quantities 
of protem are small, the determination of density 
can be made as sensitive as desired, and labile 
enzyme proteins can be studied at low tempera- 
ture to retard denaturation As a test of the 
method, Vm for human ox 3 'hemoglobin was found 
to be 0 749, for crystalline bovine serum albumin 
(Armour) 0 734, correspondmg to 0 749 and 0 736 
found in the literature For cr 3 ’’stalline n-gly- 
ceraldehyde phosphate deh 3 ’^drogenase (1) and 
aldolase (2) from rabbit muscle, Vm by this method 
— 0 737 and 0 740 respectivel 3 '^ Vm has also been 
calculated from the amino acid composition of 
these enzymes (Velick and Ronzoni J Biol 
Chem 173 627, 1948) usmg the volume increments 
of the ammo acid residues (Cohn et al J Biol 
Chem ITO Proc x-xvii, 1933) For both, the cal- 
culated Vjo = 0 743 The difference m the case of 
(1) may be related to the presence m the crystal- 
line enzyme of diphosphopyridme nucleotide AIo- 
lecular weights calculated with these data are 
close to 118,000 (1) and 147,000 (2) 

Factors affecting glycogen formation in vitro 
Chino-Tseng Tbng,* F Marott Sinex,* and 
A Baird Hastings Dept of Biological Chem- 
istry, Harvard Med School, Boston, Mass 
The followmg medium has been used to study 
gly'cogen formation b 3 ' rat liver slices in vitro 
from glucose and/or p 3 *ruvate K = 110, Mg = 
20, Ca ■= 10, HCOj = 40, Cl = 130 mvi per liter 
When pymivate was present, it was substituted 
for an equivalent amount of Cl A comparison 
of the amount of gh cogen formed when the added 
substrates consisted of only glucose, only pyru- 
vate, or mixtures of the two (all with equal con- 
centrations of substrate carbon) showed that 
mixtures of the two substrates resulted in more 
glycogen than either one alone The sources of 
the glycogen carbons were studied usmg glucose 
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uniformly labeled with prepared by Dr Mar- 
tin Gibbs, and pyruvate labeled with G*-* m the 
carbonyl carbon, prepared by Dr Manfred L 
Karnovsky It was found that with labeled glucose 
or labeled pyruvate onlj as substrate, 80% of 
the resulting glycogen carbons were derived from 
the added substrate By comparing experiments 
with a) labeled glucose plus unlabeled pyruvate 
and h) unlabeled glucose plus labeled p3TUvate, 
it was found that about 40% of the glycogen car- 
bon was derived from glucose carbon and about 
36% from pyruvate carbon Livers from adrenalec- 
tomized animals had an increased capacitj' to 
form glycogen from both glucose and pyruvate, 
whereas livers from diabetic-adrenalectoxmzed 
animals had a dimmished capacity to form glyco- 
gen from glucose but not from pyruvate 

Isolation of crystallized acetal phospholipid from 
brain S J Thannhatjseh, N F Boncoddo* 
AND G Schmidt Tufts College Med School, 
Boston, Mass 

Ten pounds of calf brains are dehydrated nith 
acetone and extracted with alcohol at 37° The 
vacuum dned extract is extracted with petroleum 
ether, the dned supernatant is saponified with 
N NaOH (37°, 5 days) Acetic acid is added to 
pH 5, the solids are exhaustively washed with 
acetone and extracted with ether A dilute meth- 
anol solution of the dned extract is precipitated 
with lead subacetate and ammonia The super- 
natant 18 treated nith anion exchanger after re- 
moval of the lead The solution of the dried super- 
natant in ethanol is precipitated with Reinecke 
salt and shaken with Ag;0 The alkaline filtrate 
18 decolorized with charcoal and evaporated after 
treatment with HjS The acetone extracted ma- 
terial IS dissolved in methanol, the solution is 
treated with cation exchanger and dried The 
solution of this matenal in 5 volumes of propanol 
crystallizes in the refrigerator Recryatallization 
from methanol after another treatment with cat- 
ion exchanger yields 0 4-0 7 gm of acetal phos- 
pholipid MP (decomp) 205°, softening 80°, 
sintering 150° C 57 4%, H 9 88%, N 3 9%, P 
6 75% 2, 4-dinitrophenylhydrazone of the liber- 
ated aldehyde M P 106-107° (Palmityl alde- 
hyde 109-110° ) 

Influence of dietary protein on glutamine content 
of rat tissues Henhy Tiqerman* and Robert 
W MacVicar Dept of Agricultural Chemistry 
Research, Oklahoma Agricultural Exper Station, 
Sltllivaier 

Replacement of protein (20% casein or soybean 
sodium protemate preparation) in the diet of the 
rat by zem caused a pronounced increase in the 
glutamine levels observed in liver, lung, kidney, 
heart, spleen, muscle and bram tissues Supple- 
mentation of the zem contaimng ration with 


tryptophan did not produce any matenal de- 
crease Replacement by casein of 50% of the zem, 
however, reduced the glutamine values to the 
basal level In a_ senes of analyses carried out on 


the tissues the results shown below were obtained 
(mg glutamine/100 gm fresh tissue) 

CASEIN 2EIN-CA8EIN fEIN 

Liver 

88 

94 

156 

Lung 

82 

86 

165 

ICidney 

107 

111 

192 

Heart 

203 

210 

297 

Spleen 

168 

165 

268 

Muscle 

170 

178 

263 

Bram 

77 

82 

116 


In addition to these results, elevated glutamme 
levels have been found in tissues of rats which 
have been starved, fed a ration devoid of protein 
or an adequate ration containing 0 25% lodinated 
casein (Protamone) These data suggest a positive 
correlation between tissue glutamine content and 
the rate of body protein catabolism 


ElTect of pteroylglutamic acid on the incorpora- 
tion of radioactive glycine in chick liver homoge- 
nates John R Totter, Barbara Kellet,* 
Paul L Day and Raymond R Edwards * 
Dept of Biochemistry, University of Arkansas 
School of Medicine, Little Rock, and the Inst 
of Science and Technology, Fayetieville 
in vitro experiments were conducted with glj cine 
containing C ^ (approximately 10 nucroouneB/mg ) 
in the carboxyl group Livers from chicks which 
had been maintained for 3J weeks on a purified 
diet containing either 0 t or 200 7/IOO gm of PGA 
were used The procedure of Winmck and asso- 
ciates [Arch Biochcm 21 235, 1949) for deter- 
mining the uptake of radioactive glycine was fol- 
lowed Liver homogenates were incubated with 
the labeled glycine for 60-90 nunutea and the 
radioactivitv of the phospholipid extracts and 
protein residues were then determined 
phohpid extracts from liver homogenates of defi 
cient chicks averaged 10 3 counts/minute/mg 
of phospholipid, while those from positive control 
birds averaged 21 2 counts/minute/mg Defer 
mmations of the phospholipid phosphorus m 1 
cated that the positive control birds had only 
slightly higher phospholipids than did the deficient 
chicks The protein residues showed surprisingly 
low counts, those from deficient chicks averaging 
0 55 counta/mmute/mg protein while the 
controls averaged 146 counts/minute e 
vitro addition of PGA had little effect on e r 
of incorporation of radioactive glycine in et 
phospholipid or protein of the homogenate 


timation of blood ergofhioneine 

ly the determination of bromlne-I^ ^ „ j 

)scAB Tousteh (introduced by WH-Wam 
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Darbt) Division of Nutrition, Dcpls of Bio- 
chemistry and Medicine, Vanderbilt Univ School 
of Medicine, Nashville, Tenn 
Ergothioneine hns long been known to be a 
constituent of mammalian red blood cells, but 
its phj Biological significance has not been estab- 
lished An approach to this problem nould be a 
study of factors affecting its concentration m 
blood Since the modified uric acid method of 
Behre and Benedict (J Biol Chem 82 11, 1929) 
and the diazo reaction of Hunter [Biochem J 
22 4, 1928) are considered to have limitations m 
specificity and reliability (Behre Biochem J 
26, 45S, 1932, Latner Biochem J 42 ■cs.w, 1948), 
we have developed a procedure differing m princi- 
ple from previous methods used to determine 
blood ergothioneine concentrations It is based 
upon the bromine oxidation of the sulfur of ergo- 
thioneine into inorganic sulfate and the subse- 
quent colonmetric determination of the sulfate 
The analysis involves the following steps 1) 
saline-washed erythrocytes are heated with ura- 
nium nitrate solution to yield a colorless, protein- 
free extract , H) the extract is treated with bromine 
for 30 minutes and the excess bromine removed by 
aspiration, 3) the sulfate is precipitated as benzi- 
dine sulfate, 4) the precipitated benzidine is 
determined colonmetncally with sodium /3-naph- 
thoqumone-4-sulfonate Inorganic sulfate and thi- 
ocyanate, which respond to this teat, are present 
in negligible amounts in the extracts Recoveries 
average 70% and duplicate analyses on different 
samples of the same blood are in fair agreement 
The determination can be run on 1 5 cc of blood 
and 18 being employed to study ergothioneine 
blood levels m man 

Cholesterol esterase of rat intestinal mucosa 
C R. Treadwell, Leon Swell* and J E Bt- 
BON * Dept of Biochemistry, George Washington 
Univ School of Medicine, Washington, D C 
Highly active estenfymg and hydrolyzmg cho- 
lesterol esterase systems have been demonstrated 
in glycerol-water (1-1) extracts of rat mtestmal 
mucosa by methods previously developed in this 
laboratory (J Biol Chem 180 615, 1949, 182 479, 
1950) Depending on the substrate present, the 
enzyme catalyzed the synthesis or hydrolysis of 
cholesterol esters The expenments indicated that 
the enzyme was a constant component of the 
mucosa of normal rats and was not removed by 
prolonged washing of the lumen of the intestine 
with saline under pressure The hjdrolyzmg and 
estenfjnng sj’stems had the same properties and 
characteristics as those of the pancreas Bile 
salts were an essential component of both si stems 
The activities were not influenced bi the substitu- 
tion of citrate for phosphate buffer in the sub- 
strate mixtures The cholesterol content of the 


previous diet did not influence the occurrence or 
amount of the enzyme A comparision of the en- 
zyme activity in the mucosa of normal rats with 
rats nith 95% of the pancreas removed suggested 
that the pancreas was the primary source of at 
least a major part of the cholesterol esterase of 
the mucosa 


Protein permeability through thin organic layers 
H J Triirnit (introduced by David B Dill) 
Med Division, Army Chemical Center, Md 
A Rothen {J Biol Chem 168 75, 1947) found 
specific reactions in immunological systems where 
antibody and antigen are separated by inert, sup- 
posedly impermeable, matenals He suggested 
the existence of hitherto unknown molecular 
forces between large molecules In order to un- 
cover the mechamsm of Rothen’s effect, we re- 
peated his expenments and obtamed identical 
results We then changed the physical pattern 
of the screemng material, using multiple Pormvar 
screens mstead of single cast screens A similar 
approach was made by Singer {Federation Proc 
8 251, 1949) We found that multiple screens in- 
hibit the specific reaction more than single cast 
screens of the same total thickness Also, collo- 
dion screens are more effective than Formvar 
screens We then realized that so far no control 
had been made on the action of phosphate buffer 
Itself This has been the dilutmg agent for sera 
and antisera m Rothen’s expenments as well as 
in ours The control expenment proved that this 
buffer removes part of the antigen through the 
screen whereas distilled water, aabne solution or 
veronal buffer have no such effect The antigen 
penetrates the screen and can be transferred to a 
conditioned control plate This plate shows a 
specific adsorption after treatment with anti- 
serum, whereas the onginal plate gives corre- 
spondingly less adsorption These results offer 
a simple explanation for Rothen’s effect A new 
STne^d”^ developed dunng this study will be 

Blood sugar and serum inorganic phosphate after 
the ingestion of D-glucose, D-fructose or D- 
xylose D A Turner (introduced by A B 
Iai^llum) Dept of Biochemistry, Umv of West- 
ern Ontario, London, Canada 
Changes m the concentration of serum inor- 
ganic phosphate and of the concentration of the 
appropriate carbohydrate in the blood of normal 
human subjects have been detenmned after an 
oral dose of D-glucose, D-fructose or D-xy lose For 
each sugar there was a charactenstic change m 
the concentration of serum inorganic phosphate 
Changes in the concentration of blood \y lose after 
xylose administration were much more reproduci- 
ble than either the changes in the concentration 
of glucose after a test dose of glucose, or changes 
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in the concentration of fructose after a test dose 
of fructose Tween 80 (Seriate) had no effect on 
the serum inorganic phosphate or blood carbohy- 
drate when given by mouth at the same time os 
the test dose of glucose Similar results were ob- 
tained for fructose and xylose These findings are 
discussed from the point of view of the possible 
metabolism of xylose and its possible phosphoryla- 
tion during absorption The xylose tolerance test 
would appear to be a much better test of absorp- 
tion from the gastro-intestmal tract in man than 
either the glucose or the fructose tolerance test 

A micro technique for identification of organic 
compounds using isotopic indicators and paper 
chromatography Sidney Udenfrtend (intro- 
duced by Mildred Cohn) Dcpl of Biological 
Cheviistry, Washington Univ Med School, Si 
Louis, Mo 

Isotopic indicators and paper chromatography , 
as used in the isotopic derivative method of ammo 
acid analysis, can be employ'ed for rigorous iden- 
tification of microgram quantities of compounds 
A reagent is synthesized in tvo isotopic forms, 
with isotopes that can be determined accurately, 
one in the presence of the other The unknown sub- 
stance and the compound being used for compari- 
son are converted to derivatives of the reagents, 
each with a different isotope The two derivatives 
are then mixed and subjected to chromatography 
on paper If the two derivatives are identical 
then one band results in vhich the proportions 
of the two isotopes remain constant throughout 
This IS ascertained by cutting the band into con- 
secutive transverse strips and measuring the 
isotope proportions in each If the substances are 
not identical then the isotope ratio vill vary from 
one end of the band to the other The technique 
has been applied to the identification of a sub- 
stance isolated from paper chromatograms of 
tissue extracts, having an Rf similar to y-amino- 
butync acid An authentic sample of S“ labelled 
pipsyl 7 -aminobutyric acid was mixed vith the 
I'*! labelled pipsyl derivative of the unknown 
One band resulted vith ratios of P” to S’* of 

0 433, 0 449, 0 439, 0 433, in consecutive strips A 
mixture of S’*-pipsvl leucine with r’'-pipsyd iso- 
leucine yielded one band v ith ratios of 3 35, 2 23, 

1 90, 1 63, 1 38, in consecutive strips Similarly^ 
S’*-pipsyl valme and I'’'-pipsyl norvaline yielded 
one band mth consecutive ratios of 0 078, 0 136, 

0 263, 0 498, 1 07, 1^6, 3 17 

Influence of cortisone on proline oicidation W W 
Umbreit and N E Tonhazt * Merck Inst for 
Therapeutic Research, Rahicay, N J 
Proline oxidation by unwashed isotonic rat kid- 
ney homogenates is markedly decreased by’' the 
second day’ after adrenalectomy and remains at 
a lov level thereafter Treatment of the adrenalec- 


tomized animals (maintained on saline) with 05 
to 1 mg cortisone daily maintams the activity 
of the proline oxidizing system or restores it to 
normal if treatment is instituted even weeks after 
adrenalectomy The prolme is oxidized to gluta- 
mate which IS oxndized to completion via the tn- 
carboxy acid cycle Adrenalectomy and cortisone 
treatment do not markedly affect the abihty of 
kidney homogenates to oxidize glutamate or other 
members of the cycle The effect of cortisone ap- 
pears to be primarily upon the level of the proline 
oxidizing enzyme In adrenalectomized animals, 
the rate of proline oxidation is related to the 
amount of cortisone supplied 


Carbon dioxide fixation in dicarboxylic acids 

M F Utter Dept of Biochemistry, Western 

Reserve Univ School of Medicine, Cleveland, 

Ohio 

Previously it has been shown that pigeon liver 
preparations incorporate CO- in oxalacetate m 
the presence of ATP Ochoa and collaborators 
have shown fixation of CO- in 1-malate by a 
malatc-TPN enzyme also obtained from pigeon 
liver The relationship of these two processes is 
not understood By examinmg the relative specific 
activities of the Wo acids after CO* fixation under 
various conditions an insight into the problem 
has been obtained When dialyzed pigeon liver 
extracts are incubated with C^Os, oxalocetate, 
malate, and ATP, the specific activity’ of the 
oxalacetate is 3-4 times that of malate after short 
incubations The ratio approaches 1 after longer 
incubation, presumably’ through the action of 
DPN-nialic dehydrogenase Prior treatment of 
the extract with a brain preparation capable of 
destroy’ing DPN increases the specific actmty 
ratio of oxalacetate to malate to 9 These results 
make it very unlikely that malate is a precursor 
in the fixation of CO; in oxalacetate However, 
when TPN is substituted for ATP, the converse 
situation occurs with the specific activity of 
malate 3-4 times that of oxalacetate after short 
incubations and an approach to 1 after longer 
incubation The foregoing results may be explained 
by either of the Uo following hy’potheses o) two 
separate mechanisms for COi fixation exist, an 
ATP-dependent system for oxalacetate and a 
TPN-dependent system for malate, 6) COi is 
fixed m some intermediate compound which may 
be directed toward oxalacetate by ATP or o~ 
ward malate by TPN 


■mi-micro synthesis of C>*.carboxyl labeled 
etate J T Van Brdggen,* Cecil K Clay 
MB,* Ttra T Hutchens,* and Edward b 
EST Dept of Biochemistry, Univ of Oregon 

ed School, Portland , h, 

eviously described sy’ntheses of acetate } 
onation of a methyl gngnard reagent have 
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generally involved macro quantities of reagents 
In addition, specialized equipment not generally 
available to the small isotope laboratory has been 
required An apparatus (slide 1) is described, 
which 18 easilj’’ assembled bj^ a semi-skilled glass 
blower from inexpensive, readil}'- available parts 
The other essential equipment required is a water 
aspirator and a small liquid nitrogen cooling bath 
or its equivalent Using the technique presented, 
i to 1 millimolar quantities of carbox 3 d labeled 
acetate can be synthesized in 85 to 90% jnelds in 
a minimum of time By controlled timing and 
addition of reagents in the completelj'^ closed sys- 
tem, a good jneld of product is assured, and com- 
plete control of the isotopic agent is maintained 
The apparatus may be adapted readily to the 
sjmthesis of many other similar products 

A modified method of estimation of xanthine 
oxidase activity in tissue homogenates J C 
Van Meter and J J Oleson (introduced bj 
I S Danielson) Lederle Labs Division, Ameri- 
can Cyanamtd Company, Pearl River, N Y 
In the course of testing the effect of diet on rat 
liver xanthine oxidase using the method of Axel- 
rod and Elvehjem (J Biol Chem 140 725, 1941), 
some anomalous results nere obtained A number 
of ‘zero’ livers simiar to those descnbed by 
Richert, Edwards and Westerfeld {J Biol Chem 
181 255, 1949) were found This phenomenon was 
attributed to the presence of endogenous sub- 
strate in the liver and a low enzjTne concentration 
It was possible by the use of 2-amino-4-hydroxy-6- 
formylptendine (AHFP) as a specific xanthine 
oxidase inhibitor (Lowry, Besset xnd Crawford 
J Biol Chem 180 399, 1949) to negate the effect 
of the endogenous substrate present in the liver 
Factonal experiments to determine the effect of 
AHFP, hypoxanthme, xanthine and the time 
interval after addition of substrate were per- 
formed It was found that AHFP as an mhibitor 
and hjqioxanthine as a substrate, alone and in 
conjunction, produced statistically significantly 
higher enzjmie titers than those obtained b}-^ the 
original method The mean rate of oxj gen uptake 
approaches a maximum forti minutes after addi- 
tion of substrate and remains approximatelj 
constant for the next sixti minutes This latter 
corresponds to the linear part of the curve of oxj - 
gen uptake versus time after addition of substrate, 
used bi Axelrod and Elvehjem for the calculation 
of enzjTue activitj On the basis of the above 
findings, a modified method for the estimation of 
xanthine oxidase actintj in tissue homogenates 
IE proposed 

A comparison of D-3, glyceraldehyde phosphate 
dehydrogenase from yeast and from skeletal 
muscle SiDXEX F Velick antj Sidxet Udev- 


FHiEND * Dept of Biological Chemistry, Wash- 
ington Univ Med School, St Louis, Mo 
That configurational differences exist between 
glymeraldehyde phosphate dehydrogenases crys- 
tallized from j'east and from rabbit muscle is 
shown by the demonstration of ICrebs and Najjar 
that they are immunologicall}’' distinguishable 
We have analj’’zed the j'east enzjune for several 
amino acids by microbiological procedures for 
comparison with previous analyses of the muscle 
enzjTne by Velick and Ronzoni In addition we 
have earned out parallel analyses of several amino 
acids by the isotope <lerivative indicator method 
of Kesten, Udenfnend, and Levy on enzymes from 
the two sources Some of the results are sum- 
marized as gm/100 gm protein The first figure is 
for muscle, the second for j'east GLU 5 7, 4 2, 
ASP 10 1, 9 4, ALA 7 1,7 3, GLY 5 9, 4 9, PRO* 
3 4, 3 9, METH 2 7, 2 8, VAL 12 0, 11 2, ARG 

5 2, 6 0, HIS, 6 0, 3 5, LYS 9 4, 10 7, THR 5^, 

6 0. SER 4 4, 4 7, AMIDE N 0 95, 0 72 In both 
proteins there is a considerable excess of free 
basic over free acidic groups and j'et both pro- 
teins are isoelectnc m phosphate buffers in the 
acid region This apparent anomalj is due to the 
strong alfinitj' of the enzj'mes for phosphate ions 
The characteristic features in composition of the 
muscle enzj'me are shared bj' the enzj'me from 
yeast However, many of the differences ob- 
served are significant and it may be concluded, 
in agreemept with other evidence, that the two 
protems are similar but not identical The termmal 
ammo groups are bemg investigated 

Peptides released in the enzymatic conversion of 
ovalbumin to plakalbumin C A Villee, K 
LiNDERSTRdM-LANG* AND M Ottesen * Chem- 
ical Dept , Carlsberg Lab , Copenhagen, Den- 
mark 

The conversion of ovalbumin to plakalbumin by 
an enzj'me from Bacillus subtilis was discovered 
h^ Lmderstrpm-Lang and Ottesen In this reac- 
tion, approximately 1% of the protein is split 
off and appears as a muxture of peptides By means 
of starch column chromatography these peptides 
and their hj droh sates were separated and ana- 
hzed The peptides were obtained bj precipitat- 
ing the protein, after a given reaction period, w ith 
10% trichloracetic acid and extractmg the TCA 
with ether The aqueous solutions of peptides 
were then concentrated bi lyophilization and 
aliquots were placed on columns A varieti of 
solvents were tried but for routine purposes a 
mixture of 1 butanol 2 n-propanol 1 0 1 x aqueous 
HCl followed bj 2 n-propanol 1 0 5 n aqueous 
HCl was used For the first 5 hours of reaction, 
the peptides upon Indrolvsis Melded onlj ala- 
nine, valine, glvcine and aspartic acid No glu- 
tamic acid w as found When the unhv drol j zed pop- 
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tides were placed on columns thej were separated 
into 3 distinct fractions, A, B, and C The ap- 
pearance of fractions A and C in the reaction is 
correlated with the ammonium sulfate titration, 
shown by Linderstrpm-Lang and Ottesen to be 
a measure of the conversion of ovalbumin to 
plakalbumin In contrast, fraction B is produced 
by a second step, not correlated with this conver- 
sion The fractions isolated from one column were 
dried, hydrolyzed with 6 n HCl, and analyzed on 
other columns Fraction C proved to contain 
alamne alone, fraction A contained all 4 amino 
acids in the ratio 3 alaUme 1 valine 1 glycine 1 
aspartic acid and fraction B contained the 4 
amino acids in equimolar quantities 

Glutamo- and asparto-transferases Heinrich 
Waelsch, Ernest Borek, Nathan Grosso- 
wicz* AND Mogens Schou * Dcpls of Bto- 
chetmsiry, N F Stale Psychiatric Inst and 
Columbia Univ , New York City 
Studies on the recently discovered enzjTne sys- 
tems (116th meeting. Am Chem Soc , Sept , 
1949) which exchange the amide group of gluta- 
mine and asparagine with hydroxylamine have 
been continued The enzymatic synthesis and 
splitting of 7 -glutamo- and /S-aspartohj droxamic 
acid occurs with washed cells and cell free ex- 
tracts of several microorganisms, as n ell as with 
pigeon brain and liver homogenates The enzymes 
were studied in detail in cell-free extracts of 
Proteus vulgaris The addition of phosphate to 
extracts, dialysed for 48 hours, did not change the 
rate of enzymatic synthesis The expected libera- 
tion of ammonia dunng the enzymatic sjmthesis 
IS difficult to establish quantitatively since the 
extracts possess weak glutaminase and strong 
asparaginase activity The pH dependence curve 
of glutamohydroxamic acid synthesis (optimum 
ca 8) reflects only the pH dependence of the 
synthetic process In the case of aspartohjdrox- 
amic acid the curve is a composite of the pH 
dependence of synthesis and of splitting, since 
the extracts show considerable activity in split- 
ting aspartohydroxamic acid Over the whole 
pH range studied there is no formation of chro- 
mogenic material, detectable with the ferric chlo- 
ride reaction, if glutamine is replaced by glutamic 
acid However, aspartic acid at low pn levels 
produces considerable chromogenic material The 
enzymatic synthesis of glutamohydroxamic acid 
IB inhibited by a variety of ammo acids The 
mechanism of this inhibition will be discussed 

Distribution of N“ in the amino acids of Rhodo- 
spinllum rubrum supplied Nj'® A C Wagen- 
KNECHT* AND R H Burris Dept of Bio- 
chemistry, Umv of IFisconsin College of 
Agriculture, Madison 


Seventeen ammo acids and ammonia were sepa- 
rated quantitatively from an acid hydrolysate of 
Rhodospirtllum rubrum cells by chromatography 
on starch columns The most abundant ammo 
acids were glutamic acid, alanine, vahne, lysine, 
glycine, arginine and leucme-isoleucme An il- 
luminated culture of R rubrum was grown for 3 
days on a medium containing 20 mg/liter of am- 
monium nitrogen, mabc acid was the carbon 
source The culture then was aerated with 
enriched N. for 30 minutes The cells were mao- 
tivated with acid, recovered and hydrolyzed with 
acid The amino acids separated on a large starch 
column were analyzed for their N“ content The 
compound showmg greatest N‘‘ ennehment was 
ammonia, followed by the alanme-glutamic acid 
mixture, aspartic acid and the leucme-isoleucme 
mixture The monoaminomonocarboxylic acids 
and arginine were intermediate m N^‘ content 
and the lysine, histidine and cystme were lowest 
in N>‘ ennehment This distnbution of N“ among 
the anuno acids of R rubrum was very similar to 
that observed earlier when Azotobacler nnelandn 
was allowed to fix N*‘-enriched Nj 


Oxidation by cytochrome oxidase of reduced cyto- 
chrome c W W Wainio, P Person, S J 
CooPERSTEiN AND B Eichel (mtroduccd by 
R H Barnes) Bureau of Biological Research, 
Rutgers Univ , New Brunsmek, N J , and Dept 
of Anatomy, Western Reserve Univ School of 
Medicine, Cleveland, Ohio 
A ‘solubilized’ preparation of cytochrome oxi- 
dase has been previously reported The addition 
of 2% of sodium desoxjmholate, and then 3% of 
sodium desoxycholate to the precipitate, followed 
in each instance by high-speed centrifugation, 
yields a preparation of high actmtj The Qoj- 
protein of the preparation used here was 2650 at 
25° The oxidation of reduced cytochrome c was 
followed spectrophotometncally and the effect 
of various factors studied Phosphate buffers 
(No.HPO^-KH^PO^, pH 7 4) at the highest con- 
centrations studied (0 1 to 0 2 M final concentra- 
tion) inhibited the oxidation The rates at the 
lower concentrations (0 005 to 0 06 M final con- 
centration) were constant The effect of pn was 
studied in phosphate buffers of 0 033 M fin 
concentration over the range 8 6 to 4 6 at mterva 
of approximately 0 2 of a pH unit The pH 
was ate 67 ± 0 15 Sodium desoxycholate inhibi«“ 
the oxidation at concentrations approxima y 
75 times that added with the oxidase Concentr - 
tions 37 times that added with the oxidase had 
effect 

Effect of epinephrine on glucose ® 

formation and lactic acid production in iso 
rat diaphragm Otto Walaas and 
(introduced by G T Cori) Dept of Bio g 
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Chemistry, Washington Unit School of Medi- 
cine, St Louts, Mo 

Methods for the deternunation of microgram. 
quantities of glycogen were reexamined Owing to 
its solubility in 70% alcohol (about 6 pg/ml ), 
serious losses of glycogen occur, unless alcohol 
volumes are kept below 1 ml and reprecipitation 
of glycogen is omitted Diaphragms from rats of 
about 100 gm of body weight were soaked for 20 
minutes in ice-cold Ringer’s solution in order to 
remove preformed lactic acid. Of 2 84 mg of glu- 
cose taken up per gram of diaphragm per hour 
(average of 16 experiments), 48% were recovered 
as glycogen and 26% as lactic acid In the presence 
of epmephrme (1 Mg/ml of medium), glucose up- 
take was 1 9 mg (average of 10 expenmenta), 
glycogen decreased 13% from its initial value and 
lactic acid formation increased 43% over that 
found in normal diaphragm, all statistically sig- 
mficant changes O 2 consumption and R Q were 
not significantly different from normal The low 
recovery (40% of glucose uptake) is probably 
the result of accumulation of hexosemonophos- 
phate Diaphragms of rats injected subcutane- 
ously one hour previously with 0 02 mg of epi- 
nephrme showed a very low imtial glycogen 
content, durmg incubation (m the absence of 
epmephrme) glucose uptake was slightly mcreased 
(3 22 mg , average of 10 expenments), glucogen 
deposition was not changed sigmficantly from 
normal, while lactic acid formation was 20% 
below normal, a difference of margmal signifi- 
cance These rather minor changes probably re- 
flect alterations in the hormonal balance produced 
by the injection of epinephrine 

Synthesis of visual pigments from the retinenes 
Geohge Wald and Paul K Bhown (mtroduced 
by J T Edsall) Biological Laboratories, Har- 
vard Untv , Cambridge, Mass 
The light-sensitive pigment of rod vision, rho- 
dopsin, IS synthesized tn mvo m two ways from 
the yellow products of its bleaching, retmene 
and protem, and from the colorless products, 
vitamin Ai and protem The regeneration from 
retmenei occurs slightly even in aqueous solution, 
though with a yield of at most 15% (Kiihne, 
Hecht et al ) We have found that when cattle or 
frog rhodopsin m aqueous solution is flooded with 
sjmthetic retmenei, it regenerates about 70% 
in the dark after bleaching by light Rhodopsin 
18 also synthesized by mixing its colorless protem 
moiety in aqueous solution with sjmthetic reti- 
nenci There is no endence that other molecules 
participate m this reaction It is a spontaneous, 
le an energy -jnelding process, the bleaching of 
rhodopsin requires energy , usually in the form of 
light The sjmthesis is inhibited competituelj 
by formaldehyde, and also by such retinene- 


trappmg reagents as hydroxylamine When rho- 
dopsm-protem is nuxed in aqueous solution with 
synthetic retmenei, a light-sensitive pigment is 
formed with its spectrum displaced in the direc- 
tion of porphjmopsm Porphjrropsin-protem, 
mixed mth both retinenes, yields about the same 
results as rhodopsin-protein These expenments 
in fact involve the synthesis in intro of rhodopsin 
from crystalline vitamin Ai , and of a comparable 
light-sensitive pigment from highly punfied vita- 
min As The vitamins A were oxidized to the corre- 
sponding retmenes, not by a retmal process, but 
on manganese dioxide The pathways of these 
syntheses however bear a significant relation to 
those which occur m the retma 

Isolation of crystalline conalbnmin Robeht C 
Wabnee and Ione Weber * Dept of Chemistry, 
New York Univ College of Medicine, New York 
City 

The conalbumm of the hen’s egg white was first 
isolated m a punfied form by Longsworth, Can- 
nan and Macinnes (/ A Chem Soc 62 2580, 
1940) Their procedure entailed a precipitation 
below pH 4 m the presence of salt and was demon- 
strated to result in a product diffenng from the 
origmal protem m electrophoretic behavior A 
method for isolatmg this protem without expo- 
sure to low pH has been reported by Bam and 
Deutsch (/ Biol Chem 172 647, 1948) which 
yields an electrophoretically homogeneous, amor- 
phous product Conalbumm has now been ob- 
tained m crj^tallme form both as the feme iron 
complex and as the iron free protein The conal- 
bumm was punfied by salt and alcohol fractiona- 
tion after the addition of excess iron In most of 
this work, the filtrate from the usual crystalhza- 
tion of ovalbumm by ammomum sulfate was used 
as the startmg material Alcohol fractionation of 
ep white without prior removal of ovalbumm or 
globulins has also been employed The punfied 
protein was crystallized as needles or elongated 
prisms from 10% ethyl alcohol at the isoelectric 
point in the presence of 0 02 m sodium chlonde 
After removal of the iron, the protein can be 
crystaUized in a different crystallme form by a 
similar procedure The reddish brown crystaUme 
iron complex contains two moles of ferric iron 
per mole of conalbumm It is electrophoretically 
homogeneous above pH 4 in 0 1 ionic strength 
buffers 

Effects of narcotics and convulsants on rat tissue 
metabolism Jaxies L Webb* and K A C 
Elliott Montreal Neurological Inst , McGill 
Unit’ , Montreal, Canada 

The effects of a number of narcotic and con- 
vulsant drugs ha\e been studied on the metab- 
olism of isotonic suspensions of brain, of teased 
testis, and of kidnei cortex slices, m bicarbonate 
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buffered medium Accompanying the well-kno’nn 
inhibition of oxygen uptake of brain tissue by 
narcotics, a marked increase occurs in lactic 
acid formation The rate of glycolysis increases 
with increasing narcotic concentration reaching 
a maximum when the respiration is inhibited 50 
to 60%, and then decreases The maximum may 
exceed the rate of anaerobic glycolysis Total 
glucose utilization (calculated) is greatlj'' in- 
creased Under anaerobic conditions the glycoly- 
sis IS not appreciably affected until the narcotic 
concentration is about the optimal for aerobic 
glycolysis The concentration required for maxi- 
mum aerobic glycolysis, 1 5 mM for sodium pento- 
barbital (Nembutal), vanes from drug to drug 
but bears some relation to the narcotic potency 
of the drug In the presence of Nembutal, suc- 
cmate stimulates oxygen uptake but does not 
affect the glycolysis while ascorbate stimulates 
oxygen uptake and abolishes the extra aerobic 
glycolysis L-glutamate oxidation nas inhibited 
by Nembutal Results vith testis were similar to 
those with brain With kidney cortex slices similar 
inhibition of respiration was obtained with or 
without glucose, and oxidation of i,-glutamatc, 
and the concomitant acid disappearance, were 
strongly inhibited Metrazole, coramine and picro- 
toxin have little effect on brain tissue metabolism 
until a relatively high concentration is reached, 
when respiration is somewhat inhibited (60% 
with 60 mil metrazol) wnth verj’- little increase m 
glycolysis 

Photochemical oxidation of amino acids, )3-Iacto- 
globulin and lysozyme in the presence of meth- 
ylene blue Leopold Weil and Jeanne Maher * 
Eastern Regional Research Lab , Philadelphia, 
Pa 

Amino acids irradiated with visible light in the 
presence of traces of methylene blue undergo 
photo-oxidation to a varying degree It was found 
by the manometric technique that tryptophane, 
tyrosine, histidine, methionine and cysteine were 
rapidly oxidized but the rest of the ammo acids 
acted sluggishly or not at all Irradiation of crys- 
talline j3-lactoglobulin resulted in complete disap- 
pearance of tryptophane and a parallel decrease 
in solubility when 16 mols of oxygen per mol of 
protein had been taken up Tyrosine decreased 
only after the complete elimination of trypto- 
phane Results obtamed with irradiated crystal- 
line lysozyme strongly indicate that tryptophane 
18 an essential part of this enzyme Changes ob- 
served in the ultraviolet spectrum during irradia- 
tion were in line with the decrease of tryptophane 
and tyrosme Under anaerobic condition, no reac- 
tion took place, mdicating that these reactions 
were entirely due to oxidation 


An investigation of an electrophoretically homo- 
geneous mucoprotein isolated from normal hu- 
man plasma Henri E Weimer,* John W 
Mehl and Richard J Winzler Dept of Bio 
chemtstr-g and Nutnhon, Umv of Southern Cali- 
fornia School of Medicine, Los Angeles 
A mucoprotein isolated from pooled, normal, 
human plasma by ammonium sulfate fractions 
tion has been found to be electrophoretically 
homogeneous at pH values from 1 6-8 5 The mate 
rial w as found to be isoelectric at pH 1 8 The low 
isoelectric point is believed to be due to the pres 
ence of sulfuric acid ester groups in the molecule 
since there is an excess of sulfur over the cystme- 
cysteine and methionine content, and after mild 
acid hydroly'sis of the material a positive test for 
sulfate can be obtained with barium chlonde and 
benzidene reagents This mucoprotein migrates 
w ith the a-1 globulins at pH 8 5 and can be demon 
strated as a separate component in untreated 
serum at pH 4 5 At this pH it migrates toward the 
anode wuth a mobility of 4 2 X 10~' CM'/sec/volt 
Increased serum levels have been demonstrated 
electrophoretically in the serum of patients with 
cancer, with pneumonia, and with rheumatoid 
arthritis This mucoprotein is a component of 
scrum polysaccharides and of seromucoid investi 
gated by other workers Chemical analysis of the 
material yuelded the following values hexose- 
16 4%, hexosamme-11 9%, nitrogen-lO 3%, hpid- 
3 0%, sulfur-1 02%, ash-1 8% The ammo acid 
composition as determined by microbiological 
assay is similar to that of the other plasma pro 
teins The molecular weight determined from 
analy'tical data is approximately 51,000 


xidation of isotopic palmitic acid in animal tis- 
sues Sidney Weinhousb, Ruth H IMillinq 
TON* AND hluRRAT E VoLK * Research Inst 
and Dept of Chemistry, Temple Umv , Phila- 
delphia, Pa 

Supplementing previous studies with short 
lain fatty acids, the metabolism of isotopically 
arboxyl) labeled palmitic acid was studied m 
irviving animal tissues In slices and woe 
imogenates of rat liver, and in washed homoge- 
ites supplemented with adenosine triphosp a 
ilmitate undergoes two metabolic transforma- 
ons, complete oxidation to COi and conversio 
i acetoacetate Both processes are of 
ately equal magnitude m contrast with tn 
ihavior of short chain acids which, under the 
me circumstances, are converted predonunan 
acetoacetate The labeled palmitate carboy 
,rbon was found distributed J 

[ually between the carbonyl and 
ms of acetoacetate In washed bomogejiates 

marate in low ^“"oLra- 

udation of palmitate as meMured by 
m of isotopic carbon in the respira y 
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and it Uic same time diminished production of 
acetoacctatc Oxidation of palmitate nas ob- 
served in pigeon-breast and heart homogenates 
and in slices and homogenates of rat kidney and 
heart, but little or no oxidation occurred in rat 
brain or skeletal muscle homogenates The data 
provide unequivocal evidence for extrahepatic 
oxidation of long-chain fattj acids and indicate 
that the enzymes nhich act on the higher fatty 
acids arc the same ones responsible for the catab- 
olism of the short-chain acids 

An enzymic approach to determination of crude 
fiber A Weinstock and G Hahvey Benham 
(introduced by Martin E HankeI Depl of 
Biology, Illinois Inst of Technology, Chicago, 
111 

The crude fiber content of foodstuffs as deter- 
mined by the Weende method does not represent 
a true value because much of the indigestible mat- 
ter 18 dissolved during the acid-alkali hydrolysis 
Enzynnic digestive methods have been found to 
give a close correlation to the digestibility or 
feedmg value of the material under question 
Methods suggested by Horwitt, Remy, Woodson, 
and others take from five to eight days for com- 
pletion A method is described using potent 
commercial enzyme preparations such as Rho- 
zyme S and Polidase whereby values for the true 
indigestible matter are obtained m a reduced time 
interval Starch is solubilized at pH 4 9 and fiO’C 
in one hour, and protein m a further 20 hours The 
digestion residues are filtered through alundum 
extraction thimbles, dried, neighed, ashed, and 
reneighed, the loss in weight being the crude 
fiber Values of 4 0% indigestible matter w ere ob- 
tamed in yellow' corn meal compared wath 0 9% 
by the Weende method These results w ere dupli- 
cated using known mixtures It is repeatedly' 
found that the Weende method gives values about 
3-4 times too low Consequently' the enzymic ap- 
proach described gives values which are consis- 
tent wath the actual content of indigestible matter 
by a method which is simple and readily adaptable 
to routine work 

Synthesis of labile methyl groups by animal tis- 
sues in vivo and in vitro Arnold D Welch* 
and Warwick Sakami Depts of Biochemistry 
and Pharmacology, Western Reserve Vniv , School 
of Medicine, Cleveland, Ohio 
In previous work (Sakami and Wood, unpub- 
lished) the methyl carbon of acetone has been 
found to appear in labile methyl groups and to 
contribute to the formation of the formate or 
formate derivative from which the /5-carbon of 
serine if formed The formation of ‘formate’ from 
acetone suggested that sy'nthcsis of labile methyl 
groups might occur o^er this pathway Conver- 
sion of formic acid to labile methy 1 has been ob- 


tained in rats injected repeatedly with C* ^-for- 
mate The crude protein fraction was separated 
from the tissues and hydrolyzed with HI to release 
the methyl group of methionine as CHjI, radio- 
activity of (GHjI^NI formed from this was not 
altered by' recrystallization Rat liver slices were 
incubated m the presence of C‘^-formate, homo- 
cysteine, dimethylaminoethanol, folic acid and 
vitamin Bu After removal of unreacted HCOOH 
and hy'drolysis, methionine was isolated and de- 
graded with HI, (CH 3 )^NI, with radioactivity 
unaltered by recrystallization, was obtained Cho- 
line chloride, isolated from the slices via the 
remeckate and chloroplatinate, was converted to 
(CHj)N and recovered as (CHj) 4 NI the radio- 
activity of which was unaltered by recrystalhza- 
tion In progress are studies of homogenates and 
of the possible role of folic acid and vitanun Bit 
in the sy'nthcsis by various tissues of compounds 
containing methyl groups 

Ratio of sickle cell anemia to normal hemoglobin 
in sicklemics Ibert C Wells and Harvey A 
Itano (introduced by L Zechmeistbr) Gates 
and Crellin Labs of Chemistry, California Inst 
of T echnology, Pasadena 

The discovery was made m these laboratones 
that the hemoglobin of persons having sickle cell 
anemia differs from normal hemoglobin and that 
both hemoglobins occur m persons with sicklemia 
{Science 110 543, 1949) It was mf erred that 
sickle cell anemia was inherited by' an individual 
from sicklemic parents The results of the genetic 
study of J V Neel (Science 110 64, 1949) are in 
accord with this conclusion Since sickle cell 
anemia (SCA) hemoglobin and normal hemoglobin 
occur together in the erythrocytes of sicklemic 
persons, such individuals offer the possibility of 
studying the genetic control of hemoglobin synthe- 
sis It was reported by us (.Science 110 543, 1949) 
that in a pooled sample of blood from 5 sicklemics 
the SCA hemoglobin constituted 39% of the total 
To ascertain whether this percentage is charac- 
tenstic of sicklemics or not, the percentage of 
SCA hemoglobm m the blood of 20 sicklemics has 
been measured usmg the procedure previously 
employed These were adult persons selected by 
chance Among these mdividuals, the SCA hemo- 
globm composed from 24% to 43% of the total 
hemoglobin Approximately onc-third of the cases 
fell in the range 39% to 42% From these results 
it appears that there is no ratio of the two hemo- 
globins which 13 characteristic of sicklemics Fac- 
tors which might affect the ratio arc being studied 

Metabolism of intravenous testosterone in the 
human C D W’est* and L T Samuels Dept 
of Biological Chemistry, Umicrstly of Utah Col- 
lege of Medicine, Salt Laic City 
Crystalline testosterone in serum albumin solu- 
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tion has been administered mtravenously to sev- 
eral human subjects m doses up to 200 mg Fol- 
lowing this administration it is possible to measure 
and follow the blood levels of testosterone and 
its metabolites The testosterone concentration 
m the blood decreases rapidly usually to zero dur- 
mg the first hour after injection Appro'nmately 
60% of the admmistered testosterone can be ac- 
counted for as mcreased amounts of conjugated 
17-ket03teroids in the urine during the first 24 
hours The peak excretion of unnary 17-keto- 
steroids occurs during the first 2 hours when an 
average of 30% is excreted Small amounts of 
non-conjugated 17-ketosteroids can be demon- 
strated in these post-injection unnes Conjugated 
17-ketosteroids can be demonstrated in the blood 
dunng this period of mcreased urinary excretion 
smaller amounts of non-conjugated 17-ketoste- 
roids were also found in the blood Conjugated 
a-fi unsaturated steroids can be demonstrated 
in the unne for several hours after injection In 
the immediate post-injection urines small con- 
centrations of non-conjugated a-/S unsaturated 
steroids are found In patients with liver disease 
the rate of metabolism of intravenous testosterone 
IS depressed 

Composition of rat liver xanthine oxidase and its 
inhibition by tetraethylthiuramdisulfide (anta- 
buse) W W Westebfeld, Dan A Richert* 
AND Raymond Vanderltnde * Dcpl of Bio- 
chemistry, Syracuse XJniv College of Medicine, 
Syracuse, N Y 

In intro addition of tetraethylthiuramdisulfide 
(antabuae) to a rat liver homogenate mhibited 
its xanthine oxidase activity from 50% to 100% 
Milk xanthine oxidase alone or when added to a 
liver homogenate containing antabuse was not 
inhibited Methylene blue added to the aerobic 
system overcame the antabuse inhibition of the 
liver enzyme, dehydrogenation of xanthine was 
unaffected but autooxidation of xanthine oxidase 
was inhibited by antabuse Heating the liver 
homogenate at 56° for 5 minutes destroyed the 
antabuse sensitivity of the xanthine oxidase 
without othenvise affectmg the enzyme Longer 
heating also reduced its capacity to react with 
atmospheric oxygen without affecting its dehy- 
drogenase activity Rat liver xanthme oxidase 
behaved as a single entity dunng its purification, 
the purified enzyme responded to antabuse, meth- 
ylene blue, and 56° heating in the manner de- 
scribed for the enzyme in the homogenate The 
results indicalie that rat liver xanthine oxidase is 
sinular to the milk enzyme, but is attached to 
some other constituent that confers antabuse- 
sensitivity upon the complex By analogy with 
succinoxidase the possibility that this identified 
constituent is phospholipid is being investigated 


Succinoxidase activity was completely inhibited 
by antabuse and was destroyed by heatmg at 56° 
for 5 mmutes By contrast, the d-ammo acid 
oxidase activity of a rat liver homogenate was 
not affected by antabuse, methylene blue, or 
heating at 66°C 


Xanthme metabolism in the rat J N Williams, 
Jr ,* Philip Fbigblson,* and C A Elvehjeu 
Dept of Biochemistry, College of Agriculture, 
Univ of Wisconsin, Madison 
Liver xanthine oxidase activity m the rat has 
been observed to be highly dependent upon the 
level of dietary protem This vanation with diet 
offered a means of observing the relationship be- 
tween in vitro and tn mvo activity of this enzyme 
Two groups of rats were given 6% casern and 18% 
casein -1- 0^5% methionine rations, respectively, 
for 3 weeks The animals were then injected in- 
trapentoneally with 25 mg xanthine per 100 gm 
bodj’’ weight and the urines collected at intervals 
for one week The animals were then killed for 
in vitro liver xanthine oxidase determinations 
Allantoin excretion was determmed m the unne 
collections to obtain an in mvo estimation of 
xanthme oxidase activity Contrary to expecta- 
tion, the rats with very low tn vitro liver xanthine 
oxidase activity, (those fed the 6% casein ration) 
showed an output of allantoin about double that 
of the animals with normal liver activity More- 
over, the allnntom excretion accounted for less 
than 10% of the injected xanthme in both groups 
Attempts to account for the injected xanthine as 
any of the purines both m unne and feces failed 
Our results indicate that tn vitro measurements 
of xanthme oxidase may not be an indication of 
the actual rate of xanthine oxidation in the intact 
animal It appears that exogenous xanthme may 
be metabolized by a pathway other than that of 
simple oxidation to allantoin and subsequent 
urinarv excretion 


iromogenic values of ketosferoids in the Zim- 
mermaim reaction Hildegard Wilson (intro 
duced by Konrad Dobhineb) Sloan-Keltenng 
Inst for Cancer Research, New York City 
The Zimmermann reaction is employed for t e 
antitative determmation of individual keto- 
sroids isolated from human urine to establisu 
sroid excretion patterns Smee various keto 
woids give different chromogemc values, tue 
5 of a single reference standard such as andros 
•one does not give absolute values for e 
lounts of each steroid excreted Therefore 
ative intensities of ketosteroids . 

md in human urine were determined by 
nmermann reaction as modified by a 
’C and also by an adaption for micro amo 
0°C When the colors were developed 
d read after 50 mmutes the chromogemc 
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relative to androaterooe (=100) v.orc as follows 
deliydroisoandrosterone, 100 , A’ ’-nndrosten-l?- 
one, 106, androstane-3,l7-dionc, 116, A^-andro- 
Btene-3,17-dione, 129, ll-hydro\yandrosteronc,62, 
etiocholanolone, 112, etiocholane-3,17-dione, 114, 
A*““-etioclioleiiolone, 117 , 11-ketoctiocliolatvolone, 
117, pregnan-3a:-ol-20-ODe, 15, and allopregnan- 
3«-ol-20-ODe, 15 The results also indicate wide 
variations in the rates of reaction Androstane- 
3,17-dione, etiocholane-3,17-dione, A®"^*-etio- 
cholenolone and 11-ketoetiocholanolone have 
especially rapid color development With both 
techniques the greatest similarity was found at 
the time of maximum color Other results and ex- 
perimental details will be discussed 

Incorporation of labeled ammo acids into the 
protein of embryonic and tumor tissue homoge- 
nates Theodore Winnick Fadiation Research 
Lab , State Umv of Iowa Med School, Iowa City 
When homogenates of fetal rat liver or trans- 
planted mouse mammary tumor were meubated 
with carboxyl-C"-labeled glycine or alanine at 
37° under oxygen atmosphere, the uptake of C** 
by protein was several times as great as when 
homogenates of normal adult rat or mouse liver 
were employed The turnover of glycine and 
alanine residues in the fetal liver and tumor homo- 
genates was about 0 1 to 0 2% per hour The in- 
corporation process in the embryonic system was 
stimulated by addmg certain members of the 
Krebs tricarboxylic acid cycle Malonate was 
inhibitory The isolated proteins lost no C‘*Oj 
when heated with nmhydrin After complete acid 
hydrolysis all the C^* was released by nvnhydnn 
Protein from adult liver homogenate, incubated 
with glycine-C'^, lost most of its radioactivity 
upon subsequent treatment with dilute NaOH 
The C*^ was apparently concentrated in a labile 
peptide fraction, associated with this protein 
By contrast, proteins from homogenates of fetal 
liver and tumor tissue retained their C“ when 
treated with alkali The available evidence indi- 
cated that, in these systems, the C*'* represented 
true incorporation of amino acids into protein 
structure 

Relation between propagation of mouse en- 
cephalomyelitis virus and uptake of radiophos- 
phate by minced brain from mice Richabd J 
WiNZLEH, H E Peahsov* and Max E Rafed- 
soN * Depts o/ Biochcnnstry and Nuirtiton, and 
of Mtcrohiology , Umv of Southern Cahfornm 
School of Mcdtane, and Lab Division of Los 
Angeles County Hospital, Los \ngeles 
It lias previouslj been shown that minced one- 
da\-old mouse brain was capable of supporting 
the propagation of Theiler’s GD VII mouse 
cnccphalonivelitis virus in iitro \ irus-infccted 
cultures incorporate inorganic phosphate into 


their phospholipids and nucleoproteins at rates 
significantly greater than uninfected controls 
Minced brain from mice older than 10 days is 
unable to support virus growth A study of the 
rates of oxygen consumption and of P“ uptake 
by minced brain tissue from mice of different 
ages in the presence and absence of virus shows 
that older mouse brain has a higher initial QO- 
than one-day-old brain, but the QO- declines at a 
very much more rapid rate than the one-day-old 
tissue The incorporation of inorganic phosphate 
into the lipids and proteins in a 24-hour incubation 
penod IS much greater in the one-day-old brain 
than in older brain The stimulating effect of the 
virus on these processes is no longer apparent in 
brain from mice older than 7 days, and corresponds 
to the ability of the tissue to support virus growdih 

Location m protoporphyrin of carbon atoms de- 
rived froma-carbon of glycine and carbon atoms 
of acetic acid Jonathan Wittenberg* and 
David Shbmin Dept of Biochemistry, Columbia 
Umv , New York City 

It has been shown that 8 carbon atoms in proto- 
porphyrin are derived from the a-carbon atom of 
glycine and that most or all of the remaaning 
carbon atoms are denved from both carbon atoms 
of acetic acid This paper presents experiments 
m which the positions of the carbon atoms in 
protoporphyrins denied from the a-carbon atom 
of glycine and from acetic acid are located 
labeled hemm, prepared by meubatmg duck blood 
with C“ methylene labeled glycine, was degraded 
by a procedure which allowed the isolation of 
individual carbon atoms It was found that one- 
half of the total radioactivity of the prophynn 
was present in the 4 pyrrole rings Only the a- 
carbon atoms of the pyrroles on the same side as 
the vinyl and propionic acid side chains were 
labeled The other one-half of the total radio- 
activity was accounted for by the methene bndge 
carbon atoms From the data it is concluded that 
all 4 methine bndge carbon atoms are denved 
also from the a-carbon atom of glymine, that these 
carbon atoms have equal radioactivity and that 
their individual radioactivities are equal to the 
radioactivity of the individual labeled carbon 
atoms of the pyrrole rings Also two samples of 
C** labeled hemm were prepared by incubating 
duck blood wuth carboxyl labeled acetate and 
with methv 1 labeled acetate separately The loca- 
tions of the carbon atoms which are denved from 
both carbon atoms of acetate wall be presented 
Hypotheses of porphy nn formation are discussed 

Requirements for organic phosphate in in vitro 
oxidation of 6-carbon fattv acids Robert F 
Witter (introduced by Elmer Stotz) Dept 
of Btochcmistry, Untv of Rochester School of 
Medicine and Dcnlistry, Rochester, V 1' 
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By measurement of the rates of acetoacetate 
formation with properly fortified rat washed liver 
particles, the requirements for inorganic phos- 
phate and adenine nucleotides for several 6-carbon 
acids, namely, hexanoate, 2-A-he\enoate, sorbate, 
/3-hydroxyhexanoate, and ^-ketohexanoate, were 
investigated In order to study the effect of high 
ATP concentration on the rate of sorbate oxida- 
tion, factors influencing the maintenance of the 
mitial (added) ATP level were studied An ele- 
vated 10-minute hydrolyzable phosphate level 
could be maintained using an enzymatic source 
of ATP, namely, a rabbit muscle protein fraction 
and 3-phosphoglycerate, whereas ^vlthout the en- 
zymatic source the initial level of ATP decreased 
to a low value With the enzymatic source of ATP 
it was possible to use considerably higher concen- 
trations of sorbate than under the usual condi- 
tions Control experiments with added pyruvate 
showed that part of the above effects of the en- 
zymatic source of ATP might be due to the enzj’’- 
matic production of pyruvate from pliosphoglj c- 
erate Dinitrophenol blocked fatty acid oxidation 
and caused a decrease in the 10-minute phosphate 
to a low value, even with the enzymatic source of 
ATP Under anaerobic conditions, where added 
pyruvate was ineffective, the enzymatic source 
maintained the level of 10-rmnute phosphate, and 
here again dinitrophenol caused the same effect 
as under aerobic conditions This anaerobic effect 
of dinitrophenol is under further investigation 

Studies on tobacco chewing Wm A Wolff and 
W E Giles * Tobacco Research Lab , Bowman 
Gray School of Medicine, Winston-Salem, N C 
The purpose of this study was to determine the 
dosage and metabolism of nicotine resulting from 
the chewing of tobacco, and to compare the find- 
ings with determinations made after cigarette 
smoking Experiments were made on 21 normal 
adult males, habitual tobacco users, ivho chewed 
during a test period of 6J to 8 hours Tobacco of 
known nicotme content was prepared from se- 
lected batches which had gone through all steps 
of the manufacturing process except being pressed 
into plug form The nicotine content of the chewed 
tobacco and of the spittle was determined by the 
A 0 A C silicotungstate method, that of the 
blood and urine, by a method previously reported 
(J Biol Chem 175 825, 1948) The difference be- 
tween the nicotine content of the original to- 
bacco sample and that of the spittle, including 
tobacco chewed, was considered as the amount of 
nicotine absorbed The amount of tobacco chewed 
ranged from 15 6 to 58 4 gm , that of the nicotine 
absorbed, from 8 0 to 87 7 mg Nicotine levels 
in the blood were determined before and after 
the period of chewing, and ranged from 0 to 0 56 
mg/1 The increase during the chewing period 
averaged 0 05 mg/1, a value slightly lower than 


those obtained with comparable doses of mcotine 
from smoking The amount of nicotme excreted in 
the unne was 0 55-3 43 mg Calculated as per- 
centage of the total nicotine dose the excretion is 
about the same as found with cigarette smoking 


Effect of temperature on P’* transport in fertile 
and infertile eggs Jerome J Wolken (intro 
duced by M A Lauffer) Dept of Biophysics, 
Untv of Pittsburgh, Pittsburgh, Pa 
Radioactive phosphorus as sodium phosphate 
was injected into the white of fertile and mfertile 
hen’s eggs and incubated at temperatures from 
12° to 41°C for time intervals from 0 to 120 hours 
The rates of transport were detenmned by a 
measure of activity and specific actmt}”^ of P’* m 
the shell, white, yolk and embryo It was found 
that P” does not come rapidly to equilibrium be 
tween the white and y oik except in stored infer- 
tile eggs The rates of change of activity in the 
fertile eggs are greater than those for the infertile 
eggs, and cquilibnum is not established even 
after 120 hours at 41°C Except for the first 9 
hours of incubation, transport of P” vanes Ime- 
arly with temperature, but is accelerated in the 
fertile eggs between 30° and 41 °C , the optimum 
temperature range for enzymatic reactions and 
embryonic growth The form of the equation at 
all temperatures in both the fertile and infertile 
sj stems IB identical to that which desonbes the 
rate of a first order reaction The velocitj rate 
constant for the infertile system was found to be 
temperature dependent, and to behave as any 
ordinary physical transport phenomenon But in 
the fertile system, the velocity rate constant is 
independent of temperature, and no mechanism 
has yet been postulated to explain this behavior 
A theoretical interpretation of the processes of 
fers the possible explanation that the velocity 
rate constant varies with the effective volume of 
the y'olk and the permeability of the yolk mem- 
brane 


otosynthesis studies with isotopic CO, 

,and G Wood, George 0 Burr and Con 
TANCE E Habtt * Dept of Biochemistry, Wesi- 
rn Reserve Univ School of Medicine, Cleveland, 
)hio, Experiment Station, ffjSP-d, 

?he photosynthetic fixation of isotopic 7 
ms, sugar cane and rye has been studie 6 
;ars from 80% alcohol extracts have been dc 
ded by bacterial fermentation of the bbxo 
t With sugar cane the 3,4 positions contained 
highest, the 2,5 the next, and the 1,6 posi lo 
lowest isotopic concentration and in 6®“ 
relative difference was greater with sh 
>e of photosynthesis With beans and i^e 
mpe in the 2,5 and 1,6 positions was nea y 
lal and occasionally was as high as 
itions The 80% alcohol soluble matena 
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rj e of 1 minute exposure in light and 100 minute 
exposure m the dark has been fractionated by 
extraction with benzene at pH 7 0, then continuous 
ex-traetion with ether at pn 2 5 and finally fer- 
mentation of the sugars On a percentage basis 
the isotope distnbution nas as follows (Italics 
are for dark fixation ) benzene extract, 8 2 and 
19 1 , ether soluble acids, 6 9 and 49 2, sugars, 5 2 
and 12 6, and fermentation residue, 79 2 and 17 4 
Of the isotope administered 0 10 and 0 14% was 
fixed in the S0% alcohol extracts The large 
amount of isotope in the residue fraction with 
light might be due to a unique photosynthetic 
product, how'ever other interpretations will be 
considered 

D-amino acid formation occurrence and proper- 
ties of an alanine racemase W A Wood* 
AND I C Gunsalus Lab of Bacteriology, In- 
diana Umv , Bloomington 

The finding that Streptococcus faecalis, strain 
R, grown with vitamin B« contains D-alanine, 
whereas cells grown with n-alanine as replace- 
ment for vitamin Be do not form this vitamin, 
indicates a role of vitamin Be m D-alanme forma- 
tion Investigation of the mechanism of D-alanme 
formation has showm that a racemase is involved, 
for which pyndoxal phosphate serves as the co- 
enzyme Vacuum dried cells of S faecalis, strain 
R, harvested from a complex medium contaming 
0 3% cerelose, racemize 2 to 6 micromoles of 
alanine/mg cells/hr A cell-free racemase was 
prepared from the dried cells by sonic oscillation 
and fractionated by ammonium sulfate precipita- 
tion and adsorption on and elution from calcium 
phosphate gel Racemose activity was followed 
manometrically with L-alanme os substrate m 
the presence of excess n-amino acid oxidase Both 
the vacuum dned cells and the cell-free enzjTne 
were partially deficient in pyndoxal phosphate 
and the punfied racemase was almost completely 
resolved With the purified enzyme in the presence 
of pyndoxal phosphate, d- or n-alanine was con- 
verted to the racemic mixture Other ammo acids 
were not racemized by these preparations Pyri- 
doxamine phosphate did not act as a coracemase 
Formation of alanine by transamination with 
ammo acids or pyndoxamme phosphate and pyru- 
vate did not occur, nor did pjruvate, a-keto- 
glutarate, or oxalacetate stimulate the rate of 
racemization Ko p\ruvate could be detected 
dunng racemization Assay of representative bac- 
tenal species grown under various conditions 
indicates a wide distribution of alanine racemase 
Attempts to demonstrate this enzjTne in rabbit 
tissue homogenates have not revealed actmtj 
within the range of assaj 

A study of non-competitive antagonism with Chlo- 
romycetin and related analogs of phenylalanine 


D W Woolley The Rockefeller Inst for Med 
Research, New York City 

The antibacterial effects of chloromycetm were 
found to be antagonized by phenylalanine This 
ammo acid w'as recognized to be a structural 
analog of the antibiotic agent, and to differ from 
it m 4 ways Most of these types of change had 
previously been used individually to convert 
metabolites mto substances which antagonized 
their action competitively The antagonism of 
chloromycetm and phenylalanine was non-com- 
petitive and could be shown only within a re- 
stricted range of concentration of the antibiotic 
agent In order to study the structural features 
which might confer on a competitive structural 
analog, a non-competitive type of action, phenyl- 
alanme was changed progressively one step at a 
time, by the mtroduction into it of the altera- 
tions which make it differ from chloromycetm 
Thus, 3 ust the mtro group, or the dichloroacety 1 
radical, or the ;S-hydroxy] group, or the primarv 
alcohol was built mto phenylalanine, and then 
two, and then three, of these changes were made 
simultaneously Tests with Escherichia coh and 
with Lactohaallus caset showed that the com- 
pounds which differed m only one respect from 
the metabolite were either inert as growth in- 
hibitors, or were competitive antagonists of low 
potency With two or three simultaneous altera- 
tions, more powerful antagonists were obtained, 
but with these the competitive feature was evi- 
dent only at rather low concentrations Large 
amounts were not reversed at aU by phenylalanine 
Chloromycetm, which has four structural dis- 
similarities to the metabobte, was strictly a non- 
competitive antagonist These facts were viewed m 
relation to the understanding of non-competitive 
antagonism between structural analogs 

Evaluation of rates of metabolic processes from 
excretion data in isotopic feeding experiments 
Hsien Wn (introduced by Emmett B Car- 
michael) Biochemistry Dept , Med College of 
Alabama, Birmingham 

When a labeled compound A is taken orallj 
and the label is excreted in another compound B, 
the rate of appearance of B in urine depends on 
a) the rate of absorption of A from the aliraentarj 
canal, 6) the rate of conversion of A to B in the 
metabolic pool and c) the rate of excretion of B 
b\ the kidneys It is possible, therefore, to evalu- 
ate all these rates from the excretion data of 
labeled B after feeding the labeled compound A 
On the assumptions that labeled and unlabcled 
molecules behave metabolicallj alike and that a 
steadj state obtains, equations arc formulated 
for the rates of absorption, conaersion and excre- 
tion The solution of these equations leads to an 
expression which relates the isotopic ratio of B 
excreted to the rate of absorption of labeled V 
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(K), the rate of turnover of A (Qa), the fraction 
of this rate due to conversion of A to B, the rate 
of turnover of B (Qb) and the rate of evcretion of 
B The expression is complicated, but it can be 
easily solved by taking advantage of the fact that 
when Q/t is much smaller than K and Qb, as it 
IS m the case m isotopic feeding expenments, cer- 
tain terms in the expression become negligible a 
few hours after feeding Thus, Qa can be very 
simply evaluated first after which the other rates 
can be evaluated The expression arrived at in tho 
present study puts the theory underljung the 
evaluation of rates on a sounder basis and at the 
same time makes the calculation simpler than 
hithertofore 

Role of dietary proteins in development of sex 
organs of young rate under stimulus of a gonado- 
trophin Richard S Yamamoto* and Bacon F 
Chow Depl of Btochemislry, School of Hygiene 
and Public Health, Johns Hopkins Univ , Balti- 
more, Md 

The development of sex organa under tho added 
stimulus of a gonadotrophin involves the symthc- 
sis of tissue proteins which might be affected by 
dietary protems In this study, we fed ad Itb 23 
days old rats of both sexes, 6 diets containing 
20% protems of different nutritive values (casein, 
lactalbumin, soy bean, wheat gluten and stock 
diet) A 6th diet containing no protein was also 
included On the 27th day, one half of tlie rats on 
each diet was given subcutaneously a daily dose 
of 10 units of Follutem (to males) or 0 10 unit of 
Gonadogen (to females) The remaining animals 
served as dietary controls All animals were killed 
on the 33rd day Their sex organs were removed, 
weighed and analyzed for total nitrogen The re- 
sults demonstrate 1) injection of gonadotrophin 
produced several-fold increase in the sox organs 
mcludmg those of animals on a mtrogen-free diet 
Such growth obviously took place at the expense 
of other body tissues S) Injection of gonado- 
tropbm to animals on diets containing proteins 
produced hypertrophy of the sex organs but a 
loss of body weight S) The degree of hypertrophy 
of sex organs was related to tho nutritive values of 
the protein 4) The ratios of weights of these 
organs to body weights at necropsy were signifi- 
cantly different depending on the dietary pro- 
toms These data suggest that the response of 
normal rats to the stimulus of sex hormones is 
dependent on the protein intake 

Accumulation of a substance possessing niacin 
activity by a mutant strain of neurospora 
ChakIjES Yanotbky* and David M Bonner 
Osborn Botanical Lab , Yale Untv , New Haven, 
Conn 

Although kynurenine and 3-hydroxykynurenine 
have been proposed as intermediates in the con- 


version of tryptophan to niacin in Neurospora 
(Beadle, G W et al Proc Nat Acad Sci 33 
155, 1947, Mitchell, H K , and J F Nrc, Proc 
Nat Acad Set 34 1, 1948) evidence has not been 
presented as yet which would critically evaluate 
this hjTJOthesis The accumulation of either of 
these substances by mutant strains or their pres 
once in culture filtrates or mycelial extracts has 
not been reported To establish, with some degree 
of certainty, the participation of these compounds 
m the synthesis of niacin, their presence must be 
demonstrated Niacin-less mutant strains capable 
of utilizing 3-hydroxyanthramlic acid, an estab 
lished intermediate m macin synthesis (BbNNER, 
D M Proc Nat Acad Set 34 5, 1948), but in- 
capable of using tryptophan, might be eiqiected 
to accumulate kynurenine or3-hydroxykynurenine 
A mutant strain has been obtained which has 
these growth requirements and does accumulate 
large quantities of a substance possessing niacin 
activitj' This substance has recently been iso 
lated and tentativelj identified as a-N-acetyl 
kynurenine Its activity is too slight to justify 
considering it a normal intermediate m macin 
synthesis However, since this substance is struc 
turally similar to kynurenine, it would seem 
reasonable to assume that the isolated compound 
results from kjmurenine accumulation This work 
clenrl} demonstrates the participation of kynure- 
nine in the biosynthesis of macin in Neurospora 


nalysis of commercial adrenal cortex extracts 
by paper partition chromatography Alejandro 
Zaffaroni, Robert B Burton and E Henry 
Keutmann (introduced bj Alexander L 
Dounce) Depts of Biochemistry and Medicine, 
Univ of Rochester School of Medicine and Den- 
iistry, Rochester, N Y 

In analyzing corticosteroid mixtures by the 
lethod of paper partition chromatography de 
iribed previously by us (Science 111 6, iW, 
nown compounds are required for use as stand- 
rds In order to use commercial adrenal cortex 
itracts as reference matenal, characterization 
[ their major steroid components was undertaken 
nalyzmg relatively small quantities of extract, 
iree commercial preparations were studied e 
dlowing a-ketolic steroids were found 17- y- 

roxycorticosterone, 17 -hydroxy-ll-dehydrocorti 
iBterone, corticosterone, 11 -dehydrocorticoster 
ae, and four other compounds whose proba 
[entity will be discussed Evidence for t e p 
ice of ll-desoxycorticosterone m veiy 
mcentration will be given The varioim ® 
s presented m support of the 
impounds found will mclude 
ihavior of free and estenfied forms, ultr 
osorption spectra, absorption f 

imtrophenylhydrazones, specific color rea 
id formation of other derivatives 
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Mechanism of oxidative deamination E A 
Zeller, G A Fleisher and D C Utz (intro- 
duced by M H Power) Division of Bio- 
chcmtslry, Mayo Foundation, Rochester, Minn 
The behavior of crude diamme oxidases (DO) 
from animal tissues, plants, (sprouting clover), 
molds {Nocardta asteroides) and bacteria were 
investigated The substrates putrescine, cada- 
verine, histamine, agmatine, spermine, 1,3-di- 
aminopropanol* (those with asterisks tried for the 
first time), 3-[aminobutyl)-pyridm,* and promin* 
were attacked with variable velocities by the DO 
from different sources Snmlarly the degree of 
inhibition caused by pyridoxamine,* streptomy- 
cin, carbonyl reagents, pyocyanine, arcaine, 2-(4'- 
amino phen 3 d) pipendine* showed marked differ- 
ences from one DO to another Such enzjunes 
bke the DO from several sources will be desig- 
nated ‘homologous’ in reference to the use of this 
term in comparative anatomy The vanations 
within a group of homologous enz 3 Tues may 
become of some importance for the understanding 
of the action of chemotherapeutic agents on the 
biochemical systems of microorganisms and their 
host respectively The oxidation of diamines by 
Nocardta extracts was not followed by deamina- 
tion, but the deamination took place by addition 
of DO-free extracts of rat kidne 3 '^ These results 
are corroborated by those obtained with ophio- 
L-amino acid oxidase The reaction product from 
L-phenylalanme turned out to be different from 
phenylpyruvic acid, according to chemical, micro- 
biologic and spectroscopic data A model for the 
oxidative deamination in general and for DO 
specifically will be discussed 

Effects of anions, cations and amino acids on 
bovine alkaline phosphatases Charles A 


ZiTTLE AND Edward S DellaMonica * Eastern 
Regional Research Lab , Philadelphia, Pa 
Alkaline phosphatase from intestinal mucosa of 
the calf and that from cow’s milk were studied 
with phen 3 dphosphate ns the substrate The phenol 
released by the enzymes w’as determined colori- 
metrically About 0 1 mg of the milk preparation 
in a volume of 12 cc was required for an assay, 
-j^gth as much of the intestinal preparation was 
sufficient Inhibition of the alkaline phosphatases 
by the following compounds w as determined the 
anions phosphate, arsenate, carbonate, tetrabo- 
rate and pyrophosphate, the cations ethanolamine 
and ammonium, and the ammo acids glutamic 
acid and lysine The t3i3e of inhibition was deter- 
mined with tetraborate, ethanolamine and the 
amino acids From these studies and those of 
others, an inhibition pattern emerges that sug- 
gests that the milk and intestinal phosphatases 
differ Milk phosphatase was more inhibited by 
the cations and by 13 'sine than was the intestmal 
phosphatase, whereas the reverse was true with 
the anions and with glutamic acid Our studies 
have shown that tetraborate was a competitive 
inhibitor, an effect shown by phosphate and car- 
bonate also Ethanolamine was a noncompetitive 
inhibitor, as was the ammonium ion Inhibition 
by glutamic acid was largely noncompetitive, 
the small amount of competitive inhibition was no 
more than that shown by glycine Lysme was also 
a noncompetitive inhibitor Bodansky found that 
rat intestmal phosphatase was more mhibited by 
glutamic acid than were the bone and kidney 
phosphatases, the reverse was true of inhibition 
by lysine Milk phosphatase is probably more 
closely related to bone and kidney phosphatases 
than it IB to intestmal phosphatase 
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Histamine -like actions of curari on submaxillary 
glands of the cat John Abajian* and N B 
Dreyer Dcpls of Anesthesiology and Pharma- 
cology, Univ of Vermont, Burlington 
During the course of clinical anesthesia where 
D-tubocurarme is used to facilitate muscular 
relaxation one occasionally sees marked cyanosis 
and hypoxia in spite of adequate jiulmonary 
ventilation There is resistance to manual inflation 
even with an intratracheal catheter in place This 
would seem to indicate obstruction in the lower 
respiratory tract, reputedly due to bronchospasm 
from histamine liberated on injection of curari 
Histamine is also liberated from the tissues of the 
forearm on intra-arterial injection of curari The 
use of anti-histaminic drugs to combat this curari 
shock — bronchoconstriction and hypotension — has 
been suggested To test this hypothesis the sub- 
maxillary gland of the cat was used Tins gland 
secretes saliva on intra-arterial injection of his- 
tamine Actions of Histamine and D-tubocurarine 
w'ere compared In cats under chloralosc, (100 
mg/kg ) the salivary ducts w'ore cannulated and 
the chorda tympani and cervical sympathetic 
were sectioned All drugs were given intra-ar- 
tenally into the common carotid in amounts never 
exceeding 26 cc total dose Artificial respiration 
was maintained in all experiments Histamine, 
10-20 ng and D-tubocuranne, 26-()0 yg , caused a 
flow of saliva D-tubocuranne on repeated in- 
jections gave lessened responses Anti-histaminics 
like Thonzylarmnc and Neo-antergan abolished 
the salivary responses to both histamine and 
D-tubocuranne In addition n-tubocurarino caused 
ganglionic block shown by stimulating the nerves 
of the gland These results would seem to support 
the hypothesis that the injection of n-tubocurarine 
liberates histamine from the tissues 

Effect of morphine in vivo and in vitro on glycoly- 
sis of rat tissues L G Abood (introduced by 
J M Coon) Dept of Pharmacology, Univ of 
Chicago, Chicago, III 

Glycolysis was studied on tissues of rats w'hich 
were chronically and acutely treated with mor- 
phine The chronically morphinized rats were 
given morphine SQ daily for a period of 10 w'eeks 
with progressively increasing doses up to 250 
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mg/kg Acutely treated animals were given 60 
mg/kg morphine 3 hours before they were killed 
The rate of glycolysis from glucose, as determined 
by CO; and lactic acid formation, increased 65% 
in the chronically treated animals and 60% in the 
acutely treated animals A linear relationship 
between the dose of morphine and the increase m 
glycolj'sis was found in animals acutely treated 
This increase in glycolysis was observed in brain, 
liver and kidney of acutely and chronically treated 
animals and the skeletal muscle of chronically 
treated animals only With a final concentration 
of 10~2 M morphine sulfate a 60% activation of 
glycolj SIS w ns produced in vitro in all these tissues 
except skeletal muscle, in which no change was 
noted The mechanism of action of this increased 
glycolj SIS has not been elucidated to date Mor 
phine was tested tri vitro on hexokinase, aldolase, 
ATP-nse, and lactic deh 3 'drogeDase, and was found 
to be wnthout effect An increase of aldolase was 
found in the tissues of chronicallj morphimzed 
animals, but it was not enough to account for the 
increased glycolysis Morphine is oxidized anaero 
bically in vitro, possibly to pseudomorphine, and 
the effect of this reaction on glycolysis is now 
being considered 


mparison of central and peripheral nervous 
lystem effects of certain anti-muscarinic local 
inesthetic agents Benedict E Abreu, Fred 
iRicK H Meiers* and Wiluam M Alm- 
lnder * Research Dept , Pitman-Moore Co , n 
\iampolis, Ind , and Division of Pharmacology 
:nd Experimental Therapeutics, Unit’ of Oa i 
ornia Med School, San Francisco, Calif 
’revious observations (Federation Proc > 

6) indicated that certain anti-muscannio com 
inds administered in non-lethal dosage pro 
:ed effects which could be construed as bemg 
, to central nervous system stimulation Uow 
ir, it was also showm in this „„ 

central nervous system effects 
be stimulant in the dog and other 
Jd not be differentiated from those produ^®^ 
anti -muscarinic agents, which \nuno 

xia and muscular weakness m the d g A 
3 hol esters of the following g,y 

died tropic, mandehc, pheny -a 
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colic, fluorene - 9 - cnrboxjlic, diphenylacetic, 
1-phenjl cyclopentane-l-carbo\}lic and 4 n-he\- 
jlo\j benzihc All were less effective than atropine 
in depressing intestinal motility or the pupillarj'- 
response to light However, all were more capable 
than atropine of producing skeletal muscular 
weakness and ata\ia Though all of these agents 
possess loeal anesthetic activit\ , no correlation 
appears to exist between this tjpe of action and 
such central nervous si stem depressant effects 
as ataxia and skeletal muscular weakness 

Some effects of procaine and diethylaminoethanol 
in auricular flutter in the dog G H Acheson 
ANB Barbara Brow n * Pharmacolog]/ Depl , 
Univ of Ctnannafi College of Medicine, Ctncin- 
nah, Ohio 

In dogs under dial-urethane anesthesia, with 
chest open and artificial respiration, stable auricu- 
lar flutter w as established bj the method of Rosen- 
blueth and Garcia Ramos Auricular electrograms 
and ECG’s were recorded In vagotomized ani- 
mals procaine (1-8 mg/kg ) slows the rate of 
auricular flutter with little change of ventricular 
rate, whereas dieth} laminoethanol (l&-fl4 mg/kg ) 
slows both auricular and ventricular rates Both 
compounds slow conduction velocity in the non- 
fluttenng auncle Reversion from flutter to sinus 
rhjdhm occurs less regularlj and at low er auncu- 
lar rates with procaine than with diethylamino- 
ethanol At doses of the 2 compounds which 
produce equivalent slowing of rate of auricular 
flutter (1 and 32 mg/kg . respectively), the ‘maxi- 
mal rate’ of the non-fluttering auncle in silu is 
decreased less by procaine than by diethylamino- 
ethanol In animals wnth intact vagi the slowing 
of the rate of auricular flutter produced by pro- 
caine IB accompanied by an increase of ventricular 
rate, whereas dieth3daminoethanol slows both 
auricle and ventncle as above Stimulation of the 
cut vagus accelerates the rate of auricular flutter 
and markedlj decreases the ratio of ventricular 
rate to auricular rate These effects are largelj"^ 
suppressed by procaine, but onlj occasionally de- 
creased bj^ diethvlaminoethanol 

Analeptic effect of succinate, malonate, citrate 
and acetate on pentobarbital sodium Joseph P 
Adams, Jr * and Edward Larson Dept of 
Physiology and Pharmacology, Umv of Miami 
Med Research Unit at Veterans’ Hospital, Coral 
Gables, Fla 

Certain compounds suggested bj Soskin and 
Taubenhaus and others (J Pharmacol Exper 
Thcrap 78 49,1943, Ibid 83 45, 1945) for analep- 
tic activitv, and othei carbohidrate like com- 
pounds have been studied Male IVistar rats, 
properlv nourished, weighing 150-350 gm each 
''ere fasted 15-17 hours The control group (29 
I'ats) which received sodium pentobarbital 50 mg/ 


kg injected subcutaneously, averaged 100 min- 
utes for duration of anesthesia and 142 minutes 
for duration of the loss of the righting reflex 
No rats were used more frequently than onee a 
month to avoid tolerance The test groups each 
received an additional intrapentoneal injection 
of sodium succinate, sodium malonate, sodium 
citrate or sodium acetate, 1 gm/kg , as a 10% solu- 
tion The latter injections were made simultane- 
ously with the pentobarbital To determine the 
onset of and recoverj'- from anesthesia, the paw of 
one of the extended hind legs was stimulated by 
a pinch at 2-minute intervals Statistical anal3"sis 
(J H Burn Biological Standardization 1937, p 
29) showed that succinate had a slight analeptic 
effect if any (S D = 3 02 for 28 rats) on the dura- 
tion of anesthesia, w’hile acetate showed a marked 
effect (S D = 302 for 28 rats) on the dura- 
tion of anesthesia None of the salts used had any 
significant effect on the duration of the loss of the 
righting reflex induced by pentobarbital except 
citrate which prolonged it significantly 

Comparative effects of epinephrine and arterenol- 
isopropyl arterenol mixtures Raymond P Ahl- 
QUiST Dept of Pharmacology, Umv of Georgia 
School of Medicine, Augusta 
It has been repeatedly demonstrated that al- 
though epmephnne is less active than arterenol 
as a pressor agent it is more active as an excita- 
tory agent (vasoconstriction, uterine stimulation, 
contraction of retractor perns and nictitating 
membrane, etc ) One ex-planation for the smaller 
pressor effect of epinephrine is that unlike artere- 
nol it 18 a very active vasodilator, and that this 
vasodilation diminishes its pressor effect To test 
this theory vanous mixtures of racemic arterenol 
and iBopropyd-arterenol were compared with race- 
mic epinephrine on the arterial pressure, femoral 
arterial blood flow, and uterine and intestinal 
activity in the anesthetized dog The following 
mixtures were compared wnth 0 001 m epinephrine 


inxTows 

ARTERENOI, 

ISOPROPYL ARTERE- 
NOL 

1 

0 002 M 

0 0005 M 

2 

0 003 M 

0 0005 M 

3 

0 002 M 

0 0003 M 


Mixture 3 most closel3 approximated epinephrine 
The most obvious difference was noted in the 
duration of the pressor response, the mixtures 
showed a more rapid decline from the pressure 
peak This can be explained in part b3 different 
rates of inactivation of the 3 amines These results 
give support to the theon that the pressor re- 
sponse to epinephrine is diminished In its simul- 
taneous \ asodilating action 
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Cardiovascular and respiratory effects of jS-dl- 
ethylaminoethyl 4 n-hexyloxybenzilate HCl 
William M Alexander and William K Mc- 
Donald (introduced by Benedict E Abreu) 
Research Dept , Pitman-Moore Co , Indmnapolts, 
Ind 

The cardiovascular and respiratory effects pro- 
duced by intravenous administration of diethyl- 
aminoethyl 4 n-he\yIo\ybenzilate, a nev local 
anesthetic, were studied and compared with di- 
bucaine in both unanesthetized and anesthetized 
dogs The effects produced by both drugs paral- 
leled each other very closely In general, the he\yl- 
oxy'benzilate w'as one tenth as active ns dibucaine 
in producing cardiovascular and respiratory ef- 
fects In unanesthetized dogs, 1 0-3 0 mg/kg of 
the benzilate ester produced a moderate increase 
in cardiac rate, smaller doses had no apparent 
effect When 5 0 mg/kg or more was given, cardiac 
arrhythmias and a progressive decrease in heart 
rate resulted Respiration was unaffected by doses 
of 3 0 mg/kg or less Doses of 5 0 mg/kg or more 
often caused the animal to pant Both drugs 
exerted a pow'erful vasodepressor action in dogs 
anesthetized wnth ether The duration and degree 
of vasodepression was directly related to dosage 
These blood pressure changes were not produced 
by vagal or other cholinergic stimulation, since 
they were not altered by bilateral vagotomy or 
adequate atropinization With a dose of 1 0 mg/kg 
of the benzilate ester, there was a moderate in- 
crease in heart rate After doses of 3 O-IO 0 mg/kg 
there was a progressive decrease in heart rate 
w-hich was associated with arrhythmias and transi- 
tory heart blocks Identical effects are produced 
by doses of dibucaine about one tenth as great 
Accordingly, these drugs appear to be direct 
cardiac depressants Both respiratory rate and 
depth were decreased by vasodepressor doses of 
these drugs Fatal doses appear to cause respira- 
tory failure 

Effect of rutin and related compounds on experi- 
mental frostbite in rabbits Anthony M Am- 
brose, Dorothy J Robbins* and Floyd De- 
Eds Pharmacology Division, Bureau of Agricul- 
tural and Industrial Chemistry, Agricultural Re- 
search Administration, U S Dept of Agricul- 
ture, Albany, Calif 

Following the demonstration by Fuhrman and 
Crismon (J Clin Investigation 27 364, 1648) that 
orally administered rutin was effective on experi- 
mental frostbite in rabbits, similar studies were 
undertaken by us with rutin and related flavo- 
noids Experimental frostbite was produced in 
rabbits by the technique described by Fuhrman 
and Cnsmon The various flavonoids were ad- 
ministered by stomach tube, one dose (100 mg/kg ) 
immediately after freezing and daily doses on 3 


following days In 12 rabbits receiving rutin we 
have confirmed the observations of Fuhrman and 
Cnsmon Other flavonoids— quercitrm (7 rabbits), 
quercetin (7), methyl hesperidin chalcone (4), 
2-3-dihydroquercetin (6), and an extract of muscat 
raisin seeds (7) (prepared by Dr C E Sando of 
this Bureau) all appeared to offer some degree of 
protection as compared to no protection in 20 
controls In the untreated rabbits tissue loss was 
the greatest , most of the frozen foot was involved 
In the flavonoid-treated rabbits loss to the frozen 
foot was confined chiefly to the toes, with partial 
to complete loss of phalanges, and in a few in 
stances with slight scarring of the dorsum The 
suggestion of Fuhrman and Crismon that the pro- 
tection afforded by rutin may be due to changes 
in the pattern of local blood flow may also be 
applicable to the other flavonoids studied on frost- 
bite, and on the trj pan blue escape time previously 
reported b> us (J Pharmacol tt Exper Therap 
97 115, 1949) 


Release of nucleic acids from cell components 
by heparin Norman G Anderson and Karl M 
Wilbur (introduced by Frederick Bernheim) 
Dept of Zoology, Duke Univ , Durham, N C 
Hepann in low concentration has been found 
to increase the viscosity of rat liver brei, while 
high concentrations caused gelation Removal of 
the nuclei from the brei prevented the observed 
increase m viscosity Suspensions of nuclei ex 
hibited an increase in viscositv on the addition 
of heparin further indicating that the nuclei were 
responsible for the viscosity increase of the brei 
After centrifugal removal of the nuclei desoxj 
ribonucleic acid (diphenylamine reaction) was 
found in the supernate Similar experiments with 
purified isolated mitochondria mdicated that hep 
arm causes the release of ribonucleic acid (orcino 
reaction) without increasing viscosity It is sug- 
gested that heparin with its strongly acidic sul 
func acid groups may displace nucleic ncids from 
the basic proteins of the nucleus and the mito 
chondria Dilute rat liver homogenates m sucrose- 
phosphate solution (pH 7 15) reached 
viscosity 4-8 minutes after the addition o 
(70 /ig/ml , 23° C ) The viscosity then fell, looi- 
cating depol 3 rmerization by enzyme action 
findings are discussed in relation to the inhi i X 
effect of heparin on cell division and the possi 
significance of high concentrations of hepann 
the blood 

Anti-curare activity 3-acetoxy phenyltrunefh^- 
ammonium methylsulfate 
Joseph F Artusio, Jr .* Walteh F 
Jr andW Clarke Wescob Dep^ of 
(Anesthesia) and Pharmacology, york 

Med College and New York Hospita , 

City 
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Previous reports have described the pharraa- 
colog}' of Nu-2017 {J Pharmacol <L Exper Therap 
97 190, 208, 1949) The potent anti-curare action 
of this compound, previously described in cats, 
has now been demonstrated in man Anesthetized 
surgical patients were given mtravenous doses of 
D-tubocurarine chloride sufficient to reduce their 
respiratory minute volumes (RM5'') to 40-60% 
(A), 20-40% (B), or 0-20% (C), of the control 
values At the points of deepest curarization, vari- 
ous doses of Nu-2017 vere given intravenously 
The ai»ti-curare action vas evident inthin one 
mmute, and maximal vithm 2, in everj'- patient 
regardless of the dose of Nu-2017 injected or the 
depth of curanzation In the patients of group A 
a dose of 5 0 mg of Nu-2017 was sufficient to 
restore the RMV to the control level where it 
remained In the patients of group B a Nu-2017 
dose of 5 0-10 0 mg increased the RMV to approxi- 
mately 80% of control A second smaller dose 
restored the RMV to the control level In the 
patients of group C a dose of 5 0 or 7 5 mg of 
Nu-2017 did not produce adequate ventilation 
although repetition of the dose produced a prompt 
restoration of the RMV to approximately 80% of 
control In this group a large dose (15 0 mg ) 
raised the RMV to over 60% of control where it 
remained constant, a second smaller dose of 
Nu-2017 returned the RMV to control The only 
significant side-effect was a moderate cardiac 
slowmg with the higher doses None of these doses 
produced any signs of synergism with curare The 
anti-curare action of related agents will be dis- 
cussed 

Chemo- and presso-reflexes from perfused heart 
and lungs of dogs Domingo M Aiuado, Jb , 
T H Li, W Kalow, M Hess and G Turn- 
bull (mtroduced by C J Lambertsen) Lab 
of Pharmacology, Unw of Pennsylvania, Phila- 
delphia 

Prenous reports of reflexes from the heart and 
pulmonary circulation have been the subject of 
controversy chiefli because of the methods used 
This investigation was undertaken using methods 
that we beliexe arc less objectionable With the 
aid of perfusion pumps and one or more donor 
dogs, each part of the cardio pulmonan circula- 
tion was perfused induidualh so that the flow, 
pressure and gas contents of the blood could be 
kept under reasonabh complete control Each 
factor could then be indcpcndenth changed with- 
out directh affecting respiration and circulation 
^eratrldlne vhich stimulates reflexes (Federation 
Proc S 5 1949) was used for testing intact in- 
nen ation of the perfused organ -Uthough \ eratn- 
dine still reflexh inhibited respiration and circu- 
lation through apparent chemoreceptors m the 
perfused lung, no chemo reflex sensitn e to changes 


in blood oxjgen and COs was demonstrable 
Pulmonar} congestion caused a reflex drop in 
systemic blood pressure and reflex inhibition of 
respiration These receptors appear to be in the 
pulmonary veins and are connected centrally by 
the ipsilateral vagus Raising pressure in the right 
side of the heart caused a bradycardia, contrary 
to the report of Bainbndge and others There 
was an accompanying drop in systemic blood pres- 
sure independent of bradycardia After vagotomy, 
the bradjeardia disappeared and tachycardia ap- 
peared instead There was a powerful reflex brady- 
cardia from raising pulmonary arterial trunk pres- 
sure, also dependent on an intact vagus 

Hypothermic agents H Effects on pyruvate utili- 
zation by brain James A Bain and R M 
KoHLENBRENTfEB (introduced by C C Pfeif- 
fer) Depts of Psychtalry and Pharmacology, 
Unw of Illinois College of Medicxne, Chicago 
The effects of 3 hj'pothermic drugs were tested 
on fortified rat bram homogenates which were 
capable of uptakes of 10 microatoms of oxygen, 
10 micromoles of pjwuvate or oxalacetate and 20-30 
nM of inorganic phosphorus/50 mg (wet n eight) 
tissue/30 min mth P 0 ratios of approximately 
2 5 B-45 (4-amyl N-benzohydryl pjTidinium bro- 
mide) gave 50% inhibition of the system at 10“' 
M , Pnvine (alpha naphthyl methyd imidazoline 
HCl) at 5 X 10~* M , and pyruvamide at concen- 
trations twice the concentration (18 ium ) of the 
pyruvate used as substrate Inhibition of carbo- 
hydrate metabolism at this level is suggested as a 
possible mechanism of action of these agents in 
lowering body temperature 

A rapid and simple method for carbon dioxide 
analysis in anesthetic atmospheres Ann Bar- 
deen* AND 0 S Orth Depts of Anesthesia and 
Pharmacology, Untv of Wisconsin Med School, 
Madison, Wis 

Methods in general use for the analysis of carbon 
dioxide in anesthetic atmospheres have required 
either the transfer of gas samples to the apparatus 
or the use of quite complicated electronic instru- 
ments By adaptation of the ‘pocket model’ of 
the Dwyer CO- indicator, made commercially for 
testing flue gas, it has been possible to obtain 
analyses in 30-60 seconds The method is essen- 
tialh a manometne procedure for measuring 
absorption of CO- bi alkali The samples are taken 
directh into the apparatus from the mixture in 
the breathing bag, mask, pharynx, or trachea of 
anesthetized patients The accuracy has been 
determined by comparison vith the Van Shke 
manometne method In the operating room, the 
apparatus has been used to studi the elimination 
of CO. during anesthetic administrations, vath a 
xanety of techniques and with different rates of 
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gas flow Preliminary results indicate the practical 
utility of this instrument where rapid, simple 
analyses of CO2 are desired Other applications 
of use for this compact, convenient analj'ser will 
be the study of the effect of altered metabolic 
states and decreased respiratory exchange on 
carbon dioxide elimination, the determination of 
the exhaustion of carbon dioxide absorbents, and 
the measurement of COj accumulation in incubat- 
ors and oxygen tents 

Electrical action of adrenergic blocking agents 
T C Babnes Dept of Pharmacology, Hahne- 
mann Med College and Hospital of Philadelphia, 
Philadelphia, Pa 

Sympathomimetic drugs are soluble in tri- 
glyceride oils on which parasympathomimetic 
drugs are inactive {Science 104 569, 1946, Federa- 
tion Proe 8 272, 1949) Tyramine is used to 
detect adrenergic oils (0 05% gives a phasebound- 
ary potential of 60 mv negativity on tributynn) 
Adrenolytic drugs tested dissolve in adrenergic 
oils and establish a negative phaseboundarv po- 
tential which blocks sympathomimetic agents by 
competitive inhibition 5 mg % veriloid (Coe 
Chemical) gave 60 mv negativity on equal parts 
triacetintributyrin suggesting that the Veratnnn 
viride alkaloids probably reduce blood pressure bv 
action on sympathetic nerve endings 0 05% C-7337 
or 2-(N-p' - tolyl-N (m-hjdroxj phenyl) -amino- 
ethyl) -imidazoline HCl has outstanding phase- 
boundary potential producing 136 mv negativity 
on tributynn (compared with 45 mv for pris- 
coline) Benodane or 2(1-Piperidylmethyl)-1 ,4- 
Benzodioxan produced 60 mv negativity on tri- 
butyrin (which however returned to zero in 15 
minutes) A sympathetic cellular receptor was 
represented by a narrow tube of triacetin 3 mm in 
diameter on w'hich 0 125% dibenamine produced 
the same potential (46 mv ) as on a w ide surface 
of triacetin 16 mm in diameter Drug molecules 
dissolved in a spot on a living cell wmuld produce 
the same potential as when spread over the entire 
surface When the model receptor contained F 
dibenamine, benzedrine and other sympathomi- 
metic drugs were without effect 

Effect of carbon dioxide on phaseboundary poten- 
tial of acetyl-beta-methylcholine in the pres- 
ence of brain esterase T C Bahnes Dept of 
Pharmacology, Hahnemann Med College and Hos- 
pital of Philadelphia, Philadelphia, Pa 
Five mg % of methacholme in Locke’s solution 
containing 12 mg % bicarbonate (pH 8 0) gave 
phaseboundary potential of 25 mv negativity at 
a guaiacol interface in the oil-cell {Science 104 
669, 1946) Five gm of fresh ground dog cerebral 
cortex was placed in each of two 400 c c portions 
which were stirred for 6 hours at 27°C wnth CO2 


bubbled through one The phaseboundary poten- 
tials were then determined in the oil-cell The 
original 26 mv was retained w ith COj (pH 6 3) 
but the solution not treated w ith COj (pn 7 9) had 
a potential of 15 mv negativity In another ex 
periment 1 mg % methacholme with 30 mg % 
bicarbonate (pH 8 3) gave 10 mv negativity which 
was retained 5 hours in the presence of dog brain 
and CO2 (pH 7 1) but reduced to zero by brain 
not treated with CO5 (pH 7 8) In another run 17 
mg % methacholme with 25 mg % bicarbonate 
in equal parts Locke solution and saline (pH 8 1) 
gave 40 mv negativity w hich w as retained 4 hours 
in the presence of cat brain and CO. (pH 5 3) but 
reduced to 30 mv negativity by brain not treated 
with CO; (pH 8 1) The data may explain the 
slow mg of the EEG m the acapnia of hyqierventila- 
tion and the effects of CO. therapy m other condi- 
tions 


Method of sensitizing guinea pigs to horse serum 
that yields after challenging of ammals a 100% 
lethal response Walter E Barrett (intro 
duced by B N Crai er) Research Dept , Divi- 
sion of Macrobtology, Ctba Pharmaceutical Prod- 
ucts, Inc , Summit, N J 
The problem of assaynng the value of drugs in 
protecting guinea pigs from anaphylactic shock is 
rendered somew hat simpler if a method of sensiti- 
zation be available that invariably leads to such 
a high titer of antibodies that a later injection of 
a shocking dose of the antigen, given after a suit 
able interval, always proves fatal Such a method 
18 admittedly open to the objection that wnthout 
immunological tests one does not know how much 
more than a surely fatal dose of antibody is pres- 
ent 111 each animal A possible second objection is 
that animals so sensitized nught not be suitable 
for revealing the protective effect of a drug of low 
potency This second objection seem mapphcable 
to the antihistammics, and the first objection can 
be met by' employnng m each test of an unknown 
drug a compound of know n activity' The method 
that realized the goal sought was the mtra-hepatic 
injection of 2 doses of 0 05 ml of horse serum 
They were injected at the same time but in differ- 
ent places The results yvith other methods, m 
eluding the use of adjuvants and vehicles (cf 
Freund, F and K McDermott Proc Soc 
Exper Biol d. Med 49 548, 1942), w'lll be pre 
sented Wide variations m dosage and in routes 0 
administration failed to accomplish what 
mtrahepatic method achieved The comparative 
anti-anaphylactic activities of Pynbenzamine an 
Antistme as determined by this method wi 
presented 


BS with gitalin (amorphous) for treatmen 
ents with congestive heart failure I ^ 
t-erman, a C DeGraff, L B Gutnbr, 
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0 A Rose* AND J Lhot^e* Dept of Thera- 
peutics, N^ew York Untv College of Medicine, 
New York Ciig 

Studies with amorphous gitalin (mixture of 
gljcoaides obtained from the aqueous extract of 
digitalis purpurea), indicate that the preparation 
possesses advantages over other cardiac glyco- 
sides The therapeutic ratio (therapeutic dose/ 
toxic dose) obtained bj'^ multiple dose digitaliza- 
tion reveals an index of 36 9 as compared with 
66 6 58 0 and 60 6 for digitalis leaf, digitoxin and 
digoxin, respectively The therapeutic range as 
determined by the percentage of patients present- 
ing toxicity b 3 ' doubling the minimal maintenance 
dose was 43 4 This greater range for amorphous 
gitalin as compared to digitalis leaf was demon- 
strated m 18 patients receiving both preparations 
for either maintenance or toxicity For digitalis 
leaf, the percentage of patients who became toxic 
upon doubling the maintenance dose was 66 6, 
'fthile that for gitalin was 33 3 Calculation of 
anticipated toxic dose of digitalis leaf on the basis 
of eqmvalent mamtenance doses for gitalm and 
digitalis leaf indicates a 40 4% increase in thera- 
peutic range for gitalin Patients manifesting 
toxicity to digitalis leaf may take an equivalent 
dose of gitalin without toxicity Digitabzation 
was attamed with ease Maintenance was satis- 
factory and predictable Dissipation was not as 
slow as digitoxin but not as rapid as digoxin 
Toxicity although similar in tjqie and incidence 
to other glycosides was less severe than digitoxin 
On the basis of therapeutic range, predictability 
of dosage, and dissipation, amorphous gitalin is 
the digitalis preparation of choice for the usual 
treatment of the patient with congestive heart 
failure 

Acute toxicity of venloid for some laboratory 
animals Robert 0 Bauer,* George L Mu- 
son AND J W Stutzman Dept of Pharmacol- 
ogy, Boston Untv School of Medicine, Boston, 
Mass 

The acute toxicity of Venloid (J W Dart 
Labs’ punfied, reproducible extract of Yera- 
irum vtrtde) was tested in albmo mice, rabbits of 
mixed sex and male Wistar rats The ldm data 
are summanzed in the follomng table 



LD« 

1 

COVHDZKCE 

tlMTS (P w 0 05) 

route 

63 Rabbits 

IS 7 

15 4-22 6 

Oral 

291 Rats i 

12 2 

10 9-13 8 

Oral 

40 Mice 

3 2 

2 5-39 

I P 


The I P LDso xalue of Veratronc (Parke, Daxis 
and Compani ) in albino mice — 2 45 (1 8-3^) mg/ 
kg —when compared with the LUjo x aluc of Venloid 
b\ the same route in the same species ga\e a po- 


tency ratio of 1^6 (^'’eriloidA'^eratrone) The 19/20 
confidence limits of 0 9 to 1 76 indicate no statisti- 
cally significant difference between the two ld» 
values Rats and mice poisoned with Venloid die 
wuthm 2 hours regardless of route of administra- 
tion In the rabbit death may occur up to 24 hours 
with an average of 2-3 hours Death is preceded 
by a series of predictable events Within 5-8 
minutes after administration of a toxic dose of 
Venloid there is severe retching and profuse 
salivation The hj'penrntability that follows the 
retching usually leads to clonic convulsions An 
occasional animal died without convulsing Gross 
pathologic examination reveals only hyperemic 
adrenals 

Studies with low vapor concentrations of carbon 
tetrachloride labeled with carbon fourteen H 
Absorption and elimination upon skin exposure 
of monkeys W H Beamer, D D McColeis- 
TER, G J Atchison and H C Spencer (intro- 
duced by D D Irish) Biochemical Research 
Lab and Spectroscopy Lab , Dow Chemical Co , 
Midland, Mich 

Monkeys received skin exposures to 1150 ppm 
(7 24 mg/1 ) radioactive carbon tetrachloride for 
270 minutes and to 485 ppm (3 06 mg/1 ) for 240 
minutes Precautions were taken to prevent in- 
halation of the radioactive vapors At the end of 
the 1150 ppm ex-posure, the monkey blood con- 
tained carbon-14 activity equivalent to 0 30 mg 
CCLi/1 of blood and the expired air contained 
activity representing 0 003 mg CC1,A of air 
Complete elimmation of radioactive material from 
the monkey body was rapid Carbon-14 activity 
was not measurable in the blood after 48 hours 
nor in expired air after 5 days The results from 
the skin exposure to 485 ppm were of a similar 
but proportionately lower, order Radioactmty 
was not measurable in blood 24 hours after ex- 
posure nor after 2 days m expired air After the 
270 minute skin ex-posure to 1150 ppm, the car- 
bon-14 concentration of the monkej blood was 
eqmvalent to that reached in 24 minutes durmg 
the inhalation of 46 ppm radioactive carbon tetra- 
chlonde Similarly, the blood concentration 
reached in the 240 minute skin ex-posure to 485 
ppm was equal to 10 mmutes of the inhalation of 
46 ppm Thus, skin exposures to vapor concentra- 
tions up to 1150 ppm carbon tetrachloride do not 
appear to constitute an industrial health problem 

Measurement of pathological pain in distinction 
to experimental pain Hexri K Beecher 
Arthurs Keats* ax d Frederick C MosteJ 
ler * Anesthesia Lab of Harvard Med School 
at Massachusetts General Hospital, Boston, and 

Dept of Social Relations, Harvard Unit , Cam- 
bridge, Mass 

This report is a further dexelopment of the 
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method employed by Denton and Beecher for the 
study of pain relief by analgesics The 978 subjects 
employed in elaborating this method over the 
last 3 years were postoperative patients in pain 
Six members of the methadone senes, morphine, 
pentobarbital sodium and saline have been used 
in developing the method and all were adminis- 
tered as unknowns both to the observers and to the 
patients The order of administration of drugs 
was randomized according to sound statistical 
practice The minimum number of patients (about 
26) necessary for the determination of analgesic 
potency as well as the upper and loner limits of 
analgesic activitj’’ have been established Saline 
has provided the lower and morphine sulfate 10 
mg/150 lbs body weight, the upper since exceed- 
ing this dose does not give increased frequencv of 
relief in routine trials The use of morphine itself 
as an unknown gives an extraordinarily good check 
on the method The accumulative data show that 
a variation in sensitivity to analgesic effects of 
morphme exists among patients, and the distribu- 
tion of this variation is approximately normal 
This observation provided the basis for a mathe- 
matical model which would provide a single or 
point estimate of the proportion of patients 
helped by a drug, when more than one drug was 
administered to the same patient This model 
enabled us to eliminate some difficulties in our 
experimental design From selected portions of the 
data, curves have been constructed relating the 
probability of being helped to the difficult} of 
being helped 

Pharmacological properties of 2,2-dieth}l-l,3-> 
propanediol (DEP) F M Berger, B J Lud- 
wig* AND C Russo * TT'^affacc Labs , Inc , New 
Brunewick, N J 

DEP was prepared by the reaction of 2 eth}l- 
butyraldehyde and formaldehyde in alcoholic po- 
tassium hydroxide solution This substance is a 
white crystalhne compound melting at 62°C , 
readily soluble in most organic solvents and solu- 
ble in water to the extent of 10% at 25‘’C The 
toxicity of DEP IS very low by all routes of ad- 
mmistration After large doses, DEP causes loss 
of the nghtmg reflex and induces paralysis Paral- 
ysis IS preceded by excitation suggesting that 
the compound affects higher levels of the central 
nervous system than mephenesin The anticon- 
vulsant activity of DEP was evaluated according 
to the timed intravenous infusion method of 
Orloff et al (Proc Soc Exper Biol d Med 70 
254, 1949) After intraperitoneal adnunistration 
of DEP in doses of 200 mg/Lg (i of the mean 
paralyzing dose) , metrazol in doses of 250 mg/kg 
can be injected i v without producing persistent 
convulsions DEP also elevates the threshold to 
convulsions produced by strychnine and by picro- 


toxin It possesses stronger anticonvulsant prop- 
erties than trimethadione and mephenesin DEP 
IS well absorbed, even after oral administration 
It 18 rapidly inactivated m the body and has only 
a short duration of action The lack of effect of 
DEP on multineuronal reflexes is rather inter- 
esting in view of its strong antagonistie action to 
strychnine 


Electrical action of glyketal R Beutner Keeley 

Inst , Dwight, III 

Like mephenesin (tolserol, myanesin), gljketal 
relaxes skeletal muscle by depression of multi- 
neuron reflexes and crossed extensor reflexes (F 
M Berger, 1949) When injecting this new drug 
in the l}'mph sac of frogs, it was found to dimmish 
the electncal activit} of the brain, also that of 
muscles and the heart Dirmnution of brain ac- 
tivit} b} tolserol has previousl} been reported by 
Spiegel and W}Cin in humans, being most pro- 
nounced in the electrical activit} of the hypo 
thalamus Glyketal, like tolserol, produces a gen 
era! lowenng of the potential of the EEG and of 
the voltage of currents, the rate declined, in some 
cases to 3/sec This diminution of EEG activity 
ma} be another factor in the qmetmg action of 
these drugs in tension states, alcoholism, muscle 
spasm etc 


‘Benemid’ (p-(di-n-propyl8uIfamyl)-benzoic acid) 
— An anticatabolife its pharmacological prop* 
perties Karl H Beyer, Virgil D Wiebbl- 
HAUs,* Horace F Russo,* Harold M Peck* 
AND Samuel E McKinney * Dept of Phar- 
macology, Med Research Division, Sharp it 
Dohme, Inc , Glenolden, Pa 
A principal mode of inactivmtion of a number of 
essential or therapeuticall} useful organic acids, 
such as p-aminobenzoic acid (PAB), salicyho 
acid, acetylsalicvdic acid or p aminosahcyhc acid 
(PAS), IS by conjugation with glycine to form 
the corresponding amides In general, these am 
ides are inactive therapeutically, and are elimi 
nated rapidly by the kidneys It has been foun 

that ‘Benemid' (p-(di-n-propylsulfamyl)-benioic 

acid) and related compounds decrease the destruc- 
tion of such organic acids by inhibiting their 
conjugation In this sense, the agent may ® 
thought to function as an anticatabohte * 

permits a greater physiological economy o ® 
therapeutic agent by inhibiting its inactivation o 
elimination, various uses for the agent are em 
explored m antibiotic chemotherapy , PAS t 
of tuberculosis, salicylate therapy of r , 

fever and in the field of steroid 
chemistry 'Benemid' is absorbed rapi y , 
ing its oral administration to laboratory a 
md to man Following a single oral dose of 
drug, a determinable and functionally 
plasma concentration persists in the og o 
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44 hours The compound per se is excreted so 
slowly that its renal clearance cannot be esti- 
mated, there being little or no drug in the unne 
It IS metabolzed very slovly and its metabolic 
products may be estimated in the unne The 
drug appears to be well tolerated by man and 
animals and is essentiallj non-toxic at useful 
dosages 

Observations on effects of procaine, and diethyl- 
amlnoethanol upon hemoglobin D D Bonnt- 
CASTUS, Joseph M White* and Cahl S 
Helujas * Dept of Pharmacology and Toxi- 
cology, Yale School of Medicine, New Haven, 
Conn , and Depi of Anesthesiology, Hartford 
Hospital, Hartford, Conn 
It has been observed by one of us in some clini- 
cal cases receiving intravenous procaine, that 
cyanosis occurred in the nail beds, and that the 
blood, artenal and venous, oozing from the opera- 
tive site appeared darker than normal, this was 
in spite of adequate ventilation mth 100% oxygen 
This change in blood has been reproduced experi- 
mentally in the dog in mvo and in dog blood tested 
in vitro The hydrolytic products of procaine have 
been examined for this action and diethylamino- 
ethjl alcohol alone was found to produce the 
change Studies in the dog upon the production 
of this change and its physiological importance, 
with respect to gaseous exchange, have been ear- 
ned out These studies indicate that the color 
change is due to a modification of the hemoglobin, 
which change, is hen marked, results in a reduced 
oxygen carrjnng capacity of the hemoglobin 
Some obserxmtions have also been made upon 
blood samples obtained from humans recemng 
large quantities of procaine intravenously At- 
tempts have been made to determine the mecha- 
nism of this change as well as the nature of the 
altered hemoglobin 

Bromsulfonphthalein as a tool for study of liver 
physiology R W Bhaeer, J S Krebs* and 
R L Pebsotti * Dept of Pharmacology and 
Radiobwlogy, Louisiana State University School 
of Medicine, Xcii Orleans 
Bromsulfonphthalein (BSP) uptake from the 
blood stream in dogs has been studied by means of 
the continuous infusion technique A steady level of 
blood and bile BSP can be attained by this means 
D\ e extraction at infusion rates of 0 2 mg/kg/min 
or less occurs at a constant rate near 12% of 
circulating d\ e per minute B ith further increase 
of infusion rate a rapid decrease of extraction 
efficiency is observed Bile collection during such 
infusion has shown /) that colonmetncalh de- 
termined BSP concentrations of 1000 mg % 
represent the limit attainable in the dog S) That 
colorinietnc BSP excretion occurs at rates from 
30 to 70% of the infusion rates Vnalysis of the 


livers in such experiments shows that while some 
BSP accumulation occurs in that organ, a con- 
siderable amount of BSP remains unaccounted 
for Using S’* tagged BSP under similar conditions 
nearly quantitative recovery of S’* infused can be 
made from liver, blood and bile Chromatographic 
analysis of bile BSP shows that the S’* activity 
can be recovered m 4 fractions, different from 
BSP, none of which are colorless Quantitative 
relations among these components will be dis- 
cussed in relation to infusion rates, and to condi- 
tions modifying biliary BSP excretion such as 
liver injury or bile stasis The significance of 
these findings in connection with the basic mech- 
anism involved in BSP excretion and their bear- 
ing on the question of extrahepatic BSP uptake 
are considered 


Protective action of sodium catechol disulphonate 
in acute poisoning by compounds of vanadium 
and cobalt H A Braun and L AI Ltjskt * 
Division of Pharmacology, Food and Drug Ad- 
min , Federal Security Agency, Washington, D C 
Disodium catechol disulphonate (DCD) in- 
jected intramuscularly' in aqueous solution proved 
effective in the treatment of acute poisoning by 
ammonium metavanadate in rabbits, rats and 
pigeons In animals treated with DCD the fatal 
dose of the vanadate was about twice that of the 
untreated animals Treatment must be prompt, 
1 e withm 3 mmutes However, if either sodium 
bicarbonate or citrate was mjected simultane- 
ously with the DCD, treatment might be delayed 
up to one hour Sodium succinate had no such 
effect The intrapentoneal LDjo of DCD for the 
rat was 3 75 gm/kg DCD appeared in the unne 
in from 30-45 minutes and continued to be ex- 
creted for about 2 hours Since rats injected in- 
tramuscularly with the fatal dose of cobalt sulfate 
survived for about 16 minutes, prophylactic treat- 
resorted to Animals treated 
wth DCD 30 minutes previous to the injection 
of cobalt sulfate survived otherwise fatal doses 
of this salt DCD was ineffective in poisonmg by 
compounds of selenium, thallium and mercury 


Some effects of procaine and diefhylaminoethanol 
on the auricle and ratio of ventricular rate to 
auncular rate in the dog Barbara Brown, 
(introduced by G H Achesox) Pharmacology 
iJcpi , University of Cincinnati College of Medi- 
cine, Cincinnati, Ohio 

In dogs under dial -urethane anesthesia with 
chest open and artificial respiration, the right 
auricle was driven by electrical stimuli at varying 
170/miD up) Auricular electrograms 
and ECG’s were recorded Before and after vagot- 
omv the auncle responds regularh to stimuli up 
to 4S&-G20 per min , the threshold increasing as 
frequenev rises Intravenous procaine (8 mg/kg ) 
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and diethylanunoethanol (32 mg/kg ) decrease 
the maxiinal rate which the auricle will follow 
to 330-540 per min (8-33%) Diethylaminoeth- 
anol increases the threshold at rates of stimula- 
tion down to the lowest rate studied whereas 
procaine does not change the threshold in the 
lower range of frequencies Both compounds de- 
crease auricular conduction velocity In this prep- 
aration, before and after vagotomy, the ratio of 
ventricular rate to auricular rate (V/A ratio) 
remains 1 0 up to auricular rates of 280-360 per 
min and reaches 0 6 or less at 420-550 per mm 
Procaine increases this ratio when it is less than 
1 0 and usually shortens the P-R interval, whereas 
diethylaminoethanol decreases the ratio and 
usually lengthens P-R interval The marked de- 
crease of V/A ratio produced by vagal stimulation 
or by intravenous acet 3 dcholine (0 08-0 12 mg/ 
kg ) was more effectively prevented by procaine 
than by diethylaminoethanol 

Effect of BAL on distribution of intravenously 
administered zinc using Zn“ H D BnuNEn 
Dept of Pharmacology, Umv of North Carolina, 
Chapel Hill, and Med Division, Oak Ridge Inst 
of Nuclear Studies, Oak Ridge, Tcnn 
In studies on the toxicity of intravenously 
admmistered ZnCls (1% sol , pn 6 1, L D 60-90 ■= 
0 22 mii/kg ) it w 08 observed that 2 mol equiva- 
lents of BAL in propylene glycol given before or 
with the zinc completely eliminated the acute 
toxicity, but did not prevent the delaj'od death 
72 to 96 hours later In fact, BAL seemed to ac- 
centuate the renal damage, the chief cause of 
death Subsequently, the distribution of zinc has 
been studied 72 to 96 hours after a single intra- 
venous injection using Zn‘‘ for tracing Twelve 
rats received approximately 0 012 mM/kg of Zn*‘ 
intravenously of which 4 received simultaneouslj’^ 
50 mol equivalents of BAL in peanut oil and two 
got 62 mol equivalents spaced at 0, 24, and 48 
hours Four additional rats received 0 02 mw/kg 
of Zn®‘ plus 0 165 mM/kg of stable Zn, enough to 
give severe renal damage , two of the four received 
3 3 mol eqmvalents of BAL intramuscularly at 
the time of the zinc Control and treated pairs of 
animals were viviperfused 75 to 92 hours later, 
and tissues and separated excreta counted after 
pseudo-wet ashing with HNOj In the control 
rats 31-42% of the zinc was excreted via the feces 
wuth 4% or less appearing chiefly on the first day 
After BAL, urinary excretion increased up to 20 
times and fecal excretion decreased The red cell 
content of Zn“' doubled in the BAL rats The 
content in 17 other organs and tissues examined, 
particularly the kidneys, was not affected by 
BAL The high dose of zinc roughly doubled the 
amount in the kidney, but otherwise the data do 
not support the pathological interpretation 


Considerable tolerance of excitability of excised 
muscle to drastic changes in electrolyte con- 
centration of immersion fluid E H Bhtjnquist 
AND J B Henderson (introduced by Richard 
W Whitehead) Dept of Physiology and Phar- 
macology, Univ of Colorado School of Medicine, 
Denver 

Paired sartorius muscles (frog) were maintained 
in an extended condition, under a slight amount 
of tension, in test tubes containing 20 to 25 cc of 
immersate One series of such preparations was 
maintained at 13° C during the survival of 
cxcitabilitj , another series was kept at 25° C 
Periodic determinations of the threshold to fa 
radic stimulation w ere the criteria of alterations in 
exeitabilitj' Survival in conventional Rmger’s 
fluid w as compared on the one hand with survival 
in the same fluid diluted to varying extents with 
distilled water, or, on the other hand, with sur- 
vival in Ringer’s fluid modified by added amounts 
of NaCl or of all of the salts of Ringer’s fluid 
Dilution of Rmger’s fluid to half strength did not 
reduce the average survival time, but a doubling 
of the concentration of all of the salts very de- 
finitely shortened survival of excitability 


A further study of the uterine action of aqueous 
extracts of corpus luteum Harold H Betant,* 
C Jelleff Carr and John C Keantz, Je 
Dept of Pharmacology, Univ of Maryland School 
of Medicine, Baltimore 

A method of testing the uterme activity in 
situ of aqueous extracts of corpus luteum has 
been devised Experiments were conducted on 
guinea pigs and rabbits Intravenous injections 
of aqueous corpus luteum extracts were shown to 
decrease the tone and amplitude of utenne con 
tractions in estrogen-primed animals The re- 
laxant response was not elicited under th^e 
conditions by progesterone or chlorobutanol T e 
latter is used as a preservative m corpus luteum 
preparation and relaxes the uterus in vitro 


;abolic fate of evipal Milton T Bosh, 
HOMA8 C Butler and H Leo Dicwson 
ept of Pharmacology, Vanderbilt Univ oo 
' Medicine Nashville, Tenn , 

’e have reported previously {J Pharmaco 
277 and 72 5) the isolation from dog urine, 
r administration of evipal, of three 
presented evidence that these substimces 

3 5-methyl-5-(A'-cyclohexeD0nyl) barbit 
1 , 5-methyI-5-(A'-cyclohexenonyl)-l-metU y 

iituric acid, II, and a substance isome 
, the latter, ,11 Kmp 2'3-217-C deymp 
now been obl.ined from ‘I;' “d 
mounts equivalent to 20% of t e a ^ 

ev.p.1 (5-n.etM-d 
1 ) This same substance (f) nas 
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obtained from the urine of 2 other dogs in 
amounts equivalent to 5% of the evipal admin- 
istered Substance II has been obtained in 1 5% 
jneld from these latter dogs, but III only from 
one of them, in 0 5% of the amount of evipal 
given We have norv established that I and II 
actuallj^ are ketones The oxime from 7 was 
obtained in 60% jneld, of pure substance, m p 
250-260° decomp , the oxime from 77 in 50% 
yield, of pure substance, m p 1S5-7°C Elemen- 
tarj analyses for C, H, and N are in reasonably 
good accord Math the theoretical values for both 
these oximes The available supply of III was 
mostly used for analyses before an oxime prepara- 
tion V as made 

Isolation of ^-nitropropionic acid from cultures 
of an Aspergillus flavus Milton T Bush and 
Oscar Touster • Depts of Pharmacology and 
Btochemtsiry, Vanderbilt Umv School of Medi- 
cine, Nashville, Tenn 

Studies of the production of pemcilhn-like 
substances by an A flavus led to the mcidental 
isolation of an apparently pure organic acid from 
a crude ‘toxic fraction A’ (J Pharmacol 84 275, 
1945) This substance (7) vas reported to have 
m p 67 5-68 5° corr , neutralization equivalent 
124, and apparent ionization constants pK| 3 7 
and pKs 9 1 Elementary analyses were subse- 
quently obtained which indicated the sunplest 
empincal formula CjHjNO^ The recent report 
(Carter and McChesnet Nature 164 575, 1949) 
that hiptagemc acid, a compound long ago ob- 
tamed from a plant glycoside, has been found to 
be /5-mtropropionic acid (77) (a tjqie of compound 
occurring rarely in nature) led us to consider 
this structure for 7 We have sjmthesized 77 
from silver nitnte and /3-iodopropiomc acid 
(Lewkovitz J prakt Chem [2], 20 169, 1879) 
and also from sodium nitrite and propiolactone 
That the compounds I and 77 are identical we 
have shown bj"^ the follomng comparisons the 
melting points and various mixed melting points 
were identical, the results of nitrosation tests 
Ctbctor Mejer) for pnmary nitro groups were 
the same, titrations with sodium lijdroxide, using 
glass electrodes, gave identical curves, which 
showed pKj 3 7 and pKl 9 0-9 1 Both compounds 
showed, in these titrations, the slow reaction 
with IXaOH in the high pn ranges characteristic 
of prim in nitro compounds It remains to be 
determined whether the (3 nitropropionic acid was 
nctunlh produced b\ the mold, which seems xerj 
likeli because of the large amount present, or 
was drcadi present in the medium 

A contribution to the study of mechanism of ac- 
tion of cardiac gbcosidcs \NXEC‘iMEno\ (in- 
troduced 1>\ B \ CnviEnl nc':carch Dept, 


Division of Macrobtology, Ctba Pharmaceutical 
Products, Inc , Summit, A'' J 
Feline hearts were perfused after the method 
of Langendorff w ith modifications previousl}^ de- 
scribed (/ Pharmacol A, Exper Thcrap 93 135, 
1948), and to the perfusion fluid were added the 
following drugs in the concentrations indicated, 
expressed as pg/vd atropine sulfate, 1, Deca- 
methonium bromide 50, papaverine hydrochloride 
0 6, procaine hydrochloride, 15, Pynbenzamme 
h 5 ’^drochlonde, 2, quinidine sulfate, 5, 2[N-p- 
toljd-N-(m'-h 3 ’^droxy phenyl) -aminomethjd] imid- 
azoline phosphate (C-7337), 0 5, m-toljdoxy- 
acetamidine hydrochloride (Su-212), 0 1 The 
concentrations employed were well tolerated, and, 
save for Became thonium bromide, were in general 
sufficient, as demonstrated by previous expen- 
ment, to exert the charactenstic effect of each 
compound After an interval of perfusion with 
the drugs indicated, the sensitivity of the heart 
to Digifolme was ascertamed, and was found to 
be essentially that of a heart perfused with normal 
fluid These results and the fact that cardiac 
glycosides exhibit no quahtative differences in 
their effects upon the hearts of all the common 
laboratory species of ammal would suggest that 
these drugs act directly on the contractile mech- 
anism of the muscle cell or very close thereto 
This circumstantial evidence lends support to 
the studies of Horvath et al on the action of 
cardiac glycosides on the polyunerization of Actin 
{Nature m 792,1949) 


«a me new 4-iiyilroiycoumarin antico- 
agulant no 63 R T Capps,* W D Battle * 
0 0 Meter* AND 0 S Orth Depts of Phar- 
macology and Medicine, Untv of Wisconsin Med 
School, Madison, TFts 

The toxic effects of Dicumarol which appeared 
after its clinical introduction led to the synthesis 
of derivatives of the 4-hj droxycoumarin tjme 
having anticoagulant action The 4-hj^droxycou- 
marm anticoagulant no 63 (2-meth5l-2-methoxy- 
4 - phenyl - 5 - oxodibydropywano - 3,2 - c(l) 
benzopyTan) which was found to be most promis- 
ing, 1 e least toxic with approximately the same 
hypoprothrombinemia-mducmg capacity as Dicu- 
marol (SCHEEL ET AL , 1949), has been further 
«sted in dogs and has been gi%en clinical trial 
Dogs were fed single doses of 5, 10, 20, 50, and 100 
mg/kg and daily doses of 5 mg/kg No deaths oc- 
curred from single oral doses .Maximum hi-po- 
prothrombinenua, as determined b\ the Link- 
Shapiro modification of Quick’s method using 
100, c plasma, was obtained in 3 to 5 da%s and 
prothrombin times returned to normal in's to 7 
dais Six of 7 dogs which were fed 5 mg/kg/ 
daa died after 6, 9, 9, IS, 20 and 30 adm.n.stra- 
lons, resiiectnch One dog sunned 30 doses 
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Pathological findinp included hemorrhagic pleu- 
ral effusion, hemopencardium, subcutaneous 
hemorrhages and massive uterine hemorrhage 
Microscopic findings are Eresented Effects of 
vitamin K and Ki ovide and animal age on pro- 
thrombin reaction also will be reported Capsules 
of 4-hydroxycoumann anticoagulant no 63 were 
administered to patients in single and repeated 
dosages A single oral dose of 2 mg/kg usually 
was found to produce a desired prothrombin time 
within 24 to 48 hours which then could be mam- 
tamed with repeated smaller administrations 
The prothrombin times returned to pretreatment 
level m an average of 9 days No evidence of 
hemorrhage, changes in differential blood 
count, urinalysis or hepatic function tests was 
noted 

Cholinergic effects of F 2268 Edwaiid A Cahr, 

Jb ,* Max Karsch* and Douglas S Riggs 

Dept of Pharmacology, Harvard Med School, 

Boston, Mass 

The ethylal of y tnmeth 3 lanimoniumpro- 
panediol (Fourneau Compound #2268) nas found 
bj Bovet to be the most potent known parasym- 
pathomimetic agent with regard to action on the 
dog’s heart Bovet shoved that this compound 
produced typical muscarinic effects on a variety 
of tissues, but he vas unable to demonstrate 
anj ganglionic stimulating action In viev of the 
structural relationship of F 2268 to Mcthacholmo 
— the former representing a cyclic isomer of the 
latter — we compared the effects of these 2 drugs 
given intravenously to cats under dial-urethane 
anesthesia F 2268 and Methacholme verc found 
to be quantitatively very similar in their ability 
to lower blood pressure F 2268 appeared only 
slightly more potent in producing emus bradj-^- 
cardia, but the duration of the slomng caused b}' 
F 2268 was very much greater than the Metha- 
cholme-induced bradycardia A^Tien the dose of 
each was 10 micrograms, the mean duration of 
the bradycardia was 17 minutes for F 2268 and 38 
seconds for Methacholme Other effects on the 
heart, such as second- and third-degree auriculo- 
ventncular block and auricular fibrillation, ap- 
peared with greater frequency at a given dose of 
F 2268 than of Methacholme When 10 mg of 
F 2268 was given to atropinized cats, a nse in 
blood pressure occurred Thus, in contrast to 
Methachobne, F 2268 has a defimte ganglionic 
stimulating action No appreciable tachyphylaxis 
to the effects of F 2268 on blood pressure and sinus 
rate could be demonstrated 

Potentiation of curarizing action of diacetyl- 
choline (snccinylchollne) by aliphatic dicar- 
boxylic acid aminoethyl amides Julio C 
Castillo* and Edwin J de Beer The Well- 
come Research Labs , Tuclahoc, N F 


At the meetings of the Pharmacology Society 
held at Indianapolis m November 1949, the au- 
thors showed that diacetylcholine has a very 
evanescent curare-like action which can be greatly 
prolonged by the injection of an anticholinesterase 
such as eserme Evidence was also presented 
which indicates that the prolongation of action is 
due, at least in part, to the mhibition of the 
enzvme or enzymes responsible for the destruc- 
tion of diacetylcholine Examination of the ali- 
phatic double amides of the general formula 
CO NH CH, CHj N(CHi),I (CH,)„ CO NH 
CH* CH; N(CHj)jI reveals that although these 
compounds are virtually devoid of curanform 
action, they nevertheless potentiate the curare- 
like action of diacetydcboline in the cat and pre- 
vent the inactivation of the same by cat’s serum 
in Vitro In these respects the amides act like 
eserme, but they' differ from the latter m that 
thci do not enhance the muscannic action of 
acetylcholine on the dog’s blood pressure and 
fail to antagonize curare In addition, the amides 
fail to prevent the inactivation of acetylcholine 
by' cat’s serum in vitro These differences suggest 
that the enzyme or enzymes which destroy di- 
ncety Icholme are probably not those responsible 
for the mactnation of acety'lcholine 


Parasympathetic blockade by alpha-slpha-di- 
phcnyl-gamma-dimethylamino valeramide HCl 
Ralph J Cazort (introduced by Klaus R 
Ulna) Dept of Pharmacology, Untv of Illinois 
College of Medicine, Chicago 
Alpha - alpha - diphenyl - gamma - dimethyl 
ammo valeramide HCl (BL-139) is a new anti- 
spasmodic with effects on the parasympathetic 
nervous system resemblmg those of atropme On 
intravenous administration in mice it is twice as 
toxic as atropme The action of BL-139 on guinea 
pig and rabbit ileum was predommantly neuro 
tropic, being effective against acetylcholine con 
tractions but, like atropme, exhibiting little effec 
against banum chloride induced contractions 
BL-139 in the same concentration as atropme 
produced maximal dilatation of the rabbit pup 
However, duration of mydriasis was shorter in 
man the compound was equal to atropine m sup 
pressing salivation after oral administration ana 
mused blurring of near vision in smal er os 
than atropine Small doses of BL-139 ® 
pulse rate, but doses larger than those of a*’’®? 
vere needed for acceleration A sum ar quan 
tive difference m the effect on *e pulse ram 
mtween atropine and BL-139 was observed on 
ntravenous injection in un anesthetized ^og _ 

[39 mcreased the subcutaneous ^.oo p ^ 
mne in mice 98%, atropme ”3% 
requenoy and increase m voltage o 
n curanzed cats were obtained alike with BL 
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and atropine Thus, BL-139 shows a remarkable 
similarity to atropine in potency and action Its 
structural relationship to other parasympathetic 
blocking agents will be discussed 


Cardiac glycosides of Tanghmta venentfera K 
K Chen and Prancib G Hendeeson Lilly 
Research Labs , Eh Lilly and Comjany, Indian- 
apolis, Ind 

Tanghmta venentfera is a shrub resembling 
oleander mdigenous to the coastal regions of 
Madagascar The natives there have prepared a 
poison, known as ‘Tanghm,’ from the kernels of 
the seeds, and used it as an ordeal which has re- 
sulted in a considerable loss of population Only 
recentlj'’Fr6rejacqueandHa8enfratz (Compt rend 
Acad d c 222 149 and 815, 1946, 223 642, 1946, 
226 268, 1948) successfully isolated tanghinin, 
desacetyltanghinm, tanghiniferin and venemferin 
By acetylation both tanghinin and desacetyl- 
tanghinin jneld acetyltanghimn Our experiments 
were directed to prove the cardiac action of these 
6 glycosides By^ the usual methods of study each 
of the glycosides was found to have a digitalis- 
like action m either amphibians or warm-blooded 
animals They were thus subjected to cat assay 
according to our previous procedure {J Am 
Pharm A 26 579, 1936) The followmg figures 
were obtamed mth 10 cats each 


OLVCOSIDE 

Tanghinin 

Desacetyltanghmm 

Acetyltanghimn 

Venemfenn 

Tanghmifenn 


UEAS (OEOUmic) LETHAL 
DOSE ± Si , pj/ij 

352 4 ± 38 8 
231 1 ± 14 1 
909 7 ± 57 6 
369 6 ± 22 0 
944 3 db 77 0 


Relation of methylated xanthine retardation of 
development to cholinesterase values Ralph 
Holt Chenet Dept of Biology, Brooklyn Col- 
lege, Brooklyn N Y and the Marine Biological 
Laboratory, Woods Hole, Mass 
Fertilized eggs and 8 specific developmental 
stages of Arbacia punctulata were observed for 
3 days in sea water containing di- and tnmethjl- 
ated xanthines (pure alkaloids) in a series of con- 
centrations from maximum solubihty down to 
m/10,000 Retardations m developmental time 
schedules vere greatest at the 2 celled stage and 
dunng the blastula-pluteus sequence Concen- 
trations less than completely mhibitory molarities 
were more drastic on the blastula-pluteus stages 
Earlier effects may be due to a competitive sub- 
strate-enzyme-drug relationship or possibly to 
the surface action of methy lated xanthines Later 
effects mav be due pnmarih to the inhibition of 
an enzyme, cholinesterase, essential to larval 
development Relationship docs exist between 
cur activity and function dunng embrvome 


development Augustmsson and Gustafson have 
shown in the sea urchin, Paracentrotus lividus, 
that CliE activity is absent in fertilized eggs 
durmg the first few hours but a sudden rise occurs 
at the 20-hour period and progresses to high 
values in the pluteus larva Assuming ChB ac- 
tivity IB similar in Arbacia, this is the time when 
caffeine is most inhibitory' That a methylated 
xanthine, caffeine, is inhibitory to ChE has been 
demonstrated in nerve tissue by Nachmansohn, 
and, in muscle by Nachmansohn and Schneemann 
Inter-relationships between methylated xanthine 
effects and cell division and grow'th probably m- 
volve other factors (ATP-ase) but the correlation 
between the high activity value of ChE normally 
durmg the stages at which these compounds are 
most mhibitory is of interest to cell life and to 
the pharmacology of these drugs 

Positive inotropic and other actions of fluoro- 
acetate Maynard B Chenoweth and Komol 
Pengsritono * Dept of Pharmacology, Untv of 
Michigan, Ann Arbor 

Considerations arising from current experiments 
suggested the possibility that sodium fluoroace- 
tate (FA) might exert a positive inotropic action 
on the hypodynamic papillary muscle It has now 
been demonstrated that 10~* M FA exerts a marked 
positive motropic effect on hypodynamic rabbit 
papillary' muscles while those of the cat respond 
similarly to 10"* m FA Lower concentrations are 
but slightly effective while 10-foId higher con- 
centrations are distinctly effective but result m 
subsequent depression The prior presence of 
acetate (0 01 m) m the bath totally prevents the 
actions of FA on the muscle Addition of ouabam 
in concentrations known to produce a marked 
and prolonged inotropic action (rabbit, 1 6 mil- 
lion or 3 X 10~’ M, cat, 1 10 million or 1 6 x 10~’ jr) 
after smtable amounts of FA is almost completely 
inthout effect m glucose Rmger but does stimu- 
late the muscle when the actions of FA have been 
prevented by acetate Quadrupling the concen- 
tration of calcium ions in the bath produces a 
less than usual inotropic response after FA The 
inotropic response to epinephrine does not ap- 
pear to be much affected by prior presence of FA 
Possible explanations for these phenomena mil 
be discussed 


m me raoDit 

<mtEs Clavipit (introduced by I) M Green) 

Dept of Microbiology, Division of Biological 
Research, G D Scarle d Co , Chicago, III 
Consistent extensive arteritis was produced 
m the rabbit by intravenous injection of normal 
horse serum m a dose of 10 cc/kg on the first and 
5th davs of the experiment The animals were 
autopsied on the ISth day The most extensive 
Icdons were found in the mesentery , heart, liver 
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and lung and occasionally in every tissue ex- 
amined Daily medication was begun usuallj on 
the 7th or 8th day and continued until the end of 
the experiment ACTH naa effective in prevent- 
ing the development of arteritis Several anti- 
histamines and sodium salicylate had some ac- 
tivity while rutin, estrone, diethylstilbestrol, 
testosterone, histamine and ascorbic acid were 
inactive at moderate dose levels 

Hormonal treatment of the adult cat that assures 
a uterus m vivo highly responsive to oxytocics 
Maet Lee Claht (introduced by B N 
Chavee) Research Dept , Division of Macro- 
biology, Ctba Pharmaceutical Products, Inc , 
Summit, N J 

The voluminous literature on the action of 
hormones on the uterus has been recently reviewed 
(Reykolds Physiology of the Uterus (2nd ed ), 
1949) Methods have been described for rendering 
the immature lapin uterus responsive (Wick and 
Powell, 1942) or for rendering that same species 
of uterus more sensitive to progestational action 
(Tripod and Meier, 1948), but they seemed in- 
applicable to the present problem The following 
conclusions were reached after scores of experi- 
ments correlating vaginal changes with uterine 
responses a) Cats exhibiting the cornification of 
estrus are suitable for immediate use in assajnng 
oxytocics 6) Cats exhibiting vaginal proestrus 
are suitable after 3 days if injected intramuscu- 
larly with 1 0 mg T D of Ovocylin Dipropionate 
in oil c) Cats in other stages of the cycle require 
two injections of the estrogen, one on the 1st 
day and one on the 3rd day, after which they may- 
be used for assay on the 7th day The cytological 
changes of estrus developed before the uteri had 
become responsive, which suggests that the myo- 
metrial changes induced require longer for their 
development d) Ovariectomized cats treated 2 
weeks after operation by the procedure indicated 
in no 3 yielded poorly responsive uteri, the re- 
sults were better if progesterone were injected 
from the 9th to 13th days after the first dose of 
estrogen Efforts to improve the motility of the 
uterus during the day of the experiment have 
been fruitless These efforts included the injec- 
tion of variable doses of aqueous solutions of 
estrogen, of progesterone, of androgens, and of 
concentrated solutions of the -vitamin B complex 

Absorption, plasma levels and excretion of mes- 
caline in the dog J Cochin,* L A Woods 
AND M H See-vers Dept of Pharmacology, 
Untv of Michigan, Ann Arbor 
In this study we utilized a specific and sensi- 
tive colorimetric method, the details of which 
will be published elsewhere, capable of deter- 
rmning mescaline in concentrations above 0 6 ng/ 
cc of plasma and 2 0 iig/cc of urine Plasma levels 


of mescaline are compared after oral, intramuscu- 
lar and intravenous administration to the dog 
Following intravenous injection of 20 mg/kg 
(base equivalent) of mescaline sulfate, there is 
initially a rapid decrease in plasma level This 
decrease is due probably to a redistnbution of the 
drug from the plasma to various tissues and 
fluids of the body Immediately after mjection 
the animal exhibits the expected autonomic signs, 
cerebral depression and hyperrefle-aa of the limbs 
After 20-30 minutes, the plasma concentration 
levels off at about 6 to 10 yg/cc Thereafter, dis- 
appearance of mescaline from the plasma is grad- 
ual, being complete in 6-8 hours Rate of re- 
covery from the pharmacological effects of the 
drug parallels the decay curve In contrast to 
the report of Slotta and Mflller (Ztechr f physiol 
chain , 238, 14, 1936) mescaline is found m the 
urine of the dog Twenty -four hour recovery of 
urinary mescaline amounts to 25 to 40% of the 
administered dose Positive identification of this 
product was made by preparation of the crystal 
line picrate derivative and comparison of the 
m p and mixed m p wnth authentic mescaline 
picrate 3,4,5-Tnmetho-<yphenydacetic acid was 
isolated m dog unne confirming the work of Slotta 
and Muller 


Studies on acute beryllium poisoning in guinea 
pigs Kenneth W Cochran,* Marcella 
Mazur* and Kenneth P DuBois Untv of 
Chicago Toxicity Lab ,and Dept of Pharmacology, 
Univ of Chicago, Chicago, 111 
Recent investigations in several laboratories 
have shown that beryllium inhibits alkaline phos 
phatases We have observed that a depression of 
serum alkaline phosphatase occurs m rats fol- 
lowing acute poisoning by beryllium and that 
the extent of this inhibition is dependent upon 
the dose of beryllium In order to obtain addi 
tional information concemmg the relationship 
between phosphatase inhibition and acute toxicity 
of berydhum we have employed guinea pigs which 
were found to be less susceptible than rata o 
acute beryllium poisoning The 30-day LDm w^ 
6 3 mg/kg of beryllium as beryllium chlonde 
administered intrapentoneally to guinea pigs 
whereas the LD.o for rats was about 0 6 mg Be/Kg 
The alkaline phosphatase activities of all norma 
guinea pig tissues assayed, using 
glycerophosphate as the substrate, were ^ 
than those of the corresponding rat tiMues eiy 
hum was a less potent inhibitor of a y„g 

phatases of guinea pig tissues than o ra 
The alkaline phosphatase activity of ^ 

serum averaged 0 058 mg inhibition 

centration of beryllium producing B 0 %mbiD 

/ „ 5 fi x' 10-1 iir while the corresponumg 

in vitro was 3 6 X m, wuiic ond 1 8 

iralues for rats were 0 390 mg P/gm/hr 
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X 10“* M Be The following alkaline phosphatase 
activities Mere found for other guinea pig tissues 
•duodenum, 21 4, kidney, 16 9, and liver, 0 49 rag 
P/gra/hr The molar concentrations of beryllium 
producing 50% inhibition of these guinea pig tis- 
sues vere as follows s duodenum, 25 X 10““, 
kidney, 4 0 X 10“', and liver, 2 8 X 10“^ No inhibi- 
tion of the serum alkaline phosphatase vas ob- 
served in guinea pigs 3 hours after doses of berj 1- 
lium as high as 17 mg/kg Thus there was a corre- 
lation between the species susceptibility to acute 
beryllium poisoning and phosphatase inhibition 

Effect of some sodium sulfonates on tuberculosis 
in mice Versa V Cole, H R Hulpieu and 
S H Hopper * Depls of Pharmacology and 
Public Health, Indiana Univ , Indianapolis 
Mice were injected mtravenously with 0 2 mg/ 
mouse of a wet culture of M tuberculosis (H37) 
The mice were divided into groups of 10 each 
and fed vanous concentrations of surface active 
agents Records of weight and food mtake were 
kept The nuce were killed at from 10 to 19 daje 
and the lungs and liver were graded histologicall}'- 
from 0 to 4 plus The 7 agents studied were classi- 
fied on the basis of their effects on tuberculous 
involvement at concentrations which had slight 
or no effects on weight and food intake The fol- 
lowing showed an increase m the amount of tuber- 
culosis found in the lungs decyl benzene sodium 
sulfonate, dodecyl benzene sodium sulfonate, di- 
butyl phenyl phenol sodium disulfonate, mono- 
butyl phenyl-phenol sodium monosulfonate In- 
consistent results were obtained with monobutyl 
■diphenjl sodium raonosulfonate A decrease in 
the amount of tuberculosis in the lungs was shown 
by isopropjd naphthalene sodium sulfonate and 
N-methjl oleamide of sodium ethyl sulfonate 
The effects m the liver were less marked but m 
the same direction as those m the lungs YTien 
■dibutylphenyl-phenol sodium disulfonate and 
monobutjl phenyl-phenol sodium monosulfonate 
vere fed vith promizole their unfavorable effects 
■on tuberculosis vere eliminated VTien isopropjl- 
naphthalene sodium sulfonate was fed with promi- 
zole its effect Mas changed from favorable to un- 
favorable N methvl oleamide of sodium ethjl 
sulfonate showed the same effect with promizole 
as without promizole 

Factors influencing bile flow in the dog Donald 
L Cook,* Doris Bevch,* Robert G 
Bivsciu,* r Hvmboirger vnd D M 
CiREiN Pharmacoloqy Dept, Dtciswn of Bto 
logical Research, G D Scarlc it Co , Chicago, 
III 

Bile flow was studied in dogs anesthetized vnth 
sodium pentobarbital The cvstic duct was 
clamped ind the common bile duct cannulated 


The volume of bile w'as measured at half-hour 
intervals and pooled hourly Aliquots were ana- 
lyzed for total solid content No bile was returned 
to the animals Basal rate of bile flow (cc/dog/ 
hour) did not correlate with either surface area or 
body weight in a senes of 260 dogs Nine animals 
were observed for a period of 10 hours During 
this interval the average rate of bile flow remained 
constant The rate of total solid excretion de- 
creased with time and tended to become asymp- 
totic The concentration of solids correspondingly 
declined The bile output for a 30-imnute penod 
following intravenous administration of dehydro- 
cholic acid in a dose of 20 mg/kg was studied in 
86 dogs The response was related to control 
level of flow and body weight, suggesting that it 
was determined by the total dose rather than by 
plasma concentration, which was presumably sim- 
ilar in all animals This hyqiothesis was tested by 
comparmg the bile output of the 8 largest dogs in 
the above series with 8 additional small dogs given 
approximately the same total dose In addition, 
the 8 smallest dogs were compared with 8 addi- 
tional large dogs The results of these tests are in 
accord with the hypothesis that the response to 
dehydrocholic acid is determmed by the total 
dose rather than by the dose per unit of body 
weight 




. ui ii-jiyorazi* 

nophthalazine, a hypotensive agent B N 
Graver and F F Yoneman Research Dept , 
Division of Macrobiology, Ciba Pharmaceutical 
Products, Inc , Summit, N J 
Among a series of phthalazines synthesized by 
Druey, the most active hyqiotensive agent ap- 
peared to be L-hy drazinophthalazine, an initial 
pharmacological study of which is to be reported 
(Gross, Druet AND Meier Bxpenentia In press) 
Ihe present report confirms and extends their 
observations The compound has been shown to 
exert a hypotensive action in the following spe- 
cies ^t, dog, gumea pig and rat Doses of less 
tnan 25 ag/kg are devoid of action Progressive 
increases m the dose to approximately 0 5 to 1 
mg/kg have produced progressive declines in the 
blood pressure, but further augmentations in the 
dosap by many fold have not augmented the 
effect, although higher doses antagonized par- 
tially the action of epinephnne The hyiiotensive 
action has developed slowh suggesting either a 
metabolic alteration of the material to an active 
compound, or perhaps a slow accession to the 
structures susceptible to its effect Rarely can anv 
reasonable dose of the compound lower the blood 
pressure to below 70-80 mm Hg, at which point 
other hvpotensive agents such as acetvlcholinc, 
mstamine or the nitntcs are still effective The 
hvpotensive effects can be counteracted by pitui- 
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trm, Pnvine, ephednne, epmeplinne and nor- 
epinephrine, although the antagonism exerted has 
been sometimes relatively bnef Preliminary ex- 
perimentfl with the canine heart-lung preparation 
have suggested that doses up to 100 mg have no 
effect Higher doses have been followed by de- 
creases in the cardiac rate and output and by the 
appearance of irregularities Doses up to 2 mg 
were almost devoid of action on the perfused fe- 
line heart In ‘spinal’ dogs and cats the hypoten- 
sive effects have been minimal or absent On 
various isolated tissues the compound has shown 
little effect Detailed toxicological studies which 
will be presented have evidenced low toxicity after 
both acute and chronic administration 

Evaluation of simaroubidin in experimental ca- 
nine amoebiBSiB Ashton C Cuckler (intro- 
duced by Hans Molitor) Merck Insl for 
Therapeutic Research, Rahway, A’ J 
Simaroubidin, a glycoside obtained from the 
plant Sttnarouba amara, is a highly potent thera- 
peutic agent for experimental amoobiasis of dogs 
Repeated oral doses of 0 5, 2 and 8 mg/kg elimi- 
nate the amoebae in severelj infected dogs after 
5-8 days of therapy Dunng a follow-up penod of 
more than 30 days the dogs remained clinically 
well and it was impossible to demonstrate amoe- 
bae, microscopically or culturally, dunng this 
period At autopsy there was no evidence of 
amoebic infection in any of the animals Ten oral 
doses of 0 125 mgAg ncre ineffective A single 
dose of 5 mg/kg was ineffective, and one dose of 
10 mg/kg ‘cleared’ the infection on the fourth 
day of therapy Frequent examinations for one 
month were negative for amoebae, however, re- 
lapse occurred after 10 neeks A single dose of 20 
mgAg was completely effective Comparative 
studies indicate simaroubidin is more potent than 
many' of the currently used amoebicides The 
toxicity of simaroubidin vanes considerably with 
different species The rat, mouse, rabbit and chick 
tolerate much more than dogs Daily oral ad- 
ministration of 2 mg/kg 18 tolerated by the dog 
for 11 weeks (55 doses) without any deleterious 
effects Single doses of 8 mg/kg intravenously are 
likewise non-toxic Intravenous doses of 1-50 
mg/kg to anesthetized dogs had no effect on 
respiration, heart rate or blood pressure Oral 
doses of 32 mg/kg and higher are lethal for dogs, 
with profuse gastro-intestinal hemorrhages de- 
veloping in 2-3 days Since simaroubidin is non- 
toxic in therapeutic doses for dogs, it seems justifi- 
able to recommend clinical studies in human 
amoebiasis 

Failure to propagate mouse sarcoma 180 after ex- 
posure to low temperature Windsor C Cut- 
ting Dept of Pharmacology and Therapeutics, 


Stanford XJnvo School of Medicine, San Fran- 
cisco, Calif 

Gye (Brti M J 1 511, 1949) and Mann {Bril 
M J 2 251, 253 and 256, 1949) recently reported 
that vanous mouse tumors could be frozen at 
79 "C for a month or more, and then lyophilized, 
and yet retain their ability to induce new growths 
upon implantation into mice Prom 1-6 weeks 
were required for development of the tumor 
The experiments were interpreted as, supporting 
the thesis that a viral agent was imphcated in 
these tumors because mtact cells could not with- 
stand this physical treatment To test this thesis 
further, we removed 10 sarcoma 180 tumors asep- 
tically' from their host CjH mice 7 days after im- 
plantation, and immediately stored them, dry, in 
tightly corked test tubes at — 79'’C Nine weeks 
later, 4 tumors nere removed, quickly thawed and 
cut into portions about 1 mm in diameter and 
implanted subcutaneously into 38 mixed male and 
female CjH mice Eleven weeks later, at sacnfice, 
no tumors could be found A second portion of 4 
tumors was removed after 14 weeks of freezing, 
ground m a chilled mortar, and immediately re 
frozen One week later the powdered tumor was 
thawed, suspended in glycenn phosphate buffer, 
and injected subcutaneously into 15 mice Five 
weeks later, at sacnfice, no tumors could be found 
Attempts to transmit sarcoma 180 to mice after 
prolonged cooling of the tumors were unsuccess 
ful, thus lending no support to the thesis that a 
virus 16 implicated in this tumor 


nal ysiB of DL-norleucine inhibition in Achromo- 
bocter fischert Edwin E Daniel (introduced 
by AIark Nickerson) Dept of Biology, Johns 
Hopkins Univ , Baltimore, Md 
DL-norleucine inhibits the growth of several 
jcroorgamsms, apparently by inhibiting raetbo 
ne utilization In theluminous bacterium, Achro 
obacter fischcrci DL-norleucme inhibits gro 
concentrations of 0 5 ngra/20 ml Afethionine 
ihnved ns a product of the inhibited reaction m 
rerytest (The norleucine methionine ratio for 
1% inhibition increased with the norleucine 
mcentration up to 5000 fjgni/20 ml , wit nor 
ucine and higher sub-optimal niethioniM con 
intrations other compounds were less e ec iv 
itagonists, etc ) Although tested less ext^- 
vely, L-homocj steine, DL-cystathionine an 
imosenne, but not DL-threonine and 
so antagonized norleucine as produc s o 
hibited reaction DL-valine, L-leucme an 
oleueme behave as substrates or ra s 
irsors for the inhibited reaction ^ e 
irleucine substrate for 50% t, on 

ant «.d tier .nt.gnn,ze norlancma .«» »« 

,, eSecUvaly >. the pl«ence of ^ 

ne concentrations ) All other co 
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acids, except threonine \vhich was inhibitory, 
increase growth in the presence of norleucine and 
low sub-optimal concentrations of valine, leucine 
or isoleucine, but only n-glutamic acid, nn-phenyl- 
alanine, n-tyrosine, n-aspartio acid, nn-l^ine, 
L-cysteine, in addition to methionine and the 
other products, were as eSective at higher concen- 
trations Thiamine and pantothenic acid promote 
growth at both high and low substrate concentra- 
tions Harding and Shive {J Btol Chem 174 743, 
1948) found that many of the above compounds 
reversed or aided m reversing norleucine inhibi- 
tion in Eechenchta colt, but methionme, threonme 
and homocystine appeared to be substrates or 
substrate precursors while valme, leucine, and 
isoleucine seemed to be products of the inhibited 
reaction 


Techmque for the screening in man of broncho- 
dilating drags SiDNET Dann* and Robert C 
Batterman Dept of Therapeutics, New York 
Umv College of Medicine, New York City 
A battery of tests of ventilatory function has 
been used to determine the therapeutic response 
of asthmatics to the standard bronchodilating 
drugs These tests include vital capacity determi- 
nations after normal and after complete expira- 
tion, maximum breathing capacity (rapid breath- 
ing) and deep breathing capacity (rapid and deep 
breathing) , residual and complemental air values 
and oxygen deficit Using two dose levels each of 
ephedrine, epinephrine and ominophyllin, 150 tests 
have been completed on 65 asthmatic patients 
Twelve normal individuals and 8 asthmatics have 
been tested using saline Each test consists of five 
‘runs’ , the first servmg as a baselme and the bat- 
terj' of tests being repeated at one-half hourly 
intervals following parenteral adnunistration of 
the drug To better estimate the response m terms 
of the severity of the asthma at the time of test- 
ing patients have been grouped as Class I (no 
obvious asthma at the time of testing), Class II 
(mild to moderate subjective distress and/or 
tj pical signs of auscultation) and Class III (severe 
attack) It has been demonstrated that the maxi- 
mal breathing capacity and the deep breathing 
capacity nhich serve in effect as ‘stress tests are 
more sensitive indicators of response to therapj 
than the static \utal capaclt^ The percentage 
improvement as measured b\ the former are larger 
than that of the latter and more indicatne of the 
indiMdual’s abiliti to ventilate In about 10% of 
the cases, cspccnlU those of Class I and II major 
changes in the stress tests have occurred measur- 
ing up to 100% improv ement v hen the v ital capac- 
itv showed no significant changes The v ilues 
accumulated in the testing of the three basic drugs 
in asthmatic thcrapv maj serve as baselines for 
the screening of new drugs introduced for the 
treat ment of asthma 


Chromatographic method for the isolation of DDT 
and other chlorinated insecticides from fat 
Bernard Davidow (introduced by Arnold J 
Lehman) Division of Pharmacology, Food and 
Drug Admin , Federal Security Agency, Washing- 
ton, D C 

In previous reports from this laboratory it has 
been demonstrated that DDT and several other 
chlorinated insecticides are preferentially stored 
in the fatty tissues of animals Solvent methods 
for their extraction from these tissues always 
include the fat component In many cases study 
of the storage and tissue distnbution of these 
chlorinated msecticides is limited by the inability 
of the chemical method to determme small quanti- 
ties of the insecticide in the presence of compara- 
tively large amounts of fat A convenient and 
rapid chromatographic procedure has been de- 
veloped which 18 applicable to the isolation of 
DDT and several other chlormated insecticides 
from fat The procedure employs a column of 
Celite 645 (a diatomaceous earth), a rmxture of 
sulfuric acid and funung sulfuric acid (15% SOj) 
as the immobile solvent, and carbon tetrachloride 
as the mobile solvent A column of 30 grams Cehte 
slurned with 9 ml of sulfuric acid, 9 ml of fuming 
sulfunc acid and 100 ml of carbon tetrachlonde 
will retam approximately 5 grams of fat It is held 
on the column as a brownish yellow band and the 
chlonnated insecticide is recovered in the eluate 
Upon evaporation of the eluate, less than 1 mg 
of extraneous residue remains Recoveries of 
microgram quantities of DDT added to 5 gm of 
butter oil free from DDT have ranged between 
90 and 100% Preliminary trials have indicated 
that, in addition to DDT, the method is effective 
for the separation from fat of benzene hexachlo- 
nde, toxaphene and chlordane 


Pharmacology of a polymer with long acting vaso- 
depressor properties Peter B Dews* and 
Edwin J de Beer Wellcome Research Labora- 
tories, Tuckahoe, N Y 

Polymers prepared through the condensation 
of alkoxyTihenylnlk} lamines with formaldehyde 
generally possess vasodepressor properties The 
material resulting from the interaction of 
N-methjlhomoanisjlamine with formaldehyde is 
particularly active in this respect Prolonged falls 
m the blood pressure of anesthetized dogs wore 
produced by doses as small as 50 gamma per kg 
Evndence was obtained that the depressor effect 
IS due to the liberation of histamine 

Effect of salicylates on sensitization to horse 
scrum and egg white Robert H Dreisbvch 
Dept of Pharmacoloqu and Therapeutics, Stanford 
Lntv School of Medicine, San Francisco, Calif 
Salicvlates have been alleged to act as anti- 
anaphvlactic agents by preventing antigcn-anti- 
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bod> reactions (Campbell Science 108 478, 1949) 
Attempts were made to check this claim Si\ rab- 
bits nere fed a diet containing 1 67% sodium 
salicylate, the salicjdate blood level being usuallj' 
above 20 mg/100 ml One veek later these rabbits 
and an additional 6 rabbits (on regular diet) were 
injected subcutaneously with 1 ml of a 1-10 dilu- 
tion of horse serum in saline This injection was 
repeated weekly for 6 iveeks Identical arthus tj pe 
skm reactions occurred in both groups of rabbits 
after the third injection of serum, and continued 
to occur throughout the experiment T\\ entj -tv o 
guinea pigs were injected subcutaneouslj with 
0 1 ml of horse serum on alternate daxs Four 
weeks later, 11 of these vere given 0 5 gm/kg of 
sodium salicylate subcutaneously Two hours 
later, the 22 guinea pigs were injected intrave- 
nously with 0 1 ml of serum Of 11 salicylate 
treated guinea pigs, 7 died of nnaphylnxis, of 11 
controls, only two died Twelve rabbits w'crc in- 
jected twice intravenously and once subcutane- 
ously wnth 0 5 ml of egg white, on alternate dajs 
Four weeks later, G of these rabbits were given 3 
injections of 0 3 gm/kg sodium salicylate gas- 
trically at 5 00 p M , 9 00 a M , and 1 00 p m One 
hour after the last dose, the 12 rabbits were in- 
jected intravenously with 0 5 ml of egg white 
all showed cyanosis and respiratory distress, and 
2 controls died Accordingly, sodium salicjlato 
showed no demonstrable prevention of the sensi- 
tivity reactions used 

Effects of 3 halogenated ethylammes on cardiac 
arrhythmias induced bj epinephrine, nicotine 
and cyclopropane Victor A Drill and Harrt 
W Hays Dept of Phijstoloffij and Pharmacology, 
Wayne Univ College of Medicine, Detroit, Mich 
Studies were made on the ability of 3 halogcn- 
ated ethylammes to block induced cardiac ar- 
rhythmias Dogs w ere maintained w ith 16% cj clo- 
propane anesthesia and ventricular arrhythmias 
induced by I) epinephrine 2) nicotine and S) 35% 
cyclopropane After the production of these con- 
trol arrhythmias the animals were injected with 
either of the following drugs 1) N-(2-bromoethvl)- 
N-ethyl-l-naphthaleneraethylamine HBr (SY2S), 
£) N- (2- (2-bi phenyl yloxy) othyl)-N-(2-chlorethyl) 
butylamine HCl (SY30) , and S) N-(2-chloroethyl)- 
N-ethyl-9 fluorenylamine HCl (SY21) The doses 
used were generally 1 mg/K, occasionally 0 5 or 
2 0 mg/Iv Following the i v injection of the block- 
ing agent arrhythmias were again induced by 
epinephrine, nicotine and 36% cyclopropane Epi- 
nephrine (usually 1-3 jig/K) induced arrhythmias 
that were prevented by the administration of 
SY28, SY21 or SY30 In blocking the arrhythmias 
SY28 and SY21 reversed the blood pressure re- 
sponse to epinephrine, xvhereas after SY30 the 
blood pressure response was either normal or only 


slightly reduced Nicotine (0 2-0 5 mg ) produced 
arrhythmias that w ere also blocked by the drugs 
used, although often requiring a second dose of 
the blocking agent before complete block was 
obtained SY28 and SY21 generally prevented the 
arrhythmias and simultaneously reversed the blood 
pressure response whereas with SY30 blood pres 
sure was not reversed when the arrhythmia was 
was prevented All three compounds usually 
blocked the ectopic beats induced by 35% cycle 
propane The difference in effect of the above 
blocking agents clearly shows that blood pressure 
reversal is not necessarv in order to block induced 
arrhythmias This is further shown by the follow 
ing Dogs anesthetized with 16% cyclopropane 
received repeated doses of nicotine at hour in 
tcrvals Arrhjthmias, which were induced by the 
first injection, were absent on repeated injections 
at a time w hen blood pressure had decreased only 
slightlj from the original values obtained 


Cholinergic action of alkyl pyrophosphoramides 
Kenneth P DuBois and John Doiill * Dept 
of Pharmacology, Univ of Chicago, Chicago, III 
Recent studies in this laboratory demonstrated 
that octamethy 1 py rophosphoramide (OMPA) ex- 
erts a cholinergic action in mammals after con 
version by' the liver to an anticholinesterase agent 
OMPA differs from other phosphorus containing 
cholinergic compounds m exhibiting a predomi 
nant action on peripheral cholinesterase The 
unique properties of OMPA stimulated our in 
tcrest in searching for other phosphoramides with 
cholinergic activiti These studies led to the de 
vclopmcnt of 2 alky l-substituted pyrophosphor 
amides which inhibit cholinesterase tn vitro and 
in VIVO and exert predominantly peripheral cholin 
crgic effects These compounds are unsj'mmetrica 
diethyl di (dimethylamido) pyrophosphate and 
sy'mmctrical diethy'l di (dimethylamido) pyro 
phosphate The approximate LDto of the unsym 
metrical compound for rats is 2 6 mg/kg 
pcntonenlly and 4 4 mg/kg orally It inhibited 
cholinesterase 50% in vitro at a concentration o 
2 8 X 10"^ M Twenty mmutes after 1 9 mg/ag 
mtrnpentoneally the cholinesterase activity 
brain, submaxillary, and serum from rats wa 
inhibited 13%, 81%. and 99% respectively' wbde 
2 LDto doses (5 2 mg/kg) Wodaccd 24:%,mo, 
and 97% inhibition respectively The LiJio 
the symmetrical analog w'as 10 7 mg/ g 
pentoneally and 12 4 mg/kg oral ^ 
concentration of 8 X 10~ m produc °rr',,,enty 
tion of rat brain cholinesterase tn vitro 
minutes after 7 mg/kg intrapentoneally 

linesterase activity and 85% 

serum of rats was inhibited 
respectively and 2 LDto doses m i i 
tmVy of the tissues 30%, S9%, and 99% 



March 1950 


PHARRIACOLOGY AND EXPERIMENTAL THERAPEUTICS 


269 


spectively These experiments demonstrated the 
anticholinesterase action of alkyl-substituted 
pj rophosphoramides tn vii)o and tn vivo 

Toxicity and anticholinesterase action of p-nitro- 
phenyl dimethyl thionophosphate ICenneth P 
DuBois, Marcella Mazer* and Eenneth W 
Cochran * Depi of Pharmacology, Univ of 
Chicago, Chicago, III 

The methjd analog of parathion, p-nitrophenyl 
dimethyl thionophosphate, is an ingredient of 
parathion preparations employed for insecticidal 
purposes in Germany Recent interest in the pos- 
sible use of this compound as an insecticide in 
this country makes information on its toxicity and 
pharmacological actions desirable For toxicity 
studies solutions of the compound m 20% ethanol 
and 80% propylene glycol were employed The 
approximate LDjo for rats was 3 6 mg/kg intra- 
peritoneally and 12 7 mg/kg orally The sex 
difference in susceptibility previously observed 
with parathion vas lacking vith the methyl 
analog The methjd analog of parathion produced 
60% mhibition of rat brain cholinesterase in vilro 
at a final concentration of 1 X 10“^ m as compared 
with a value of 1 2 X 10“* ii for parathion In 20 
minutes after an LDjo dose of the compound given 
mtrapentoneally to female rats the chobnesterase 
activity of brain, submaxillary, and serum was 
inhibited 72%, 55%, and 25% respectively At the 
tune of death in about 10 minutes after 7 mg/kg 
given intraperitoneallj^ to female rats 68%, 67% 
and 30% inhibition of bram, submaxillary and 
serum cholinesterase respectively was observed 
The same dose of the compound given to male 
rats produced similar inhibition of brain and sub- 
maxillary cholinesterase but the serum cholines- 
terase vhich IS lover in males than in females was 
48% inhibited These studies indicate that the 
methyl analog of parathion resembles parathion 
in acute toxncity to rats and in anticholinesterase 
action tn vivo after parenteral administration 

Effect of various steroids on aerobic respiration 
of the brain of the castrate male rat Eugene 
Eisenberg*, Gilbert S Gordan* and Henri 
W Elliott Division of Pharmacology and Bx- 
per Therapeutics and Division of Medicine, 
Univ of California School of Medicine, San 
Francisco 

Since steroidal hormones have been shown to 
have anesthetic properties (Selie, H J Im- 
munol 41 250, 1941) and to inhibit aerobic oxida- 
tion of glucose b\ rat brain cell suspensions 
(Gordan, G S and H IV Elliott Endocrinol- 
ogy 41 517, 1947) studies ha\e been carried out 
to iniestigatc possible mechanisms of these ac- 
tions It has been found that depruation of 
gonadal steroids b\ castration results in elei ation 
of the rate of oxigcn uptake b\ rat brain (Eisnx- 


berg, E , G S Gordan and H W Elliott Sci- 
ence 109 337, 1949) This rise is not found in tissues 
capable of utilizing endogenous substrates (Eisen- 
behg, E , G S Gordan and H W Elliott 
Endocrinology 45 113, 1949) Administration of 
testosterone propionate prevents this increased 
rate of cerebral metabolism An attempt has been 
made to determine whether this effect is specific 
for testosterone or general among the steroids 
Male rats, castrated at 30 days of age, were treated 
daily vnth 1 mg of steroid subcutaneously per 
kg of body weight for the 7 days preceding de- 
capitation at the age of 60 day's Qoj of brain cell 
suspensions was determined by the direct method 
of W arburg usmg glucose as a substrate Untreated 
castrates and estradiol dipropionate-treated ani- 
mals demonstrated elevated rates of oxygen up- 
take Brains from castrates treated with unesten- 
fied testosterone, testosterone propionate, methyl 
testosterone, testosterone cyclopentylpropionate, 
ethinyl testosterone, progesterone, or desoxy'corti- 
costerone acetate respired at normal rates From 
these studies it appears that steroids with the 
androstene nucleus are effective in restoring the 
‘brahng’ action normally exerted by gonadal 
steroids upon cerebral metabolism, as measured 
in intro 


Effect of sympathomimetic ammes and sympatho- 
lytics on blood sugar and lactate of the rat 
Stdney Ellis and Hilton L Anderson * 
Dept of Pharmacology, Temple Untv Sch of 
j Pa and Dept of Physiology 

aiM Pharmacology, Duke Untv Sch of Med 
Durham, N C 


on the blOTd sugar of the non-fasting rat were 
determmed from tail-blood obtamed before, and 
at 30-mm mtervals for 2 hours following, the 
intraperitoneal injection of several doses of each 
amne The following produce marked hyper- 
glycemia m the amount in mg/kg indicated in 
(0 j compound Epinephrine 

tw 1), l-(3.4-dihydroxy'phenyl)-l-amino-2-methyl- 
aminoethane (2) Kephnne (2), Phenylephrine 
^ ’ ^:®)^'^^^y'^''o^'Phenyl)-2-methy lammopro- 

mne JSi ' ‘^'■°^Xphenyl)-2-ammopro- 

pane (50) The following amines did not raise 
blood sugar m the doses gnen in parentheses 
A-isopropyl-norepinephnne (50), l-(4-hydroxy- 
P eny )-l-hydroxy -2-isopropyiaminoethane (100) 
tyTamme (100), hordcnine (100), Parednne (10) ! 
1 - (3 - hidroxy-phenil) - l . ammo - 2 - methil- 
ammoethanc (30) , Ephednne (30), mescaline (10) 
Forthane (50) , Tuamme (10) , Octm (50) , Oencthi 1 

(5),] c\clohexil-2 methilaminopropane (30) Di- 
li droergotamine and Priscol preient the rise in 
blood sugar vhich usualK follovs the administra- 
tion of epinephrine Dilienaniine and S V-2S appear 
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to have a weak adrenergic blocking action on the 
rat hver Blood lactate as well as blood glucose 
changes were determined after epinephrine, Keph- 
nne, N-isopropyl -norepinephrine, and Octin Ep- 
mephnne and Kephrine elevate both glucose and 
lactate of the blood N-isopropyl -norepinephrine 
raises only the blood lactate concentration Octin 
affects neither glucose nor lactate concentrations 
of the blood Following the administration of di- 
hydroergotamine 3 mg/kg epmephnne raises the 
blood lactate in the usual fashion, but it does not 
affect the blood sugar 

Study of some antihistammic drugs on the con- 
vulsive threshold and on the action of anti- 
convulsant drugs G M Everett (introduced 
by R K Richards) Dept of Pharmacology, 
Abbott Labs , North Chicago, III 
Recent clinical observations have suggested 
possible dangers in the use of some antihistaminics 
in epileptics (Churchill and Gammon JAMA 
141 18, 1949) In the present study the effect of 
Pyrabenzamine (P), Thenylene (T) and Benadryl 
(B) on convulsive threshold m mice was investi- 
gated P, T, and B in subconvulsive dose (10-50 
mg/kg 1 p ) did not affect the electroshock thresh- 
old for full tonic-cIonic seizures However, the 
convulsant dose of Metrazol was lowered from 
75-50 mg/kg subcutaneously In doses of 75 to 
100 mg/kg subcutaneously P, T, and B produced 
clonic or running convulsions These convulsions 
were not modified by Tridionc, Phcnobarbital, 
Phenurone or Dilantin in non-sedative doses 
The anticonvulsant action of these drugs against 
Metrazol and/or electroshock was unaffected by 
premedication with 10-50 mg/kg intrapentoneally 
of P, T or B Studies of possible antagonism by 
P, T, or B of minimal protective doses of anti- 
convulsants are in progress Altho P, T, and B 
produce sedation in clinical use, the underlying 
convulsant properties of these drugs should be 
considered when they are used in epileptic pa- 
tients 

Pharmacological studies of two new anticon- 
vulsants 3 , S-dimethyl , 5 , ethyl-oxazolidine-2 ,4- 
dione (Paradione) and 3-methyl-5,phenyl-hy- 
dantoin (Nuvarone) G M Everett* and R K 
Richards Dept of Pharmacology, Abbott Labs , 
North Chicago, III 

Paradione is closely related to Tridione In 
mice the drug is more sedative and the ataxic dose 
18 250 mg/kg This is also the minimal protective 
dose against Metrazol (100 mg/kg sc) convul- 
sions Duration of action is 3-5 hours In non- 
sedative doses Paradione is ineffective against 
supramaximal electroshock convulsions Chronic 
toxicity studies in rats and dogs (100-200 mg/kg/ 
day orally) for 18 months revealed no changes m 
blood count or organ damage However the bone 


marrow in dogs showed a hypoplasia which was 
reversible when the drug was withdrawn Tndi- 
one acts similarly Clinical trial for 2 years has 
shown Paradione to be effective m petit mal epi 
lepsy^ and has a Ion er incidence of side effects than 
Tridione Periodical blood checks are essential 
with either drug however Nuvarone in doses of 
300 mg/kg orally is effective against both electro- 
shock and metrazol convulsions in mice and rah 
bits The drug has a low toxicity, the fatal dose 
being 2 gm/kg orally in mice On high doses the 
animals become ataxnc and comatose Death re- 
sults from respiratory failure Nuvarone is similar 
to Mesantoin in its anticonvulsant properties 
Chronic toxicity^ studies in dogs and rats on doses 
60-150 mg/kg/day^ orally for a year show normal 
liver and kidney function Blood counts and 
bone marrow have also remained normal Chnical 
trial for a year has shown Nuvarone to be highly 
effective in grand mal and m some cases of psy- 
chomotor epilepsy Its advantage is the low mci- 
dence of side effects 


Nonspecific factors in chemotherapy of trypanoso- 
miases Paul L Ewing, Bjgrshal G Tree* 
AND George A Emerson Univ of Texas Med 
Branch, Galveston 

The importance of body defense mechanisms m 
chemotherapy' of experimental trypanosomiases 
has been stressed by several workers, e g the 
influence of hepatectomy and splenectomy on the 
course of trypanosonuasis has been descnbed 
(Pfeiffer and Tatusi J Pharmacol A Exper 
Therap 53 358, 1935) Treatment before or 

after T cquiperdum infection with pentnucleotide, 
desoxy ribonucleic acid, reticuloendothelial un 
mime serum, malononitrile. X-ray and other 
agents has no appreciable effect on the course of 
infection in normal or splenectomized rats or mice 
Similar results are noted with T leimsi infection 
in rats Mice infected with T equiperdim die m 
severe hy'pogly cemia , treatment with glucose as 
an immediate analeptic effect on moribund am 
mals, and alloxan diabetes prolongs survival in a 
significant number of animals 


Action of cardiac glycosides on experimental 
auricular flutter A Farah and T 

Dept of Pharmacology, School of Medicine, »iv 


of Washington, Seattle , 

Self-perpetuating auricular flutter was 
n anesthetized dogs by the method of 
md Garcia-Ramos (Aw Heart J 33 677, 1 J 
Evidence presented by the above inve ' 
ndicates a circus pathway in this type o 
iVe have studied the action of cardiac g \ 

m this type of flutter In the denervated heart 

mabain, digitoxin. Lanatosi^ C J dose 

iigitalis in a dosage of 50 to 60% o 
iroduce a slowing of the auricular u 
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a reversal to a normal rfajiilim The maximum 
rate the auricle will follow when stimulated by 
repetitive stimuli is probably related to the re- 
fractory period of auncular muscle Cardiac glyco- 
sides produce a 15-25% reduction m the maximum 
rate when injected in amounts which stop the 
auncular flutter The excitability of auricular 
muscle is not changed significantly by the above 
amounts of glycoside though toxic doses produce 
a defimte reduction in excitabihty Experiments 
were also conducted on the heart with the nerve 
supply intact In some of these expenments digi- 
toxin and Lanatoside C first produced a slowmg of 
the auncular flutter rate followed by a sudden 
change to an auncular fibnllation This change 
from flutter to fibnllation is mediated through the 
vagus nerve since cutting the vagus nerves or 
atropimzation of the dog resulted m a prompt 
reversal of the auncle to a normal rhythm These 
effects of vagal blockade can only be seen m dogs 
treated with cardiac glycosides Furthermore, 
electrical stimulation of the vagus or a continuous 
infusion of acetylcholme converted an auncular 
flutter to a fibrillation It is thus probable that 
the vagal effects of these glycosides result in the 
conversion of an auricular flutter to fibnllation 

Comparative pharmacology of khellm, visnagin 
and khellol glucoside Edwin J Fellows, 
Keith F Killam,* John J Toner,* Robeet A 
Dailey* and Edward Macro * RcsearchDtvtsion, 
Smilh, Kline and French Labs , Philadelphia, Pa 
The present studies on the crystalhne compo- 
nents isolated from Ammi Visnaga were carried 
out because of the controversial nature of the 
reports on their pharmacologic action In isolated 
rabbit hearts, 1 100,000 and 1 10,000 2-methj 1-5,8- 
dimethoxyfuranochromone (khellm) caused an 
increase in perfusion fluid flow of 25 to 40% and 
40 to 90% respectively In these concentrations, 
2-methylol-5-methoxyfuranochromone glucoside 
(khellol glucoside) produced a decrease in flow 
A slight but inconsistent mcrease m flow was ob- 
served after 1 100,000 of 2-methj 1-5-methoxy^- 
furanochromone (visnagin) , however, a 35 to 80% 
increase was noted after 1 10,000 In anesthetized 
dogs, 2 0 to 5 0 mgAg of khelhn or 2 0 to 3 0 
mgAg of visnagin intravenously produced tran- 
sient depressor effects After these doses, a slight 
mcrease in cardiac rate and insignificant changes 
m the amplitude of cardiac contraction were 
recorded bj means of a Cushni M\ ocardiograph 
In 4 out of 6 expenments, 2 0 or 3 0 mgAg of 
khellol glucoside produced depressor effects and 
slight to moderate cardiac stimulation IHiellin 
ml 1,000,000 to 1 100,000 caused relaxation of the 
isolated rectal caecum of the foul In the same 
preparation Msnagin cxlubited approxiniatch 
tvo thirds the actmta of khelhn but khellol 


glucoside was mactive after 1 1,000,000 to 1 100,- 
000 Oral doses of 20 0 to 100 0 mg/kg of khellol 
glucoside failed to antagonize the effects of aero- 
solized histamine in guinea-pigs weighing 160-260 
grams Significant activity was noted in guinea- 
pigs after 20 0 to 100 0 mgAg of khellm or 60 0 
to 100 0 mgAg of xusnagin orally 


Acute pharmacology of dimethyl - 2 - chloro - 2 - 
phenyl-ethylamme Frank C Ferguson, Jr 
( introduced by W Clarke Wescoe) Dept of 
Pharmacology, Cornell Univ Med College, New 
York City 


- wi - cnioro - z - pnenyi - etnylamme 
(DMEA) possesses adrenergic blocking and para- 
syunpathomimetic properties In cats, mtravenous 
administration produces convulsions, respiratory 
depression, bradycardia, and secretory activity 
Death occurs from respiratory failure The mtra- 
venous LD50 for the cat is 2 1 mgAg Poisonmg 
m rats is sumlar The slowmg of the heart is 
abohshed by atropme or vagotomy In anesthe- 
tized cats, DMEA m small doses increases the 
rate and depth of respiration but m larger doses 
promptly abolishes it In the cat, DMEA produces 
a sharp fall m blood pressure, this is annulled by 
atropme and replaced by a slower declme that is 
probably due to the removal of sympathetic tone 
After small doses of DMEA the blood pressure 
i^ally returns to normal withm 15-30 mmutes 
but after large doses the pressure is lowered 
permanently After adequate doses of DMEA the 
pressor effect of epinephrine is reversed, as are 
the pressor responses to asphyxia and to gangli- 
onic stimulation The pressor activity of norepi- 
nephnne or ephedrme is abolished, while the de- 
pressor action of Isuprel is not affected The 
onset of blockade after DMEA is immediate and 
lasts for only two to six hours These facts and 
ite water solubihty make DMEA unique among 
the adrenergic blocking agents of the beta-halo- 
alkydamme type In water DMEA hydrolyzes to 
an imme rmg and finally to the ethanol denva- 
tnm The imme form possesses all the activity of 
tbe intact molecule while the completely hydro- 
lyzed form seems mert 


Evaluation of local anesthetics for nerve block 

n . Jr. AND J p AiKENHEAD * 

Ocpl of Pharmacology, Untv of Toronto, Toronto 
Canada ’ 

Potencies relative to procaine of several local 
anesthetics were determined by injecting 4 or 5 
concentrations of each drug in a constant v olume 
of 02 cc behind the eyeball of the guinea pig 
Loss of corneal reflex was used as the index of 
anesthesia Epinephrine ] 100,000 prolonged anes- 
thesia in this location onlv about 20%, ] 20 000 
was no better Relative toxncities for tissue v’ere 
determined by mtraderraal injection m guinea 
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pigs Toxicity was measured by the diameter of 
erythema and by the occurrence of petechial 
hemorrhage The two criteria sometimes differed 
senously The criterion of petechiae was probably 
better Relative Ratings, viz Relative Potency/ 
Relative Tissue Toxicity, were calculated for 
piperocaine, tetracaine and dibucaine Only di- 
bucaine was significantly better than procaine 

Pharmacologic action of hydrazine E A Fine, 
Anne M Kunkel and J H Wills (introduced 
by Amedeo S Mahhazzi) PhaTmacology Section, 
Med Division, Army Chemical Center, Md 
Intravenous injection of rabbits, cats and dogs 
with 50 mg/kg of hydrazine causes retching or 
emesis, tonic-clonic convulsions, dyspnea, fall in 
blood pressure and death Emesis and increase in 
tonus of the intestinal muscles of the dog •ft ere 
obviated by vagal section or by large doses of 
atropine It appears, therefore, that the effect 
on the smooth muscle of the gastro intestinal 
tract IS indirect and mediated through the cho- 
linergic fibers of the vagus nerve The fall in blood 
pressure is believed to be caused by both direct 
and indirect effects on the smooth muscle of the 
blood vessels Although hydrazine shows some 
direct action on peripheral structures, its most 
significant action probably is on the central nerv- 
ous system A decerebrated cat exhibited tonic 
convulsions following injection of hydrazine Cats 
with spinal cord section showed tonic clonic con- 
■vulsions central to the section, distal to the sec- 
tion there was occasional tonic activity uncorre- 
lated with that going on above the section These 
findings suggest some stimulatory effect on the 
spinal cord as well as on the brain stem 

Effect of diphenylhydantoin, temperature and 
phosphate concentration on P“ uptake by frog 
sciatic nerve E Fingl, D M Woodbur\,J R 
Ward and J E P Toman (introduced by L S 
Goodman) Depls of Pharmacology and Physiol- 
ogy, Untv of Utah College of Medicine, Salt Lake 
City 

Frog sciatic nerves in groups of four were incu- 
bated in neutral, isotonic solutions containing low 
(0 088 mM/1) or high (92 1 mM/1) concentrations 
of inorganic phosphate containing tracer P®, at 
room (20°C ) or refrigerator (4°C ) temperatures, 
and ■with or -without diphenylhydantoin (0 6 imi/l) 
for penods up to 62 hours (warm) or 160 hours 
(cold) After being tested for excitability, nerves 
were frozen and analyzed individually for P“ 
and P® content of their inorganic, organic acid- 
soluble, lipid, and residue fractions The decreas- 
ing order of rate of P“ uptake was inorganic, 
residue, organic acid-soluble, and lipid Rate of up- 
take ■ft'as increased 10-20 times in all fractions by 
the thousandfold mcrease in external phosphate 
concentration Q“ was 3 or greater for all orgamc 


fractions Diphenylhydantoin usually produced a 
small decrease in P“ uptake, but probably not suf- 
ficient to explain the protection seen m all nerves 
against hyperexcitability induced by high phos- 
phate concentration or excessive stimulation 


Comparison of the chronic toxicities of synthetic 
sweetening agents 0 Garth Fitzhugh and 
Arthur A Nelson Division of Pharmacology, 
Food and Drug Admin , Federal Security Agency, 
Washington, D C 

A comparison of the chronic toxicities of the 
synthetic sweetening agents dulcin (p-phenetyl 
urea), saccharin, P-4000 (1-n-propoxy 2-amino-4 
nitrobenzene), and sodium cyclohexyl sulfamate 
(hereinafter called sulfamate) was made Albino 
rats, 21 days old, 18-24 to a group, were fed for 
their lifetime dosages of 1, 0 5, 01 and 0 01% 
dulcin, P-4000, saccharin and sulfamate in a stock 
diet Additional dosage levels of 6% saccharin and 
sulfamate, 0 25% dulcin and 0 001% P-4000 were 
used Results show that these four substances 
may be divided into a toxic group and a relatively 
nontoxic group Dulcin and P-4000 showed marked 
toxic effects whereas saccharin and sulfamate had 
only a slight effect on the animals Dulcin pro- 
duced liver tumors with diameters up to 2 5 cm 
in animals fed dosage levels of 0 1% and above 
At 0 5 and 1% dulcin retarded the growth rate, 
increased the mortality rate and produced dark 
red spleens, at 1% the erythrocyte count was 
reduced and normoblasts occurred in the blood 
stream P-4000 at dosage levels of 0 5 and 1% 
retarded growdh rate and caused kidney damage 
The bladders of some animals on the higher dos 
ages of P-4000 contained much fine yellowish 
material Thynroid glands were colored ■with a 
brown pigment which increased -with dosage leve 
A slight retardation of growth occurred in the 
animals on 5% saccharin and sulfamate Also t e 
5% sulfamate produced marked diarrhea 


hiouracil derivatives in alloxan diabetes Ster 
UNG H Fly, Jr , Harvey Hays, Je * and G A 
Emerson Untv of Texas Med Branch, Galveston 
Houssay and Martinez (Rev Soc argent e 
wl 24 63, 1948) noted that several 2-th‘OiNaci 
erivatives cause increased resistance to la o 
mic effects of alloxan when given repeatedly o 
1-30 days prior to alloxan In screening ® ^ 
umber of pynmidmes for P>-ophylactic effigy 
5 alloxan, we (Federation Proc 6 ^8, m ■ 
roc & Trans Texas Acad Sci 30 112, 

»und 2 - thiouracil, 6 - propyl ' 2 - ’ 

.methyl-2-thiouracil, 2-thiothymine, 2 thioti 
ituric acid and 2,4-dithiouracil 
atagonizmg an mtrapentoneal ° 
f alloxan when given intramuscul^ y ^ 

fines were given m doses of 0 5-3 mM/Kg , 
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ing to tolerance Similarly, the 2-ethylmercapto 
derivatives of uracil, thjimne and 5-methylcyto- 
eine i\ere not prophylactic, and thiosmamme and 
allo\an-5-Bulfonate nere inthout action Adenine 
thiomethylpentoside, 1 nui/kg , protected only 
5/9 mice, thus being inferior to most other adenine 
compounds Lack of acute effective prophylactic 
action of thiopynmidines indicates that these 
agents do not block alloxan by competitive affini- 
ties, that their — SH groups are less effective than 
those of dimercaptopropanol or glutathione, and 
that effects obtained on repeated administration 
are referable to changed phj Biological status of 
the experimental animals rather than to presence 
of the thiopyrimidines 

Addiction liabilities of some drugs in the mor- 
phine senes H F Fraseh,* H G Flanabt,* 
R W Hotjde* and Harhis Isbell Research 
Division, USPHS Hospilal, Lexington, Ky 
The addiction Labilities of dihydrocodeinone 
(dicodide), 6-methyldihx'dromorphine (‘6-meth- 
yl’), and 3-hydroxj'-N -methyl morphman (mor- 
phman) were tested m former morphine addicts, 
by the single dose method for the detection of 
euphoria (all compounds) , the single dose method 
for relief of abstinence from morphine (dicodide 
and ‘6-methyl’) and by direct addiction (all com- 
pounds) Thirty mg of dicodide and 6-methyl 
or 10-15 mg of morphman subcutaneously or 
intravenously induced morphine-like euphoria in 
these subjects Forty-five mg of dicodide ad- 
mmistered subcutaneously at the 30th hour of 
abstinence from morphine relieved withdrawal 
simiptoms almost completely Nmety mg and 120 
mg of ‘6-methyl’ administered at the 28th and 
32nd hours of abstinence produced subjective 
relief but had only minor effects on objective 
signs Five volunteers received the drugs for 32-38 
days The maximum daily dosages attained were 
240, 180, and 60 mg for dicodide, ‘6-methyl’ and 
morphman respectivelj Dunng the experiment, 
behavior of the men addicted to the 3 drugs re- 
sembled that of men addicted to morphine Com- 
plete tolerance to the sedative action was not 
attained The electroencephalograms of subjects 
receiving dicodide and morphman were slowed 
throughout addiction The pain thresholds (mod- 
ified Hardj-Wolff-Goodel) of men receiving ‘6- 
methjl’ were not altered but the ps\ chogalvanic 
response to thermal stimulation was reduced 
The intensities of abstinence from dicodide or 
‘6 mcth^l’ were milder than would have been ex- 
pected after withdrawal of morphine These 2 
drugs mai therefore haie some ad\ ant ages oxer 
morphine Abstinence from morphman was ap- 
proximateh equal to abstinence from morphine 

Factors affecting tissue distribution following 
oral ingestion of lipid soluble substances Jonv 


P Fhawley* and 0 Garth Fitzhhgh Division 
of Pharmacology, Food and Drug Administration, 
Federal Security Agency, Washington, D C 
Considerable discrepancies have frequently been 
noted m results of tissue distribution expenments 
performed m different laboratories and occasion- 
ally m the results of duplicate experiments m the 
same laboratory A study of the various factors 
which may affect tissue distribution has been 
undertaken The beta isomer of benzene hexa- 
chloride was selected as the first test substance 
because of its insolubility in water and its ready 
solubility in lipid-hke substances Analj^es were 
earned out predoimnantly upon abdommal fat of 
albino rats Marked differences m the storage of 
the beta isomer were noted m different sexes, 
with the higher storage consistently in female 
rats Feeding of 200 ppm beta isomer to 2 groups 
of female albmo rats, one group 12 weeks old and 
the remaining group 50 weeks old, showed, after 
the second week, a storage of 600 ppm m the fat 
of the younger rats and 225 ppm in the older rats 
Increases in the percentage of fat m the diet, 
ranging from 0% to 8%, gave a corresponding in- 
crease in the storage of the beta isomer in ab- 
doimnal fat Substitution of an emulsifier (Tween 
20) for 3% of the dietary fat gave an increase in 
the storage of the bets isomer 

Cutaneous absorption of phenol from intact and 
damaged skin Mahian V Freeman,* Elsie 
Alvarez* and John H Draize Division of 
Pharmacology, Food and Drug Administration, 
Federal Security Agency, Washington, D C 
Phenol preparations are used topicallj'^ as anti- 
pruritics and as antiseptic dressings for the treat- 
ment of burns, wounds, and indolent ulcers 
Fatal phenol intoxications have been reported 
following such use (T D Cronin and R Q 
Braueh jama 139 777, 1949, W B Deich- 
mann J Indust Hyg &. Toxicol 41 146, 1949) 

A preparation containing 2 35% phenol in corn 
oil was employed in the cutaneous exposures of 
the rabbit The technique (J H Draize, G Wood- 
ard AND H O Calvery j Pharmacol d, Ex- 
per Therap 82 377, 1942) was altered slightly to 
permit 48 hours of continuous exposure Data 
was obtained for a) intact skin, b) abraded skin, 
and c) skin wath sex ere heat burn Total urinarx’ 
phenol xalues were determined dailx for a 5-daj 
period prior to exposure Similar determinations 
were made during exposure and until urinarx 
excretion figures returned to base line lex els 
Phenol determinations were made according to 
Schmidt’s method {J Ihol Chem 179 211, J949) 
Normal urinarx phenol excretion in the control 
(untreated) animal is approximatelx 2 mg/dax 
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The following urinary values were obtained during 
the 2-day exposure penod 


Condition of Skin 
Intact 
Abraded 
Burned (heat) 


Total ms of Phenol 

43 

66 

100 


Phenol IS readily absorbed by intact skin as is 
reflected by the excretion value of 43 ing/48 hr 
of exposure On the other hand, the phenol excre- 
tion values were approximately 60 and 130% higher 
in the subjects whose skins were damaged by 
simple abrasion and heat bum respectively 

Morphine-induced emesis in dogs treated with 
^ - dunethylaminoethylbenzohydrylether - 8 - 
chlorotheophyllinate (Dramamine) Homer B 
Freese,* Robert G Bianchi* and W E 
Hambouroer Pharmacology Dept , Division of 
Biological Research, G D Searle <1 Co , Chi- 
cago, III 

Dramamine 03 - dimethylaminoethylbenzohy- 
drylether-8-chlorotheophyllinate) has been found 
effective in the treatment of motion and radiation 
sickness A common mode of activity might be 
depression of the vomitmg center The known 
emetic action of morphine sulfate in dogs offered 
a tool for testmg this hypothesis The incidence 
of vomiting in a group of 20 untreated animals 
following 0 5 mg/kg of morphine subcutaneously 
was foimd to be 80% A total of 62 animals received 
pre-treatment In each experiment half received 
Dramamine, either 5 0 or 10 0 mg/kg orally in 
capsule form, and the remainder received capsules 
of lactose placebo The s c challenging dose of 
0 6 mgAg of morphine was given 45 minutes later 
and the incidence of emesis determined In one 
experiment a crossover design was employed, 
on successive days the Dramamine and placebo 
treatments were reversed No significant differ- 
ence was noted between the effects of Dramamine 
and placebo treatment, either from the vieivpoint 
of over-all incidence of emesis, or from that of 
mdividual experiments The incidence of emesis 
in treated groups did not differ significantly from 
that for untreated controls 


Studies on metabolism of nicotine using spectro- 
photometric and radioactive techniques Aaron 
Ganz* and F E Kelsey Dept of Pharmacol- 
ogy, Umv of Chicago, Chicago, III 
In the course of work on the preparation of 
radioactive nicotine, the use of the Beckman 
ultraviolet spectrophotometer was developed for 
the routine deternunation of nicotme m tobacco 
plant extracts (Science 108 658,1948) This method 
was found to have considerable advantages of 
simplicity and sensitivity, concentrations of nico- 
tine as low as 3-5 iig/cc bemg accurately de- 
terminable Two apnlications of this method to 


animal work have now been made In studies 
usmg a radioactive nicotine solution to perfuse 
the isolated gmnea pig heart, the rate of uptake 
of nicotine from the perfusing flmd was studied 
by both isotopic and spectrophotometnc tech- 
mques Good correlation was obtamed between 
the 2 methods More recently the method was 
applied to the study of the unnar 3 excretion of 
nicotme by the rat The unne of rats mjected 
with mcotme in amounts of 5-10 mg/kg was 
collected and steam distilled from successive acid 
and alkalme media The final distillate was then 
concentrated and its absorption curve deter- 
imned A typical nicotine curve was obtamed 
which represented 8-12% of the total amount 
injected This percentage represented less than 
500 Mg of nicotme excreted in the urine The 
spectrophotometnc method was used m these 
expenments along wnth tracer techniques to de- 
termine the proportion of changed and unchanged 
nicotme excreted 

Factors affecting electrogram of heart muscle 
Solomon Garb (introduced by McKeen Cat- 
tell) Dept of Pharmacology, Cornell Univ Med 
College, New Yorh City 

Expenments performed on isolated cat papillary 
muscles indicate that the T deflection is normally 
in the same direction as the R deflection, i e , 
upnght, and that it becomes depressed and m- 
verted followmg anoxia, injury and excess potas- 
sium A lowenng of calcium concentration below 
.216 mM results in a normal electrogram without 
any measurable contractile force A marked in- 
crease m rate of stimulation produces inversion 
of the T deflection in normal Locke’s solution but 
not in a solution containing less than a 216 mM 
concentration of calcium Excess potassium pro- 
duces inversion of the T deflection, widening of the 
R deflection and finally, a single, slow, upward 
deflection Ammonium chloride produces marked 
widening of the R deflection, R-T mterval, and 
an increase in contractile force The theory that 
the T deflection is produced by membrane repolar- 
ization does not explain these observations The 
need for revision of the present electrocardio- 
graphic theory is emphasized by these ex-pen- 
ments 

Effects of mercurial compounds on saccharase 
C L Gemmill and E M Bowman * Dept of 
Pharmacology, Urtiv of Virginia Med School, 
Charlottesville 

A study was made of the effects of various mer- 
curial compounds of pharmacological interest on 
the action of saccharase Saccharase (Invertase) 
obtained from Nutritional Biochemical Corpora- 
tion was diluted to a suitable concentration and 
placed in the side arm of a Warburg vessel Su- 
crose in varjung concentrations in an acetate 
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buffer at a pH of 4 5 \\ as placed in the mam com- 
partment of the same vessel ^^^len the mercurial 
compounds were used, they w’ore mixed with the 
euzjTne and were in contact wnth the enzyme for 
a period of 15 or more minutes before tipping over 
the enzyme and inhibitor solution into the sucrose 
solution The experiments were earned out at 
29 3'’C and the reducing sugar was determined 
after 10 minutes wath Nelson's method It was 
found that there was a direct relationship between 
the concentration of the mercurial and the inhi- 
bition of activity of the saccharose The degree 
of inhibition varied with the mercurial 


COilPOUND 

ta,KL COSa (UOIAK) 

% 

mniBt* 

Drug 

Sucre it 

noN 

Mercuric chlonde 

7 4 X KP* 

0 08 

16 

Merbromin 

9 X 10-> 

0 08 

31 

Mercunn 

1 7 X 10-7 

0 16 

22 

Tfaiomerin 

7 5 X 10-» 

0 16 

22 


Analysis of the relationship of the inhibition to 
concentration of substrate indicated competitive 
inhibition The inhibition caused by mercuric 
chlonde was reversed by the addition of 2,3- 
dimercapto-propanol (BAL) 

Alleged gastric raucm deficiency in peptic ulcer 
George B Jerzt Glaes ano Linn J Boyd 
(introduced by Michael G Muunos) Dept 
of Medicine, New York Med College, Flower and 
Fifth Avenue Hospitals, New York City 
To evaluate the controversial issue of a defi- 
ciency in gastric mucin as a contributmg factor 
in the formation of peptic ulcer, 60 patients with 
peptic ulcer and 106 control cases were studied 
Two hundred tests were performed on fasting 
gastnc secretion 50 after an alcohol test meal, 
19 after the subcutaneous injection of 1 mg 
histamine, and 55 after the intravenous admin- 
istration of 16ij of insulm On the 841 gastnc 
specimens collected, were determined the total 
dissolved mucin or its 2 fractions of dissolved mu- 
coprotem and mucoproteose (method of Glass and 
Boyd) as well as the volume and acidity of the 
specimens There was found neither a deficiencv 
of dissolved gastric mucin nor of its fractions m 
patients with peptic ulcer as compared to controls 
The output of gastnc mucoprotem which was 
derived from gastric glands was significantly 
mcreased in patients with duodenal ulcer, as 
compared to controls, both m the fasting stomach 
and following vagal stimulation with insuhn The 
concentration of gastnc mucoproteose was sig- 
nificantly decreased m duodenal ulcer However, 
this was due exclusively to dilution of this sub- 
stance by the increased volume of the gastnc 


juice, since the total amount of gastnc muco- 
prolcosc w as similar to controls both under fast- 
ing conditions and after insulin Since mucopro- 
teosc is a dissolution and split product of surface 
epithelium mucus, this finding does not offer any 
support to the theory that ulcer is due to a de- 
ficient formation or to an increased mucolytic 
disintegration of the protective layer of gastric 
mucus resulting in denudation of the gastnc 
mucosa and formation of an ulcer Hyperacidity 
in duodenal ulcer could be explained bj an in- 
creased volume of HCl secretion alone and not by 
an alleged decrease in buffering power due to 
deficient secretion of gastric mucin 

Quinidine in propylene glycol by intramuscular 
injection in man Joseph Gluck,* Habrt Gold, 
Walter Modell, Nathaniel Kwit,* Seymour 
Thickaian,* Willi aai Zahji* and Hyman 
Bakst * Dept of Pharmacology, Cornell Umv 
Med College, Cardiovascular Research Unit of 
Beth Israel Hospital and Cardiac Service of the 
Hospital for Joint Diseases, New York City 
In a previous report before this Society, a 
method was described for the study of quinidme 
action on the heart in patients by' the effect on 
the F-F mterval in the electrocardiogram The 
oral route was used, but in practice many cases 
require the parenteral route A preparation of 
quinidine sulfate in propy'lene gly'col was made 
available to us, and the present report deals with 
Its behavior by i m injection It was tested in 19 
patients for its local irritant action, and in 7 of 
these, for speed of absorption, cumulation, and 
duration of action There were no troublesome 
local reactions in 17 patients who received only' 1 
dose of from 0 2 to 0 6 gm One of the remaining 
2 patients receivmg repeated doses of 0 4 gm 
every' 6 hours for 3 days developed temporary 
local swelling and tenderness The peak effect on 
the heart developed in from 2-4 hours after a single 
dose, and in about 24 hours after the repeated 
doses Then cumulation ceased and the plateau 
persisted dunng the remainder of the 3 days of 
treatment Approximately 75% of the maximum 
effect disappeared m about 8 hours The curves 
of action were essentially similar to those after 
similar oral doses These results showed that 
quinidine sulfate in propylene glycol by i m 
mjection provides a satisfactory substitute in 
cases in which the oral route is not feasible 

Binding of barbiturates by rabbit tissue homoge- 
nates Leo R Goldbaum* and Paul K Smith 
Toxicology Section of Army Med Dept , Research 
Graduate School and Dept of Pharmacology, 
George Washington Untv School of Medicine 
Washington, D C ’ 

The extent of binding of various barbiturates 
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by rabbit tissue homogenates was investigated 
using the ultrafiltration technique of Lavietes 
The tissues were homogenized with m/16 phos- 
phate buffer pH 7 4 m an all glass tissue grinder 
The final dilution of the tissue used for ultra- 
filtration was 1 4 and the barbiturate concentra- 
tion was 0 0005 M The barbiturate concentration 
was determined by means of ultraviolet spectro- 
photometry The results show that liver homoge- 
nate has the greatest binding capacity for the 
barbiturates studied followed by kidney, plasma, 
brain imd, red cells with muscle the least Thio- 
pental was bound to the greatest extent to all 
the tissues studied followed by seconal, pento- 
barbital, phenobarbital and barbital This order 
was identical to that found in ultrafiltration 
studies with crystalline bovine serum albumin, 
suggestmg similar mechanisms mvolved m the 
binding of barbiturates by tissues These results 
correlate well with the distribution of barbitu- 
rates in rabbits The tissues having the highest 
drug concentration have the greatest binding 
capacity The strongly bound barbiturates tend 
to concentrate m those tissues that have high 
binding capacities resulting in a high ratio of 
tissue concentration to plasma level The veakly 
bound barbiturates tend to distribute themselves 
in the body water with a ratio of tissue concentra- 
tion to plasma level near unity 

Effect of benzodioxane (933 F) on hypertension 
due to circulating nor-epinephrine (in man) 
Mahcel Goldenbehg and Henry Ahanow, 
Jr (introduced by H B van Dyke) Dept of 
Medicine, Columbia Univ College of Physicmne 
and Surgeons, New York City 
Since nor-epinephnne as well as epinephrine 
has been demonstrated in pheochromocytomas, 
an investigation of the effect of pipendylmethyl- 
benzodioxane on nor-epinephnne mediated hyper- 
tension in man was undertaken An increase in 
systolic blood pressure averagmg 44 mm Hg 
(range 20-93 mm ) and in diastolic blood pressure 
averaging 25 mm Hg (range 14-40 mm ) was pro- 
duced in 19 normotensive subjects by the con- 
trolled intravenous infusion of nor epinephrine 
When the blood pressure became stabilized (with 
a constant rate of infusion of nor-epinephrine) 
933 F in doses of 0 26 mg/kg was given intra- 
venously over a period of 2 minutes In every 
instance the injection was followed by a fall in 
systolic and diastolic blood pressure, the systolic 
fall averaged 22 mm Hg (range 4-46 mm ) and 
represented 60% of the average mcrease produced 
by nor-epinephrine , the diastolic fall averaged 
20 mm Hg (range 8-38 mm ) and represented 
68% of the nor-epinephrme mediated increase 
The duration of the diminution in blood pressure 
produced by 933 F averaged 6i mmutes (range 


190 to 670 seconds) A pheochromocytoma removed 
from a patient exhibiting persistent hypertension 
was analyzed by chemical means (partition chro- 
matography on filter paper and von Euler’s 
colorimetric method) More than 97% of its cate- 
chol fraction was nor-epinephnne and only a 
trace of epinephnne was found Benzodioxane 
had been administered on 2 occasions to this 
patient prior to the removal of her tumor, and 
in each instance a sigmficant fall m artenal ten- 
sion resulted The removal of the tumor relieved 
the patient of her hypertension These data 
demonstrate that hypertension due to circulating 
nor-epinephnne in man is more susceptible to the 
adrenergic blocking action of 933F than animal 
data had suggested 

Effect of diuretics and nephrotoxic drugs on kid- 
ney ATP-ase Andres Goth, James Holman* 
and Virginia O’Dell * Dept of Physiology and 
Pharmacology, Southwestern Med School, Dallas, 
Tex 

Certain diuretics and nephrotoxic drugs were 
found to inhibit adenosine tnphosphatase activ- 
ity of homogenized rat kidneys The method used 
was that of DuBois and Potter The ATP-ase 
activity of rat kidneys was of the same order of 
magnitude as that of the heart The following 
drugs inhibited kidney ATP-ase m concentrations 
of 0 001 M or less meralluride sodium, salyrgan- 
theophyllme, mercunc chloride, caffeine and so- 
dium benzoate, theophylline ethylenediamme, 
uranium acetate and aerosporm Drugs which 
had no effect were urea, sodium chloride, pitui- 
tnn, phlorizin, digoxm, epinephrine, histamme, 
alloxan, sodium cyanide and bacitracin Smce all 
drugs which inhibited kidney ATP-ase are known 
tubular mhibitors or tubular damaging agents 
it IS postulated that these findmgs may reflect one 
of the mechanisms of drug mduced diuresis and 
kidney damage The results of tn vivo as well as 
the in vitro experiments will be presented 

Synergism between bacitracin, polymyxin B, and 
streptomycin HCl m intro tests with Enda- 
Ttioeba histolytica and organism t Miriam 
Gohld and Eder Lindsay Hansen (mtroduced 
by Hamilton H Anderson) Division of Phar- 
macology and Experimental Therapeutics, Univ 
of California School of Medicine, San Francisco, 
Calif 

The activity of a combination of bacitracin, 
polymyxm B, and streptomycm HCl in vitro was 
determined using E histolytica and organism t, an 
entenc, gram negative, spore-forming bacterium, 
in hver-proteose-peptone medium (Hansen) The 
compounds were prepared in aqueous solutions 
and observations made after incubation for 48 
hours in cotton-stoppered and sealed cultures 
(Hansen Federation Proc 8 299, 1949) Utilizing 
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llic snmc test proccihirc, Rradin inul Hnnsen 
found emetine Indrocliloridc to be micbiici<Inl 
at 1 100,000-1 100,000 ddutioii, in liolli open nnd 
sealed cultures Despite the relntiveli low activ- 
ity levels of the 3 antibiotics, it was believed 
desirable to determine wlietlior sjncrgism might 
occur, and whether in combiimlion, their poten- 
tial usefulness as amebacidcs could be antici- 
pated Each agent, and particularlj bacitracin, 
was inhibitory towards organism t In combinii- 
tion these agents cvhibitcd marked s\iiergi8tic 
activitj against the bacterium Death of amebas 
occurred at approximately 1/10 the minimal ap- 
parent amcbacidal concentrations of the separate 
compounds when these were added together to the 
open and sealed cultures The final proof of value 
of the combination of bacitracin, pohmjxin R 
and strcptomjcin in nnti-amcbic thcrapj rests 
on tn VIVO trials 

Effect of temperature on uptake of radioactiie 
phosphate by human erjthrocytes DtsuoNO 
R H Gouhlex* anb Chalmers L Gemmiil 
Dept of Pharmacology, Untv of Virginia Med 
School, Charlottesville 

Radioactive phosphorus (P*) has been used 
to determine the uptake of phosphate by human 
blood cells tn intro The percentage P“ leaving 
the plasma in a given time is the same whether 
or not white cells are present Thus, at least in 
the initial phase of the transfer, most of the P® 
leaving the plasma is taken up by the erjthro- 
cjdes A stud}' of this transfer process has been 
made at 9 temperatures ranging from 15°-40°C 
At temperatures from 15'’-22°C , the P® uptake 
by the erythrocytes is so small that it approaches 
the absolute experimental error in the determina- 
tion of the P* remaining m the plasma (approxi- 
mately d=2%) From 22°-40°C the rate at which 
P“ disappears from the plasma is much greater 
and increases as the temperature nses At 37°C 
approximately 50% of the added P® has been 
taken up by the erythrocytes within 100 minutes 
In the initial phase of the transfer, the reaction 
IS of the first order The data obtained at the 
various temperatures conform to the Arrhenius 
expression relating the transfer velocity to tem- 
perature The activation energy, g, calculated 
from the Arrhenius equation, is 16,700 calones 
The marked difference in the transfer velocity 
over the relatively small absolute temperature 
range investigated indicates that the transfer 
process is chenucal rather than physical in nature 

Chronic toxicity study of veriloid in rats and 
dogs James T Gourzis, Robert 0 Bauer 
AND Walter W Jbttbr (introduced by George 
L Maison) Dept of Pharmacology, Boston 
Untv School of Medicine, Boston, Mass 


One hundred nnd forty-two white Wistar rats 
nnd 12 mongrel dogs, separately housed and 
divided equally ns to sex, were fed graded doses 
of Vcnloid (J W Dart Labs’ purified, reproduci- 
ble extract of Vcralriim viridc) daily for 6 months 
The rats received Steenbock’s diet ad libitum 
whereas tlic dogs were presented with 16 gm/kg 
of horse meat 3 times daily To these diets were 
adilcd appropriate amounts of Vcnloid Food nnd 
drug consumption and w'cight were recorded 
wcckli Tliirt} rats and 3 dogs served as controls 
concomitantly wuth the experimental animals 
At the end of 6 months each rat in the ‘high’ group 
had consumed an average of 7 AA mg/kg of Ver- 
iloid/dn}, while the ‘medium’ and ‘low’ groups 
had averaged 5 13 nnd 311 mg/kg respectively, 
equivalent to 70, 50 nnd 30 times the average 
daih /kg dose for humans ns reported by Wilkins 
(Proc .Soc Expet Biol d-Mcd 72 302, Nov 1949) 
Tlic wciglit growth curves were depressed in an 
amount roughly proportional to the dose of the 
drug \du)t rats appeared to be more resistant to 
the lethal effects of high dosage than young rats 
The dogs averaged a daily consumption of 0 15- 
0 25 mg/kg Emesis nnd refusal to eat the experi- 
mental diet accounted for the low dosage regimen 
m this species Complete lilood counts of both 
species and BSP tests of the dogs were unchanged 
from control values Gross and microscopic patho- 
logic changes w ill be discussed 

Cardiac action of certain sterols C W Gow'HEr,* 
J S Lotnes*andR a Waud Dept of Pharma- 
cology, Univ of Western Ontario, London, Canada 
The cardiotonic effect of cholesterol, ergosterol, 
and certain phytosterols on the isolated frog 
heart was reported previously {Federation Proc S 
344, 1949) This led us to investigate other com- 
pounds with closely-related chemical structures 
mcludmg cholesterol, stigmasterol, sitosterol, 
ergosterol, calciferol, cholic and desoxycholic 
acids, sodium dehydrocholate, glycocholate, and 
desoxycholate, estrone, estradiol, progesterone, 
pregnenolone, pregnandione, testosterone, andros- 
terone, dehydro - isoandroaterone, androstanedi- 
one, and desoxycorticosterone All of these with 
the possible exceptions of dehydro-isoandroster- 
one and progesterone produced a marked augmen- 
tation of the hypodynamic frog heart with little 
change m heart rate, and no tendency towards 
systolic standstill This increased force of contrac- 
tion occurred whether the compound was o) ad- 
ministered m fine suspension, in nucro crystals, 
or b) dissolved first in propylene glycol or ethyl 
alcohol The chief difficulty m testing sterols on 
the isolated rabbit Langendorff heart is their 
insolubility The followang compounds, however, 
have been investigated in concentrations varying 
from 2 X 10~* to 10~® sodium salts of dehydro- 
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cholic, desovychohc, 'and glucocholic acids, the 
B-glucoside of desovycorticosterone, sodnim henu- 
succmates of testosterone, cholesterol, dehydro- 
isoandrosterone, pregnenolone, sodium estrone 
sulfate, and premarin All of these except sodium 
cholesteryl succmate produced a large increase in 
coronary flow m the hypodynanuc heart The glu- 
cocholate, dehydrocholate, testosterone, estrone, 
premarm, and trans-dehydroisoandrosterone salts 
greatly mcreased the coronary flow, and markedly 
increased the force of contraction over a period 
of 5-20 mmutes, but had little effect on heart 
rate Desoxycholate and cholesterol salts were 
toxic and tended to cause systolic arrest It is 
mteresting that the sterols, which are chemically 
related to digitalis, should also have an augment- 
ing action on the heart 

Effect of denervation on motility and response to 
atropine of terminal ileum and colon of the dog 
Grace W Grat,* R M Whitrock* and M H 
Sbevees Dept of Pharmacology, Vmv of Michi- 
gan, Ann Arbor 

These experiments were undertaken to investi- 
gate the possibility of extending the atropine 
inhibition of mtestinal motihty by the surgical 
section of the extrinsic parasympathetic nerves 
supplying the terminal ileum and colon Healthy 
trained mongrel dogs i\ere prepared with a termi- 
nal ileostomy, ascepding colostomy, and descend- 
ing colostomy Kymographic recordings of normal 
intestmal motility and response to atropine were 
obtamed simultaneously in these 3 regions by 
means of the balloon-air-bromoform manometer 
method Supra-diaphragmatic vagotomy was per- 
formed and recordings of motility and response 
to atropine were repeated Next, the extnnsic 
parasympathetic mflow to the colon was sec- 
tioned at the sacral promontory Recordings were 
agam repeated In other animals, sacral para- 
sympathectomy preceded vagotomj’- All record- 
ings were obtained in unanesthetized animals after 
full recovery from surgery A table indicates the 
normal and post-denervation responses to 06 
mg atropme i v in terms of duration of action 

Rapidity of pituitary adrenocorticotropic hormone 
(ACTH) release in response to stress William 
D Gray and Paul L Mui^son (introduced by 
D D Bonntcastle) Dept of Pharmacology, 
Yale Umv , Neio Haven, Conn 
The mechanism by which certain stimuli cause 
release of ACTH from the pitmtary is bemg in- 
vestigated in the rat Reduction m adrenal as- 
corbic acid concentration serves as the critenon 
mdicatmg mcreased ACTH secretion Control 
rats (Holtzman, 80-120 gm ) under Nembutal 
anesthesia are imaffected by saline injections into 
the tail vem, while i v histamine, 0 3-0 4 mg/100 
gm , results in a marked decrease in adrenal as- 


corbic acid Aqueous adrenal cortex extract (Wil- 
son) (ACE) , 1 0 ml/100 gm , i v , 2-10 seconds 
before histamine almost completely labibited the 
ACTH release If ACE injection was begun 3 
seconds after histamine, mhibition was less 
marked but stiU present If mjection of ACE 
was delayed until 5-10 seconds after histarmne, 
little if any mhibition was observed These results 
confirm the findmgs of Sayers and Sayers that 
high blood levels of adrenal cortex hormones tend 
to prevent the release of ACTH by the pitmtary 
They also indicate that the pituitary release of 
ACTH m response to histamine is very rapid 


■ntEATMENT 

NO OP 
SATS 

ADXENAL 
ASCOEBIC ACrO 

Controls 

22 

mi /lOO pn 

444 ± 8 

Histamine (H) 

21 

286 ± 7 

ACE, 5-10 sec after H 

15 

310 ± 21 

ACE, 3 sec after H 

9 

341 ± 24 

ACE, 2-10 sec before H 

10 

419 ± 10 


Effects of desoxycorlicosterone glycoside on car- 
diac and renal function D M Green and A D 
Johnson,* W C Bridges,* J H Lehmann* 
and F Ghat Dept of Medicine, Unw of Wash- 
ington School of Medicine, Seattle 
Desoxycorticosterone glycoside (DCG) was ad- 
ministered to 13 human subjects by contmuous 
intravenous infusion at the rate of 20 mg/square 
meter/hr Blood pressure, glomerular filtration 
rate, renal plasma flow, sodium and water excre- 
tion were measured during two 20-mmute control 
periods and three 20-iiunute periods of drug ad- 
ministration Simultaneous measurements of car- 
diac output and total peripheral resistance were 
made in 6 of the subjects The most pronounced 
action of DCG on renal function was an increase 
in water output The effect on sodium excretion 
was variable A net increase was observed m 7 
patients and a decrease in the remainder Urinary 
sodium concentration showed a consistent re- 
duction which averaged 12% below control levels 
Glomerular filtration rate and renal plasma flow 
rose moderately at the start of infusion and re- 
verted toward control levels with its continua- 
tion The filtration fraction remamed essentially 
imchanged No significant change in blood pres- 
sure followed DCG administration A small net 
fall in cardiac output was observed which com- 
cided with an average rise m total peripheral 
resistance of 15% above control values Some 
correlation was noted between direction and mag- 
mtude of the changes m peripheral resistance, 
filtration rate and plasma flow 

Production of anesthesia in mucous membranes 
by procaine and physostlgmine Margaret E 
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Gni-io, W C Iloi.i.ANn* and P E Lindvio * 
Dept of Pharma col ogti, ^ andcrbiH Unw School 
of Medicine, Nashville, Tenn 
We hn\c prcviousl'N reported tlint the Eclectivc 
pcrnlc^bIIll^ of living cells -ippcirs to be related 
to the activitA of the ncctAl choline — cholin- 
esternse sj stein This was showii in ninnininlinii 
cridhroci tes {Arch Btochem 23 370, 1019) and 
in the blood brain barrier of the frog (Science 110 
237, 1949) It IE well knovai that procaine is not an 
effcctne surface anesthetic as it docs not apjicnr 
to penetrate the mucous nienibranc We have 
found, hovcver, that vhen procaine and phjso- 
stigmine vcrc together instilled into the eye 
(rabbit or dog) the corneal rctlcv vas rapidly 
abolished (2-3 minutes) and good anesthesia was 
produced Phj sostigminc alone bad no such effect 
In a series of 19 rabbits and 11 dogs it was found 
that the effects of phj sostigminc and procaine 
together were significantly difTcrent from those 
of procaine alone 

Actions of L-hydrazinophthalnzinc (C-5968) on 
vasomotor reflexes and hjpcrtcnsion in dogs 
and man K S Grimsoa, J R Chittum* and 
B H Metcalf* Dept of Surgery, Duke Univ 
School of Medicine, Durham, N C 
x-hjdrarinophthalazinc (C-596S) has been given 
to normal dogs, dogs vath ‘neurogenic hyper- 
tension,’ and patients v,nth ‘essential hyperten- 
sion ’ Two mg/kg orally given dogs mth hy- 
pertension several months after elimination of 
depressor nerves produced average reduction of 
blood pressure in 7 from 202 mm Hg to 114 One 
mg/kg 1 V in 5 caused reduction from 196-84, 

2 mgAg 1 v in 6 from 218-89, 1 mgAg i m in 6 
from 218-126, and 2 mg/kg i m in 7 from 218-90 
In 8 patients 20-125 mg iv produced moderate 
reduction of pressure in 4 and definite reduction 
in 4 The pressor response with breath holding 
vas blocked in 4 and with a hand in ice water, 
blocked in 1 and depressed in 2 of 5 tested Toe 
temperature rose in 5 of 7 tested Administration 
of 100-260 mg/patient orally in 6 tests vanably 
effected reduction of pressure, block of refleves, 
and V arming of toes Chronic treatment of pa- 
tients with hypertension effected no persistent 
reduction of blood pressure During 4 experi- 
ments in dogs 2-6 mgAg gradually reduced blood 
pressure dunng 4 hour, an effect lasting several 
hours Pressor response with occlusion of carotid 
arteries was reduced or blocked, that with 1-3 
/'g/kg of epinephrine was depressed, though with 
anoxia and central vagus stimulation pressor 
response was not depressed In 4 dogs 25-27 mg/ 
kg did not prevent normal increase of blood pres- 
sure wnth increased intracranial pressure 

Studies on some smooth muscle effects of 3- 
hydroxy - N - methylmorphlnan hydrobromide 


(Nu-2206) E G Gnoss and R M Feather- 
stone Dept of Pharmacology, State Univ of 
Imra College of Mcdtcine, loiva City 
The effect of Nu-2206 on gastric, intestinal, 
and colonic motility', pAloric sphincter tone and 
motility, tonicity and capacity of the bladder, 
and urethral resistance to the outflow of urine 
were studied on unancslhetized dogs Small in- 
testinal activity was also observed in one human 
patient with a Maydl jcjunostomj Intestinal 
and gastric activities were studied by the water- 
fillcd balloon technique, and pyloric sphincter 
action by Quigley ’s air-fillcd triple ballOon 
method Bladder and urethral measurements were 
obtained by using Winter’s modification of meth- 
ods described by Langworthy Dosages of 0 05- 
010 mg/kg were used for intestinal studies in 
the dog, wath a total of 2 mg subcutaneously 
being used in the human subject For the bladder 
measurement, 0 025, 0 05, 0 075 , 0 1 mgfkg were 
used Typical morphine-like reactions were ob- 
tained in the GI tract studies, namely loss of 
gastric motility, increased tone of the pylonc 
sphincter, upper and lower ileum and colon These 
observations suggest that Nu-2206 might produce 
constipation, however, in over 300 postoperative 
cases in the University hospital, this has not been 
a noticeable feature of the drug’s action Larger 
doses have not been used in the dog because of 
the high incidence of vomiting when such doses 
are given In the dose range studied, this drug 
has no significant effect upon the tone and capac- 
ity of the bladder or upon urethral resistance to 
the outflow of unne 

Effect of certain analgesics upon intestine and 
uterine smooth muscle Charles M Gruber, 
Jr , Charles M Gruber and Kwang Soo 
Lee * Dept of Pharmacology, Jefferson Med 
College, Philadelphia, Pa 

An attempt was made to determine the relative 
activities of Nu-2206 (3-hydroxy -N -methylmor- 
phlnan), metapon, morphine, Nu-1196 (dl-a-1, 
3-dimethyl-4-phenyl-4-propionoxy' piperidine hy- 
drochloride), methadone, and demerol upon seg- 
ments of excised and intact rabbit uteri, excised 
rabbit intestine, and the intact intestine of the 
unanesthetized dog The effect of Nu-2206 and 
Nu-1196 on excised uterus was stimulation The 
mmimum concentrations for which activity could 
be determined were 1/200,000 for Nu-1196 and 
1/100,000 for Nu-2206 For all concentrations re- 
covery was complete Morphine had about 1/lOth 
the activity of Nu-2206 The intact rabbit uten 
were weakly stimulated by' the intravenous in- 
jections of Nu-1196 and Nu-2206 Depression of 
the excised rabbit intestine occurred on the ap- 
plication of either Nu-1196, demerol, methadone 
or morphine In general, the effects of equal 
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concentrations of deinerol and Nu-1196 were about 
the same These drugs were about 5 times as 
active as morphine and were one fifth as active as 
methadone The action on excised intestine was 
opposite to that of acetylcholine and banum 
chloride The intact intestme of unanesthetized 
dogs responded with approximately sumlar in- 
creases in tone following the i v admimstration 
of 0 001 to 0 005 mg/kg Nu-2206, 0 005 mg/kg 
metapon, 0 01 mg/kg morphine sulfate and 0 1 
mg/kg of either Nu-1196, methadone or demerol 
With large doses the height of the rhythmical 
contractions and peristaltic activity was de- 
creased due to the increased general tonus 

Inhibition central nervous system produced by 
chronic cocaine intoiacation Carlos Gtitier- 
rbz-Noriega Dept of Pharmacology, Umverst- 
dad Mayor de San Marcos, Liv\a, Peru 
The mtravenous injection of cocaine induces, 
in dogs addicted to this drug, states of general 
inhibition of the central nervous system The 
mhibitory states, accompanied by plastic rigidity 
of the skeletal muscles (catalepsy), were found 
in 30% of the addicted dogs studied States of 
excitation, mth complex hyperkmesis, precede 
and ensue the states of inhibition In the course 
of the inhibition produced by cocaine, general 
analgesia and symptoms of parasympathetic 
stimulation were always present Stimulants of 
the central nervous system (caffeine, harmina, 
desoxyephedrme, ephedrme) and atebnne, po- 
tentiate the motor and sensitive mhibitions pro- 
duced by cocaine in the addicted dogs Alkahnes, 
ethyl alcohol and cholinergic drugs also poten- 
tiate, in lesser degree, the cocame inhibitory 
actions Barbiturates, at subnarcotic doses, an- 
tagonize the motor inhibition produced by cocaine 
m the addicted dogs, and restore the voluntary 
movements The general analgesia produced by 
cocame m the addicted dogs is suppressed by 
barbiturates A very rapid recovery of normal 
sensibility follows the injection of barbiturates 
It was also shown that barbiturates restrain 
the symptoms of parasympathetic stimulation 
caused by cocaine m the addicted dogs The 
stimulant central action of cocaine is not an- 
tagonized by barbiturates, on the contrary, it is 
increased in high degree m some cases This ap- 
parent reversal of barbiturate depressive action 
IS due to the fact that these compounds remove 
central mhibitions Fatty and vascular degenera- 
tion of the liver cells was found in some of the 
cocaine addicted dogs 

Studies on pharmacology of dramamine Leonard 
B Gxjtner,* Wilbur J Gould* and Robert 
C Batterman Dept of Therapeutics, Neio 
York Univ College of Medicine, New York City 
Dramamine (beta-dimethylamino-eth 5 d benzo- 


hydryl ether -y-chlorotheophyllmate) has recently 
been introduced for the prevention and treat- 
ment of labyrinthme disorders, especially motion 
sickness In an effort to ascertain its pharma- 
cologic action, the cold microcaloric test and 
galvanic stimulation of the mastoid area were 
utilized, the former depending upon the mtegnty 
of the peripheral end-organ of the labyrinth and 
the latter upon an intact vestibular nerve tract 
Sixteen patients underwent 26 trials, each of 
which consisted of a control period and serial 
measurements following the oral administration 
of one of these drugs, dramamine 100 mg , di- 
phenhydramine 50 mg , hyoscine hydrobromide 
0 6 mg , allyl 1-methyl-butyl barbituric acid 
(seconal 100 mg , theophylline ethylenediamme 
(aminophylline) 500 mg , and y-chlorotheophyl- 
line 50 and 100 mg It was found that dramamine 
markedly depressed labyrinthme function as 
judged by its effect upon the onset, and duration 
and character of the induced nystagmus and the 
milliamperage necessary to produce tiltmg Sub- 
jective vertiginous sensations were also signifi- 
cantly reduced The drug produces these effects 
by acting both upon the vestibular end-organ 
and the nerve tract, peripherally or centrally 
The other drugs had no significant action upon 
labyrinthine function although m some instances 
the induced dizziness (subjective) was decreased 
probably due to a central sedative action 

Hypothermic agents I 4-amyl N-benzohydryl 
pyridinium bromide (B-46) and alpha naphthjl- 
mefhyl imidazoline (privine) Julina Gtlfb, 
Robert Hendricks, Sidney Ochs and H L 
Williams (introduced by C C Pfeiffer) 
Dept of Pharamcology , Umv of Illinois College 
of Medicine, Chicago 

B-45 produces hypothermia in mice, rats, and 
guinea pigs m doses of l-3mg/kg subcutaneously 
In rats, the fall in body temperature is accom- 
panied by hyperglycemia, glucosuria, diuresis, 
and a decrease of 32% in the basal metabolic 
rate A dose of 2mg/kg intravenously m anes- 
thetized dogs has a marked pressor effect which is 
dinunished by adrenalectomy and completely 
blocked and reversed by adrenergic blocking drugs 
such as SY-28 The pressor effect is not altered by 
nicotine, tetraethylammonium chloride, or tran- 
section of the cervical cord B-45 resembles epi- 
nephnne in its peripheral vasoconstnctmg effect 
In the cat, it causes retraction of the nictitating 
membrane and maximal dilatation of the pupil 
The hypothernuc effect of Pnvine is not confined 
to lower species of animals, but is also seen in 
cats and man A table of toxicities demonstrates 
that it becomes more potent as animals of higher 
developmental levels are tested The minimum 
effective dose for producing a significant fall in 
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bodj temperature of the riL is 25mK/KE stib- 
cutnneoush 


COMPAUATIM TOMriTii s (LD 60) 


SPECIES 

ROUTE 

n-ts (wr/ijt) 

PRIVINT 

(ms/kfi) 

Mouse, 

Intravenous 

1 3 

170 

20 

Subcutaneous 

1 0 


gni 

Intrnpcnto- 

1 5 



ncal 




Oral 

1 35 0 

1 

Rat, 

Subcutaneous 

4 0 

385 

200 

Intrapcrito- 



gm 

ncal 

8 0 


Guinea 

Subcutaneous 

15-20 


pig 

Rabbit 

Intravenous 

10-12 

0 8 


Subcutaneous 

35-40 

0 95 

Dog 

Intravenous 

30-40 



Effective 

2-5 1 

0 1 


pressor 
dose inlra- 




venous 



Man 

Effective oral 

>750 (to- 

5-10 (total 


dose 

Inl dose 

dose) 


Absorption, distribution, and excretion of sodium 
fluoroacetate (1080) in rats Ernest C Hagan, 
L L Rajisei and Geoffrey Woodard (in- 
troduced by A J Lehman) Division of Pharma- 
cology and Division of Food, Food and Drug 
Admin , Federal Security Agency, Washington, 
DC 

Adult rats \sere given single doses of aqueous 
sodium monofluoroacetate bj" stomach tube (5 8, 
3 3, and 1 8 mg/kg ) The rats dosed at the 5 8 
mg/kg level i^ere killed at the end of 6 hours and 
the organs pooled in their respective categones 
for analysis, (J Assoc Off Agric Ckem 32 788, 
1949) 1080 was found in concentrations of about 
S ppm in the heart, kidney, brain, skin plus hair, 
and carcass, and only about 1 5 ppm in the liver 
Only about 1% of the mgested 1080 was found 
in the unne and feces Twenty-five of the 60 rats 
dosed at the 3 3 mg/kg level died within 24 hours 
and the balance were sacrificed at the end of that 
penod Analysis of the organs of this group 
showed values for living and dead animals re- 
spectively of liver 0 5 and 0 6 ppm , kidney 0 7 
and 1 6, heart 1 0 and 2 2, brain 0 9 and 2 0, car- 
cass 0 8 and 1 8 , skin 0 9 and 18 Of the 1080 
administered, 17% remained in the stomach and 
small intestine of the living rats and 22% in those 
dying The total 1080 accounted for was 39% m 
the Imng and 71% in the dead animals The rats 
dosed at the 1 8 mg/kg level were killed at the 
ond of 48 hours The urine and feces collected 


during this period contained only 10% of ingested 
1080 and tlic entire bodies about 10% 

Effect of long-acting antihistaminic drugs on 
capillar} bed Thomas J IIai ey and Margaret 
Amifm * School of Medicine, Vniv of California 
at Los Angeles 

Using tlic method previously described (IIaeey 
AND Harris J Pharmacol A Exper Thcrap 95 
293, 1919) several of the long acting antihistaminic 
drugs liavc been evaluated for their capillary 
cffccls All of the drugs caused closure of the 
prccnpillar} sphincters, a decreased flow through 
the capillary bed and leukocyte sticking The 
degree of activity nas dirccth related to con- 
centration 

Antagonism of choiincrgic triad b} d-dieth}l- 
aminocth}] xanthcnc-9-carbox}late methobro- 
midc (Banthine Bromide) W E Hamdolrcfr, 
Donald L Cook* and D M Green Phar- 
macology Dept , Dnision of Biological Research, 
G D Scarlc A Co , Chicago, III 
Acet\ Icholinc mediates the transmission of im- 
pulses m 3 areas of the peripheral nervous sj stem 
These sites, which form the cholinergic triad are 
a) all autonomic ganglia, h) the neuro-effectors of 
all parasjTnpathetic and some sjanpathetic nerves, 
and c) somatic neuro-muscular junctions Antag- 
onists are known for the action of acetj Icholine 
at each of these 3 sites Blockers for (a) include 
nicotine and tetraeth}'! ammonium (TEA), for 
(6) the atropine alkaloids and Dibutolme, and 
for (c) curare and histrimethyl ammonium dccane 
(C 10) The blocking action of each of these drugs 
IS directed predominantly against a single cho- 
linergic function Evidence evists which suggests 
that several are capable of antagonizing more 
than one function ^-diethylaminoethyl \anthene- 
9-carboxyIate methobromide (Banthine Bromide) 
blocks all 3 cholinergic actions at specific dosages 
Small doses of Banthme approach atropine in 
neuro-effector anti-cholinergic action Moderate 
doses equal TEA in producing superior cervical 
ganglion blockade and have twice the potency of 
TEA against pelvic nerve stimulation of the 
bladder Large non-Iethal doses evert a reversible 
curare-bke effect on the sciatic-gastrocnemius 
system Lethal doses produce generalized flaccid 
paralysis with consequent respiratory failure 

Effect of thyroxine and dinitrophenol on renal 
functions Carroll A Handley Dept of Phar- 
macology, Baylor Umv College of Medicine, 
Houston, Texas 

The subcutaneous administration of 0 5 rag/kg 
of thyroxine daily for 5 days to 4 dogs resulted m 
an average increase m renal functions as follows 
glomerular filtration rate 40% (range 21-56%), 
renal plasma flow 46% (range 36-60%), and mavi- 
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mal rate of dextrose absorption by the renal 
tubules (TmG) 49% (range 32-67%) Dinitro- 
phenol produces similar changes in renal func- 
tions An hour after the mtravenous administra- 
tion of 5 mg/kg of dmitrophenol to 5 dogs, the 
average increases in glomerular filtration and 
TmG were 38% (range 19-50%) and 33% (range 
29-41%) respectively In the latter experiments, 
renal plasma flow was not measured because 
metabolic products of dmitrophenol mterfere with 
p-aminohippurate determmation These observa- 
tions seem to indicate that these metabolic stimu- 
lants activate additional nephrons in the kidney 
and that thyroxine has no specific action on 
enzyme systems concerned in the reabsorption 
of dextrose from the renal tubule as has been sug- 
gested {Am J Physiol 140 699, 1044) 

Pathological muscle changes produced in guinea 
pigs by deficiency of antistififness factors and 
effect of ergostanyl acetate Lawbence W 
Hanlon,* N Chandler Foot,* Janet Tkavell 
AND Seymour H Rinzler * Depts of Pharma- 
cology and Anatomy, Cornell Untv Med College, 
New York City 

Twenty-one gumea pigs were maintained on a 
diet deficient in antistiffness factors as descnbed 
by Oleson et ol (/ Biol Chem 171 1,1947) The 
course of deficiency alone was studied in 11 ani- 
mals, m 4 the diet was supplemented by wheat 
germ oil, and in 2 by cod liver oil The effect of 
ergostanyl acetate was observed in 10 pigs The 
daily oral dose of ergostanyl acetate in cotton- 
seed oil Was 0 03 to 0 04 mg/kg Biopsv of the 
triceps muscle vas done on 20 pigs and autopsy 
on 19 Lesions in striated muscle occurred in all 
deficiency animals and resembled those described 
by Goettsch and Pappenheimer in nutritional 
muscular dystrophy of guinea pigs, except that 
in our biopsies the earliest sign of deficiency was 
proliferation of myoblasts, prior to non-inflam- 
matory degeneration Calcification was seldom 
seen Heart muscle was not affected Wheat germ 
oil did not prevent either stiffness or microscopic 
changes Ergostanyl acetate given to 3 guinea 
pigs after wrist stiffness had appeared during 
about 90 days on the diet, produced clmical re- 
gression of muscle shortenmg, and changes at 
post mortem were much less than in comparable 
controls Ergostanyl acetate given to 7 animals 
throughout the experiment, largely prevented 
stiffness and microscopic changes Cod liver oil, 
fed to 2 pigs for 145 and 254 days, respectively, 
did not accelerate stiffness and may have pro- 
tected against microscopic changes 

Measurement of pain threshold-raising action of 
aspirin, codeine, and meperidine (Demerol) 
James D Hardy* and McKeen Cattell 


Depts of Physiology and Pharmacology, Cornell 
Univ Med College, New York City 
During the past 3 years, 160 medical students 
have been studied by the thermal radiation method 
in an effort to measure the pam threshold 
raising effects of 3 common analgesics Groups of 
20 students were used m each experiment and 
agents were administered together with placebos 
so that neither the subject nor the experimenter 
was aware of th^ kind or amount of agent given 
The technique employed for measurmg the pam 
thresholds was essentially the same as that used 
in the experiments of Wolff, Hardy and Goodell 
Aspirin was admmistered by mouth and meperi- 
dine and codeine subcutaneously in the foUowmg 
amounts — aspirin — 0, 0 3, 0 6, and 0 9 gm , me- 
piendine — 0, 20, 25, 40, 50, 60, and 100 mg , codeine 
— 0, 10, 15, 20, 30 and 45 mg Companson of the 
average time-course threshold curves for each 
agent and dose with the placebo did not reveal 
any sigmficant influence on the pam threshold 
measurements Certain subjects receiving aspinn 
or the other agents exhibited a characteristic 
elevation of threshold, but m others it was de- 
pressed from 10-20% It is concluded that 
untrained subjects, even of high mteUigence, can- 
not be used successfully to measure the thres- 
hold raising effects of aspinn, codeine, and 
meperidine m the amounts given 

Pyrexia in rabbits following injection of filtrates 
of typical mold cultures William D Hark- 
NBSs, Walker L Loving and F Allen Hodges 
(introduced by Bert J Vos) Division of Phar- 
macology and Division of Microbiology, Food 
and Drug Administration, Federal Security 
Agency, Washington, D C 

Rabbits were injected mtravenouslj'^ with fil- 
trates of mold cultures representing 31 species 
which were propagated on a dextrose-peptone 
medium Significant elevations in body tempera- 
ture were observed in the case of 16 of these 
species Temperature increases varied for the 
numerous molds employed Temperature in- 
creases also appeared to be dependent upon the 
chemical constituents of the media For example, 
when inorganic nitrogen was substituted for pep- 
tone as a nutnent source no significant tempera- 
ture rises were obtained Completely negative 
results from mjection of portions of the several 
lots of media used m the study indicated that 
the protein or other constituents of the nutrient 
material were not pyrogenic prior to being in- 
noculated with mold 

Comparison of rate of uptake of radioactlTe 
thyroxine by tuber cinereum, hypophysis and 
thyroid Edward 0 Harper* and Paul A 
Mattis Dept of Psychiatry and Pharmacology, 
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H cslcrn Reserve Vmv School of Medicine, Cleve- 
land, Ohio 

It has been demonstrated that tiic iodine con- 
centration of the tuber cinereuiii and pituifarj 
IS high folloning the administration of tlnroMne 
Using the method of Horcau and Sue as modified 
bj Gross and LcBlond, thjroMiie nas labeled 
wath radioactive iodine, P” Radiothj ro\ine nns 
administered inlravenouslj (10 -y/hg ) to virgin 
female rabbits The total amount of radioactivitj 
injected was 2 0-3 0 X 10® d/ni The animals ncre 
killed by rapid i v injection of sodium pento- 
barbital Any method bringing about a disturbed 
state before death vitiated the results The con- 
centration of I'“ in the tissue is expressed bj a 
ratio (P”/mg organ w eight )/(I'’Vmg bodj 
weight) At the end of one hour the concentra- 
tion in the tuber cinercum was esscnliallj the 
same as in other parts of the brain (see table), 
but was definitelj increased at the end of 2 hours 
The concentration gradualK decreased during 
the next 22 hours Following the 2-hour deter- 
minations, the data suggest a stcadj increase in 
the P” concentration in the thj roid, with a corre- 
sponding decrease in the hjpophjsis during the 
remaining 22 hours 


P*' mg organ w t 
P** mg body wt 


TISSCTE 

30 MIS 

1 HR 

2 HE 

j 4 UR 

Brain (aver ) 

59 

51 

59 

39 

Tuber cinereum 

48 

46 

1 4 

1 3 

Hypophysis 

5 02 

5 87 

9 95 

9 90 

ThyToid 

3 75 

13 9 

12 4 

29 7 


Blockade of epinephrine-induced hyperglycemia 
Stewart C HAR-raa,* Mark Nickerson and 
Kathryn Stover * Dept of Pharmacology, 
Vmv of Utah College of Medicine, Salt Lake: 
City 

Certain of the newer adrenergic blocking agents, 
notably Dibenamine and Priscoline, do not effec- 
tively block the hy^perglycemic response to epi- 
nephrme This suggests that prevention of 
epinephrme-induced hyperglycemia may be an 
expression of a pharmacological property quite 
different from the classical ‘adrenergic blocking 
activity’ which is usually measured as an mhibi- 
tion of excitatory responses of smooth muscle to 
adrenergic stimuli A systematic study of the 
ability of various adrenergic blocking agents to 
prevent the hyperglycemic response to injected 
apinephnne in rabbits revealed little correlation 
between this property and adrenergic blockmg 
potency as measured by blockade of peripheral 
vascular responses Notable discrepancies be- 
tween these 2 properties include 1) Ergonovine 


in large doses blocks the by perglj'cemic response 
although this agent is completely devoid of 
adrenergic blocking activity ns measured against 
ponphcnl vascular and other smooth muscle 
responses 2) Hydrogenation fails to significantly 
increase the effectiveness of various ergot alka- 
loids in blocking the hyperglycemic response 
although it markedly increases their potency in 
blocking smooth muscle responses 3) Fluorenyl- 
nnd o'-naphthylmethy l-/3-chloroethydnmines are 
quite effective in blocking the hyperglycemic 
response while their benzyl and phenoxyethyl 
analogues are not All of these configurations 
effectively' block peripheral vascular responses to 
epinephrine, indeed, certain phenoxy'ethyl deriva- 
tives are the most potent 4) Priscoline fails to 
block the hyperglycemic response although it 
inhibits peripheral vascular and most other 
smooth muscle responses It is concluded that 
prexention of the hy pergly ceniie response to epi- 
nephrine IS not a reliable measure of 'adrenergic 
blocking activity’’ in the sense in which this term 
IS usually applied 

Studies on toxicity of parathion (0-0-dwthyl 0-p, 
nitrophenyl thiophosphate) Lloyd W Hazel- 
ton, Emilx G Holland,* and Rebecca C 
Heli erman * Hazclton Labs , Falls Church, Va 
Upon completion of tw o y ears’ chronic feeding, 
rats on diets containing up to 100 parts parathion/ 
million showed normal weight, surx'ival and food 
consumption Cliemical analysis revealed no tis- 
sue storage, isolated organ weights were normal, 
and there was no associated pathology’ As previ- 
ously reported, atropine antagonizes the symp- 
toms of acute parathion toxacity’ and is effective 
in life saving against moderate excesses of the 
lethal dose Following larger doses, however, 
death m atropinized animals is delayed but not 
prevented Adequate atropinization and manual 
artificial respiration are effective agamst these 
large doses in dogs Reported mcotinolytic agents 
such as Parpanit (l-phenyd-cyclopentane-l -car- 
boxylic acid hydrochloride) and Diparcol (10- (2- 
diethylaminoethyl)-phenothiazine hydrochloride) 
were not effective in either atropinized or non- 
atropinized animals Metrazol effectively stimu- 
lated respiration, either before or after atropine, 
but the combination represented no improve- 
ment over adequate atropine and artificial 
respiration 

Adrenergic blockade in man by a new imidazole 
derivative C-7337 Hans H Hecht, R 
Crandall and A J SAiutrELS (introduced by 
Leo T Samuels ) Dept of Medicine, XJniv of 
Utah College of Medicine, Salt Lake City 
The ammo-methyl imidazolme Ciba 7337 has 
been tested for its sympatholy’tic and adrenergic 
blocking effects m 3S subjects The substance was 
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administered intravenously in doses ranging from 
0 5-1 5 mg/kg The resting arterial pressures fell 
briefly to subnormal values in all subjects All 
developed smus tachycardia with T wave changes 
and prolongation of QT reminiscent of the effects 
of epinephrine in dibenamized patients although 
cardiac output after C-7337 remained unchanged 
over the control in one subject Nasal congestion, 
lacrimation, and pupillary constriction in the 
dark were usually present All subjects developed 
orthostatic hypotension and fall in pressure 
evceeding the control values during the Vasalva 
expenment and after i v administration of his- 
tamine The ‘overswing’ of pressures after hista- 
mine was abolished (suggesting blockade of 
endogenous epinephrine) but the rebound after 
the Vasalva test appeared unaffected I m ad- 
mmistration of 1 mg epinephrine given at the 
height of the response to C-7337 demonstrated 
adequate blocking of changes in arterial pressure, 
of epinephrine mduced extrasystolic disorders, 
of rises in blood glucose levels and in total leuco- 
cyte counts C-7337 failed to alter the epinephrine 
tachycardia, the vasoconstriction of cutaneous 
areas, the delayed rise in polymorphonuclear 
cells inth lympho- and eoainopenia, and the sub- 
jective vascular and central effects of epinephrine 
C-7337 possesses potent adrenergic blocking prop- 
erties, appears mildly sympatholytic and may be 
assumed to cause local vasodilatation Its effects 
are largely dissipated within 1-2 hours, and minor 
side effects (burning sensation, nausea, sweating, 
abdominal cramps and diarrhea) were frequent 

Synthetic curare compounds VII N-methyl-trllo- 
bine iodide and N-methyl-isotrilobine iodide 
D A Herring* and David F Marsh Dept of 
Pharmacology, West Virginia Untv School of 
Medicine, Morgantown 

Hondo isolated tnlobme and isotrilobine from 
Cocculue trilobus and Cocculus sarmenlosus We 
have converted these bisooclaunne-type alkaloids 
to the quaternary ammonium denvatives and 
compared their activity with D-tubocurarine chlo- 
nde Structurally, these tnlobme denvatives are 
related to the berbaimne compounds except the 
isoquinolme rings are linked by 2 ether oxygen 
atoms mstead of only one The tnlobme deriva- 
tives are less vasodepressor in the anesthetized 
cat and produce less salivation and lacrimation in 
the trained dog than D-tubocurarme They do not 
appreciably influence the cardiovascular effects 
of epinephrine or acetylcholine The tnlobme 
derivatives have a relatively greater effect on 
the muscles of the abdomen and thorax of the 
rabbit than on the neck so that the apparent 
safety factor m the rabbit is even less than that 
for D-tubocuranne, if the rabbits are mamtamed 
bj mechanical respiration this effect is unimpor- 


tant and 30-60 times the head drop dose is well 
tolerated 

Distribution and excretion of bis(5 cbIoro-2-by- 
droxyphenyl) methane Herman C Herblich 
(introduced by Benedict E Abreu) Research 
Dept , Pitman-Moore Co , Indianapolis, Ind 
Bis (5 chloro-2-hydroxyphenyl) methane has 
been shown to be an effective anthelmintic against 
ascands, hookworms, and tapeworms both in 
combination with toluene as Vermiplex m dogs 
(Blair, H E jV Am Vet 30 306, 1949), in cats 
(Burch, G R and H E Blair N Am Vet In 
press), or used alone in dogs (Craiqb, A H , Jr 
AND A N Kleckner N Am Vet 27 26, 1946) 
In addition, it has also proved to be effective 
against the fringed tapeworm m sheep (Rtfp, J 
J F , R F Honess and H L Stoddard 
J AV M A 115 179, 1949) Since the fringed 
tapeworm is frequently found m the bile duct and 
gall bladder, this suggests that the drug is at 
least partially absorbed and then excreted by 
the liver In order to ascertain if a cycle of excre- 
tion and reabsorption similar to that of the bile 
salts plays a part in the effectiveness of this drug 
against parasites m the biliary system and mtes- 
tine, a senes of determinations of the concentra- 
tion of the drug in vanous body fluids were made 
The method of Gottlieb and Marsh {Ind and Eng 
Chem An Ed 18 16, 1946) as adapted for use 
with biological materials by Johnson et al {Ann 
N Y Acad Sc 52 518, 1949) for a similar com- 
pound was used In view of the fact that bis (6 
chloro-2-hydroxyphenyl) methane may be pre- 
sumed to be conjugated with either sulfuric or 
glucuronic acid before excretion, an extraction 
and colorimetric procedure is being adapted to 
show the extent of these reactions at the dose 
level studied and data on distribution will be 
presented 

Absorption, excretion, and tissue distribution of 
three mercuriai diuretics R G Herrmann,* 

G R Klahm* and H W Werner Pharma- 
cology Dept , Wm S Merrell Co , Cincinnati, 
Ohio 

The absorption, excretion, and tissue distri- 
bution of a new thiomercurial diuretic, TMS 
(trisodium salt of N[2-methoxy-3(l,2-dicarboxy- 
ethylthiomercuri) propyl]-0-cnrboxymethyl sali- 
cyl amide), mercaptomerm sodium, and meralluride 
sodium w^ere studied following intramuscular and 
subcutaneous administration to rats, employing 
doses of 7 8 to 8 0 mg/kg Hg for the 3 compounds 
Analj'sis of i m injection sites 30 minutes after 
administration demonstrated 94, 89, and 81% 
absorption of administered doses for TMS, mer- 
captomerm sodium, and meralluride sodium re- 
spectively Subcutaneous absorption was found 
to be 79, 71, and 67% at the same time interval 
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Blood lc\cl‘' of llj^ follow iiiK lulininifilnilion of 
(he 3 compounds h\ citlior route were low, riinpriif' 
from-l-12/ip/pin of tissue at the .10 minute jieriod 
Mcrcur\ coiieciitrstioiis in lie irt inuHcle were 
e\en lower (linn those of Mood The inoreur\ 
content of the kidnc\s 10 minutes after i m in- 
jection was 2-1, 30, 111(1 Sl^r uf Ihe idmimslered 
dose forTMS, mere iiitomcriii sodium, and meral- 
luride sodium rcspectnch lour hours after in- 
jection the kidncA s cont lined 2 M,aiid0'f. TMS 
and mercaptomorin sodium were eliminated in 
the urine and feces to the extent of about 1)% 
wnthin 4 hours and about SG9o "ithin 21 hours 
after injection Vftcr administr ition of moral 
luride sodium, about GO^o "is excreted in the 
urine and feces within 4 hours and about 00% 
watliin 24 hours 

Effects of depth of anesthesia on peripheral 
circulation S G HEnsiirx* ano E A Ro\ix- 
STixE Dept of Anathcsiology, Acw ] orJ I inv - 
Bellevue Med Center, A'cii Yorl City 
Utilizing the xascular bed of the dog omentum 
the effects of depth of anesthesia (etlijl ether, 
cj clopropane, pentothal sodium) on the periph- 
eral circulation -were observed The peripheral 
circulatorj mechanisms cmplojcd ns criteria were 
1) reactmtx to epinephrine (topical), 2) venous 
outflow from capillary bed, 3) vnsomotion of 
metartenoles and prccapillancs, 4) terminal ar- 
tenolar caliber, 5) rate of recoverj to control 
state Ether During light and moderate degrees 
of anesthesia there was some decrease in the 
efficiencj of these mechanisms In deep and very 
deep anesthesia there was marked to extensive 
interference wath these circulatorj adjustments 
After chnical recovery from surgical anesthesia 
there was a lag of at least 20 minutes before these 
mechanisms reverted to the control state Cy- 
elopropane Dunng light and moderate depths of 
narcosis there was no significant change in these 
circulatorj mechanisms In deep anesthesia there 
Was some diminution in their efficienc}’’ Very 
deep narcosis produced a marked decrease in these 
circulatory adjustments Clinical recoverj’- from 
surgical anesthesia was followed by a return to 
the control state of these mechanisms wuthin 2 
mmutes Pentothal Sodium In light narcosis no 
appreciable changes were observed With moder- 
ate narcosis some alterations in the peripheral 
mechanisms were noted Deep and verj’ deep 
anesthesia resulted in marked to severe inter- 
ference Clinical recoverj’ was slow but when 
reached was followed, in approximately 10 min- 
tes, bj’ a return of the peripheral circulation to 
the control state 

Urinary chromogen formation after exposure to 
aniline David L Hill (introduced by Amedeo 


R MAitn\77i) Pharmncoloyn Section, Med Divi- 
iion, Irmy Chcmicnl Center, Md 
A nietliod 1ms been desired which is capable of 
delecting exposure of aiiinials to aniline at levels 
well below (be toxic range for tins agent In such 
cases the siilfonaiiiidc reaction (Bratton and 
Marshai I / Biol Chon 128 537, 1939) applied 
to urines has shown promise Urines of rabbits 
injected intrax enoush with A the lethal dose of 
aniline showed increases in both free and total 
urinan clironiogen of as much ns 2,000% over 
the control Millies Dogs treated cutaneouslj’ 
ga\c inerenses in free but not total chromogen 
1 he urines of 15 laboratorj workers were nnalj’zed 
with onh negligible amounts of free and labile 
clironiogen found Four men exposed to spreading 
5 ml nniline on the forearm gave no increase in 
free ehromogen, but 100% increase in total xmlue 
Xo met hemoglobin or other clinical sj'mptoms 
were noted A second group of 6 men received a 
total of 7 ml aniline in 2 doses spread upon the 
thorax Total unnarj chromogen increased 200- 
800% Two showed significant increases in free 
ehromogen Methemoglobin increases averaged 
60% of total hemoglobin All developed headache 
and cyanosis in varjnng degrees 

A study of digitoxin in blood James G Hilton 
(introduced bj C L Gemmill) Dept of Phar- 
macology, Univ of Virginia Med School, 
Charlottesville 

Studies have been earned out on the distnbu- 
tion and disappearance of digitoxin in the blood 
of dogs To study the distribution, varying 
amounts of digitoxin were added to freshly drawn 
oxalated blood and the mixture was centrifuged 
at 2100 R P M for 30 minutes The plasma was 
separated from the cell fraction and each portion 
was analysed for its digitoxin content by a polaro- 
graphic method {Science 110 526, 1949) It was 
found that all of the extractable digitoxm was 
in the plasma both in drawn blood and in circulat- 
ing blood The cell fraction of blood took up a 
constant amount of digitoxin when the digitoxin 
was present above a certain minimal amount 
This uptake occured whether the cells were sus- 
pended in plasma or in isotonic solution To study 
the disappearance of digitoxin from the circu- 
lating blood of dogs, animals weighing between 
12 and 20 kg were admimstered 1 2 mg of digi- 
toxin in 50% ethyl alcohol solution by i m in- 
jection At penodic intervals after injection, 
samples of blood were withdrawn from the jugular 
vein and analj’sed for their digitoxin content 
The disappearance may be seen in the table The 
values reported are average values obtained on 
4 dogs and are reported in ng% recoverable digi- 
toxin If the values obtained in yg % are plotted 
against time in minutes, a curve of the form 
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C= nT“ IS obtained The value C equals the con- 
centration in /ig % at tune T after injection and 
the values hi’ and ‘a’ are arbitrary constants 


CONCENTRATION OF RECOVERABLE DIQITOXIN AT 
VARIOUS TIMES 





TIME, 

inN 




10 

20 

30 

<50 

120 

240 

Concentration mi- 
crogram per cent 

0 20 

0 10 

0 07 

0 04 

0 02 

0 01 


A simple spectrophotometnc method for deter- 
mination of tetra-ethyl thiuramdisulfide (anta- 
buse) in blood and urine Charles H Hine 
AND Kshitish J Divatia * Division of Phar- 
macology and Experimental Therapeutics, Univ 
of California School of Medicine, San Francisco 
Extraction of antabuse from whole blood, 
plasma or urine was accomplished by shaking 
1 ml of the biologic fluid and 1 ml of phosphate 
buffer pH 7 4 vnth 10 ml of ethylene dichlonde 
(EDC) for 20 minutes m a 15 cm glass -stoppered 
extraction tube After shaking, the specimen was 
centrifuged, the aqueous layer removed, the EDC 
reshaken with 2 ml of buffer and the optical 
density of the EDC determined at wave lengths 
285 and 320 mp using a Beckman DU spectropho- 
tometer Antabuse gave a characteristic absorption 
curve in ethylene dichlonde between wave lengths 
260 and 350 mp The absorption curve falls sharply 
between 285 and 320 mp, hence the difference in 
optical densities at these 2 points was taken ns a 
cnterion of antabuse concentration Recovery of 
antabuse from old (16-dav) whole beef blood and 
plasma averaged 85 ± 3% and 96 ± 2% respec- 
tively Recoveries from fresh blood are much 
lower due to enzymatic destruction of the agent 
Unne recovenes averaged 100 ± 4% The method 
IS sensitive to about 10 pg of antabuse/ml of 
biologic fluid No significant level of antabuse 
has been found in the blood of 12 chronic alco- 
holics given a daily maintained dose of 0 5 gm 
of the drug for from 10-90 days Antabuse has 
not been detected in the blood of alcoholics re- 
ceiving test doses of alcohol There is no evidence 
furnished by analysis of the blood to indicate 
whether or not antabuse accumulates in the 
tissues 

Rates of calcium exchange in the system, pow- 
dered bone in calcium chloride solution 
Harold Carpenter Hodge, Elizabeth E 
Underwood* and Marlene Falkenheim * 
Depl of Radiation Biology, TJniv of Rochester 
School of Medicine d Dentistry, Rochester, N Y 
Pondered bone was exposed for various times 
to solutions of calcium chloride containing the 


radioactive isotope With increasing time of ex- 
posure, larger percentages of the Ca«i onginaUy 
m the solution appeared in the bone The rates 
of exchange have been computed for several 
calcium ion concentrations The calcium exchange 
IS qualitatively similar to the exchange of phos- 
phorus as shown by Pm but it is necessary to as- 
sume that some quantitative differences exist 
Studies have been made both on glycol-ashed 
bone and on fresh bone 

Veratrine-like action of alkyl ethers of 3-hy- 
droxy-2-phenylcinchoninic acid Duncan A 
Holaday (introduced by E K Marshall, Jr ) 
Dept of Pharmacology and Experimental Ther- 
apeutics, Johns Hopkins Univ , Baltimore, Md 
The 3-alkyloxy derivatives of 2-phenylcincho- 
ninic acid produce strong tonic ‘contractures’ of 
the somatic musculature of all species studied 
(mouse, rat, guinea pig, rabbit, cat, dog) The 
effect involves all skeletal muscles responding to 
centrally imtiated stimuli, but is most prominent 
in the hind quarters On the isolated rat dia- 
phragm-phrenic nerve preparation the effect was 
demonstrated to be directly on the muscle fiber, 
a tjqncal veratnne-like myogram results from 
direct stimulation of the fully curanzed prepara- 
tion Like the contracture produced by veratnne, 
the effect may be relieved by exercise (‘warm- 
by drugs having quinidine-like action, and 
by calcium ion The potency of the straight chain 
senes decreases with increasing length of the 
alkyl chain, the methoxy compound being most 
potent, and the hexyloxy derivative being devoid 
of demonstrable activity 3-Ammo-2-phenylcin- 
choninic acid also possesses this property 

Studies on permeability effect of physostigmme 
and acetylcholine on permeability of rabbit, 
cat and dog erythrocytes to sodium and potas- 
sium W C Holland* and Margaret E 
Greig Depl of Pharmacology, Vanderbilt Untv 
School of Medicine, Nashville, Tenn 
We have previously reported that mhibition of 
cholinesterase activity by phy^sostigmme causes 
changes in permeability of dog erythrocytes as 
determined by hemolysis {Arch Biochem 23 370, 
1949) We have also found that selective permea- 
bility of erythrocytes of dogs and other mam- 
mals to Na and K appears to depend on the ac- 
tivity of the acetyl choline cholinesterase system 
Two groups of cells have been investigated T) 
Dog, Cat, with a high Na and low K, IP) Rabhit, 
with a high K and lov Na When washed cells of a 
species of group I was placed in a KCl-K bicar- 
bonate medium, K entered the cell quite rapidly 
as would be expected in a non-living membrane, 
and the cell hemolyzed When, however, acetyl 
cholme was added to the medium the entrance of 
K was much delayed and the cell remained intact 
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for a longer period of tune If phj sostigniinc were 
added along wath acetyl choline so that cholines- 
terase activity was inhibited bj 40-80% the 
entrance of K again becomes rapid, the results 
being similar to those observed when no substrate 
was present In the case of cells of group II the 
same picture was obtained wlien those cells were 
placed m a Na medium-m this case the Na ion 
entered the cell rapidly in absence of acetyl 
choline or when metabolism of acetjd choline was 
inhibited by phj’sostigmine, but the integrity of 
the cell w as maintained over a much longer period 
if the cells w ere able to metabolize acetyl choline 

Use of thermistors in twin calorimetry for enzyme 
reactions F C Holler,* D Venable* and 
C L Gemmill Dept of Pharmacology, Untv 
of Vtrgtnta Med School, Charlottesville 
Thermistors, which have a sensitivity of about 
10 times that of Beckmann thermometers, have 
been used m twin cnlonraeters designed for ther- 
mochemical and kinetic studies of enzyme reac- 
tions The calorimeters were mounted in a water 
bath constant to ±0 001° C The calorimeters 
were calibrated for thermal flow effects by passing 
a known amount of current through a resistance 
mounted in each calorimeter A special constant 
current electronic circuit was constructed for 
this purpose This circuit was used also to obtain 
the heat capacities of the calonmeters and con- 
tents Sucrose inversion with hydrochloric acid 
was earned out at 31 2“ C The temperature 
changes were observed over a period of 4 hours 
The heat of reaction was calculated by 
Sturtevant’s method U Am Ghent Soc 59 1528, 
1937) It was found to be —15,074 joules/ii This 
agrees very well with Sturtevant’s observed value 
of —15,020 joules/ii Therefore, thermistors in 
twin calonmeters can be used as a method of 
determimng the heat production of chemical 
and enzymatic reactions 

Responses of growth of pemcillia to cardiotonic 
glycosides James P Holloway* and James C 
Rice Dept of Pharmacology, Vntv of Mtssts- 
stppt School of Medicine, University, Miss 
The observation that mfusion of digitalis in- 
creased both the rate of growiih and the terminal 
weight of dned mycehal mats of Pemcilhum 
notatum and Pentctlhum citrinum growing in sur- 
face culture at 23*0 m otherwnse mmimal solution 
(Clutterbuck’s) led to expenments to test the 
hy^pothesiB that the cardiotonic glycosides were 
responsible for the observed effects Graded in- 
creasing concentrations of Deacetyldigilanid A 
and Deacety Idigilanid C (1 ag/ml to 10 /ig/ml ) 
not only failed to accelerate growth of Pemcilhum 
notatum but actually retarded it The 3 digilanids 
in graded increasing concentrations ( 1 Aig to 10 


#ig/ml ) produced similar results When ample 
tunc was permitted for completed growth the 5 
glycosides tested had no effect on terminal weight 
of dried mycelial mats Fragmentary evidence 
gained with Pemcilhum citnnum followed much 
the same pattern as above None of the agents 
employed conduced to pu relations of the cultures 
or antibiotic titers (Oxford Cup Method) differing 
impressively from those expected for minimal 
media Rate of grow th was determined by killing, 
drying, and weighing mycelial mats on each of 
5 consecutive day's beginning on the 4th or 5th day 
after inoculation with homogenized spore sus- 
pensions, by' plotting the average weights of the 
mats as ordinates against abscissa, time, and by 
comparison of slopes of curves, and heights of 
ordinates at fixed time, with those for controls 
For effects upon total weight the mats were dried, 
weighed, and the weights averaged terminally 
Results with alcohol-water dispersates of ouabain, 
digitoxin, and strophanthin were ambiguous 

Curanmimelic activity of mono' and bis*(amino 
and Bmmonium-aIkylamino)«benzoquinones J 
0 Hoppe, A E Soria A^D C J Cavallito 
(introduced by A M Lands) Stcrhng-Wintkrop 
Research Inst , Rensselaer, N Y 
The curarimimetic activity of a senes of 2,5- 
bis - (ammoniumalky lammo) - benzoqumones in 
which the distance between quaternary nitrogen 
atoms ranged from 11 A® to 20 A® was found to be 
similar to that of n-tubocuranne chloride m the 
mouse but from one-half to five-fold that in the 
rabbit The more active compounds were ex- 
amined by means of the nerve-muscle prepara- 
tion in the dog 2-(Ammoniumalkylamino)-benzo- 
quinones were as active as the bis derivatives 
The activity' depends on the presence of the immo- 
qmnone structure as well as the onium group 
Considerable activity' was observed in imee with 
the corresponding 2- and 2,5-anunoalky'Iammo- 
benzoquinones Distances between basic nitrogen 
atoms m the bis series and between basic nitrogen 
and iminoqumone structure in the mono series 
were critical factors determining activity With 
these amines, activity increases with mcrease in 
basicity of the terminal nitrogen atoms One of 
the most active compounds m the senes was 2,5- 
bis - (3 - diethylammopropylamino)benzoqumone 
bis-benzylchlonde (WIN 2747) which was 5 times 
as active as D-tuboouranne chloride in the rab- 
bit, one-half as active in the mouse and twice as 
active in the dog nerve-muscle preparation WIN 
2747 had little or no effect on blood pressure or 
heart rate and had no severe cardiotoxic effect 
by continuous infusion into anesthetized dogs at 
dosages up to 1500 times the curanzmg dose 

Antibiotics against natural amebiasis in ma- 
caques Arsevy K Hhenoff* and Haaiilton 
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H Andehson Division of Pharmacology and 
Experimental Therapeutics, Univ of California 
School of Medicine, San Francisco 
A combination of 3 antibiotics, polymyxin B, 
streptomycin and bacitracin exhibited sjmergism 
when tested in vitro against E histolytica (see 
M Gould and E L Hansen, current Proceed- 
ings) Because of possible value in the chemo- 
therapy of amebiasis 10 monkeys were given 
varying oral doses of the combination over 5-6 
day periods The drug was administered in tablets 
which contained polymyxin B, 20 mgm , strepto- 
mycin (as base), 250 mg , and bacitracin, 5,000 
units each Two animals received only i of these 
doses/kg They failed to clear of amebas One of 
these animals, given twice this dose, was ameba 
free for 2 weeks Five animals were given from i 
to J these dosesAg One monkey was cleared for 
4 weeks The doses were doubled and the animal 
remained free of amebas for another 4 veeks (to 
date) Another animal was freed of amebas for 
10 weeks (to date) The remaining 3 monkeys 
were not cleared until 10 daj^s elapsed after 
therapy They have stayed free of parasites for 
3 weeks (to date) Of the remaining 3 macaques, 
receiving i to | the initial doses/kg , one was 
freed of amebas for 11 weeks (to date), the other 
was freed for 5 weeks (to date), and the third 
failed to clear Without exception all animals 
tolerated this regime, all gained up to 10-18% 
their mitial weight, their appetites increased, 
and stools changed from liquid or semi-liquid to 
solid The hemoglobm, leucocytes, erythrocytes, 
bromsulphalein and blood urea tests and electro- 
cardiograms exhibited no toxic effects The stools 
have been studied almost daily by iron-hema- 
toxylm technic Thus, 7 of 10 animals have been 
cleared of pathogenic parasites and signs of ame- 
biasis over 3-11 weeks 

Cause of increasing intravenous toxicity of hydro- 
gen peroxide with progressive dilution M 
Caroline Hrubetz, Lillian W Conn, Htman 
R Gittes and James K MacNajiee (intro- 
duced by Amedeo S Marrazzi) Toxicology and 
Pathology Sections, Med Division, Army Chemi- 
cal Center, Md 

Studies of the intravenous and percutaneous 
toxicity of 90% hydrogen peroxide have shown 
that death is associated with gas embolism and 
that this IS probably the immediate cause With 
1 V injection, the toxicity in rabbits is predictably 
increased with the dilution For example, the 
LDjo for undiluted was 16 cu mm , for 40%, 8 9 
cu mm , and for 4%, 3 2 cu mm In casting about 
for a plausible explanation for this finding our 
studies with percutaneous administration sug- 
gested that, grossly, the greater the local reaction, 
the lower the toxicity The effect is initially due 


to the liberation i c , sc, and i m , of oxygen 
This suggestes that less of the adnunistered ma” 
terial is therefore available for the production of 
gas emboli in the blood stream and would account 
for the lower toxicity on an embolic basis In 
fact, when the agent is injected i v in the rabbit’s 
ear, it is apparent that the more concentrated 
the form, the greater the breakdown within the 
immediate area as evidenced by the peculiar and 
characteristic blanching due to gas bubbles en- 
trapped in the surrounding tributary vessels and 
adjacent tissue 

Experimental addiction to barbiturates (motion 

picture) Harris Isbell, Sol Altschul,* C H 

Kornetsky,* H F Fraser,* H G Flanary,* 

A J Eisenman, a Wikler and Harris Hill * 

Research Division, USPHS Hospital, Lexington, 

Ky 

Five former morphine-addict volunteers re- 
ceived barbiturates for 92-144 da 5 "s The highest 
daily dosages attained were 1 8, 1 8, and 3 8 gm 
dail}’’ of Seconal, pentobarbital, and amytal re 
spectively IVhile chronically intoxicated, aU pa- 
tients showed impairment of mental ability, m- 
creased emotional lability, infantile behavior and 
confusion No toxic psychoses were observed while 
patients were taking the drug Neurological signs 
included nystagmus, dysarthna, ataxia in gait 
and station, and depression of superficial abdomi- 
nal reflexes The effects of the same dose of the 
drug varied widely from day to day and was par- 
tially dependent on food mtake Partial tolerance 
was observed In the electroencephalogram the 
percentage of 0 waves was increased Following 
withdrawal of barbiturates, neurological signs 
disappeared and weakness, anxiety, anorexia, 
nausea, vomiting, rapid weight loss, fever, eleva- 
tion of NPN’s, convulsions (4 of 6 patients) and a 
psychosis (4 of 6 patients) resembling alcoholic 
delirium tremens were observed Durmg with- 
drawal, the percentage of 0 waves was reduced in 
the electroencephalogram and paroxysmal bursts 
of slow waves appeared Recovery was complete 

Influence of age on metabolic rate and phosphate 
compounds of cardiac muscle Jo’Ann Jehl 
AND Albert Wollenberger (introduced by 
Otto ICrayer) Dept of Pharmacology, Harvard 
Med School, Boston, Mass 

On incubation in Krebs-Ringer-phosphate glu- 
cose solution, slices of cardiac ventricular muscle 
of new-born gumea pigs respire at a more or less 
constant rate, whereas the rate of respiration of 
ventricular muscle slices of gumea pigs 3 weeks to 
30 months old declines 30-60% over a penod of 
30-46 mmutes before reaching constancy The 
Qoj characteristic of the steady state of activity 
dinunishes wnth advancing age The following 
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values, based on the combined dry v eight of 
slices and trichloroacetic acid precipitate in the 
medium, were obtained 4-5 at birth, 3-4 at 3 
veeks, 2 5-3 at 5 months, and ~2 at 30 months of 
age The Qo* is usually maintained for several 
hours at or near these levels in the heart slices of 
the younger animals, but in the tissue of the 30 
month old animals it falls to below 1 after 2 hours 
10~* M ouabain, which in cardiac muscle of 5 and 
of 30 month old guinea pigs causes marked ac- 
celeration of respiration followed by severe inhi- 
bition, produces only moderate changes in the 
m 3 ocardium at the age of 3 weeks, and everts no 
significant effect on the respiration of mj ocardium 
of new-born guinea pigs Analj'ses of some acid- 
soluble phosphates, including ATP, and of creatine 
in the cardiac ventricles of guinea pigs ranging 
in age from a few hours to 30 months revealed tw o 
pronounced changes related to age a 200% in- 
crease in phosphocreatine From the time of birth 
to the age of 11 months, half of which occurs 
durmg the first 3 weeks, and a 100% increase in 
total creatine during the same 11 month period 
At birth ~l/3 of the total creatine in the ventricles 
18 phosphorjlated, in the ventricles of animals 3 
weeks to 30 months old the phosphorylated frac- 
tion amounts to almost i of the total creatine 
The possible significance of these findings is dis- 
cussed 

Water and electrolyte equilibria factors in fluoro- 
acetate poisoning Linares B Johnson,* Alex- 
ANBEE KaNDEL* AND MaTNARD B ChENOWETH 
Dept of Pharmacology, Univ of Mtchtgan, Ann 
Arbor 

Disturbances of certain physiological and bio- 
chemical balances result m an altered response to 
sodium fluoroacetate (FA) Shifts m mtracellular 
water and electrolj^es con either mcrease or 
decrease the sensitivity of anunals to FA depend- 
ing on the direction of movement This was first 
observed m experiments with albmo Sprague- 
Dawley rats Male animals were dehydrated for 
seven days One group was given 20 mg/kg of FA 
mtrapentoneally, the remaming group was al- 
lowed water for a period of 4--5 hours and then 
injected with the same dose of FA SiAtj-^-four 
control rats receiving 20 mg/kg showed an aver- 
age time to death of 231 ± S E 22 minutes as 
compared to 78 ± S E 11 minutes for 60 debj"^- 
drated rats Eighty-nine dehj’^drated animals 
which subsequent! j received water manifested an 
increased resistance to FA As compared to no 
survivals in the control group bejmnd 15 hours, 
27 (30%) of these rats lived for more than 24 hours 
after injection In contrast, 66 rats following 7 
dajE of fasting, but allowed water ad libtlum 
responded in the same manner as controls tg 20 
mg/kg of FA and died in an average time of 255 


± S E 26 minutes Preliminary experiments indi- 
cate that these phenomena arc also demonstrable 
in rabbits, in which FA produces fibrillation, and 
to a lesser extent in dogs, in which, like rats, FA 
has a convulsnnt action These and other experi- 
ments related to electrolyte balance will be re- 
ported 

Effects of certain enzyme inhibitors on breakdown 
of pentobarbital in \itro J B KAUN,Jn (intro- 
duced by J M Coon) Dcpl of Pharmacology, 
Unw of Chicago, Chicago, III 
Follow ing studies on effects of ions on destruc- 
tion of pentobarbital bj' rat liver slices (Kahn, 
J B Federation Proc 8 305, 1049), it was decided 
to investigate cITccts of certain factors known to 
influence enzymatic equilibria on in vitro destruc- 
tion of pentobarbital Slices of rat liver approxi- 
matelj 0 5 mm thick w'erc placed in a cj linder 
containing 49 0 ml of oxj genated Krebs-Ringer 
phosphate with glucose and maintained at 
Three mg of pentobarbital was added in 1 0 ml 
Krebs-Ringer phosphate, and tlie concentration 
of pentobarbital determined spectrophotometn- 
cally at 0, 60, and 120 minutes Control tests were 
performed similarlj'', using boiled tissue slices 
Effects of the following compounds were studied 
cjanide, fluoride, arsenitc, lodoacetamide, gluta- 
thione, and cj'steine Cyanide and fluoned (10~’ai) 
had no effect In the absence of a -SH inhibitor, 
destruction in the boiled slices was approximately 
10% of that in the unboiled lodoacetamide or 
arsenite (10“’\i) permitted normal destruction in 
the unboiled slices, but also caused destruction in 
boiled slices which was 75% of that in the unboiled 
"When the same experiment wms performed w ithout 
added tissue there w as no removal of barbiturate, 
BO results noted are not due to direct combination 
of barbiturate and inhibitor YTien -SH groups 
as reduced glutathione or cysteine were added to 
the system containing unboiled slices, destruction 
of pentobarbital was inhibited approximately 
60% From this evidence the hj^iothesis is ad- 
vanced that -SH groups inhibit the in vitro de- 
struction of pentobarbital by rat liver slices 

Effects of methyl bis ((/3-chloroethyl) amine (ni- 
trogen mustard) on regeneration and alkaline 
phosphatase activity of urodele larvae fore- 
limbs Alexander G Kaeczmar and George 
G Berg (introduced by Charles F Morgan) 
Dept of Pharmacology arid Matena Medica, 
Georgetoion Untv School of Medicine, Washing- 
ton, D C 

Inhibitorj' effect on regeneration of amputated 
larval urodele forelimbs can be used to test anti- 
mitotic activity of chemical agents (Ivarcziiar 
Anat Rec 101 712, 1948) With effective anti- 
mitotics regeneration blastema is never formed 
and complete regression of amputated limbs en- 
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sues Accordingly, a test was devised to measure 
drug activity by means of photographing periodi- 
cally the regressing limb and computing the re- 
gression rates Histology or mitotic counts are 
thus unnecessary for screening these agents The 
test shows also the regressive effect of denervation 
of amputated limbs which can be used as reference 
unit, with regression rates of 3 and 1 cu /i/hr 
Nitrogen mustard causes a much slower regression 
with chrome exposures to concentrations of 50% 
of LDjo (1 150000) and similar regression (3 fi/hr ) 
recorded over 2-weeks period after smgle exposures 
for less than 1 hour to strong (1 5000) nitrogen 
mustard solutions Combination of denervation 
and chronic exposure to nitrogen mustard solu- 
tions (1 200000) caused regression of amputated 
lunbs twice as rapid as that following denervation 
alone Preliminary histochemical investigation 
showed that nitrogen mustard blocks the forma- 
tion of epidermal alkaline phosphatase which 
precedes normal regeneration However, it en- 
hances phosphatase activit 3 ’' m regressing meso- 
dermal tissues The effect of nitrogen mustard on 
phosphatase activity is sjiecific and differs from 
that of denervation Since mitotic inhibition bj’’ 
nitrogen mustard or by denervation alone is 
almost complete, their synergism indicates a more 
complex causation of regression, mitotic activity 
being only one of the contributing factors 

The effect of adrenal steroids on growth of chick 
embryo D A Kahnofsky, C C Stock and 
C P Rhoads (introduced by F S Philips) 
Division of Experimental Chemotherapy, Sloan- 
Kettenng Inst for Cancer Research, New York, 
City 

It had been previously shown that an extract 
of the adrenal cortex would retard the growdih of 
the chick embrjm (Landaher, Endocrinology 41 
489, 1947) In the course of our cancer chemo- 
therapy studies, the effect of various pure steroids 
in aqueous solution or m propylene glycol were 
exarmned by injecting them into the yolk sac of 
the 4-day-old chick embrvo Compound E, at a 
critical dose of 1-2 mg/egg, produced a marked 
decrease in the growth of the chick embryo This 
was manifested by reduction m the formation of 
the chorioallantoic membrane and a stunted em- 
bryo, which was often eviscerated, and showed 
scanty and abnormal feather formation These 
embrjms usually died 6-8 days after injection, but 
some survived to 18 days, and weighed 4r-6 gm 
as compared to 18-21 gm for the controls The 
stunted embryo was well-proportioned, and the 
egg contamed a large amoimt of unused yolk and 
albumen as compared to the controls Compound 
F had a similar effect, but, in preliminary studies, 
it appeared to be 2(M0 times more active than 
Compound E in the chick embryo A number of 


other steroids is being assayed for their ‘compound 
E’ activity in the chick embryo, in order to eluci- 
date the chemical structures necessary for this 
effect 

Clinical evaluation of two new analgesics, hepta- 
zone and WIN 1161-2 as a test of a new method 
of measuring analgesic power Arthdh S 
ICeats* and Henry Ix Beecher Anesthesia 
Lab of Harvard Med School at Massachusetts 
General Hospital, Boston 
Two new sjmthetic analgesics of the methadone 
senes, DL-4,4-diphenyl - 6 - morpholine - hep- 
tanone-3 hydrochloride (Heptazone) and levo 3- 
dimethylamino-l,l-diphenylbutyI ethyl sulfone 
(WIN 1161-2) were tested for analgesic potency in 
postoperative pain of man The analgesic activity 
of different dose levels was compared to that of 
10 mg of morphine/lSO lb of bodj weight in the 
same group of patients This was accomplished 
by alternatmg doses of morphine between doses 
of the drug to be tested in the same patients 
Neither patients nor observers were aware of 
which drugs were given Heptazone when given 
as 50-60 mg/160 lb of body weight relieved pain 
as frequently as 10 mg of morphme WIN 1161-2 
was found to be erratic in action and unsuitable 
for clinical use The method used m this evaluation 
18 presented in detail elsewhere Its accuracy and 
consistency were demonstrated by evaluatmg 
morphine itself when treated as an unknown 
The method’s use m determining the analgesic 
potenc}’’ of new drugs is demonstrated here 

Pain relief with hypnotic doses of barbiturates 

Arthur S Keats* and Henry K Beecher 
Anesthesia Lab of Harvard Med School at Massa- 
chusetts General Hospital, Boston 
It was observed (Beecher) in badly burned 
patients and later m men suffermg from war 
wounds that small doses of barbiturates appeared 
to be useful in relieving pam These findings led 
to the present controlled study in which the data 
obtained demonstrate the analgesic power of 
hypnotic doses (60 and 90 mg/150 lbs body weight) 
of pentobarbital sodium This analgesic power 
has been compared with that of a placebo (1 cc 
normal saline) and a standard dose of morphine 
(8 mg/160 lbs body weight) in the same patients 
The order of admmistration was randomized m 
accordance with sound statistical practice The 
agents were admimstered mtravenously All drugs 
were dealt ivith as unknowns both to the patient 
and the observer The subjects were 175 post- 
operative patients in pain They were studied 
dunng the 18th to the 30th hour following sur- 
gery The pain experience of man consists of both 
perception of pamful stimuli and the psychic 
modification of these stimuli We wish to empha- 
size the importance of utilizing subjects in pam 
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from disease or from surgcr\ rather than c\pcn- 
mentalh produced pain in the nssaj of analgesic 
power H^pnotlc doses of pentobarbital sodium 
administered intraaenoush relieacs postopera- 
tne pain in 50% of patients m contrast to 20% 
vnth saline and about ^% hj morphine 

Pharmacology of khellin Keith F Killam* A^D 
EnmN J Fellows Research Division, Smith, 
Khne and French Labs , Philadelphia, Pa 
Khellm (2-meth^ 1-5 , S dimethoxyf uranocliro- 

mone), one of the major crystalline components 
of Animi Visnaga Lam has been reported (A^- 
kep, ct al ) to exhibit smooth muscle relaxing ac- 
tivita wath some degree of specificity for the 
coronary lessels In the present experiments a 
modified Lnngendorff technique was used to de- 
termine the effect of khellm on isolated rabbit 
hearts perfused with oxy genated Locke’s solution 
Khellm was administered over a 2-minute interval 
m order to simulate recirculation which would 
occur in an intact animal and also to obtain re- 
producible results The rate of injection was pro- 
portional to the rate of perfusion fluid flow The 
2-minute period immediately' prior to each test 
period sen’ed as a control The percentage change 
in perfusion flow was calculated by* the following 
formula Change m flow (cc ) during test/Flow 
in cc dunng control period X 100 In 157 experi- 
ments concentrations of 1 100,000 khellin produced 
an average increase in perfusion fluid flow of 32% 
An axerageof 67% was noted after 1 10,000 khellm 
in 67 experiments In anesthetized, hepannized 
dogs, normal and changing blood flow was deter- 
mined by' inserting a glass cannula into a conveni- 
ent superficial coronary' yein and the outflow 
measured by a circuit-breaking graduated tilt 
cup or drop recorder In S of 11 experiments, 2 0, 

3 0 and 5 0 mgAg of khellm intravenously pro- 
duced a Eigmficant increase m coronary flow 
After 2 0 mgAg khellm caused an increase of 
20-85% for 2-20 minutes, after 3 0 mgAg , an 
mcrease of 49-l(K)% for 2S imnutes to one hour, 
and after 5 0 mgAg an increase of 75-230% for 
periods of 14 hours which was the duration of 
the experiments In all experiments, khellm pro- 
duced a moderate fall in blood pressure which 
returned to normal m 2-4 imnutes 

Rapid technique for statistical evaluation of 3, 
4 or 5 dose assavs Lila F Knubseh (intro- 
duced by Bert J Vos) Divtswn of Food, Food 
and Drug Administration, Federal Security 
Agency, Washington, D C 
Assays mvolvmg percentage responses with 
equal numbers of animals on 3 to 5 or more doses 
on each of the standard and the imknown can 
be rapidly evaluated using the angular trans- 
formation to obtain estimates of potency , and 
standard error of the assay Where routine labora- 


tory' assays are conducted on a relatively large 
scale, it 16 possible to plot the slopes of the indi- 
y'lduai dosage-response curves over a period of 
time If these slopes are m ‘statistical control’ 
(rclatiieh constant witliin sampling errors), the 
best estimate of the slope is the average When 
the control chart technique is thus used on the 
slopes, it IS possible to construct one graph from 
which can be read estimates of potency , upper and 
lower confidence limits for the assay' from the 
simple calculation of 2 values V and W Assays 
myoh'ing graded responses wnth equal numbers 
of animals on each of 3 to 5 (or more) doses on 
each of the standard and unknown can be evalu- 
ated by relatively the same technique by substi- 
tuting the ‘range’ for the standard deviation in 
the proper formulas 

Role of specific and non-specific cholinesterase in 
spontaneous contractions of isolated ileum 
George B Koelle, Ethol S Koelle* and 
Jonas S Friedenwald* Wilmcr Ophlhalmo- 
logical Inslilute, Johns Hoplins Umv and 
Hospital, Baltimore, Md 

Hislochemical studies have rei’ealed that both 
specific and nonspecific cholinesterase (ChE) are 
widely distributed throughout the ileum of the 
cat , the latter was found m both the muscle fibers 
and m the ganglion cells of the plexi These ob- 
servations suggested that nonspecific ChE might 
play a role in the transmission of impulses at these 
sites similar to that generally ascribed to specific 
ChE To investigate this possibility' further, the 
effects of y’ary'ing concentrations of Di-isopropyl 
fluorophosphate (DFP) have been tested on the 
spontaneous activity' of isolated ileum prepara- 
tions Afterwards, the preparations were washed 
in saline and homogenates and frozen sections 
were prepared to permit quantitative determina- 
tions of the degrees of inhibition of both types of 
ChE and microscopic studies of their residual 
distnbutions It was found that concentrations 
of DFP producing slight inhibition of specific 
ChE but relatively marked mhibition of the non- 
specific esterase caused a definite mcrease m 
both the tonus and amplitude of spontaneous 
contractions 

Antioxidant and stabilizing action of propylene 
glycol Theodore Koppanti Depi of Pharma- 
cology and Matena Medica, Georgetown Umv 
School of Medicine, Washington, D C 
Solutions of epinephrine hydrochloride m pure 
propylene glycol or m from 60 to 70% aqueous 
solutions of propy'lene gly col are protected from 
oxidation In accelerated tests where epmephnne 
hy drochlonde (1 1000) is treated with 1 cc of 3% 
hydrogen peroxide, the glycol prevents to a great 
extent the red discoloration of epmephnne, even 
when the mixture is heated for 10 imnutes at a 
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temperature of 70°C Commercial samples of 
epinephrine (1 10,000) exposed to air when kept 
at a temperature of 15°C develop red color after 
67 hours, whereas when kept in propylene glycol, 
the reddish tinge appears only after 23 days 
Other glycols are less effective Propylene glycol 
also protects epinephrine solutions in the presence 
of liver slices Propylene glycol inhibits the de- 
composition of other drugs such as apomorphine, 
physostigmme, "Clorarsen” and arsphenamines 
In a number of dogs, it vas found that the i v 
injection of from 0 6 to I cc of propylene glycol/ 
kg in diluted form potentiates the pressor effects 
of epinephrine both as to height and duration 
This glycol in similar doses, may also produce a 
slow, gradual rise of blood pressure in dogs with 
arterial pressures at shock levels 

Action of epinephrine and veratramine upon heart 
rate and oxygen consumption in heart-lung 
preparation of dog Kuht Kramer,* Ulrich 
Luft'' and Otto Krater Dept of Pharmacol- 
ogy, Harvard Med School, Boston, Mass , and 
School of Aviation Medicine, Randolph Field, 
Tex 

In 9 heart lung preparations on dogs, the mffu- 
ence of epinephrine and veratramine upon oxygen 
consumption and heart rate under constant condi- 
tions of work nere studied After a control period 
of 30 minutes when the oxygen consumption, 
heart rate and coronary blood flon had reached 
constant values, L-epinephnne in doses of 1 5 to 
7 /xgm/min were infused over a period of 1-2 
hours While the heart rate rose to 95% of its 
maximum within 4-10 minutes the increase in 
oxygen consumption of the heart progressed much 
more slovly, m some cases reaching its maximal 
value only after one hour During the subsequent 
steady state each heart beat consumed 30-40% 
more oxygen than during the previous control 
period Regardless of the inhibition of epineph- 
rine cardioacceleration, veratramine, injected in 
successive doses of 100, 200 and 700 ngm , did not 
change the oxygen demand of each beat OnJv 
after eliminating the epinephrine by flushing the 
system with fresh blood could the oxygen con- 
sumption per beat be reduced to its initial value 
or below Rejjetition of the epinephrine infusion 
augmented the oxy'gen consumption as before 
but without cardioacceleration due to the per- 
sistence of the veratramine effect Previous in- 
vestigations indicated that the positive chrono- 
tropic action of epinephrine can be separated 
from its positive inotropic action by use of ver- 
atramine According to results of the present study 
cardiac metabolism under epinephrine appears to 
be as little affected by'^ veratramine as the force of 
contraction Since it is thus possible to discrimi- 
nate betveen accelerator and metabolic action 


of epinephrine, further investigations may throw 
light on the relationship between force of contrac- 
tion and cardiac metabolism 

Solanum alkaloids with antiaccelerator cardiac 
activity Otto Krayer Dept of Pharmacology, 
Harvard Med School, Boston, Mass 
Solasodine and several of its hydrogenation 
products, notable fl-dihydrosolasodine and tetra- 
hydrosolasodine, were found to possess an an- 
tagonistic action to the positive chronotropic 
effect of epinephrine which is obtainable also in 
the isolated mammalian heart under atropine 
These solanum alkaloids are similar in this regard 
to the veratrum alkaloids, veratramine and jer- 
vine Like these veratrum alkaloids, they are 
secondary' amine bases of steroid nature /3-di- 
hydrosolasodine and tetrahydrosolasodine are in- 
termediate in potency to veratramine and jervine, 
while solasodine is weaker than jervine The sub- 
stances used in this study nere made available by 
Prof L H Briggs of Auckland Univ College, 
New Zealand 

Inhibition of succinic dehydrogenase by metfayl- 
glyoxal A regulatory mechanism of sulfhydryl 
enzymes Ernest Kun Dept of Medicine, Divi- 
sion of Infectious Disease and Dept of Biochem- 
istry, Tulane Univ , Neiv Orleans, La 
The succinate sy'stem of isolated rat liver 
mitochondria was measured by 3 methods 1) 
using the cytochrome sy'stem as electron carrier 
to molecular oxygen, 2) with ferricyanide and 3) 
with triphenydtetrazolium chloride as electron 
acceptors Since enzyme activity in each system 
was equally' inhibited in the presence of methyl- 
glvoxal, it 18 concluded that the dehydrogenase 
is inhibited Ctochrome oxidase is unaffected 
The inhibition rapidly increases with length of 
incubation, approaching 100% after 30 minutes 
The presence of substrate somewhat delays mhi- 
bition, however does not protect the enzyme 
The type of inhibition is non-competitive, and the 
mechanism of inhibition consists of the reaction 
of methylglvoxal with the -SH of the dehydrogen- 
nase This was shown by direct determination of 
-SH groups of mitochondria The decrease m -SH, 
after incubation with methylglyoxal, corresponds 
with the decrease in enzyme activity Incubation 
of the inhibited enzyme with glutathione, or 
repeated washing of inhibited mitochondria does 
not reverse the methylglyoxal effect Glyoxalase 
(present m total liver homogenates) does not 
counteract the inhibition by methylglyoxal, but 
glyoxalase plus glutathione has a protective effect 
against the inhibitor Since other -SH enzymes 
(malic-, glutamic-, triosedehydrogenases, and 
ATP-ase) are also inhibited by methylglyoxal, 
it IS suggested that the methylgly'oxal-glyoxalase- 
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glutathione sj stem plays an important role in the 
regulation of -SH enzjunes 

Storage of methox)chlor in the fat of the rat 
Frieda M Kunze,* Eduin P Laug and 
Claudia. S Phickett * Divtston of Pharma- 
cology, Food and Drag Admtmstralwn, Federal 
Security Agency, ]\ ashtngton, D C 
Comparative acute and chronic studies have 
indicated that metho \3 chlor is considerablj' less 
toMC to rats than DDT These studies were made 
to determine to vhat extent methoxj chlor is 
stored in the fat, liver and Lidne 3 Polloning 
exposure of weanling rats to diets containing 25, 
100 and 500 ppm metho 3 W chlor for from 4 to IS 
weeks, there was found 1) at the 500 ppm level 
of methox 3 chlor in the diet, storage of the order 
of 30 p p m in the fat, but esscntiall 3 ’' no storage 
at 25 and 100 p p m dietar 3 levels, 2) in contrast 
to DDT, no clearl 3 '' defined tendencx of the female 
to store more methoxx chlor in the fat than the 
male, 3) minimal storage of mcthox 3 ’'chIor in lix’-er 
and kidne 3 tissues, 4) no increase of storage of 
methox 3 chlor in fat after the first 4 weeks of 
exposure, 5) disappearance of stored mcthox 3 chlor 
from fatt 3 tissue xvithin 4 weeks after cessation of 
exposure 

Effect of hypoadrenalcorticoidism and excessive 
doses of desoxycorticosterone acetate and thy- 
roid upon response of rat to cardiac glycosides 
Herbert S Kurperman* and \rthur C De- 
Gbaff Dept of Therapeutics, New York Umv 
College of Medicine, New York City 
The string galvanometer (Cambridge) xvith suit- 
able modifications has been employ^ed in obtain- 
ing electrocardiograms in the rat The modifica- 
tions include acceleration of the rate of speed of 
passage of photographic paper through the camera 
and use of electrodes comprised of 30-gauge cop- 
per wire Animals xvere anesthetized xvith sodium 
pentobarbital Hy^ioadrenalcorticoidism, induced 
by adrenalectomy^, w-as associated with decreased 
voltage in the electrocardiogram and increased 
sensitixnty of the rat to i v injections of ouabain 
or digitoxin Doses of the glycosides that produced 
mmimal effects m intact control rats caused A-V 
dissociation, bundle branch block, marked slowing 
of the ventricular rate and cardiac arrest in some 
of the adrenalectomized animals Desoxy'corti- 
costerone (DC 4) administration on the other 
hand resulted m increased resistance of the rat to 
administration of doses of the cardiac glycosides 
which produced marked effects in normal im- 
treated control rats Ascites and anasarca asso- 
ciated with cardiac hx’pertrophy mduced by 
chronic and simultaneous administration of high 
doses of DCA, 0 1% thxroid in the food, 0 9% 
saline in the drinking water, was ameliorated by 


the 1 V injection of a rapid acting glycoside into 
these rats A marked diuresis occurred following 
intravenous administration of ouabain This was 
accompanied by a decrease in extent of ascites and 
venous engorgement 

Local vs systemic emetic action of digitalis 
glycosides in man Nathaniel T Kwit,* Wal- 
ter Modell and Harrx Goid Dept of Pharma- 
cology, Cornell Umv Med College, Cardiovascu- 
lar Research Unit of the Beth Israel Hospital, 
and the Cardiac Service of the Hospital for Joint 
Diseases, New York City 

When digitalis or its glx cosides arc administered 
orallx in repeated doses in man until marked ac- 
tion on the lieart is in evidence, the nausea and 
xmmiting which may' follow are almost invariably 
ascribed to a systemic action In a report of ani- 
mal experiments presented here last year, doubt 
xxas cast on the foregoing assumption, since small 
ora! doses of gixcosidcs in cats often produced 
vomiting S to 10 hours later, when assax showed 
none of the gly cosides in the bodx If this xvere to 
apply to man, the vomiting which usually occurs 
would constitute not only a protection against 
serious poisoning, but also a bar against the most 
effective therapeutic results An unusual oppor- 
tunity' to test this formulation presented itself in 
a patient xvith an extremely resistant auricular 
flutter This report concerns the observations in 
this case during a period of 3 months During the 
first month (oral doses), the ectopic rhy'thm was 
abolished 3 times, but each time nausea and vomit- 
ing preceded the cardiac effect by 2 to 4 day's In 
the remaining period (intramuscular), the ectopic 
rhythm was abolished 5 times, each time without 
gastrointestinal sy-mptoms These results indicate 
that a higher degree of cardiac action is possible 
by' parenteral than by' oral administration, with- 
out gastrointestinal sy'mptoms Results support 
the position that vomiting after digitalis ma- 
terials, which 18 usually' ascribed to a sy'stemic 
action, may be a local gastrointestinal action In 
viewr of the importance of this observation, a more 
extensive project to test this question further is in 
progress 

Pofentiatmg effect of glucose and its metabolic 
products on barbiturate anesthesia P D Lam- 
son, Margaret E Greig and B H Robbins 
Dept of Pharmacology, Vanderbilt Untv School 
of Medicine, Nashville, Tenn 
We have found that glucose has a verv definite 
potentiating effect on barbiturate anesthesia in 
certain species of animals This x'anes in intensity 
in dogs, IS not present in rats, but is very marked 
m guinea pigs and definite in hamsters and rab- 
bits Certain of the decomposition products of 
glucose metabolism as hexose diphosphate, lac- 
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tate, pyruvate, succinate and fumarate, as well 
as malonate and the water extract of both brewers’ 
and bakers’ yeast, produce the same effect, some 
more strongly than glucose No such effect is ob- 
tained with sucrose This potentiation seems con- 
fined to barbiturates It was absent in ether, 
chloral and chloralose anesthesia A simple way 
in which to observe this potentiation is to give a 
guinea pig 0 25 ml/100 gm of a 2% hexobarbital 
solution intrapentoneally The pig will sleep for 
about 45 minutes When definitely awake, but 
before it can walk, inject 2 ml or less of 50% so- 
dium lactate (Mallmckrodt) and the pig will im- 
mediately go mto deep sleep and anesthesia 
Neither glucose nor its decomposition products 
alone have any anesthetic effect 

Effects of alterations of the pH of the blood on 
dynamics of the circulation Kuet Lange, 
Frank Graig, David Weiner and Victor 
Tchertkopf (introduced by M G Muunos) 
Dept of Medicine, New York Med College, 
New York City 

Intravenous infusions of gluconic acid or acid 
sodium phosphate solutions were given to dogs 
on artificial respiration The resultant lowering 
of the pH of the blood leads to a marked reduction 
in peripheral resistance without lowering of the 
blood pressure until very low pH values are 
reached Up to this point a compensatory increase 
m minute output occurs, accomplished by a 
marked increase in stroke volume and in spite of 
a slowing of the pulse rate Generalized vasocon- 
striction with resultant increase in peripheral 
resistance induced by hypothermia can be effec- 
tively reduced by acidification The shock-like 
picture in diabetic or uremic coma is probably 
explained by this mechanism 

Effect of certain compounds on biological inacti- 
vation of epinephrine Edward Larson and 
Joseph P Adams, Jr * Dept of Physiology and 
Pharmacology, Univ of Miami, Medical Research 
Unit at the Veterans' Hospital, Coral Gables, 
Fla 

Since the biological inactivation of epinephnne 
might be influenced either by compounds having 
a similar structure or certain groups in common 
hydroxy compounds such as catechol, phenol, 
resoremol, hydroquinone etc were injected simul- 
taneously with definite doses of epinephrine into 
anesthetized dogs The effects of these compounds 
on the actions of epinephrine considered, i e 
rise of the arterial blood pressure, duration of 
this rise and heart rate, were compared with the 
effects produced by a control dose of epinephrine 
adnunistered previously Addition of catechol 
or pyrogallol caused a slight increase in the blood 
pressure response in some instances and in nearly 


every case a marked increase in the duration 
Several other compounds such as phenol, resorci- 
nol, phloroglucmol etc were without effect Since 
inactivation of epmephnne may proceed along 
several lines (Bacq, J Pharmacol d Exper 
Therap 95, part 2, 1, 1949) various compounds 
such as glycine, oxophenarsine hydrochlonde, 
ascorbic acid, and nicotmamide were substituted 
for the hydroxy compounds None of these com- 
pounds affected the epinephrine actions studied 

Glomerular filtration — Tm£ relationships in the 
the dog Jules H Last, Ibadore Piteskt,* 
Paul Jordan, Jr * and Epperson Bond ♦ Dept 
of Pharmacology and Surgery, Univ of Illinois 
College of Medicine, Chicago, III 
In the course of routine Tme determinations 
on normal, unanesthetized dogs, it was observed 
that changes m Tm^ values seemed to be accom- 
panied by similar changes m glomerular filtra- 
tion rates (GFR) These observations are at 
variance with accepted concepts that Tm* is 
independent of GFR Computation of coefficients 
of correlation (r) based on 246 clearance periods 
performed on 7 dogs yielded a mean r of 0 561 
which was highly significant (P ■= < 01) In 5 out 
of 7 animals the r values ranged from 0 569-0 879 
In these experiments the dogs were not dehydrated 
by the infusion of 16-17% glucose at 6 cc/mm 
The data indicate that in the dog the Tm* is not 
independent of GFR To explain these observa- 
tions in terms of the theory that all nephron units 
are simultaneously active in the dog kidney, one 
must postulate that any factor altermg the physi- 
cal process of glomerular filtration must m similar 
manner alter an enzymatic process of tubular 
resorption A more plausible explanation is found 
in the theory of intermittency of nephron activity, 
where activation or inactivation of nephron units 
would directly influence both GFR and Tm* 
Alterations m mean filtration pressure would 
fail to explain the phenomenon as long as the 
glucose load exceeds the Tm^ 

Survey analyses of human milk and fat for DDT 
content Edwin P Lauq, Claudia S Prickett,* 
AND Frieda M Kunze * Division of Pharmacol- 
ogy, Food and Drug Administration, Federal 
Security Agency, Washington, D C 
Twenty-four samples of human milk and 35 
samples of human fat were analyzed for DDT 
The milk samples were obtained from subjects, 
some of which occasionallj used the common 
DDT-containing household sprays There was 
no occupational exposure to DDT Abdominal 
fat was obtained at autopisy or biopsy from sub- 
jects, some of which had occupational exposure, 
but the survey is too prebmmary to report any 
exact correlation between exposure and DDT 
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content of the fat at this tune Analyses for DDT 
were made by a modified Schechtcr-Haller pro- 
cedure, sufficiently sensitive to detect and quan- 
titate 5 iigm DDT m 100 ml milk or 3 /igm 
DDT/gm of fat The DDT concentration in hu- 
man milk ranged from 0 to 0 77 p p m , u ith ‘high’ 
values of 018, 0 28 and 0 77 and ‘low’ values 
of 0, 0 04, 0 04, 0 05, 0 06, 0 06, 0 06 The average 
for all samples was 0 14 p pun The DDT concen- 
tration in human fat ranged from 0 to 34 p p m 
with high values of 10, 11, 15, 17 and 34 In 12 
samples no DDT was found, or only in traces 
(0 5 ppm) The average for all samples w as 
5 1 p p m 

Systemic versus nonabsorbable sulfonamide in 
the treatment of acute bacillary dysentery 
David Lehr, John T Luetters,* Arnold J 
Capote,* ELarold Abramson,* and Lawrence 
B Slobodt * Depts of Pharmacology and Pedt- 
alncs, New York Med College, Flower and Fifth 
Avenue Eospilak, New York City 
The therapeutic effectiveness of sulfadiazine 
was compared with that of a triple mixture of 
Bulfonaxmdes (sulfadiazine, sulfamerazine and 
sulfacetimide in equal amounts) and that of the 
nonabsorbable sulfonamide — phthalylsulfaoetim- 
ide, in an outbreak of bacdlary dj'sentery {Shigella 
sonnei) among 330 children ranging m age from 
early infancy to 14 years A total of 79 affected 
children received oral sulfonamide therapy in 
weekly courses Of these 27 were treated with 
sulfadiazine (0 2 gm/kg daily plus double the 
amount of sodium bicarbonate), 24 children re- 
ceived the triple mixture m the same dosage but 
without alkah, and 28 received phthalylsulfacet- 
imide in amounts increasing from a daily dosage 
of 1 6 gm for the ages of 2-6 years, to 2 gm for 
6-10 years and 4 gm for those above this age 
group Consecutive negative cultures from rectal- 
swabs on the 4th to 7th day after discontinuation 
of the sulfonamides were considered indicative of 
cure The triple mixture demonstrated the highest 
therapeutic efficacy It effected the cure of 20 
patients after one course of treatment, as com- 
pared to only 11 each in the sulfadiazine and 
phthalylsulfacetimide groups This difference be- 
tween the triple mixture and the other 2 sulfon- 
amides is statistically sigmficaut (chi square 
method) The fact that the triple mixture pro- 
duced substantially higher blood levels than sulfa- 
diazine could not adequately explain the greater 
therapeutic efficacy of the former, since phthalyl- 
sulfacetimide proved as good as sulfadiazine with- 
out having entered the bloodstream to any sig- 
nificant extent It would seem, therefore, that the 
triple tmxture exerts a substantially higher anti- 
bacterial effect within the gastrointestmal tract 
The curative efficacy of phthalj Isulfacetimide 


appears highly satisfactory since it compares 
favorablj' with sulfadiazine 
Effects on anaphylactic shock of salicylates, 
aminop>rino and other chemically and phar- 
macologically related compounds Mark H 
Lepber,* Benjamin F Miller,* Eston R 
Caldw ell, Jr ,* AND Paul K Smith Depts 
of Medicine and Pharmacology, George Washing- 
ton Unit’ School of Medicine, Washington, D C 
The effects of salicylates on anaphylactic shock 
m rabbits were compared with that of certam 
compounds chemically and pharmacologically re- 
lated to the salicylates The compounds studied 
were acetanilid, neocinchophen, aminopynne in 
the group with similar pharmacologic properties 
and para-aminobenzoic acid, sulfanilaihide, and 
sodium gentisate in the chemically related group 
All compounds were used m equivalent amounts, 
based on aspirin, 0 64 gm In addition, for special 
control purposes, the following were employed 
sodium bicarbonate, 0 32 gm , Nembutal, 30 mg , 
and codeine phosphate, 5 mg Rabbits weighing 
approximately 2 kg were sensitized by repeated 
injections of egg white After 2 weeks had been 
allowed for sensitivity to develop, the animals 
were divided into experimental and control 
groups In the former animals, the drug was given 
suspended in water by pharyngeal tube, while the 
latter received an equal dose of w’ater by tube one 
hour before a shocking dose of egg white was given 
1 V Aspirin, sodium salicylate, and aminopynne 
were found to give sigmficant protection against 
this type of shock (Aspirin 8 deaths in 57 ani- 
mals, controls 39 deaths in 74 animals Sodium 
salicylate 9 deaths in 43 arnmals, controls 32 
deaths in 60 ammals Aminopynne 1 death in 22 
animals, controls 19 deaths in 34 animals ) None 
of the other compounds was defimtely effective, 
although some may have demonstrable effect m 
more ammals or by different techmques The 
activity of the salicylates and ammopyrme did 
not correlate with their other pharmacologic prop- 
erties They exhibited no antihistamimc action 
in rabbits 

Factors influencing toxicity of fortified red squill 
powder E William Ligon, Jr , and Robert 
R Sprowtell * Pharmacology Laboratory, In- 
secticide Division, Livestock Branch, Production 
and Marketing Administration, U S Dept of 
Agriculture, Beltsville, Md 
A fortified red squill powder was bioassayed on 
6 strains of male albino rats After being fasted 
for 24 hours, rats weighing betw een 150 and 250 gm 
were offered bait consisting of 10% squill m bread 
crumbs After 16 hours they were returned to 
normal diet for an 8-day observation penod Bio- 
assajs were similarly performed, by administer- 
ing through a stomach tube squill suspended in 
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tragacanth These animals were returned imme- 
diately to normal diet 
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Bioassays were also performed with two varia- 
tions m technique In one case, different concen- 
trations of squill vere used for voluntary feeding 
In the other, food was withheld for 16 hours after 
dosage by stomach tube The ldjq for 10% bait 
was 125 ± 15 5 mg/kg , for 3%, 200 ± 29 mg/kg , 
and for 1%, 200 ± 20 mg/kg The lDso for controls 
fed immediately after stomach tube admimstra- 
tion was 177 ± 19 mg/kg and for those denied food 
for an additional 16 hours was 108 ± 11 mg/kg 

Bioassay method for diuretic substances J Max- 
w'ELL Little and Cahlos Cooper, Jr * Dept 
of Physiology and Pharmacology, Bowman Gray 
School of Medicine, Wake Forest College, IFtnston- 
Salem, N C 

Female dogs were prepared by episiotomj for 
easier catherization The dogs were given 35 cc 
of distilled w ater per kg by stomach tube, and the 
food and water were removed Approximately' 16 
hours later the animals were catheterized, the 
bladder was emptied, and the urinary specific 
gravity was determined If the specific gravity 
was 1 030 or greater the animal W'as discarded The 
animals were given 25 cc of distilled water per 
kg by stomach tube and the diuretic substance 
was administered The animals were put in meta- 
bolimeter cages in a room maintained at 22°C 
At the end of 6 hours the animals were cathe- 
terized, and the total unne volume was meas- 
ured Results were expressed as diuretic ratio 
6 hour unne volume 

^cc X kg body weight; Ninety control experi- 
ments on 12 dogs gave a mean ratio of 1 04 cr 0 172 
In arriving at this method several hydration pro- 
cedures were tested removing food and water 
16 hours before the experiment, omitting the first 
hydration procedure, and collecting for 5 hours at 
room temperature yielded a mean ratio of 0 20 cr 

0 149 in 14 experiments , repeating this experiment 
wTth the exception of leaving water available 
until 1 hour before the experiment gave a mean 
ratio of 0 37 cr 0 274 in 12 experiments repeating 
this experiment with the exception of collecting 
for 6 hours at 22°C gave a mean ratio of 0 82 cr 0 299 
in 111 experiments The mean ratios follow mg the 

1 V injection of 2-2 5 cc of 3 pooled dialyzed con- 
centrated human urine samples are 1 98 cr 0 355, 

1 79 cr 0 396 and 1 59 cr 0 314 


Effect of epinephrine on intestinal Tolume A E 

Livingston Dept of Pharmacology, Temple 

Untv School of Medicine, Philadelphia, Pa 

When epinephrine is injected mto a sjstenuc 
vein of an anesthetized dog, an increase in volume 
of an mtestinal loop in a plethy'smograph takes 
place The portal vein pressure increases and the 
liver volume usually decreases These effects begin 
W'hen the systemic blood pressure is near the maxi- 
mum When the injections are made into a mesen- 
teric vein a prompt and similar effect is produced 
on intestinal volume and portal pressure, though 
the effect on the sy'stemic blood pressure may be 
very slight If the injection is made into a branch 
of the mesenteric artery leading to the loop of 
intestine, a marked decrease in volume of the loop- 
takes place and an increase in portal pressure fol- 
lows When the portal blood is shunted to an ex- 
ternal jugular vein and injection is made into a 
femoral vein a similar increase in volume of intes- 
tinal loop and portal pressure takes place, and an 
increase in blood volume flows through the shunt 
during the mcrease in portal pressure lATien mjec- 
tions are made into a femoral vein and arterial 
pressure is held constant, or nearly constant, an 
increase m intestinal volume and portal pressure- 
usually 18 produced though the magmtude of effect 
IS not so great os when the blood pressure is al- 
lowed to rise An increase in intestmal volume 
and portal pressure is observed after the adminis- 
tration of atropine, section of both vagi, or the 
section of the splanchnic nerves 

Sympathetic ganglionic stimulant drugs S 
Loewe, L S Goodman and Susanne L Put- 
tuck * Dept of Pharmacology, Univ of Utah 
College of Medicine, Salt Lake City, Utah 
Potent and selective ganglionic vasopressor 
agents w'ere found in the new class of o-cresy'l cho- 
line ethers {R — CH* — CjHi — 0 — CiHi N(CH3)i 
OH) Greatest potency was found m those repre- 
sentatives of the class in which R is phenyl, 
p-fluorophenyd or 2-thienyl, these 3 substances 
are approximately equal in potency Like nicotine, 
these drugs are sympathetic and parasy mpathetic 
ganglionic depressants at high dosage levels, their 
depressant doses are similar to those of nicotine 
However, the new choline ethers differ from nico- 
tine in the following respects 1) They lack the 
muscarinic and curare-like actions of nicotine, its 
central nervous actions and its activity on smooth 
muscle and carotid sinus chemoreceptors 2) The 
threshold dose for sympathetic ganglionic stimu- 
lation is smaller than that of nicotine 3) They 
gave no indications of parasy'mpathetic ganglionic 
stimulation in a wnde range of doses inducing stim- 
ulation of sympathetic effector functions The 
degree of selectivity of syunpathetic as against 
parasympathetic stimulation is undergoing con- 
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tinued studj — An interesting feature of tlic new 
choline ethers is that the^ also possess consider- 
able antihistaminic actlvlt^ , being approvimatclj’- 
equal in potencj to diphenln dramino 

Mechanism of vasomotor actions of sparteine Go 
Lu Dept of Pharmacology and Therapeutics, 
Stanford Umv School of Medicine, San Fran- 
cisco, Calif 

Sparteine sulfate (5-10 mg/kg ) injected i v in 
anesthetized (chloralose, pentobarbital, or mor- 
phine-ether-D-tubocurarine) dogs and cats pro- 
duced brad} cardia and fall of blood pressure After 
injecting 40 mg/kg nithin 30 minutes, an addi- 
tional 5-10 mg/kg 1 V caused slight pressor effect 
(mosth under artificial respiration) The de- 
pressor phase n as accompanied bi increase in leg 
volume and decrease in kidne} , spleen or intestine 
volume and was due to peripheral vasodilatation, 
since the cardiac output (Pick’s principle) in- 
creased slighth or remained unchanged Cardio- 
metric record shoved ventricular dilatation vith 
increase in pulse volume The peripheral vasodila- 
tation vas not significanth altered bj section of 
vagi, atropinization, p^ nbenzamimzation or 
carotid denervation However, dilatation was 
prevented bj pithing, denervating a leg, nico- 
tinization or ergotovinization Cisternal injection 
revealed no central vasomotor depression Femo- 
ral artery injection revealed no effect or slight 
vasoconstriction Sparteine prevented the pressor 
effects of carotic occlusion, or of sciatic stimula- 
tion, and hjqierpneic responses of nicotine and 
acetylcholine (atropinized animals), and poten- 
tiated the pressor effect of epinephrine It also 
interrupted the contraction of the nictitating 
membrane produced bj electrical stimulation of 
the preganglionic fibers, whereas postganglionic 
stimulation remained unaffected Thus, sparteine 
produces vasodilatation bj depression of sjnnpa- 
thetic ganglia The later pressor effect accom- 
panied by decreases in kidnej , intestine and leg 
volumes is due to peripheral vasoconstriction 
resulting from direct smooth muscle stimulation 

Diethylaminoethyl esters of 2.hydroxy-and 2- 
alkoxy-4-aminobenzoic acid as local anesthetics 
F P Luduena and James O Hoppe * Sterling - 
Winthrop Research Inst , Renssalaer, N Y 
The local anesthetic activity of 2-hydroxy and 
various 2-alko\} analogs of procaine, synthesized 
by Clinton and co-workers, was determined bj’^ 
various methods A comparison of the duration/ 
log concentration curves obtained bv the sciatic 
nerve block method in guinea pigs disclosed an 
increase in activity with an increase in length of 
the alkoxy side chain from methoxy through the 
butoxy substituent Procaine is less active than 
the 2-hy droxy and more actiy e than the 2-methoxy 


analog The butoxy analog (WIN 3706) is about 
ns active ns tetracaine By intraspinal injection in 
rabbits, both the jiropoxy analog (WIN 3459) and 
WIN 3706 produce anesthesia of rapid onset and 
relatively short duration Spinal anesthesia was 
obtained yy ith a concentration as low as 0 03% of 
WIN 3706 yyhich is below the threshold concentra- 
tion for tetracaine In these rabbits, the signs of 
local injury were minimal, no paralysis was ob- 
served with WIN 3706 and, of the 30 rabbits in- 
jected w itli sublethal doses of WIN 3459, only' one 
showed a residual hind leg paralysis Topieal 
anesthetic activity yyas determined by' corneal 
irrigation in rabbits Both WIN 3469 and WIN 
3706 were more actu'e than cocaine but less active 
than tetracaine The toxicity , as determined by' 
1 V injection in mice, parallels the local anes- 
thetic potency , ns determined Iiy the nerve block 
method The ldso of WIN 3469 is 9 ± 0 4 mg/kg , 
and that of WIN 3706, 4 db 03 When the local 
irritation produced by intradermal injection in 
rabbits was determined Iiy the trypan blue 
method, WIN 3459 and WIN 3706 were found i 
and i ns irritating as tetracaine, respectively 

Sodium catechol disulphonate protection in ex- 
perimental uranium nitrate poisoning L M 
LusKy* AND H A Braun * Division of Pharma- 
cology, Food and Drug Administration, Federal 
Security Agency, Washington, D C 
When an aqueous solution of disodium catechol 
disulphonate (DCD) is mixed with an aqueous 
solution of uranium nitrate, an amber colored 
complex IS formed Protection against the sys- 
temic effects of uranium nitrate in rabbits occurs 
when DCD is administered by intramuscular in- 
jections For example, the ldjo of uranium nitrate 
administered s c is increased more than 4-fold if 
intramuscular treatment with DCD is started 
immediately after injection of the uranium salt 
Protection is also obtained, though to a lesser 
extent, when treatment wnth DCD is delay'ed one 
hour after administration of uranium salt Com- 
bined treatment yvith DCD and sodium citrate 
yvas more effective in protecting rabbits from sy's- 
temic effects of uranium mtrate than treatment 
yvith either DCD or sodium citrate alone given 
under the same schedule 

Vasomotor and gastrointestinal studies using 
Diparcol C Keith Lyons, and Botd H Met- 
calf (introduced by' Keith S Crimson) Dept 
of Surgery, Duke Umv School of Medicine, 
Durham, N' C 

Diparcol, diethy lamino, 2, ethyl-N, dibenzo- 
para-thiazine hy'drochlonde, has been tested in 
dogs and man In 4 dogs with x'agi cut Diparcol 
was given using initial doses of 0 5 mg/kg and 
adding larger increments until during 3 or 4 hours 
total amount was 81 5 to 130 mg/kg With the 
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final dose death occurred suddenly Results 
achieved when 5 to 10 mg/kg had been given were 
not much altered by later larger amounts Though 
increments of 5 to 20 mg/kg effected reduction of 
pressure lasting several minutes, pressure gener- 
ally maintained at normal values to the lethal 
dose Increase of blood pressure with carotid 
artery occlusion occurred throughout the experi- 
ment, as did nse of pressure with stimulation of 
the central end of one vagus Marked slowing of 
pulse and drop of pressure with stimulation of the 
peripheral end of a vagus were partially blocked 
after 3 0 to 23 mg/kg total accumulative dose and 
completely blocked after 6, 10, and 31 mg/kg in 
3 animals In the 4th ammal even to the lethal dose 
block remained partial Pressor response with 
epinephrine, 1 to 5 /igm/kg , was blocked by 5, 6 6, 
20, and 44 mg/kg total additive dose of Diparcol 
After large doses anoxia produced decrease of 
blood pressure in 2 dogs, no change in 1 and slight 
decrease followed by an increase just after the 
anoxia in the 4th Five to 15 mg/kg i v effected 
temporary nse of blood pressure and pulse in 3 
unanesthetized dogs Gastnc emptying and ileal 
transit time determined by roentgenologic meth- 
ods in 9 dogs after 5 to 30 mg/kg were essentially 
normal Observations in patients are similar 

Comparative effects of repeated doses of cura- 
nzing agents m man David W Macfarlane* 
AND Klaus R Unna Dept of Pharmacology, 
Vmv of Illinois, College of Medicine, Chicago, 
III 

In 4 normal male subjects, the effects of a first 
and a second dose of D-tubocuranne chloride 
(dTC), dimethyl ether of D-tubocuranne chlonde 
(dimdTC), and decamethylene-bis(trimethyl-am- 
momum bromide) (CIO) were compared Cntena 
for degree of effect were depression of grip strength 
as measured by a dynamometer, recovery tune 
measured as tune in minutes for 75% recovery 
of gnp strength (trs), and depression of vital 
capacity The interval between i v injections was 
chosen to be 45 minutes for dTC and dimdTC and 
30 minutes for CIO It has been shown, previously, 
that at the time intervals chosen, effects of the 
first injection could no longer be objectively meas- 
ured It was found that after 46 minutes, only i 
of the initial dose of dTC or dimdTC was required 
to produce effects similar to those of the original 
dose This was unlike CIO, vhich if remjected in 
the full imtial dosage after 30 imnutes, failed to 
produce effects comparable to those of the first 
injection In all subjects, the effect of the second 
dose of CIO on grip strength and vital capacity 
was significantly smaller In an attempt to obtain 
data on animals under comparable conditions, 
head drop doses of dTC and CIO were determined 
on both cats and rabbits and redetermined at 


suitable intervals With both drugs and m each 
animal species, the second head drop dose was 
significantly smaller than the first Thus, the 
tachjqihylaxis to CIO observed in man was not 
seen in cats or rabbits 

Influence of penicinm-penicillinase combinations 
and PABA sulfonamide mixtures on the growth 
of higher plants compared with bacteria David 
I Macht Depi of Pharmacology, Stnai Hos- 
pital, Baltimore, Md 

Inasmuch as many botanists regard bactena as 
microscopic plants, experiments were made in 
regard to the action of sulfonamides and PABA 
separately and in combination with each other on 
the root growth of Lupinus albus seedlings The 
drugs studied were 3 aminobenzoic acids and van- 
ous sulfa compounds Seedlings of Lupinus albus 
were grown in Shive’s solution with and without 
the above drugs It was found that the ortho- 
aminobenzoic acid was the most toxic for root 
grow'th, and para-aminobenzoic acid the least 
toxic A1 the sulfa compounds exerted a diphasic 
effect, dilute solutions stimulating the root 
growth, while greater concentrations inhibited it 
Combinations of PABA and sulfomlamide always 
produced a synergistic effect That is, instead of 
PABA inhibiting the action of sulfa drugs, it 
actually potentiated their toxidity The action of 
penicillin and pemcillinase was studied m 2 ways 
the effect on the root growth of Lupinus albus 
seedlings and the effect on respiration of Lupinus 
seed emulsions PemciUm, itself, is toxic for root 
growth, and the amorphous variety is more toxic 
than the crj'stallme Pemcillinase Schenley was 
erapIoj’'ed, obtained from cultures of B cereus 
strain NRRL-B669 This enzyme is very little 
toxic for Lupinus root growth Combinations of 
pemcillinase and pemcillm produced a synergistic 
effect The reductases of Lupinus seeds were 
studied by Thunberg’s method Pemcillm retarded 
the reducing process Pemcilhnase alone exerted 
little effect, a combination of the 2 acted syner- 
gistically 

Toxicity of penlciUin for previously treated ani- 
mals David I Macht and Thomas Hopf- 
MASTEK * Dept of Pharmacology, Stnai Hospital, 
Baltimore, Md 

Because of the very low toxicity of pemcillm, it 
was deemed desirable to test its effect on animals 
previously conditioned, either physiologically or 
pharmacologicaUy The animals employed were 
mice, rats, gumea pigs, rabbits and cats Physio- 
logically conditioned were hypophysectomized 
rats and rabbits unilaterally adrenalectomized 
No difference in the toxicity of either crystalline 
or amorphous pemcillm was found between these 
and normal ammals In pharmacological expen- 
ments large doses of various drugs chosen for 



March 1950 


phahmacology and experimental therapeutics 


299 


their selective action for diirerent physiological 
functions were given to difforent animals and the 
effect of subsequent injections of penicillin in 
large doses uas investigated The following drugs 
were studied digitalis, Cobra ncurotoxin, mer- 
cunc chloride, allovan, sulfonamides dicumarol, 
hepann, salicylates, antipNrin, dimtroplienol and 
pentothal None of these increased the to\lClt^ of 
penicillin on subsequent injections even in verj 
large doses (100,000 to 500,000 units) A potentia- 
tion in tovicity was noticed in animals treated 
with phosphorus and with camphor The mor- 
tality from these poisons was greater when peni- 
cillin was combined with them Next to the 
invaluable chemotherapeutic properties of peni- 
cillin the authors find the most important pharma- 
cological properties to be its thromboplastic effect 
This IS efiBcientlj antagonized bj dicumarol and 
hepann The salicjlates and sulfadiazine do not 
effectively prolong coagulation time except after 
their repeated administration for a long period 
of time 

Pharmacologic data on DL-2-amino-L-(p-methyl- 
phenyl) -propane Edwajid Macro,* Edwin J 
Fellows and A Jaaies Fendhick * Research 
Division, Smith, Kline and French Laboratories, 
Philadelphia, Pa 

In the present studies the hyperkinesthetic ac- 
tivity of DL-2-amino-L-(p-methylphenyl)-propane 
(No 42) m rats was found to be j intrapen- 
toneally and ^ orally that of D-2-amino-L- 
phenylpropane (No 2) Orally, No 2 was more 
than 10 tunes as active as No 42 in antagonizing 
the depressant effect of phenobarbital The ana- 
leptic potency of No 42 therefore does not parallel 
its effectiveness in producing an increase in motor 
activity Subcutaneously in dogs, 6 mg/kg ex- 
hibited the same antiappetite potency as 1 mg/kg 
of No 2 The foregoing data suggested that No 42 
may be a useful anorexigemc agent with a low 
order of antisleep effect No 42 also possesses an 
analgetic action as indicated by the fact that doses 
of 5 0 to 20 0 mg/kg intrapentoneally markedly 
elevated pain thresholds m cats In subacute and 
chronic toxicity studies no evidence of changes 
due to administration of No 42 was observed by 
histological examination of tissues removed from 
rats, rabbits, guinea-pigs and dogs which re- 
ceived massive daily doses (up to 30 mg/kg ) of 
this compound for periods of one to 3 months 
The data obtained in the present experiments 
indicate that No 42 should be evaluated clinically 
as an antiappetite and as an analgetic agent 

Bloassay method for denvatives of Veratrum 
VInde Geohge L Maison and J W Stutz- 
MAN Dept of Phamiacolo^, Boston Umv School 
of Medicine, Boston, Mass 


Hypotensive action m dogs under pentobarbital 
anesthesia has been utilized as bioassay method 
for Veratrum Viride derivatives Great quantita- 
tive vanabilitj" of response (not tachyphylaxis) 
on repealed administration to the same dog as 
well as to different dogs resulted Most satisfac- 
torv route of administration jirovcd to be i v 
infusion at constant rate (in ;ig/kg/min ) for 10 
minutes Variability was reduced by bracketing 
the infusion of unknown betw'ccii two infusions 
of a standard reference powder The fall of mean 
femoral pressure at its nadir expressed as per cent 
of pre-existing jircssure was used as the criterion 
of response Statistical analysis showed that units 
of 0 dogs were required for a detection level (±2 
standard deviations) of 20% difference in potency 
Units of 9 or 12 dogs did not improve the detection 
level The reference standard utilized was Veriloid 
(J W Dart Labs ) In 232 trials the mean re- 
sponse to standard infusion was 29 9 ± 12% fall 
of mean arterial pressure The followung sub- 
stances had less than 10% of the potency of the 
reference standard (mg for mg) jervine, rubi- 
jervine, isorubijervine, n-methyl jervine*, o- 
acetj 1 n-methyl jervine* * Not derived from Vera- 
trum viride 

Studies on renal function during various stages 
of anesthesia produced bj thiopental m dogs 
Arnold H Malonei, Walter M Booker, 
James R Turkman* and ClaitdiaM Ratliff* 
Dept of Pharmacology, Hoicard Untv Med School, 
Washington, D C 

In connection with studies on the course of 
pentothal anesthesia as related to nutritional 
states. It was deemed important to make some 
evaluation of the effects of various states of anes- 
thesia on kidney function in dogs Accordingly, 
the following experiments have been designed to 
study glomerular filtration rate and renal plasma 
flow as related to the plasma pentothal levels 
The periods of anesthesia were divided into light, 
moderate, and deep as determined by the Draper- 
Whithead reflex response Durmg these periods, 
the glomerular filtration rate is determined by^ the 
creatinine clearance method and the effective 
renal plasma flow by the diodrast plasma clear- 
ance Also, durmg these periods, the plasma level 
of pentothal is determined Preliminary experi- 
ments at this time show that the highest values 
for the glomerular filtration rate are obtained 
in the periods of bght anesthesia and the lowest 
values during the periods of deepest anesthesia 
The results of the effective renal plasma at the 
time are not definitive The plasma levels of 
pentothal may be correlated w ith degree of anes 
thesia Experiments are now under way to extend 
these observations 
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In vitro antihistamine and anti-acetylcholine 
activity of several antihistamines S Margolin, 
A Makovsky and R Tislow (introduced by 
H B Haag) Biological Research Laboratories, 
Schering Corporation, Bloomfield, N J 
Isolated portions of guinea pig ileum suspended 
in Tjuode solution were used to determine the 
in vitro activity of several antihistamines The 
end-point in these tests u as inhibition of the spas- 
mogenic effect of histamine dihydrochlonde (1 5,- 
000,000) or acetylcholine chloride (1 50,000,000) 
following a 3-minute exposure of the tissue to the 
antihistamine Dilutions which would inhibit the 
spasmogenic contraction by 50% and confidence 
limits were calculated from responses to graded 
concentrations of the drugs While the data are 
of interest in differentiating between antihista- 
mine and anti-acetj'lcholine activity under the 
conditions of an in vitro test, they do not give an 
mdex of antihistamine efficacy when compared 
with tests in vivo and with clinical experience 

Effect of localization of pentothal in fat on its 
duration of action Lester C Mark,* Eleo- 
NORE Bernstein* and Bernard B Brodie 
Depts of Anesthesiology and Biochemistry, New 
York Univ College of Medicine and New York 
Univ Research Service, Goldwater Memorial Hos- 
pital, New York City 

Previously reported studies indicated that pen- 
tothal is slowlj'' metabolized in vivo and that the 
rapid decline in plasma levels and quick recovery 
following a single i v dose of the drug are due to 
its localization in body fat The interrelationship 
of plasma, tissue and fat concentrations has been 
further studied in dogs After the i v administra- 
tion of pentothal, concentrations in liver and 
plasma were high at first but decreased rapidly, 
while those in fat were negligible at first but in- 
creased steadily, and finally accounted for most 
of the drug in the body Concentrations in the 
central nervous sj^stem appeared to decline with 
those of liver and plasma as evidenced bj' cere- 
brospinal fluid levels Different fat depots varied 
in the rate of pentothal uptake but within 24 
hours the pentothal concentrations of all fat de- 
pots were similar The clinical effects of a given 
dose of pentothal appear therefore to depend 
upon the plasma level at which equilibrium is 
established between fat and the rest of the body 
After a small dose, this level is subhy^pnotic and 
the drug is ultrashort acting After a large dose, 
the equilibrium level is above the hj'pnotic level 
and IS maintained there for considerable periods 
by the pentothal reservoir in fat Prelirmnary in- 
vestigation wnth the oxygen analogue, pento- 
barbital, indicated that its localization in fat was 
less extensive 


Synthetic curare compounds VI Isomers of N- 
methyl-tetrandine iodide David F Marsh and 
D A Herring * Dept of Pharmacology, West 
Virginia Univ School of Medicine, Morgantown, 
W Va 

Of the 8 possible isomers of the tetrandme type 
biscoclaunne alkaloids, 5 have been isolated and 
characterized We have converted these to the 
quaternary ammonium derivatives and compared 
their activity with D-tubocurarme chloride As 
well as apparently unrelated side-effects, D-tubo- 
curarine and, 0,N-methyl-repandine have some 
histamimc activity, and all the agents in high 
dose in cats, except the N-methyl -tetrandme, 
produce non-specific falls in blood pressure An 
attempt has been made to correlate these observa- 
tions wnth the probable structural models of the 
compounds 

Studies with low vapor concentrations of carbon 
tetrachloride labeled with carbon 14 I Absorp- 
tion, distribution and elimination upon inhala- 
tion by monkeys D D McCollister, W H 
Beamer, G J Atchison and H C Spencer 
(introduced by' D D Irish) Biochemical Re- 
search Laboratory and Spectroscopy Laboratory, 
Dow Chemical Company, Midland, Mich 
Monkeys inhaled radioactive carbon tetrachlo- 
ride through a mask and respiratory valve sy stem 
at a ‘contact’ concentration of 46 p p m (0 289 
mg/1 ) for periods of 139 to 344 mmutes Absorp- 
tion occurred at an an average rate of 1 34 mg/kg/ 
hour, or 30% of the total weight of carbon tetra- 
chloride inhaled, the blood concentration of 
carbon-14 did not reach saturation within the 
time of the experiments Tissue analyses for 
radioactive carbon gave distribution ratios (blood 
= 1) for depot fat = 7 86, liver = 3 00 and bone 
marrow ■= 2 97 Bone, lung, muscle, spleen, heart, 
kidney' and brain had distribution ratios ranging 
from 0 14 to 0 96 Carbon tetrachloride w as metab- 
olized by' the monkey s Ten to 20% of the total 
radioactivity in the blood and expired air was 
present in the form of Carbon-14 was also 

identified in urinary' urea and carbonate but the 
chief metabolic product in urine was an uniden- 
tified non-volatile material found to have 
attributes suggestive of a conjugate Twenty per- 
cent of the absorbed carbon tetrachloride was 
eluninated by exhalation in the form of C“Oi and 
volatile ‘carbon tetrachloride’ during the first 18 
hours following the end of an exposure Carbon-14 
was measurable in samples of expired air over a 
4-week period It was estimated that a total of 
60% or more of the carbon tetrachloride absorbed 
by' the monkey was eliminated in this manner 
The remainder appeared to be excreted in the 
feces and urine 
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Electrical and chemical activities of fibnllating 
dener\ated and innervated muscle deprived of 
Ca++ A R MeiNTvnB, A L Dunn,* and 
FE mvoRTH Downing * Dcpl of Physiology and 
Pharmacology, Unw of Nebraska College of Medi- 
cine, Omaha, Nchr 

Intravenous perfusion in vivo of fibnllating 
denervated dogs’ muscles with the following solu- 
tions (at pH 7 0, B7°C) was without immediate 
effect on the electrical actmti of the fibnllating 
muscles. Tv rode solution, Tjrode solution con- 
taining csenne 1 100,000, Ca"*^ free Tjrode solu- 
tion and Ca’^ free Tjuode solution containing 
1 niM of procaine hjdrochlonde In contrast the 
electrical activitv of innervated muscle aroused bj"^ 
perfusion with Ca'*^ free Tj’rode solution was 
promptlj interrupted when procaine was added 
to the Ca''^ free solution Muscle electrical ac- 
tmtjf was recorded throughout the experiment 
The perfusing solutions were collected and ren- 
dered protein free bj' trichloracetic acid precipi- 
tation The protein free filtrates w ere each dmded 
into 2 fractions One of each pair was heated at 
pH 9, cooled and neutralized with COj All the 
filtrates w ere then tested for ACh on the isolated 
heart of Venus merccnarta All filtrates obtained 
from perfusates collected from both innervated 
and denervated muscles while electricallj’’ active 
contained a heat labile cardio-inhibitor (ACh) in 
concentration of approximatelj'^ 1 6 to 3 2 ngm of 
ACh per ml No ACh was detected in anj' perfusate 
collected from muscles at rest Examination of 
single spike potentials from innervated and de- 
nervated muscles revealed no consistent differ- 
ences Verj’’ rapid spikes (0 5 msec ) w ere obtained 
from both The increased sensitivity to ACh in 
the denervated and innervated muscle, deprived 
of calcium, is of the same order (circa 1,000-fold) 
These findings are discussed and indicate that 
the activity of cholinesterase at the junction is 
decreased bj”^ denervation and, in innervated 
muscle, bj loss of normal resting polaritj^ at the 
nerve endings 

Effect of colchicine on certain synthetic reactions 
in vitro Gordon R McKinney (introduced by 
Frederick Bernheim) Dept of Physiology and 
Pharmacology, Duke Univ School of Medicine, 
Durham, N C 

Rat liver slices or homogenates w ere incubated 
wnth appropriate substrates in 20-ml beakers m 
a Dubnoff Metabolic Shaking Incubator at 38°C 
The tissue was suspended in Krebs-Ringer’s bi- 
carbonate buffer, saturated with 95% Os-5% COi 
mixture, which was also the gas phase 1 X 10 “’ m 
colchicine inhibited the formation of creatine from 
guanidoacetic acid and n-methionine by 65% It 
was as effective as methjl-bis-(beta-chloroethjd)- 
amme HCl (MBA), and more effective than ure- 


thane Colchicine and MBA blocked tlic methjda- 
tioii of nicotinamide by methionine to a greater 
degree than did urethane Colchicine, however, 
inhibited (he formation of p-aminoliippuric acid 
(PAH) onlj' liv 16%, whereas MBA inhilnted by 
70% Urethane did not affect PAH svnthesis 
Neither colchicine nor uretlianc affected the con- 
jugation of morphine which was iniiibitcd bj 85% 
by MBA _^1J 

Plasma levels and unnarj excretion of cocaine in 
dog and rabbit F G McMahon,* L A Woods 
AND M H Servers Dept of Pharmacology, 
Univ of Michigan, Ann Arbor, Mich 
Using an original and specific colorimetric 
method, the details of which will be published 
elsewhere, capable of estimating cocaine in con- 
centrations above 0 4 pgm/cc of plasma and 1 0 
jigm/cc of urine, a studj^ of the plasma levels and 
urinnrj' excretion of cocaine has been completed 
in the dog and rabbit Intravenous administration 
of 5 mg/kg (base equivalent) of cocaine hjdro- 
chloride to the dog is followed bi disappearance 
of the drug from venous plasma in about 30 min- 
utes Subcutaneous injection of 10 mg/kg and 
15 mg kg (base equivalent) of cocaine hydro- 
chloride to the dog results m slowty increasing 
plasma levels of cocaine to a maximum of 1 1 to 
1 8 ngm/cc , to 3 hours after the dose Seven 
to 10% of the cocaine can be recovered from the 
urine of dog after s c and i v administration 
The plasma concentration of cocaine in the rabbit, 
60 to 90 minutes after s c adnunistration of 30 
mg/kg , IS about 1 6 jxgra/cc Most workers have 
been unable to recover cocaine in rabbit urine 
We can find none in cage-eollected urine but co- 
caine is detectible in small amounts (less than one 
per cent of dose) if catheter-collected samples are 
analyzed 

Silicone fluids as vehicles for the intramuscular 
administration of drugs Bernard P McNa- 
mara, Elizabeth A McKay* and Maggie M 
Quille * Pharmacology Section, Medical Divi- 
sion, Army Chemical Center, Md 
Silicone fluids offer possibihties as non-aqueous 
vehicles for intramuscular admmistration of 
drugs Certain drugs injected intramuscularly m 
such fluids exert sj'^stemic effects wnthm one min- 
ute Animals injected (0 1 cc/kg ) in a single area, 
3 tunes per week for a period of 2 months showed 
no clinical signs of pain or muscle injury The 
R B C , W B C , hemoglobin, hematocrit and 
body weight of these animals were not adversely 
influenced The intravenous administration of 
such fluids in rabbits sometimes results m death, 
possibly because of ‘fluid embolism ’ 

Sensitivity to digitalis at the altitude of Bogotfi 
K Mezey and R Bvquero (introduced by 
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McKeen Cattell) Cesar Unbe-Piedrahita Re- 
search Labs , Bogotd, Colombia 
In a previous report (Am J Pharm 115 826, 
1943) it was shown that the cat unit of the same 
digitalis preparation under identical experimental 
conditions (weight, sex of animals, anesthesia, 
rate of infusion) was 17 6% less in Bogotd (alti- 
tude 2640 meters, temp 14 5°C) than in Girardot 
(altitude 326 meters, temp 29 °C) In order to find 
out whether this difference is due to the diminished 
partial pressure of oxygen in Bogotd (110 mm Hg ) 
or to the lower environmental temperature, ex- 
periments were carried out in the following man- 
ner In the first series of 20 cats the cat umt of 
Digitaline Nativelle in a 1 100,000 solution was 
determined The second senes of 10 experiments 
was made ie the same manner as the first except 
that the right nostril of each cat was connected 
with an oxygen bottle supplj ing 0 6 liter of oxygen 
per minute, started 16 minutes before beginnmg 
the infusion The third series of 10 experiments 
was performed as the second except that a room- 
temperature of 29°C was mamtamed Healthy 
cats of both sexes were used weighmg from 1 7 to 
3 6 kg and fasted 24 hours Thiopental, 30 mg/kg 
intraperitoneally, was used for anesthesia We 
used the technique of continuous injection or 
infusion since we did not find any advantage in 
the modification described in the U S P XII 
The following average lethal dose values were ob- 
tained Control, 0335 ± 0 001 mg , Oxygen, 14 6°C , 
0 365 zt 0 0012, Oxygen, 29 0°C , 0 378 ± 0 0009 
We conclude that the average lethal dose of a 
given digitalis preparation is lower in the natural 
environmental conditions of Bogotd than m an 
artificially oxygenated atmosphere and that the 
higher toxicity of digitalis in Bogotd is due mainly 
to the partial lack of oxygen and only to a slight 
extent to the lower environmental temperature 

In vivo conjugation by rats of parenterally ad- 
mimstered histamine R Cahl Milligan (intro- 
duced by Sanford M Rosenthal National 
lasts of Health, Belkesda, Md 
It has been shown that an acetone powder ex- 
tract of liver, in the presence of Coenzyme A, can 
conjugate histamine (J Pharfflacol & Exper 
Therap 97 4, 1949) Conjugation in vivo was 
mvestigated by subcutaneous administration of 
histamine to normal and enterectomized rats A 
colorimetric method was employed for the deter- 
mination of free and conjugated histamine in the 
urine The determination of conjugated histamine 
was confirmed by the addition of histaminase 
In normal rats total urinary excretion of free and 
conjugate dunng the 48 hours following adminis- 
tration ranged from 21 to 43% of administered 
histamine Twenty to 40% of the administered 
histamine was excreted as free histamine within 


17 hours Conjugated histamine was demonstrated 
in the urines of normal rats 17 to 24 hours follow- 
ing subcutaneous admimstration of 500 mg his- 
tamine base per kdo, in amounts ranging from 14r- 
51% of total present Following 100 to 200 mg of 
histamine base per kilo subcutaneously to enterec- 
tomized rats, the percentage conjugate excreted 
17-40 hours following administration varied from 
24-56% of the total present Employing a modified 
metaphosphoric acid-cotton acid succinate method 
for demonstrating conjugated histamine, the vis- 
cera of several species of animals were analyzed 
for the conjugate No sigmficant amounts were 
demonstrable except following oral or parenteral 
administration 

Incidence of local reactions to mercuhydrin and 
thiomenn by subcutaneous injection In pa- 
tients with congestive failure Walter Modell, 
Harrt Gold, Nathaniel Kwit,* Leon War- 
SHAW,* BLarold Otto,* and William Zahm * 
Dept of Pharmacology, Cornell Vntv Med Col- 
lege, Cardiovascular Research Unit, Beth Israel 
Hospital, and the Cardiac Service of the Hospital 
for Joint Diseases, New York City 
In a recent paper from our clinics, attention was 
called to the fact that the control of congestive 
failure most effectively, requires self -injection 
of the diuretic as in the case of insulin for diabetes 
An effective mercurial diuretic tolerated b> the 
subcutaneous route would therefore constitute an 
important advance Several recent reports de- 
clared that thiomenn by the subcutaneous route 
was substantially free of local reactions, and dur- 
ing this period one report stated that mercuhydnn, 
which IS commonly used by intramuscular mjec- 
tion, IS also relativelv free of local reactions when 
given subcutaneously The present study was 
earned out to secure more evidence concerning 
the local reactions to the two materials by sub- 
cutaneous injection severe pain, inflammatory 
induration, ecchjmosis, slough, and fibrous nod- 
ules In the case of thiomenn, 601 injections of 
0 25 to 2 cc in 187 patients, yielded one or more 
of the above reactions in 26% of patients (26% of 
injections in those wuth onlj 1 injection) In 43 
patients with about 10 injections each, reactions 
increased to 44% of patients (27% of injections) 

In the case of mercuhydnn, 1132 injections of 1 
to 2 cc in 200 patients (average of 6 per patient), 
yielded one or more reactions in 27% of patients 
(9% of injections) The relative ments of thio- 
merin and mercuhydrin by subcutaneous injec- 
tion will be discussed 

Antagonism between acetylcholine and tetra- 
ethylammonlnm in normal and denervated gang- 
lia G K Moe and H Konzett * Sandoz Labs , 
Basel, Switzerland 
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\ddihon of fcfrncthvhmmonmm clilondc 
(TE V) in 1 concenlrnlion of 1 100,000 to the fluid 
perfusing the nonnnl superior ccnicnl ganglion 
of the cftt causes significant reduction of the re- 
sponse of the nictitating membrane to proiiousb' 
ma\imal doses of acet-sichohne injected into the 
ganglion TEV in a concentration of 1 20,000 
maj coraplctclj block the response to control 
doses of aceUlcholinc, though larger doses of the 
mediator will again c\cite the ganglion The 
ganglion sensitized to acctjlcholinc bj preiious 
section of the preganglionic fibers is much more 
resistant to the blocking agent TEA in a concen- 
tration of 1 100,000 causes no measurable depres- 
sion of the response to ncet^lchollne, and in a 
concentration of 1 20,000 causes onlj moderate 
inhibition It might be argued that a procedure 
which potentiates acetjlcholine would corre- 
spondingly reduce the effectiveness of an acctal- 
chohne antagonist, but if sensitization following 
denervation is due solelj to reduction of the 
cholinestuase concentration in the ganglion, then 
the effective doses of acetjlcholine reaching the 
ganglion cells must be the same in both normal 
and denervated structures Reduction of the ef- 
fectiveness of TEA by denervation implies a more 
profound change in the characteristics of the 
denervated ganglion cells 

Comparison of certain ganglionic blocking agents 
with tetraethylammonium bromide James L 
Mohbison, Corneille Hetmans,* Harrt A 
Walker and Arthur P Richardson Dept 
of Pharmacology, Emory Univ School of Medi- 
cine, Emory University, Ga 
Dosage-effect-time relationships of tetraethyl- 
ammonium bromide (TEA), biB-(a,a'-trimetbjd 
ammonium propyl ether) dichloride-hydrate 
(MC-2444) , 10-(2-diethylaminoethyl) -phenothia- 
zme (Diparcol), and diethylaminoethyl ester of 
phenyl-cyclopentane-carboKylic acid (Parpanit) 
have been quantitated using depression of the 
carotid sinus pressor reflex and the mcotinic ac- 
tion of acetylcholine as the test responses Dogs 
were anesthetized with chloralose and morphine, 
vagotomized and atropimzed Drugs, in progres- 
sively increasmg doses, were given mtravenously 
and tests made for blockade of the carotid sinus 
reflex and pressor response to acetylcholine 5 
minutes after each injection of the test drug This 
procedure was repeated until one or both of the 
responses were apparently blocked Tests were 
made at frequent intervals for a penod of two 
hours after the last dose of the drug Using aver- 
ages of the per cent change in blood pressure of 
5 or 6 dogs, the results were plotted on graph paper 
and the EDso-, were approximated and compared 
to TEA In terms of dosage required to block the 
carotid sinus pressor effect Parpmit wsa }, Di- 


parcol i, and MC-2444 5 times ns active as TEA 
In terms of dosage required to block the nicotinic 
action of acetjlcholine Parpanit was 2 times, 
Diparcol 3 times, and MC-2444 10 times as active 
as TEV 

Studies on alterations of renal function following 
sciatic nenc stimulation and metabolic stim- 
ulants John H Moieb* and Carroll A 
Handled Depts of Medicine and Pharmacology, 
Baylor Vmv College of Medicine, Houston, Texas 
An attempt has been made to further evaluate 
the conccjit of functional renal bypasses as re- 
ported bv Trueta cl al Changes in renal blood flow 
(measured with a bubble flow meter), sjstemic 
blood pressure, and renal arteriovenous oxj'gen 
diflcrcnccs following sciatic nerve stimulation 
were determined After 2 hours the mean renal 
blood flow in the stimulated animals decreased 
40% os compared to 6% in the control animals 
This was accompanied bj an increase of mean 
renal A-VO* of over 100% in the former as com- 
pared to 4% in the latter The increase in A-VOi 
was consistently due to a fall in oxj’^gen content 
of the blood coming from the kidney Artenaliza- 
tion was never observed Renal 0* uptake re- 
mained more or less constant Decreasing renal 
blood flow occurred irrespective of blood pressure 
changes although the latter increased in about 
i of the animals receiving sciatic stimulation 
Concurrently with these studies, w e have observed 
by clearance methods that urinary output, glo- 
merular filtration and glucose Tm increase in direct 
proportion to the renal plasma flow as a result of 
thjToxin or dimtrophenol administration At the 
same time, the filtration fraction remained con- 
stant Followung these observations an expen- 
ment was set up during which renal blood flow 
was altered by sciatic nerve stimulation, adren- 
alin, and dimtrophenol administration Direct 
measurement of renal blood flow and A-VOi dif- 
ferences were made concurrently with clearance 
studies 

On the biological antagomsm between aspartic 
and glutamic acids controlling the acid pro- 
duced hy Streptococcus fecalis-B. Michael G 
Muxjnos, a Marinabo* and Nblda I Ricci * 
Interchemical Corporation and Dept of Pharma- 
cology, New YotL Med College, New York City 
Competitive inhibition among the various ammo 
acids IS known but its importance is microbio- 
assay and as a possible therapeutic approach has 
not been fully appreciated Using the L-forms of 
aspartic and glutamic acids, the acid producing 
powers of S fecalis-R were investigated at 37°C 
for from 24—120 hours Biotin has been shown to 
substitute for aspartic acid but glutamic acid is 
essential for the growth of S fecalis Concentra- 
tions of L-glutamic acid below 0 15 mg per tube 
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as in the microbiological assay for this acid do not 
support growth in the presence of the usual 
amount of 2 0 mg of aspartic acid Growth oc- 
curred when L-glutamic acid was raised or l- 
aspartic acid w as lowered to 0 6 mg with optimal 
grow th at an aspartic-glutamic ratio of 1 6 The 
data show that excessive concentrations of either 
L-glutanuc or L-aspartic acid in relation to each 
other become inhibitor}’^ to acid production by 
S fecalis This fact may explain the difficulties 
encountered m the use of S fecalis in the micro- 
bioassay of glutamic acid The data present an- 
other example of a biological inhibition between 
two metabolicallj'^ important compounds 


Furthermore, in many experiments, epinephrine 
administered to an isuprel-treated lung either 
had no effect or caused slight constriction It is 
possible that isuprel has a general toxnc effect, 
rendering the lung unreactive to epinephrine and 
other active compounds Neosynephrine, pare- 
drine, tuamine, and desoxj'ephedrme evoked con- 
striction in the isolated lung, while kephrine, 
cobefrine, and epinine and sympatol caused dila- 
tion or were ineffective Octin and aranthol caused 
initial dilation followed by marked broncho- 
spasm Further experiments wnth these drugs will 
be performed on the histamine-treated guinea 
pig and the intact dog 


Liberation of histamine from carnosine and histi- 
dine Joe Nash* and G A Emerson Untv of 
Texas Medical Branch, Galveston 
Treatment of carnosine and histidine solutions 
tn intro in various ways designed to resemble 
tn VIVO conditions of histamine release resulted in 
essentially negative findings Tests for histamine 
were made with the Code modification of the 
Barsoum Gaddum techmque Solutions were 
treated with normal and sensitized tissue homoge- 
nates both in the presence and absence of antigen, 
with toxoid and toxoid plus tissue, and with UV 
light These results are discussed in relation to 
evidence that carnosine acts upon histamine re- 
ceptors, and in regard to the weak antihistamine 
activity of carnosine and histidine 

Actions of certain sympathomimetic amines on 
the excised, perfused guinea pig lung Enid 
A Nbidle,* Charles M Gruber and Joan E 
Copeland * Dept of Pharmacology , Jefferson 
Med College, Philadelphia, Pa 
Sixtv-six guinea pig lungs were perfused with 
Tainter’s solution according to the method of 
Sollmann and von Oettingen and the responses of 
the bronchial musculature to various S3Tnpatho- 
mimetic drugs were recorded One hundred and 
sixtj'-five injections of epinephrine in dilutions of 
1 10,000 and 1 1000 caused significant dilation of 
the bronchioles in everj'^ case and this response 
w as taken as indicative of an active lung prepara- 
tion Of 108 injections of 1 1000 ephedrme, 4 
caused dilation of the bronchioles, 13 produced no 
change, and 91 caused marked constriction or 
spasm of the bronchial musculature The constric- 
tion evoked by ephedrme was effectively antag- 
onized by epinephrine and occasionally bj' epinme, 
kephrine, cobefrine, octin and isuprel Amphet- 
amine and t-jramme, in 33 and 23 experiments 
respectively, caused marked constriction or bron- 
chospasm which could be antagonized by epin- 
ephrine Isuprel in a dilution of 1 10,000 was with- 
out effect In 26 experiments 1 1000 isuprel 
caused bronchodilation in 6, no significant change 
in 17, and marked bronchoconstnction in 3 cases 


Studies on the surface chemistry of bone I 
Recrystallization W F, Neuman and B J 
Mulrtan * Dept of Radiation Biology, School 
of Medicine and Dentistry, Univ of Rochester, 
Rochester, jV Y 

The problem of the skeletal deposition of toxic 
metals has received considerable attention One 
common observation has been the localization of 
the foreign mineral in areas of active calcification 
This phenomenon has led to an association of the 
calcification process with the mechanism of depo- 
sition of unphj'siological minerals m the skeleton 
Since the phenomenon of bone growth is very 
poorly understood, the situation did not lend it- 
self to further exploitation With the finding that 
uranium, radiophosphate, and fluoride are all 
taken up bj' bone b} a ph 3 sico chemical process 
unrelated to cellular activit 3 , a new emphasis has 
been placed on the surface chemistr 3 ' of bone It 
was hoped that the concentration of these minerals 
in the regions of active calcification could be ex- 
plained in part by the greater surface activity of 
bone taken from these areas The experiments 
performed did not critical^' test this hypothesis 
Rather, they demonstrated that fresh bone un- 
dergoes recrystallization at a surprising rate 
Nonetheless, a means of testing bone preparations 
for surface activity, even in the presence of active 
recrystallization was devised The problem may 
now be reinvestigated 


A comparative study of pharmacological proper- 
ties of procaine and procaine amide Peggy Jo 
Newman* and Byron B Clark Dept of 
Pharmacology, Tufts College Med School, Boston, 


Mass 

While procaine has been used for 3 Rars as a 
ocal anesthetic, only recently have some of its 
ither pharmacological properties been utilized 
some of these properties are shared by procaine 
imide which is metabolized differently than pro- 
same There are no extensive studies available on 
,he pharamacological properties of either, and 
somparative studies are also lacking Some re- 
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suits of such an undcrlnkmg arc licrcb\ presented 
I) Duration of local nnesthesm is the same for 
both at 0 5% without epinephrine, twice as long 
for procaine ns for procaine amide w ith epineph- 
rine At 2% procrinc amide anesthesia lasts twice 
as long as procaine 2) Neither is effective on 
rabbit come i at 2% At 10% both produce anes- 
thesia for 20 minutes S) Procaine (2%) produces 
a nerve block (dog sciatic), procaine amide docs 
not 4) Nor\c action potential 13 abolished In pro- 
caine twice ns rapidh as b\ procaine amide 6) 
Acet\lcholine induced motilitr in isolated rabbit 
ileum IS antagnoired b\ both Procaine is about 
1/13,000, and procaine amide 1/140,000 as effective 
asatropine 6) In prolongation of refracton jienod 
of isolated rabbit auricle, procaine is nearU ns 
potent as quinidine, procaine amide is onh 25% 
as potent 7) Both block superior ccnical gang- 
lionic transmission and nicotinic pressor response 
8) Si'stcmicalh , procaine is a more potent res- 
pirator! depressant than procaine amide Both 
produce hipotcnsion in large doses (40 mg/kg ), 
and procaine mar raise blood pressure sbghth in 
lower doses Both cause brad\cardia, T w we 
and QRS depression Both are vasodilators, pro- 
caine being about five times more potent than 
procaine amide 

Blockade of epinephnne-induced cardioaccelcra- 
tion in the frog Mark Nickerson and George 
M Nomaguchi * Dept of Pharmacology, Unn< 
of Ltah College of Medicine, Salt Lake City 
Although manj investigators have confirmed 
the inabihtr of adrenergic blocking agents to 
prevent stimulation of the mammalian mjocar- 
dium bj epinephrine, reported results emplo! ing 
the frog heart have been highlj variable Studj 
of the conditions required for blockade of stunu- 
lation of the isolated frog heart bj epinephrine 
has revealed the following 1} The inotropic re- 
sponse IS not blocked under anj of the conditions 
emplojed 2) The chronotropic response of the 
winter-frog heart is effectivelj" blocked by 
haloalkylamines and ergot alkaloids S) The chro- 
notropic response of the summer-frog heart is 
unaltered by the /3-haloalkylamines, and the ergot 
alkaloids have much less effect than on the w inter- 
frog heart 4) Antenor-pituitarj extract injected 
into the intact animal decreases the sensitivity 
of the wnnter-frog heart to blockade so that it 
IS comparable to the summer-frog heart 5) Al- 
though not effective alone, fluoroacetate or lodo- 
acetate combined w ith a 0-haloalkj lamine produce 
a blockade of the summer-frog heart comparable 
to that produced by the /3-haloalkj lamine alone 
m the mnter-frog heart Mam other inhibitors 
were tested and all were ineffective alone or com- 
bined with 0-haloalkylamines 6) Glj cerolmono- 
acetate antagonized the blockade produced by 


j3-hiiloaklylnmines, alone or combined with fluoro- 
acetnte, 111 a non-competitive manner Glycerol 
and sodium acetate are ineffective It is concluded 
that epincphniio releases energy for the produc- 
tion of tachycardia in the winter-frog heart by 
onh one mechanism, while at least two mecha- 
nisms arc involved in the summer-frog heart The 
difference is under nnicnor piluilarj' control 
Both inecliunisms involve the production of utiliz- 
nble acetate and arc independent of the energy 
sources for the inotropic response 

Studies on the interaction of ureas and barbitu- 
rates in potentiation of hypnosis Stata Nor- 
ton* AND Edwin J de Beer The Wellcome 
/fcscnrc/i Ijoboratorics, Tuckahoe, N Y 
Sub-hjpnotic doses of uns! mmetncal alkyl arjl 
ureas were found to potentiate barbiturate hjp- 
nosis in the mouse Some of the urea derivatives 
possessed little or no h\pnotic action in them- 
selves The degree of potentiation was also related 
to the 8170 of the dose Evidence was obtained 
which indicated that the potentiation could not 
be regarded as a simple summation of the hypnotic 
action of each of the two compounds injected 
For some ureas there was an inverse relationship 
between the potentiation of hi pnosis and the rate 
of respiration 

Electrical mechanism of brain waves HntAJV 
Olken (introduced bj F M Berger) Train- 
mg Division, Navy Dept , Washington, D C 
The current trend in brain wave research is to 
consider brain w aves the result of large masses of 
neurons oscillating electrically and falling into 
step or sjnchronism with each other, thereby 
creating a large oscillatory'-current area in the 
cortex A theory is proposed for this oscillatory 
action of individual neurons and for their falling 
into step with one another The theory' is based 
on considering the neuron equivalent to a multi- 
vibrator circuit which is widely' known in the 
electronic field Such a circuit will shift readily 
from one of several ty'pes of electrical operation 
to another with slight changes of its battery 
voltages or circuit parameters (resistance, capaci- 
tance, etc ) It IS suggested that, correspondingly', 
the neuron could shift from one to another of the 
several types of electrical operation necessary' to 
produce brain waves with slight changes of its 
metabolic conditions 

Subacute toxicity of ‘Thiomerin’ compared to 
other mercurial diuretics 0 S Orth, F L 
Kozelka and R T Capps * Dept of Pharma- 
cology and Toxicology, Untv of Wisconsin Med 
School, Madison 

Climcal reports that N (gamma-carbo\yniethi 1- 
mercaptomercun-beta-methoxy )-propy 1 camph- 
oramic acid (Thiomerin) is but tJh as toxic as 
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Mercuhydnn are based on the well established 
acute cardiac ratio for these compounds when 
tested on anesthetized cats Other tests such as 
intravenous toxicity in mice and actual demon- 
stration of renal impairment, as determined by 
ereatinine clearance in dogs, have indicated a 
relatively higher toxicity for Thiomenn than other 
common mercurial diuretics In attempting to 
determine the effect of thioglycolhc acid on tox- 
icity of mercurial diuretics it was found that rather 
than a reduction there actually was an increase in 
toxicity vhen it was combined with Mercuro- 
phylline This fact imtiated a determination of the 
subacute toxicity of Mercuhydnn, Mercurophyl- 
hne, Mercurophyllme plus Sodium Thiogly collate, 
and Thiomenn, each administered subcutaneously 
or intravenously as a single injection Deaths 
caused during or within the first 50 minutes after 
intravenous administration were definitely greater 
with Mercurophyllme In the table below is given 
the MLDbo of a subacute type (deaths between 
1 and 7 days) as detenmned in Sprague-Dawley 
rats, 200 of which were injected subcutaneously 
with various dosages of the mercurial expressed 
as total mercury, and 203 tested with mgAg 
dosages given intravenously 


bubcutaneocs wtkavxnocs 

TOTAL MO or HO HO DJ UO/KO 


Mercuhydnn 

4 0 

8 0 

Mercurophylbne 

6 0 

24 0 to 32 0 

Mercurophyllme -f- 

3 0 

6 0 

Na Thioglycollate 



Thiomenn 

1 0 

6 0 


While the combination of thioglycolhc acid in 
organic mercurial diuretic compounds reduces the 
acute cardiac toxicity, it apparently markedly 
increases the subacute to chrome toxicity of such 
compounds whether given subcutaneously or m- 
travenously 

Effects of ouabain on (he coronary circulation and 
cardiac energetics Robert G Page, Herbert 
Wendel, Warner B Sheldon, and Elwood 
L Foltz (introduced by Carl F Schmidt) 
Laboratory of Pharmacology, Vmv of Pennsyl- 
vania, Philadelphia 

The effect of ouabain on cardiac energetics was 
studied-in the intact normal dog under morphine, 
nembutal-dial-urethane anesthesia The following 
determinations were made coronary circulation 
(by the NjO-catheterization technique), cardiac 
O 2 consumption (coronary circulation tunes ar- 
teno-coronary sinus oxygen difference), cardiac 
output (direct Fick-oxygen method) , cardiac work 
in (cardiac output times mean arterial blood 
pressure X 13 5 X lO”*) , rate (by electrocardio- 
gram) , total peripheral resistance (mean arterial 
blood pressure times 1334 divided by cardiac out- 


put per second), coronary resistance (mean ar- 
terial blood pressure divided by coronary flow), 
and mechanical efficiency (cardiac work divided 
by KgM supplied by Oi consumed) Following a 
series of determinations, a ‘therapeutic dose’ of 
ouabain was given intravenously and after thirty 
imnutes a second series of determinations was 
made Comparing the results with a senes of 
dogs to which no drug was given, it v as found that 
with low doses (0 026 mg/kg ) the only sigmficant 
change in the above list of determinations a as an 
increase in the cardiac output When larger doses 
(0 037 mg/kg ) were given, there was a tendency 
for a rise in arterial blood pressure, an mcrease m 
total penpheral resistance and a decrease m 
pulse rate and there was no appreciable change in 
the other factors listed above 

Oral toxicity of bacitracin Hartzell G Payne,* 
Joseph N Spencer* and Fred H Schultz, Jr 
Pharmaceutical Research Division, Commercial 
Solvents Corporation, Terre Haute, Ind 
The oral administration of bacitracm has been 
found to produce beneficial effects in amebiasis 
(Most, N Y Acad of Med 25 717, 1949), diar- 
rheas in dogs (Konde, North Am Vet 30 776, 
1949), and in hemorrhagic dysentery m swine 
(Graham Unpublished results) Acute and 
chronic toxicity studies following the oral ad- 
mimstration of bacitracin have been conducted 
in mice, rabbits, and dogs The following LDso 
values were obtained mice, 510,000 umtsAs 
rabbits, greater than 200,000 umts/kg , and dogs, 
greater than 400,000 units/kg Mice tolerated the 
oral adnunistration of 62,000 umts of bacitracin/ 
kg daily for 30 days The chrome studies m rab- 
bits were complicated by the presence of coccidio- 
Bis in the colony Dogs were treated orally with 
5,000, 10,000, and 25,000 umts/kg daily for 30 
days All of the dogs survived the above treat- 
ment There was no evidence of albumin or sugar 
in the dogs’ unne Microscopic exanunation of 
the unne revealed no abnormalities except in one 
dog This dog received the lowest dose (6,000 
units/kg ) and granular and hyaline casts were 
observed at the end of the experimental penod 
In dogs, bacitracin was present in the blood fol- 
lowing the oral administration of the above doses 
Histopathological findings will be reported 

In VIVO microscopic studies of intramuscular re- 
pository penicillin preparations Harold M 
Peck (mtroduced by Karl H Beyer) Dept 
of Pharmacology, Med Research Division, Sharp 
& Dohme, Inc , Glenolden, Pa 
It has been demonstrated clinically and in the 
laboratory that small particle crystalline pro- 
caine penicillin suspended in peanut oil and 2% 
aluminum monostearate, injected intramuscu- 
larly, maintains a therapeutic blood level for a 
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longer period than docs hrgc particle crNStaUme 
procaine penicillin suspended ni the same vehicle 
It has been demonstrated also that sodium peni- 
cillin suspended in peanut oil and 6% aliimimim 
monostcaratc protects mice against lethal doses 
of pneumococcus for as long periods as does large 
or small particle procaine penicillin in peanut oil 
and 2%, or 6%, aluminum monostcarate Tins is 
contrary to the usual obscr\ntion that the thera- 
peutic activitj IS of much shorter duration when 
sodium, rather than procaine, penicillin is used 
Several pcnicllin preparations were injected into 
the abdominal muscles of anesthetized mice and 
observed microscopicalh The following observa- 
tions were made 1) As the oil vehicle is dispersed 
through the tissue main of the large crjstals of 
penicillin become mcomplcteh surrounded bj 
the oil, while the small crjstals of penicillin rc- 
mam completelj surrounded bj oil £) Sodium 
penicillin in peanut oil and 5% aluminum mono- 
stearate formed a double emulsion consisting of 
the following phases water (penicillin solution)/ 
peanut oil/water (body fluids) The double emul- 
sion did not form when sodium penicillin was 
suspended in peanut oil and 2% aluminum mono- 
stearate, or when procaine penicillin was sus- 
pended m peanut oil and 5%, or 2%, aluminum 
monostearate 

Analysis of regression equations for curarizing 
agents in man E W PEUKA^* and K R 
Un*na Dept of Pharmacology, Univ of Illinois 
College of Medicine, Chicago 
Analysis of calculated regression equations con- 
firm and extend conclusions reported earlier on 
the effects of curarizing agents decamethjdene- 
bis(trimeth}’lammonium bromide) (CIO), d-tubo- 
curanne (dTC) , and the dimethj 1 ether of d-tubo- 
curanne (dimdTC) in four unanesthetized human 
subjects Mean rates of regression (slope) of grip 
strength on log dose were greatest with, CIO, 
last with dTC, these equations also confirmed the 
observation that of the 3 drugs CIO is the most, 
dTC the least, potent Variabihty of responses in 
any subject and among all subjects was greatest 
With CIO and least with dimdTC Mean regression 
rates of decrease of vital capacity on decrease of 
gnp strength differed insignificantly from each 
other and from a slope of 1 0 The thresholds of 
the respiratory musculature differed for each drug 
Oowest to CIO, highest to dimdTC) and differed 
from the thresholds of the muscles determining 
grip strength for any given drug However, once 
their threshold had been reached, muscles of 
respiration — as measured by vital capacity — be- 
came curanzed at a rate equal to that of the 
peripheral muscles A ‘coefficient of safety’ was 
calculated for each drug by comparing the dose 
required to decrease vital capacity 50% to the 


dose required to decrease gnp strength 95%, tlus 
coefficient for CIO was less than one and signifi- 
canth lower than those for dTC (1 6) and dimdTC 
(3 0) 

Prolongnfion of thiopental anesthesia by anoxia 
R C PnT)LnsoN,*F E Siiideman and Linakeb 
H Johnson * Dept of Pharmacology, Univ 
of Michigan, Ann Arbor 

Wooster and bunderman (J Pharmacol & Ex- 
per Thcrap 97 140, 1949) demonstrated that cer- 
tain nitriles and nitrates arc capable of prolong- 
ing the action of pentobarbital They postulated 
that this might be due to an increased amount of 
drug reaching the central nervous system as a 
result of the \ asodilating properties of the nitrites 
The following experiments were performed to 
determine wbelbcr reduced atmospheric oxygen 
and mcthemoglobin formation would effect a 
similar result since anoxia appeared to be a more 
likely explanation of their results Dogs were 
anesthetized with a standard intravenous dose of 
sodium thiopental (20 mg/kg ) Duration of ac- 
tion was determined as the time required to regain 
the righting reflex, plasma levels of thiopental 
were obtained at various intervals after adminis- 
tration of the drug An agent (p-aminoacetophe- 
noDc) capable of producing methemoglobm (46- 
78%) was administered orallv after a lapse of not 
less than 48 hours or the animal was forced to 
inhale an atmosphere containing 6-7% oxygen and 
the procedure repeated The results demonstrate 
that the duration of anesthesia is prolonged 
markedly , the righting reflex returning at plasma 
levels much below (19-44%) controls The re- 
sultant anoxia does not appear to alter the rate 
of detoxication of the drug as evidenced by plasma 
thiopental decays curves These results demon- 
strate that the potentiation of barbiturate anes- 
thesia can be accomplished by any means whereby 
central anoxia is produced and indicate that it is 
a more important factor than central vasodilata- 
tion 

Hypothermic agents HI Effect in man Gael 
C Pfeiffer, Louis Schlann* and L Meduna * 
Depls of Pharmacology and Psychiatry, Univ 
of Illinois College of Medicine, and Manieno 
State Hospital, Chicago 

4-amyl N-benzohj^dryl pvridinium bromide (B- 
45) IS completelj ineffective m lowering the body 
temperature of the rabbit, dog and man Doses 
as high as 80 mg given slowly intravenously, 160 
mg intramuscularly', or 720 mg orally' were in- 
effective in man In contrast, Privine (alpha 
naphthyl methyl imidazoline HCl) is relatively 
unpotent in lowering the body temperature of 
rats and mice, but is extremely effective in higher 
mammals, including adult man where a 10 mg 
oral dose will decrease the body temperature 1 
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to 3°F with a mean drop of 1 3°F This occurs at 
the 4th to 6th hour Infants are more resistant to 
this hypothermic effect Objective findings were 
slowing of the heart rate, spiking of the T wave, 
shortemng of the P-R interval with the P wave 
occasionally disappearing in the QRS wave of 
the EKG (These changes suggest hyperkalemia ) 
No changes occurred m the EEG A rise m blood 
pressure of only 10 mm Hg was seen Persistent 
piloerection obtamed Subjective symptoms in- 
cluded a feeling of coldness without shivering, 
persistent painful tingling of the scalp, urgency 
for micturition, and m some cases extreme leth- 
argy SAR studies suggest that this effect is pro- 
duced bj'^ blocking the oxygen or muscarimc 
pharmaphore group of acetylcholine and the imi- 
dazoline pharmaphore group of histamine The 
data suggest that lower mammals maintain body 
temperature through an acetylcholine-like sub- 
stance, but in higher mammals this function is 
served by the imidazoline group of either hista- 
mine, histadme, or an unknovm compound 

Adenine intoxication in relation to in vivo forma- 
tion and deposition of 2,8-dioxyadenine in renal 
tubules F S Philips, J B Thiersch* and 
A Bendich * Pharmacology Seclton, Division 
of Exper Chemotherapy, and Division of Protein 
Chemistry, Sloan-Kettering Inst for Cancer Re- 
search, New York City 

Early descriptions of extensive deposits of 2,8- 
dioxyademne (2, 8-DO A) in renal tubules follow- 
ing administration of adenine were recentlj' con- 
firmed (Bendich, et al J Biol Chem In press) 
These observations suggested that renal damage 
might account for stimulation of mj'elopoiesis 
as seen by others Also a syndrome resembling 
B vitamin-deficiency has been reported to follow 
adenine-intoxication In the present experiments 
the response of rats to adenine given in single or 
repeated doses has been studied and related to 
the extent of renal deposition of 2, 8-DO A Depo- 
sition has been measured by quantitative, spectro- 
photometric analysis and by histological study of 
crystal-aggregations in tubules Daily doses of 
adenine eliciting little or no tubular deposition 
of 2,8-DOA are well tolerated vnthout evidence 
of untoward histopathological changes However, 
daily doses giving rise to extensive deposits in the 
kidney may be associated with debilitation and 
death Large intratubular aggregations of crj^stals 
with inflammation and hydronephrosis occur 
Moderate granulocytosis, depletion of nucleated 
erythroid cells in bone marrow and moderate 
anemia may result Hematological changes are 
considered secondary to renal damage No other 
lesions of significance have been found It is, 
therefore, reasonable to attribute effects of pro- 
longed administration of adenine to in tnvo forma- 


tion and tubular deposition of 2,8-DOA No evi- 
dence has been found to support contentions that 
adenine stimulates hematopoiesis or acts as a 
vitamin-antagonist To the contrary, admmis- 
tration of adenine may lead to renal impairment 

Neutralization of pit viper venom by king snake 
serum V B Philpot* and Ralph G Smith 
Dept of Pharmacology, Tulane Umv School of 
Medicine, New Orleans, La 
The king snake {Lampropellis getulus) is highly 
tolerant to water moccasin (Agkistrodon pisci- 
vonis) venom By intramuscular injection one 
snake (wt , 470 gm ) received 140 mg of venom in 
4 doses within 5 days Another snake (wt , 770 
gm ) received 1035 mg m 5 mjections withm 21 
days, the largest single injection being 320 mg 
The only adverse effect observed was slight sn ell- 
ing at the site of injection vuth the larger doses 
Serum of the kmg snake detoxified by heatmg at 
66° for 30 minutes was muxed m varying propor- 
tions with moccasin venom On intrapentoneal 
injection of 15 mg/gm of venom (approximately 
2 5 LDjo s) mixed vith serum, 95, 66 and 23% of 
white mice were saved respectively by 003, 001 
and 00075 cc/gm of serum Total doses of 1 cc 
of serum ( 034- 040 cc/gm ) counteracted 7 lethal 
doses of venom In terms of lethal doses the serum 
V as approximately as active against the more toxic 
venom of the rattle-snake {Crotalus adamanteus) 
Commercial antivenm used by the same techniques 
had a lover degree of protective action against 
both venoms and v as more toxic than king snake 
serum Heat detoxified king snake serum is well 
tolerated by mice in doses (0 15 cc/gm mtraperi- 
toneally) much larger than those used above The 
followmg intravenous doses were also well toler- 
ated guinea pig (399 gm ) 6 cc , rabbit (1 65 kg ) 

6 cc , dog (13 kg ) 20 cc , man (91 kg ) 16 6 cc 
Heating king snake serum at 56° for 30 minutes 
destroj's its hemol 3 'zing action on human erythro- 
cytes 

Distribution of C» labeled meperidine in the 
albino rat Nikolas P Plotnikopp (introduced 
by Henry W Elliott) Division of Pharmacol- 
ogy and Experimental Therapeutics, Univ of 
California School of Medicine, San Francisco 
N-methyl labeled meperidme HCl has been ad- 
ministered bj’’ the subcutaneous route to the rat 
m a dose of 125 mg/kg (1 2 X 10* counts) and the 
distribution determined after 2 hours The expired 
air contained 16 6% of the injected radioactivity 
indicating demethj lation of the meperidine mole 
cule Unnary excretion amounted to 9 9% Other 
organs which contained large amounts of activity 
were injection site (left hind leg) 16 9%, carcass 
11 0%, skin and hair 4 9%, small intestine and 
contents 4 5%, liver 3 7%, stomach 2 9%, and 
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kK^nc^ 15% Organs wlnrli conlniiu'd concentra- 
tions of radio ictivit\ aiijircciabh d)o\c carcass 
lc\el included liver, small intestine, stomach, 
lungs and spleen There w is no Lonccntration of 
activit\ 111 the brain or adrenals These data in- 
dicate that meperidine is degr ided in the rat and 
that either meperidine or its degr id it ion products 
arc c\crctcd in the urine ind via the gastrointes- 
tinal route 

Studj of the fate of sodium-5-iodo-2-lhiouracil 
Albeut I Pi ummui (introduced b\ F ]’' ^onk- 
mvn) Research Dept , Dtttswii of )fncrobioloqu, 
Ctba Pharmacciiheal l^rodarh, Inc , Snmwtl, 
N J 

A stud\ has been made of the cvcrction of 
sodium-5 iodo-2 thiourncil (originalh supplied to 
us b\ Dr Frank Gassner of Color ido A A M 
College and reported on clinicalh b\ Dr H 
Williams cl al , J Lndocrinol 0 801, 1010) to 
determine uhether the iodine was rcmo\ed from 
the compound in its metabolism Quilitatnc e\- 
periments in the rat, and prebmin irv quantitatne 
experiments in the dog indicate that iodine is 
removed from the comiiouiid in both species 
After the administration of sodium-5 iodo-2-fhio- 
uracil to the dog orally (dOO-GOO mg T D , 8-10 
kg dogs) and intravonouslj (200 mg ), the c\- 
cretorj products were quantitativclj determined 
bj the paper-chromatographic technique of Sha- 
bica and Solook (this issue) Within an hour after 
intravenous injection the unchanged drug ap- 
peared in the urine to be followed at the end of 
two hours bj the appearance of 2-thiouracil 
The excretion of each reached a maximum w ithm 
6 hours, fell sharpl}' at 8 hours, and had disap- 
peared bx' 24 hours About 12% of the drug was 
recovered in 24 hours One-third of this had been 
metabolized to 2-thiouracil After oral dosage, 
excretion w as more prolonged, and there was more 
conversion to 2-thiouracil From 11% to 41% of 
the administered drug was found in the urine 
Of this from one third to one half w'as converted 
to 2 thiouracil As after oral administration the 
maximum excretion occurred at 6 hours, but there 
^as a slower drop in the excretion rate during the 
remainder of the 24-hour period After both oral 
and intravenous administration the presence of 
inorganic iodine in the urine gave confirmation 
of the splitting of iodine from the administered 
compound 

A rapid micro method for determination of DDT 
^d methoxychlor in animal tissues and fluids 
Ceaudia S Phickett,* Fbieda M Kunze* and 
Edwin P Laug Dtvtston of Pharmacology, 
Pood and Drug Admin , Federal Security Agency, 
Washington, D C 

The presence of residues consisting chiefly of 
fattj material has been a serious restriction to the 


appliealion of Ihc Sehcchtcr-IIallcr method for 
the dclermuiatioii of DDT and methoxychlor m 
the range of tonceiilralion of 0 1 to 10 ppm DDT 
Excessive amounts of fat interfere with nitration 
of DDT and methoxychlor, and in addition con- 
tribute nitration residues which produce jellow 
‘olT’ colors which arc difficuU to remove This 
method consists in the iiroduction of the dchvdro 
chlorides of DDT and melhoxichlor by refluxing 
for 30 minutes with 2% KOII in ctlijl alcohol 
Siinultnncously the fats arc siponificd, and the 
dchvdrochlondcs of DDT and methoxj chlor arc 
then oasilj separated b\ cxI rnction w ilh petroleum 
ether It is possible In this means to reduce 5 
griins of fat to a lO-milligram residue, consisting 
chicllv of iionsnponifiablc material which does 
not iiitcrfcrc with subsequent nitration Upon 
nitration the dchydrochloridcs of DDT and meth- 
oxychlor arc converted to the respective nitro 
benzophenones, which upon treatment with meth- 
vlatc reagent give red colors having absorption 
maxima at 520 u m for DDT iiid at 530 u m for 
incthoxv chlor It is not possible by this method to 
scparitc the two insecticides, but work in this 
direction is in jirogrcss 

Production of auricular fibrillation in the dog by 
dipropylcne glycol methyl ether (Dowanol SOB) 
DEONAnn Procita* and F E Shidexian Dept 
of Pharmacology, Univ of Michigan, Ann Arhor 
Dipropylenc gly col mctliy 1 ether (Dow anol SOB) 
IS a central nervous system depressant of low 
toxicity, the degree of depression produced being 
proportional to the dose When administered to 
the unanesthetized dog in amounts as large as 
5 cc/kg orally^ or intravenously', loss of righting 
reflexes and first plane anesthesia occur, with 
uniform recovery' in 24 hours or less and without 
any' evidence of delay'cd toxicity' In the anesthe- 
tized dog intravenous admimstration produces 
cardiac slow'ing, transient hypotension and a 
Biot ty'pe of respiration Complete cessation of 
respiration will occur w'hen doses of 0 35-0 5 
cc/kg are administered The lethal intravenous 
dose in the artificially' respired anesthetized am- 
mal IS approximately 1 3 cc/kg The most mterest- 
ing pharmacological action of this compound 
occurs in the artificially respired dog at a dose 
level of 0 65-0 76 cc/kg At this dosage auricular 
fibrillation occurs quite consistently' Prior to the 
onset of fibrillation there is a gradual ventricular 
slowing followed by ventricular asystole Auric- 
ular fibrillation then ensues and w'lthin a short 
time an occasional ventricular beat occurs with 
eventual return of regular beats as the fibrilla- 
tion continues The auricles may' fibrillate for 
4 or 5 rmnutes and ventricular asystole has been 
observed for as long as 3 minutes Fibrillation has 
been produced as many as 4 times in the same 
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animal Neither atropine nor bilateral vagotomy 
prior to administration of the compound will 
prevent the occurrence of the fibrillation 

Toxicity and effects on electrolyte excretion of 
lithium chloride administered to dogs Jack 
L Radomski,* Henry N Futat,* Arthur A 
Nelson and Paul K Smith Division of Phar- 
macology, Food and Drug Admin , Federal Secur- 
ity Agency, and George Washington Univ School 
of Medicine, Washington, D C 
Lithium chloride in daily doses of 60 mg/kg 
killed after 7 months one of two dogs on a normal 
diet, but 20 mg/kg daily showed no evidence of 
toxicity Lithium did not accumulate in the sur- 
viving ammals The same doses given to dogs on a 
low salt diet produced marked evidence of toxicity 
and accumulation of lithium in the blood There 
was loss of body weight, anorexia, salivation, 
weakness, muscle tremors and polyuria Ter- 
minally there was a high blood nonprotein nitro- 
gen and oliguria with damage of the distal con- 
voluted renal tubules and other terminal portions 
of the nephrons Lymphocytopenia developed 
gradually and became pronounced before death 
Most of the lithium was recovered in the unne 
There was an excessive sodium loss and a slight 
potassium retention The serum lithium rose 
gradually, then more rapidly to 4 to 5 mEq/liter 
before death Usually the serum sodium fell, while 
the serum potassium rose to 8 to 9 mEq before 
death There were marked electrocardiographic 
changes with depressed S-T segments, inverted 
T naves and widening of the QRS complex Ad- 
ministration of desoxycorticosterone acetate did 
not alter this toxicity or pattern of electrolyte 
excretion After a single intravenous injection to 
normal dogs the apparent distribution of lithium 
was equivalent to about two thirds of the body 
weight and the renal clearances were appreciably 
below those of creatinine It is apparent that in 
dogs the administration of lithium salts results 
in renal damage and consequent alterations in 
electrolyte metabolism 

Effect of diethylstilbestrol on respiration of cat 
heart tissue Joseph F Reilly (mtroduced by 
Oscar Bodansky) Dept of Pharmacology, Cor- 
nell Univ Med College, New York City 
Diethylstilbestrol m a concentration of 2 X 
10~^ M decreased sigmficantly the respiration of 
sbces of cat heart tissue in the absence of added 
glucose In this concentration, diethylstilbestrol 
also inhibited the utilization of succinate, fuma- 
rate, malate and oxaloacetate The effect of di- 
ethylstilbestrol at various concentrations on the 
oxidation of malate, fumarate, succinate, and 
oxaloacetate by homogepates was studied In 
the presence of cytochrome C these oxidations 
were completely inhibited by diethylstilbestrol 


(2 X 10~< m) In the presence of brilhant cresyl 
blue, the oxidations of malate and succinate were 
inhibited from 0 to 50% dependent on the time of 
addition of the substrate and drug Diethylstil- 
bestrol (2 X ICF® m) and (1 X 10~« m) inhibited 
oxaloacetate oxidation less than the complete 
malate, fumarate or succimc oxidizmg s}fstems or 
a cytochrome C reductase system utdizmg malate 
(0 02 m) The cytochrome oxidase system of cat 
heart was inhibited approximately 20% by di- 
ethylstilbestrol (2 X 10“>) and added cytochrome 
C did not prevent this inhibition At higher con- 
centrations of homogenate the inhibitory effects 
of diethylstilbestrol in the cytochrome oxidase 
and on the complete succinic and mahc oxidizing 
Systems was someiv hat decreased 

Metabolic action of veratrum alkaloids upon tissue 
of the rat heart Melchior Reiter (mtroduced 
by Otto Krayer) Dept of Pharmacology, Har- 
vard Med School, Boston, Mass 
The right atrium of the rat heart, sht open, and 
homogenates of ventricle muscle were used and 
metabolic effects were studied usmg the Warburg 
technique The metabolic action of veratridine 
differs from that of veratramine, veratrosme and 
pseudojervine Veratridine, the veratnc acid ester 
of the tertiary amine cevine, in a concentration 
range of 1 to 8 X 10~^ causes an mcrease m oxygen 
consumption followed by inhibition of respira- 
tion which IS marked with the higher concentra- 
tions This effect resembles that of ouabam with 
which veratridine shares a positive inotropic ac- 
tion upon the intact heart The metabolic action 
of veratndme is largely dependent upon the 
integrity of the cell, in homogenates only a 
shght mhibition or no effect can be observed In 
the active concentration range the secondary amine 
bases, veratramine, veratrosme and pseudojer- 
vme, inhibit the respiration of the atnal tissue 
without preliminary stimulation These sub- 
stances have no positive inotropic action m the 
mtact heart, they antagonize the positive chrono- 
tropic effect of epmephrme The inhibitory effect 
upon respiration occurs in the homogenate as well 
as in the ‘intact’ atnal tissue Oxidation of lactic 
acid, P 3 TUV 1 C acid and fumaric acid is inhibited 
while anaerobic glycolysis is not mfluenced The 
cytochrome oxidase system and succinic dehydro- 
genase likewise are not mfluenced by the secondary 
amines 

Kidney function and ultra short acting barbitu- 
rates R K Richards, K E Kueteh* and 
J D Taylor * Dept of Pharmacology, Abbott 
Labs , North Chicago, HI 

It IS generally assumed that kidney function 
13 not important for the duration of action of 
ultra short acting barbiturates This conception 
18 largely based upon the small amount excreted 
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in the urine md a limited direct evidence Rats 
and rabbits were used in the following experi- 
ments Doses of Pentothnl (Tliiopcnlnl) and Evi- 
pal (Ilcxobarbital) producing similar sleeping 
time were injected IV Tins was repeated on the 
same or comparable groups of animals at various 
intervals after bilateral ncplircctonii under local 
or light ether anesthesia Pcntothal or Evipil 
injections immediately after tlic operation pro- 
duced sleep of about the sime duration as in 
normals or sham operated controls However 
when 3 hours had elapsed after ncphrecloniy rab- 
bits showed a definite (60%) and rats a marked 
(100%) prolonged sleeping time with Pcntothal 
This became more pronounced with longer inter- 
vals Eiipal did not show this phenomenon in 
rats after 3 hours and only moderately so after 
20 hours, it was even less exidcnt in rabbits An 
artificial NPN solution calculated to raise the 
blood NPN to several times the normal value w as 
ifijected 1 V into rats immediately after bilateral 
nephrectomy This caused the prompt appearance 
of an about 100% prolonged sleeping time after 
Pentothal With Evipal such action was absent 
or slight Preliminary' experiments indicate that 
cats and especially dogs arc less prone to show' this 
change of sensitivity to Pcntothal after nephrec- 
tomy 

Pharmacologic significance of m-hydroxyphenyl 
tnmethylammonmm ion Walter F Rikeb, 
Jb and W Clarke Wescoe Dept of Pharma- 
cology, Cornell Univ Med College, New York 
City 

m-Hydroxyphenyl tnmethylaramomum bromide 
(Nu-2561) possesses cholinergic properties In 
the cat, its efiects on the cardiovascular system, 
smooth muscle and glandular structures are wfeak 
in companson with those of acetylcholine How- 
ever, its action on the blood pressure is charac- 
teristic in that it produces a biphasic response 
This consists of an imtial sharp nse terminating 
in an abrupt fall below the control level The 
magmtude of this response is proportional to the 
dose, the duration of the response is fleeting The 
administration of large doses accentuates and 
prolongs the sharp rise in blood pressure but a 
fall may not occur In the atropinized cat the 
pronounced sharp pressor response to Nu-2661 
reveals the potent action of this compound on the 
sympathetic vasoconstrictors The action of Nu- 
2561 on neuromuscular function in the cat is most 
prottunent and comparable to that of its acetyl 
ester (Nu-2017), acetylcholine and neostigmine 
The close intra-artenal injection of Nu-2561 (5-10 
^sAg ) in the gastrocnemiuS'SoIeus preparation, 
produces a rapid contractile response A similar 
administration during indirect stimulation of the 
muscle with single maximal shocks, potentiates 


the response of the muscle The duration of this 
effect 18 brief Doses of 50-100 Bg/kg of Nu-2561 
produce a profound depression of the contractile 
response 1o nerve stimulation The anti-curare 
action of Nu-2561 is equivalent to that of Nu-2017 
and neostigmine The potent stimulatory effect 
of Nu-2501 at the neuromuscular junction and 
the prominence of its pressor action in the un- 
atropinircd cat emphasize the significance of the 
basic structural component that endows the many 
derivatives of this base w itli their direct ‘nicotinic’ 
actions 

Anhidrolic action of agaric acid m humans Mor- 
ton L Rodman (introduced by Theodore 
Koppanh) Dept of Pharmacology and Malena 
Mcdica, Gcorgcloton Unw School of Medicine, 
Washington, D C 

The relative efficiency of various doses of agaric 
acid in thermal sweating was determined by com- 
paring mean sw'eating rates during the fifth and 
eighth hours after ingestion of the drug with eon- 
trol readings of the amount of sweat collected by 
a gravimetric technique during one hour of ex’po- 
Burc to heat at lOYF Dry Bulb/87‘’F Wet Bulb 
Agaric acid in doses below 1(X) mg did not appear 
to reduce sweating significantly Doses of 150 
mg -500 mg reduced sweating from 40% to 60% 
below normal rates Daily doses of mg for 
one w'eek suppressed sweating to the same ex- 
tent, and this was followed by somewhat lower 
rates of sweating for a day or two after adminis- 
tration had been discontinued Sweating then 
increased progressively to normal levels by the 
4tb or 5th day In no case did these large doses 
produce atropine-like effects on the heart rate, 
ey'e or salivary glands or any of the symptoms of 
gastrointestinal irritation frequently encountered 
wuth doses as low as 30 mg of the impure resin- 
contaimng extract, agancin, of which agaric acid 
IS the active pnnciple Atropine (0 6 mg and 1 2 
mg ) administered alone or in addition to aganc 
acid (300 mg and 500 mg ) resulted m inhibition 
of sweating not significantly greater than when 
effective doses of aganc acid alone were used 
These preliminary observations indicate that 
aganc acid may prove a safe and effective 
anhidrotic 

Vasopressor action of pilocarpine Mart A Root 
(introduced by Otto Krater) Dept of Pharma- 
cology, Harvard Med School, Boston, Mass 
Although pilocarpine is generally considered to 
be a parasympathomimetic drug, several phenom- 
ena not explainable on this basis have been ob- 
served by various workers We have studied the 
vasopressor activity in detail in an attempt to 
elucidate the mechanism of this action of pilo- 
carpine When given intravenously to rabbits, 
cats, or dogs under dial-urethane anesthesia pilo- 
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carpine produced a marked fall in blood pressure 
■with a rapid return to normal and occasionally a 
secondary rise which might be quite large After 
pretreatment with nicotine, curare, or tetraethyl- 
cammomum ion in amounts presumed to block 
autonormc ganglia, an injection of pilocarpine 
produced a marked rise of blood pressure uhich 
was proportional to the dose of pilocarpine The 
blood pressure rise was not reduced by adrenalec- 
tomy, by evisceration, by vagotomy, nor by de- 
nervation of the carotid sinus During the blood 
pressure rise the heart rate either increased or 
decreased in cats, whereas in rabbits it always de- 
creased When blood flow was measured in the 
femoral artery of the dog using the differential 
manometer technique of Moe, it indicated a 
peripheral vasoconstriction during the blood pres- 
sure rise After the blood pressure had returned 
to normal a marked vasodilatation followed The 
vasopressor action of pilocarpine could be abol- 
ished completely by atropine and greatly de- 
creased, abolished, or even reversed by ergotoxine, 
dibenamine, or 2-(N, p-tolyl-N(m' ovyphenyl) 
ammo-methyl) -imidazoline (C-7337) 

Relation between chemical constitution and bron- 
chodilator activity of sympathomimetic amines 
C A Ross*, W S Waller* and K H Bever 
Dept of Pharmacology, Med Research Dmsion, 
Sharp and Dohme, Inc , Glenolden, Pa 
The bronchodilator activities of 27 dihydnc, 
sympathomimetic amines have been determined 
by the guinea pig tracheal chain method The fol- 
lowing observations have been made from an 
anal3'8is relating structure to acti'vity 1) In- 
creasing the length of the phenylalkyl chain in- 
creased bronchodilator actmty (arterenol < cobe- 
frine < butanefnne) 2) N-isopropyl substitution 
markedly increased activity in each of the 3 types 
3) Incresising the length of the phenylalkyl chain 
on N-isopropyl derivatives progressively de- 
creased activity 4) Substitution of ketone for 
alcoholic hydroxyl on N-isopropyl derivatives 
decreased bronchodilator activity 5) With N- 
isopropyl ketones peak activity was observed 
■with dihj^droxy-Qr-aminopropriophenone 6) In 
general, N-substitution of groups larger than 
isopropyl on the cobefrine nucleus tended to de- 
crease bronchodilator activity Relative broncho- 
dilator acti'vities as determined by the tracheal 
chain and the perfused guinea pig lung methods 
were in fair agreement 

Effects of steroids on the isolated frog’s heart 
Bernard Rubin (introduced by William T 
Salter) Labs of Pharmacology and Toxicology, 
Yale Univ School of Medicine, New Haven, 
Conn 

Conjugated and unconjugated steroids of the 
estrogen and pregnane series have been studied 


on 38 isolated frog-hearts with constant perfusion 
(3-6 cc/min ) The hearts v ere made hjpodynamic 
by reducing the calcium concentration to 50% 
of that present in the usual Clark’s solution The 
sterioid m as added in the presence of low calcium 
and changes in rate and amplitude observed for 
120 minutes The pu of the solutions was 7 6-7 8 
and the temperature varied between 21 and 25°C 
Sodium estrone sulfate, in concentrations ranging 
from 26-400 ng %, produced augmentation of 
amplitude The response appeared to follow a log- 
concentration curve, as did the reaction time for 
peak response The latter varied from about 110- 
40 minutes for the concentration-range indicated 
A cardiotonic response in the presence of normal 
calcium concentration was also observed, but 
this was apparent onl} when compared with 
control hearts similarlj’’ perfused in the absence 
of the steroid Estrone in concentrations of 100 
and 200 ng % produced little or no augmentation 
Other steroids were tested similarlj For example, 
progesterone in a concentration of 25 /ig % pro- 
duces augmentation With 60 and 400 /ig %, how- 
ever, a bradj’-cardia and some increase in ampli- 
tude are observed Pregnanediol glucuromde, in 
concentrations below 25 ng % appeared to produce 
a considerable augmentation w ithout bradj’^cardia 
Concentrations of 26 to 200 gg %, however, pro- 
duced only slight increases in amplitude with an 
almost immediate bradj cardia 

Studies on carbohydrate metabolism of the rabbit 
ileum P R Salerno*, L G Abood* and J M 
Coon Hniv of Chicago Toxicity Lab and Dept 
of Pharmacology, Chicago, III 
An attempt is being made to correlate changes 
in the functional capacity of the isolated rabbit 
ileum w'lth alterations in its carbohydrate metab- 
olism Analyses of phosphorj lated intermediates 
were made on ileum of rabbits starved for 48 
hours Although the glj cogen content did not 
differ significantly from the normally fed animals, 
the inorganic phosphorus content remained high, 
suggesting a high rate of gl3Cotysis This was 
further indicated by a high lactic acid content 
and by in intro studies on gh coh sis from glucose of 
ileum homogenates Phosphocreatme and ATP 
w'ere high, whereas fructose phosphates were low 
The abihty of washed ileum homogenates to 
oxidize several substrates was detemuned man- 
ometncally Malate, pyruvate and fumarate were 
oxidized readily (QOi 10—16) even after the homog- 
enate was stored at 0 degrees for 3 days Succi- 
nate and ketoglutarate were oxidized only slightly 
(QO. 3-6) the first day and not at all on the sec 
ond day Oxidative phosphorylation of the iso- 
lated ileum proceeds much more rapidly wnth 
P3wuvate as a substrate than with glucose With 
P3T‘uvate as a substrate most of the pjTophos- 
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phnte ^^n•^ in I lie form of VTP It is conceuahlc 
tint the immcilmlc mcreiisc m (one clieitctl upon 
the addition of inruvnte to starved isol ited rab- 
bit ileum IS iibsoeiitcd \sitli (lie raiml formition 
of VTP The pliosphocre itinc eonteiit increased 
o\cr 100%al)o%c tint of the normal star\ed ileum 
when these substrates were added to the bath 

Effects of berj Ilium chloride in Lockc-Rinffcr 
solution upon the isolated rabbit ileum and heart 
P R Salurno^iL ]5 ]']i I inwooiP,L G Aiiood* 
and J M Coos Inuv of Clucngo Toricili/ 
Lab and Dcpl of PharinacnIoQi/, Chiraao, III 
Berj Ilium chloride (1 X 10"A1) caused a fleet- 
ing decrease in tone and decrcisod snrvnal time 
of isolated rabbit intestine A concentration of 
5 X 10"^M abolished all activitj in 1 inimitc The 
isolated heart showed a (eniporir\ decreisc in 
amplitude following single injections of 1 to 2 
nig BcClj It was noted that a precipitate, prob 
ablj Bc(OH);, \arMng in quant it \ with the 
amount of BcCl; added, w is formed in (he Loeke- 
Ringer solution If the concentration of sodium 
bicarbonate was decreased below the normal lc\cl 
of 50 mg%, less prccipit itc was formed and the 
sensltlVIt^ of the isolated ileum to BeCI- w is in- 
creased The effects of BcCl- could be re\crscd bj 
flushing the bath with frcsli Lockc-Ringer solu- 
tion or bj the addition of sodium Incarbonatc 
These observations suggested that these actions 
of BeCI were due to remo\al of bicarbonate from 
the Lockc-Riiigcr solution, with consequent de- 
struction of its buffering power Titration studies 
revealed that 1 6 moles of sodium hjdro\idc were 
necessarj to neutralize a solution of one mole of 
BeCI. to pH 7 It was found that all of the effects 
of BeClj described above w ere comparable to the 
effects of HCl of 1 6 times the molar concentration 
of BeClj Since concentrations of BeCI- which do 
not materially affect the pii of Lockc-Ringer 
solution lack any influence on the behavior of 
the isolated’ intestine and heart, and since the 
PH of solutions of greater concentrations of BeCli 
are not compatible wnth normal function, it has 
not been found possible to demonstrate any direct 
pharmacologic action of BeCU in these systems 

Nomogram for cardiac synergism of calcium 
potassium and digitalis bodies (in “therapeutic” 
concentrations) William T Salter, Bernard 
Rubin* and Elizabeth A Runels * Labs of 
Pharmacology and Toxicology, Yale Untv School 
of Medicine, Neiv Haven, Conn 
Positive and negative synergisms of calcium 
and potassium ions have been measured con- 
conutantly on the frog heart under the influence of 
digitalis bodies in ‘therapeutic’ concentrations 
The resulting four-dimensional diagram is con- 
veniently epitomized at the 50 percentile level 


of mtiMiniil contractile force The relationship is 
described nppro\imntcly by the following cqua- 

(lon 1/b^— ^ = k[G] -P C,[Ca++] - 

CafK"*] — a, where R is the contractile response 
111 iiercentagc of inaMmum, and [G], [Ca’’^], and 
jK"*] represent the respective concentrations of 
ghicoside and ions Tlic constant a is characteris- 
tic for each heart at pliysiological acidity and 
the temperature designated This nomogram can 
be used to htaiidardize (he potency of cardiac 
glucosides 111 terms of molal equivalents of in- 
organic ions With the help of buffered sodium 
citrate it can also be applied to scrum The simul- 
taneous control of (Ca'*'*^] and [KU mere iscs the 
flexiliility of the procedure The results emphasize 
the analogy of digitalis bodies to cardiac yitamins 
or hormones 

Effect of (ctracthyllhiurnm disulfide (Antabuse) 
on (he metabolism of isopropyl alcohol R W 
SniAiiAiiziLK (introduced by P f Hanzlik) 
Dept of Pharmacology and Therapeutics, Stan- 
ford Uinv School of Medicine, San Francisco, 
Cahf 

The effect of tetraethylthiuram disulfide on 
blood alcohol was studied in rabbits Tetraethyl- 
thiuram disulfide was given gastrically , 0 5 gm/kg 
twice daily to 2 rabbits, and 0 5 gm/kg 3 times 
daily for 2 days to 2 other rabbits Three hours 
after the last dose, all 4 rabbits and 2 untreated 
controls were given isopropyl alcohol, 1250 mg/kg 
Blood alcohol and blood acetone y\ere determined 
at intervals to 20 hours While the control rabbits 
remained alert and responsive, the tetraethyl- 
thiuram disulfide treated animals showed marked 
motor depression within 10 minutes after giving 
the iBopropyd alcohol, and 5 of the 4 tetraethyl- 
thiuram disulfide treated rabbits died wuthin 48 
hours There were no significant differences be- 
tyveen the curves of blood alcohol of the control 
and premedicated rabbits and the combination 
of tetraethylthiuram disulfide and isopropyl al- 
cohol did not increase the blood acetone above 
that of the animals receiving isopropyd alcohol 
alone Thus, while the combmation of Antabuse 
and isopropyl alcohol is more to\ic than is this 
secondary alcohol alone, the rate of o\idation of 
this alcohol is not demonstrably altered, contrary 
to recent claims (Larsen Acta Pharmacol 4 
321, 1948) for ethyd alcohol (primary') given under 
similar conditions 

Cardiac action of nitrogenous lactones F W 
SCHUELER AND C C Hanna * Dept of Pharma- 
cology, College of Medicine, Stale Univ of loua, 
Iowa City 

Using a frog heart perfusion technique similar 
to that described by Giarraan (J Pharmacol <5L 
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Exper Therap 96 119, 1949) we have tested four 
senes of unsaturated lactones (I-IV) synthesized 
in our laboratory under a grant from the USPHS 
Ri «= 2-fluorenyl-, 3-diphenylene ovide-yl, 2- 
(5,6,7,8-tetrahydronaphthyl)-, 2-pyrenyl-, phen- 
3d-, and substitued phenyl derivatives as follows 
p-chloro-, p-bromo-, p-acetylamino-, p-phenoxy-, 
2,4 dimeth3d-, 2,5-dimethyl-, p-methyl- Rj = 
furyl-, ;9-furylvinyl-, phthalyl-, phenyl-, /3-phenyl- 
vinyl-, a-methyl-/3-phenyl vinyl-, and substituted 
phenyl derivatives as follows p-dunethylanuno-, 
3,4-methylenedioxy-, 2,3 dimethoxy-, 4-meth- 
oxy-, 3-chloro-4,5-dimethoxy-, p-aceto\y-, 2,6- 
dichloro-, 2-nitro-, 3-nitro-, 4-nitro-, 2-chloro-, 
4-methyl- , 4-isopropyl- , 3-acetoxy- , 3 , 4-diethoxy- 
Ri = phenyl-, 2-hydroxyphenyl-, 4-metho\yphen' 
yl-, ^-phenyl vinyl- Group II was synthesized 
as a control series in the study of III Cardiac 
digitahs like activity followed a virtually identical 
pattern in senes 1 1 and III Thus, the 3 , 4 methyl- 
enedioxyphenyl-, 3-mtrophenyl-, and furyl denv- 
atives of both II and III were active materials 
All other derivatives in ZZ and III showed either 
no or very low activity All compounds termed 
‘active’ were capable of restonng the ventricular 
amplitude of 3 out of 4 hypodynamic hearts to 
76% or more of their normal amplitude m 20 
minutes at a concentration of 1 mg % in the low 
calcium solution In series Z only the phenyl-, 
p-chlorophenyl-, and p-bromophenyl-, derivatives 
showed activity None of the derivatives of IV 
possessed activity, though this senes is very in- 
complete As a result of this study it appears that 
the cardiac ‘digitalis’ like action of the nitrogen 
analogues III oi the lactones ZZ are qualitatively 
and quantitatively similar And all the carbon- 
unsaturated lactone ring, therefore, does not 
appear essential, at least, when the nitrogen atom 
13 not hnked directly with the ester-oxvgen as 
in IV 

Comparison of seven vaso-pressor compounds 
LnoTD D Seageh and William Weiss * Dept 
of Physiology and Pharmacology, Untv of Ar- 
kansas, Little Rock, and the Dept of Anesthesi- 
ology, Woman’s Med College of Pennsylvania, 
Philadelphia 

The study was made on vagotomized dogs under 
phenobarbital and nembutal anesthesia Forced 
artificial respiration was mamtained to nullify 
respiratory effects of the drugs Epinephrine, 
Neosynephnne, Nul683, Aramine, Oeneth3d, Vc- 
250 and Desoxyepherine were the drugs studied 
The latter 3 compounds show cross tachyphylaxis 
and the comparisons on these were made chiefly 
on fitter mate pups using the result of first injec- 
tion only Comparisons of drugs not showing 
tachyphylaxis was made in part by several injec- 
tions in the same animal, and rotating the order 


of injection in different ammals Aramine and 
Nul6S3 were found not to exhibit tachyphylaxis 
and to give more prolonged effects than neo- 
synephnne Using approximately equivalent epi- 
nephrine pressor ratios the order of duration of 
response were epinephrine, neosynephnne, Nu- 
1683, Oenethyl, Aramine, Desoxyephednne and 
Vc250 

Method of screening steroids on synovial mem- 
brane for possible anti-arthntic action Joseph 
Seifter, David H Baeder,* Albert J Be- 
GANY,* George Rosenkranz,* Carl Djer- 
Assi,* John Pataki* and Stephen KAupmann * 
Wyeth Inst of Applied Biochemistry, Philadel- 
phia, Pa , and Syntex, S A , Mexico 
Hyaluronidase and steroids alter the permeail- 
ity of certain membranes, particularly the syno- 
vial membrane, by acting upon the hyaluronate 
of the ground substance (Seifter, Baeder and 
Dervinis Proc Soc Exper Biol and Med 72 
136, 1949, Seifter, Baeder and Begant Ibid 
72 277, 1949) Of the physiological steroids corti- 
sone is the most efficient m decreasing permea- 
bility Adrenocorticotrophic hormone (ACTH) 
has the same effect as cortisone Desoxycorticos- 
terone (DCA), on the other hand, increases per- 
meability, as does hyaluromdase Both simulate 
the initial lesion of rheumatoid arthritis Cortisone 
and ACJTH are effective against the action of DCA 
and hyaluromdase Forty steroids (kindly sup- 
plied by Dr I V Solhns of the Chemical Special- 
ties Co , Inc ) and some of their esters have been 
screened on the rabbit synovial membrane for 
1) effect on permeability, 2) anti-hyaluronidase ef- 
fect and 3) anti-DCA effect These steroids have 
a pharmacological rather than physiological effect 
on the synovial membrane Several steroids were 
as effective as cortisone in their ability to decrease 
permeability and in their anti-hyaluronidase and 
anti-DCA action The most interesting of these 
were related to DCA by chemical structure, 
suggestmg a basis for competitive inhibition 
A‘ Pregnene-3^, 21-diol, 20-one, 21-monoacitate 
had a cortisone ratio of 130% and was 6 times as 
effective against DCA as against hyaluromdase 
In climcal trials it was a useful anti-arthritic 
DGA structure is not essential either for anti- 
hyaluronidase or anti-DCA action, or for climcal 
efficiency 

Quantitative chromatographic method, applica- 
ble to body flmds, for the determination of 
2-thiouracil and 5-iodo-2-thiouracil singly or 
in mixtures Anthony C Shabica and Edwabd 
S oLOOK (introduced by E Oppenheimer) Fc* 
search Dept , Division of Development Ctba, Phar- 
maceutical Products, Inc , Summit, New Jersey 
Although the ‘Grote’ spectrophotometric pro- 
cedure for the determination of total thiouracil 
in body fluids has been reported by McGinty et 
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al ind Williams cl al , no method has been ivail- 
able for a quantitative anahsis of the individual 
components of a mixture The method described 
has been dc\nsed in order to permit an elucidation 
of the metabolism of 5 lodo 2-thiouracil Since 
the spectrophotometric method does not dif- 
ferentiate betw een 2-thiouracil and 5 iodo-2-thiou- 
racil, a ‘paper chromatographic’ method has been 
developed Using the ascending technique and 
developing V ith aqueous butanol, the above com- 
pounds ascend to spots sufTicienth ap irt to effect 
an excellent and reproducible separation The 
ratio of distance travelled and solvent front, Rf 
values, arc 0 50-0 53 and 0 67-0 70 for 2-thiouracil 
and 5 iodo-2-thiouracil, rcspcctnch The method 
of detection of the separated compounds is accom- 
plished by spraj mg the paper chromatogram v ith 
‘Grote’s’ reagent, a blue color appearing for 2- 
thiouracil and blue-green for 5-iodo-2-thiouracil 
An alternative method is based on the observation 
of Holiday and Johnson, that in the presence of 
ultra-violet light (230-400 ni/i) the thiouracils ap- 
pear as dark spots Quantitative analjsis is ac- 
complished by streaking an aqueous solution of 
the mixture on a line of application rather than 
spot preparatorj' to development The paper is 
cut into strips containing the individual thi- 
ouracils and eluted with water for 48 hours and 
the elutate analjzed spectrophotomctrically via 
the ‘Grote’ method Satisfactory results on the 
quantitative determinations of the above com- 
pounds, 100 ± 5% have been obtained 

Pancreatic secretions and response to secretin 
after vagotomy and sympathectomy William 
W Shingleton, Blake Fawcett AND J Stan- 
ley Vetter (introduced by K S Gbimbon) 
Dept o/ Surgery, Duke Univ School of Medicine, 
Durham, N C 

Experiments were carried out to measure pan- 
creatic function in fasting normal patients and 
m patients after vagotomy or transthoracic sym- 
pathectomy with splanchmcectomy A specially 
designed triple lumen tube, with one balloon at 
the tip and another 18 cm proximally, was passed 
through the pylorus of the stomach Proximal 
and distal balloons were inflated, the former rest- 
ing in the pylorus, and the latter in the lower 
duodenum Specimens were collected from the 
portion of duodenum between the balloons A 
30 minute sample of secretion was obtained before 
and after intravenous injection of secretin (1 unit/ 
bg secretin, Eli Lilly and Co ) Measurements of 
total volume, amylase, and NaHCOj, were made 
on the samples collected In 4 normal patients the 
average volume of secretion before secretin was 
9 3 cc , and after secretin, 118 cc The average 
total output of amylase units (1 unit = 1 gm 
starch digested 1 hr ) before secretin was 88, and 


after secretin, 1500 The average bicarbonate 
value was 4 cc lx NaOH per cc of secretion 
before secretin One of the normal patients whose 
anij'Insc value was 06 units before and 3424 after 
secretin underwent a transthoracic sjmpathec- 
tomj' witli splancliniccctomj for hj^pertension 
One week later studies showed 570 amjdase units 
before and 1120 units after secretin Bicarbonate 
value before operation was 09 cc In NaOH 
/I cc secretion, and this value was zero followung 
operation By contrast, fiv'C patients tested three 
to four years after transthoracic vagotomy for 
ulcer showed an average of 300 amylase units 
prior to and only 360 units after secretin 

Studies on the 17-kelosteroid excretion, gonado- 
trophic inhibition and response of rat seminal 
vesicle following oral and parenteral adminis- 
tration of testosterone and testosterone pro- 
pionate m different vehicles Betty M Silver, 
IIeRBERT S IVUrPERMAX AND RaLPH A PoSTTg- 
LioNE (introduced by Arthur C DeGraff) 
Dept of Therapeutics, New York Univ College 
of Medicine, Nao York City 
The comparative efficacy of testosterone and 
testosterone propionate in various vehicles was 
evaluated by a study of 17-ketosteroid excretion 
in man, and by gonadotrophic inhibition and 
stimulation of the male accessory glands in the 
rat The 17-ketosteroid determinations utilizing 
the Zimmerman reaction w ere made on urines ob- 
tained from a senes of hospitalized patients after 
parenteral administration of the hormones m 
oil and as aqueous suspensions, and after oral 
administration as colloid mixtures These excre- 
tion studies did not indicate the superiority of 
either vehicle or route of administration, inas- 
much as comparable increases in 17-ketosteroid 
excretion were observed following both oral and 
parenteral admimstration Studies on the keto- 
steroid excretion following the administration of 
testosterone propionate in the form of rectal sup- 
positories failed to show an increased excretion 
over imtial control values The gonadotrophic 
inhibiting effect of the androgens was measured 
m parabiotic rats by parenteral administration 
of testosterone and testosterone propionate in 
oil or as an aqueous suspension to the castrate 
partner of littermate parabionts Testosterone in 
sesame oil or an an aqueous suspension was not as 
effective in inhibiting the gonadotrophic complex 
as similar preparations of testosterone propionate 
The effect of equivalent doses of the 6 parenteral 
preparations on the seminal vesicles of the castrate 
male rat showed that there was a decrease in 
potency' and effectiveness of the compounds in 
the following order testosterone propionate aque- 
ous suspension, testosterone aqueous suspension. 
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testosterone propionate m oil and testosterone 
m oil The duration of effect was sustained for a 
longer period of time with testosterone propionate 
in an aqueous suspension Testosterone in oil 
produced only minimal growth effects on the male 
accessories and these in turn were rapidly dis- 
sipated 

Action of Neo-Coronaril, Erba, upon induced 
ventricular fibrillation Donald Slaughter and 
J Belogorsky * Dcpl of Physiology and Phar- 
macology, Untv of South Dakota, Vermillion 
Studies i\ere made ivith diethyl-amino ethoxy- 
4 stilbene-Neo Coronaril-(NC) to determine its 
ability in preventing the onset of ventricular 
fibrillations, induced by a chloroform-epinephrine 
method in dogs as described by Shen and Simon 
{Archives Internationales de Pharmacodynamie, 
1938 Vol 69, p 68) Eighteen dogs, weighing from 
6 5-28 kg , anesthetized with sodium-pcntobarbi- 
tal, were divided into 4 groups Using the method 
referred to, fibrillation occurred in the first group 
of 9 animals which were used as a control In the 
second group of 3 dogs (NC) as the protective drug 
w'as injected intravenously, 16 mg/kg (standard 
used in this study), onc-half minute before the 
epinephrine In this series no fibrillation occurred 
In the third group of 3 dogs (NC) and epinephrine 
were injected simultaneously, in 2 animals the 
onset of fibrillation was delayed for approximately 
3 minutes, and in one the fibrillation was not 
checked at all In the fourth group of 3 dogs (NC) 
was injected immediately at the onset of fibrilla- 
tion and no protective action was noted The 
results of the experiments indicate that (NC) 
possesses positive anti-fibrillatory action in dogs 
if used previously to the agent producing fibrilla- 
tion (NC) when administered simultaneously with 
the fibnllatory agent is of questionable value 
Finally, (NC) is ineffective if used when the 
fibrillation is already in progress 

Chemical constitution and analgetic action M 

B Slomka* and F W Schueler Dept of 
Pharmacology, State Untv of Iowa, College of 
M'edicine, Iowa City 

Using a rat tail modification of Wolf ct al 
technique we have tested 5 types of amine deriva- 
tives, most of which are new compounds, sjmthe- 
sized in our laboratory These materials embraced 
the following compounds given together with the 
mean % increase in time for the tail twitch over 
control time, confidence limit and dosage (A) 1) 2- 
phenyl - 1 - methjd - ethyl - N - methyl - N - (2 - 
acetoxyethyl) amine HCl, 34 3%, 1%, 100 mg/kg , 
S) 2 - phenyl - 2 - methyl - ethyl - N - methyl - N - 
(2-acetoxy-ethyl) amine HCl, inactive, 200 mg/ 
kg , S) 2-phenyl-2-methyl-ethyl-N-methyl-N-(3- 
acetoxypropyl) amine HCl, 17 2%, 1%, 100 mg/kg 
(5) ;) N-(2-acetoxyethyl)-l,2,3,4-tetrahydroiso- 


quinohne HCl, 44 6%, 2%, 75 mg/kg , S) N-(2- 
acetoxy-ethyl) isoquinolinium bromide, inactive, 
100 mg/kg (C) 1 ) 2-phenyl -2-aceto\y-dimethyl- 
aminomethy] cjclohexane HCl, inactive, 100 mg/ 
kg , £) 2-phenyl-2-acetoxy-diethylaminomethyl 
cyclohexane HCl, 17 6%, 1%, 25 mg/kg and 52 6%, 
1%, 50 mg/kg (D) 1) morphine sulfate, 102 1%, 
1%, 2 mg/kg , g) morphine methiodide, 103%, 
0 1%, 2 mg/kg (This material w as supplied to us 
by Dr L F Small ) {E) }) N-phenacyl-N,N- 
dimcthyl-N-(2 hydroxy propyl) ammonium bro- 
mide, inactive, 26 mg/kg , S) N-phenacyl-N,N- 
diethyl-N-(2-hydroxy ethyl) ammonium bromide, 
inactive, 10 mg/kg , S) N-phonacyl-N -methyl mor- 
pholinium bromide, inactive, 50 mg/kg , 4) N- 
phenacyl-4-(j"-hydroxy propyl) pyndinium bro- 
mide, inactive, 50 mg/kg Higher doses than those 
given in this last group were too toxic for further 
investigation The results of this preliminary 
study lend support, in general, to a qualitative 
working hj'pothesis developed previously in our 
laboratory concerning the relationship between 
chemical constitution and analgetic action {J 
Aw Pharm A 38 74, 1949) 

Toxicity and irritation studies on some organic 
mercurial diuretics J K Smith,* R E Briden- 
stine,* C R Thompson* and H W Werner 
Pharmacology Dept , Wm S Merrdl Co , Cin- 
cinnati, Ohio 

TMS (trisodium salt of N-(2-methoxy-3-(l,2- 
dicarboxyethylthiomercun) - propyl) - 0 - car- 
boxymethyl salicjlamide), a new thiomercurial, 
has been compared to meralluride sodium and 
mercaptomerin sodium with respect to local irrita- 
tion and acute and chrome toxicity Continuous 
intravenous infusion to the point of death in dogs 
demonstrated meralluride sodium to be signifi- 
cantlj"^ more toxic than TMS and mercaptomerin 
sodium Intramuscularly in rats and subcutane- 
ously in mice the local irritant effects of TMS and 
mercaptomerin were similar and less than those of 
meralluride sodium The acute 14-day ld^ values 
expressed as mg of Hg/kg for TMS, meralluride 
sodium and mercaptomerin sodium were respec- 
tively 16 6, 8 6, and 6 7 for i v administration to 
rabbits and 16, 10, and 6 for i m administration 
to rats TMS and mercaptomerin sodium were 
administered s c to rats and i v to rabbits every 
third day for 8 w eeks in doses of 0 7 and 3 5 mg 
of Hg/kg Signs of toxicity were not observed in 
the rats or in rabbits at 0 7 mg of Hg/kg , how - 
ever, in rabbits at 3 5 mg of Hg/kg both com- 
pounds caused upper nephron nephrosis and a 
vacuolization of the parenchymatous cells of the 
liver The histologic alterations in the kidneys 
were more severe in the mercaptomerin sodium 
group than in the TMS group Similar chronic 
toxicity studies on meralluride sodium are m 
progress 
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Morphological and biochemical changes produced 
bj infectious mjAoma virus in chorioallantoic 
membrane of the de\ eloping chick embrjo 
Maugahet H D Smith* and Eunlst Kun 
Depts of Pcdmirics and Medicine, Division of 
Infcc-lious Diseases, Tidaiic Univ , New Orleans, 
La 

The chorioalhiitoic membranes of developing 
chick cmbr^os have been inocul itcd nitli meas- 
ured amounts of infectious nn \omn virus Tlie 
pathogenesis of the ensuing lesions has been 
studied serialh at intervals of a few hours and the 
titer of virus, histopathologic il changes and some 
metabolic disturbances were determined During 
the earh stage of infection, at the time of most 
rapid virus multiplication, brilliant acidophilic 
inclusion bodies appear in almost all the cells of 
the ectodermal laver With slighth more delav , 
marked cellular proliferation develops in all 3 
lavers of the membrane, also endirteritis and 
thrombosis of the capillarv v’essels After the virus 
has reached its maximum titer, the inclusion 
bodies dimmish in number and become weakh 
basophilic, there is some necrosis and a gradual 
return to a more normal histological pattern The 
respiration in Krebs-Henseleit solution, contain- 
ing glucose, the aerobic lactate formation, the 
fermentation of hexosediphosphate to diphospho- 
glj cerate, the zv mohexase activitv and sulfhv drv 1 
content of infected and normal membranes was 
determined in intervals from 2 hours after inocula- 
tion till the complete development of the erabrvo 
The first measurable effect was on activation of 
zymohexase, then increased hexosediphosphate 
fermentation and an increase in aerobic lactate 
formation Respiration w as slightlj inhibited only 
14 daj'S after inoculation of the virus Correlation 
was found between metabolic effects and sulf- 
hydryl content Starting at 48 hours, a marked 
decrease in sulfhj'dryl groups occurred in the 
inoculated membranes 

Biochemical changes in the liver produced by 
cheimcal intoxication H C Spencer and Noka- 
BELLE T Williams (introduced bj’' D D 
Irish) Biochemical Research Lab , Dow Chemical 
Co , Midland, Mich 

In these studies it has been demonstrated that 
biochemical changes in the liver furnish reliable 
criteria for the evaluation of the effects produced 
byichemical intoxication In laborator}"- animals 
that received repeated exposures to graded vapor 
concentrations of ethjlene dichloride, trichloro- 
ethjlene, tetrachloroethjdene and carbon tetra- 
chloride quantitative determinations of the 
following constituents of the liver have been 
made total lipid, phospholipid, neutral fat, chlo- 
esterol fractions, water, nitrogen, sulfur, phos- 
phorus, and collagen Changes in these 


constituents of the liver have been correlated 
with tlic tjpe and extent of histopathological 
effects produced As an example, the tj^pical fattj'- 
cliangcs observed histologically in the liver of 
animals exposed to carbon tetrachloride have been 
correlated with nn increase in total lipid, due in a 
large measure to an increase in neutral fat and 
csterified cholesterol 

Neomycin toxicitj studies Joseph N Spencer,* 
Hartzei I G Paine* and Fred H Schultz, 
Ir Pharmaceutical Research Division, Commer- 
cial Solvents Corp , Terre Haute, Ind 
Toxicilv studies have been conducted with 
neomvcin, a new antibiotic first described by 
Waksman (Science, 100,305 1949) The preparation 
cmplov ed was the neomv cm sulfate These prepar- 
ations were pyrogen free and devoid of any sig- 
nificant pressor or depressor effects in anesthetized 
dogs The following idso values were obtained in 
mice intrnv'enous, 4450 units/kg , intraperitoneal, 
35,000 units/kg , subcutaneous, 36,000 units/kg 
oral, greater than 865,000 units/kg In rats the 
subcutaneous ldso was 92,000 units/kg and oral 
ldbo was greater than 865,000 units/kg Mice were 
given daily subcutaneous doses of 18,000, 9,000, 
4,500 umts/kg for 30 days All animals survived 
the lower doses and 90% survived the highest 
dose Four dogs yycre injected intramuscularly 
yyith 2000 umts/kg every 6 hours for 8 day’s Neo- 
my'cin blood level determinations indicated that 
continuous blood levels yyere maintained in 2 
animals No toxic sy’mptoms y\ere observed and 
there yyere no alterations in the hematology, and 
urine and blood chemistry’ Histopathological find- 
ings w ill be reported 

Dosage — reversal of effects of acetylcholine and 
of adrenaline, as observed in submaxillary 
salivary gland of cat G W Stavrakt and 
A R Graham * Dept of Physiology, Univ of 
Western Ontario, Faculty of Medicine, London, 
Canada 

It IB known that under the influence of amyl 
nitrate, bleeding and other conditions which tend 
to lower blood pressure, the vasomotor effect of 
chorda tympani stimulation may be reversed, the 
chorda causing a diminution of the blood flow 
through the submaxillary salivary gland instead of 
the usual vasodilatation (FrOhlich and Loewi, 
1906, Dale, 1930, Stavraky, 1934) Using the 
intra-arterial route (anterior lingual artery), it 
was found in the present investigation, that in 
cats under chloralose and urethane (1 10) anaes- 
thesia, acety’lcholine bromide injected m KT-* — 
lOy quantities, produced pure vasodilatation in 
the submaxillary’ gland, while, when introduced in 
greater quantities (20-200y) it caused vasocon- 
striction In both cases a secretion of saliva could 
be evoked Esenmzation of the gland or intra- 
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venous injection of esenne facilitated the 
appearance of the vasoconstrictor effect of acetyl- 
choline and when sufficient quantities of esenne 
or acetylcholine were injected a reversal of the 
vasomotor effect of chorda tympani stimulation 
also took place Atropimzation abolished these 
vasoconstrictor effects Similarly intra-artenal 
injections of small quantities of adrenaline hydro- 
chloride (10“!'’ — 10“^) had a vasodilator effect, 
while larger amounts (10“*— Sy) produced pro- 
longed vasoconstriction in the submaxillary gland 
It was possible to demonstrate with the present 
technique that while low blood pressure has a 
predisposing effect on these reversals, the latter 
could be produced at ordinary blood pressure 
levels and depended upon the quantity of the 
injected chemical agents These observations fit 
in with other instances of reversal of the effect of 
acetylcholine described in recent years (Spadolini 
AND Domini, 1940, McDowall, 1946, Bulbbing 
AND Bubns, 1949, Bubn and Vane, 1949 et al) 

Action of venloid upon isolated mammalian heart 
Norman S Stearns (introduced by J W 
Stutzman) Dept of Pharmacology, Boston Umv 
School of Medicine, Boston, Mass 
This report deals with the investigation of the 
inotropic, chronotropic and dromotropic effects 
of Venloid (J W Dart Labs' purified, repro- 
ducible extract of Veratrum tnnde) Sixty-four 
rabbit hearts were perfused with Locke’s solution 
using a modification of Langendorff’s technique 
Inotropism was interpreted from isotonic contrac- 
tions of the heart recorded on Teledeltos paper 
using a lever attached to the left ventricle Rate 
and rhythm were recorded with a viso-cardiette 
under controlled conditions of temperature and 
pressure Satisfactory volume and solvent controls 
were done Both positive and negative inotropic 
actions of Venloid have been demonstrated Both 
moderate Stat doses (up to 10 ag ) injected rapidly 
close to the heart and moderate concentrations 
(up to 0 075 Mg/cc ) perfused continuously produce 
positive inotropism Effective dose ranges appear 
to be within probable effective ranges for hjqioten- 
sion in intact dogs and in man Bradycardia has 
not been demonstrated with Venloid in the 
isolated rabbit heart Tachycardia has been ob- 
served with high Stat doses and with relatively 
high concentrations (over 0 1 yg/cc ) of continu- 
ously perfused Venloid Inotropic and chrono- 
tropic effects may occur independently of each 
other Arrhythmias are produced by continuous 
Venloid perfusion m high concentrations (over 
0 3 Mg/cc ) 

Cardiovascular aspects of acute cocaine intoxica- 
tion John E Steinhaus (introduced by A L 
Tatum) Dept of Pharmacology, Univ of Wis- 
consin Med School, Madison 


From a study of the prophylactic use of barbi- 
turates in cocaine intoxication it became evident 
that the cardiovascular system is involved to a 
much greater degree than has generally been 
supposed in the ‘slower type’ of intoxication 
These effects were studied on dogs and rabbits by 
means of electrocardiograms and blood pressure 
tracings taken during the administration of co- 
caine The marked variation seen clinically and 
experimentally can be explained in part by varia- 
tions in absorption For this reason cocaine was 
administered intravenously by a motor-driven 
mechanical injector Rapid rates of injection, 15 
mg/kg/min , caused almost simultaneous cardio- 
vascular and respiratory failure Rates of 3-4 
nig/kg/min produced death by cardiovascular 
failure and rates of 2 5 and lower caused primarily 
respiratory failure Failures of both systems were 
often seen at rates between the 2 lower figures 
Barbiturate antagonism of cocame intoxucation 
was studied by treating 4 groups of 5 dogs each 
with doses of 0, 5, 15, and 30 mg/kg of pentobar- 
bital 1 V followed by the administration of cocaine, 

2 25 mg/kg/min , until respiratory arrest occurred 
The groups receiving 16 and 30 mg/kg of pento- 
barbital developed no signs of central nervous 
B3’Btem stunulation, however, a marked cardio- 
vascular deficiency appeared as indicated by very 
low blood pressures at respiratory arrest This 
could be combatted with small doses of epmeph- 
nne suggesting the utility of epinephrme and 
related drugs in the barbiturate treatment of local 
anesthetic intoxication 

Hypotensive action of Venloid, an extract of 
Veratrum mride J W Stutzman and George 
L Maison Dept of Pharmacology, Boston Untv 
School of Medicine, Boston, Mass 
Venloid (J W Dart Labs , Los Angeles) is a 
purified, reproducible extract of Veratrum vtnde 
None of the previously' descnbed potent alkaloids 
have been obtained bj its fractionation Normo- 
tensive dogs anesthetized with pentobarbital 
sodium have been used in the studies of its 
hypotensive effects Linear dose-response rela- 
tionships were found with 151 Stat injections of 1 
to 12 5 pg/kg and with 400 10-minute infusions of 
0 25-3 Aig/kg/min With an infusion of 1 /ig/kg/ 
min for 10 minutes the average decrease in mean 
arterial blood pressure was 29 9 db 12% in 232 
administrations The hypotensive action of Ven- 
loid was not altered quantitatively by any of the 
following procedures I) complete atropmization 
(11 animals), £) bilateral cervical vagotomy (25 
anunals), S) bilateral carotid smus and body 
denervation (10 animals) Venloid caused a further 
fall in blood pressure when administered to 9 
ammals during the penod of hypotension resulting 
from 20 mg/kg of tetraethylammonium chloride 
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This latter drug was sutricienl to block the brady- 
cardia from peripheral vagil stimulation and the 
pressor response from bil itcral carotid sinus oc- 
clusion Veriloid lowered the blood pressure of 21 
dogs made h\pertensi\o b\ acute section of all 
the buffer nerves 

Action of telraeth>lnmmonlum bromide and ace- 
tylcholine on the kitten phrenic nctac- 
diaphragm preparation Walter J Sulliian* 
AND Charles J Kensler Dcpl of Pharma- 
cology, Cornell bntv Med College, New ^ orL 
Ctly 

Tetraethj lammonium bromide (TEA) restored 
the response of the rat diaphragm to phrenic 
nene stimulation at rates of 6 and 30/min when 
failure was produced by maintenance in calcium 
free Ringer-bicarbonate solution, provided suffi- 
cient calcium (ca 4 X 10”^ '0 had been added to 
permit minimal activity (Kensler, Federation 
Proc S 307, 1949) Although the calcium threshold 
for minimal activity was essentially the same for 
the kitten as for the rat diaphragm, TEA was less 
effective in restoring function to the kitten 
preparation (to 45-05% of normal) than to the 
rat (85-105%) For the kitten ma\imal calcium 
‘replacement’ w'as achieved by concentrations of 
TEA ca 7 X 10^ m Further increase in TEA 
concentration decreased the response The addi- 
tion of TEA (1 X 10“’ m) to the kitten preparation 
in normal calcium Ringer markedly increased the 
muscle response to ner\ e stimulation as reported 
earlier by Ing and Wright (Proc Roy Soc London, 

5 B 109B 337, 1931) for a frog nerve-muscle 
preparation The response of the kitten dia- 
phragm to nerve stimulation was potentiated by 
low concentrations of diisopropyd fluorophosphate 
(DFP) and was reversibly blocked by" higher con- 
centrations (ca 2 5 X 10“’ It) as had been found 
for the rat (Kensler and Berry, Federation 
Proc 8 307, 1949) Acetylcholine (1-2 ns/rol ) 
blocked the response to nerve stimulation in the 
presence of low concentrations of DFP or after 
exposure to high concentrations (2 6 X 10“’ m) 
After recovery from a DFP-acetydcholme block, 
low doses of acetylchohne (ca 0 1 /»g/ml ) usually 
produced a sustained potentiation of the response 
of the diaphragm to nerve stimulation Higher 
doses decreased the response 

Anticonvulsant properties of optical isomers of 
nirvanol and mesantoin Ewart A Swuntard, 
Jack E Orr,* Joel M Jolley* and Louis S 
Goodman Depts of Pharmacy, Pharmaceutical 
Chemistry, and Pharmacology, Univ of Utah 
College of Pharmacy, and College of Medicine, 
Salt Lake City 

Optical isomers of Nirvanol and Mesantoin 
(prepared by J J Spurlock, North Texas State 
College) and Nirvanol (prepared by J E Orr) 


were tested for their ability to modify maximal 
electroshock scirurc pattern and prevent Metrazol 
convulsions in rats Drugs were given orally in a 
10% acacia suspension and tested at the time of 
peak drug effect Anticonvulsant potencies (edso) 
and minimal neurological toxicity (tdjo) were 
determined and protective indices calculated (tdjq 
/FD to = PI) The data indicate that neither 
toxicity nor anticony'ulsant activity resides ex- 
clusively in one isomer The ley'o forms yyere the 
more nctixc except in the case of antielectroshock 
potency of Mesantoin For Nirvanol the racemic 
mixture showed greater activity than that calcu- 
lated from the isomers 

Studies on cardiovascular actions of adenyl com- 
pounds Virginia L Sidow* and Raymond 
P Aiilquist Dept of Pharmacology, Univ of 
Georgia School of Medicine, Augusta 
The cardiovascular actions of the following 
compounds yyere compared to those of adenosine 
in the anesthetized dog adenylic acid, adenine, 
guanine, guanosine, gunny he acid, cy^tidine, cyti- 
dylic acid, thynninc, hy"poxanthine, uracil, undine 
and nbose Changes in arterial pressure, femoral 
and carotid arterial blood flow , heart rate and ECG 
were used as the criteria of activity and the com- 
pounds were administered intravenously, intra- 
arterially or intra-aortically Adenosine produced 
a transient fall in arterial pressure due to peri- 
pheral vasodilation No significant changes in 
heart rate or ECG were found with the doses 
tested (1 X 10“® to 1 X 10“’ moles) On a molar basis 
adenosine w as the most active vasodilator Sodium 
adenydate produced about the same degree of 
dilation but its effect was more prolonged Sodium 
guanylate was qualitatively similar to sodium 
adenylate but only one sixth as effective Guano- 
sine produced either vasodilation or vasoconstric- 
tion depending upon the dose employed and the 
pretreatment of the animal All of the other com- 
pounds were practically inactive 

Reaction mechanism of diamine oxidase (his- 

taminase) Herbert Tabor Natl Insts of 

Health, Belhesda, Md 

The preparation of a highly purified diamme 
oxidase from hog kidney" (Tabor Federation Proc 
1949) has been modified by the inclusion of an 
isoelectric precipitation The oxidation of 1 m 
of histamine or putrescine by diamine oxidase (in 
the presence of catalase) requires i si oxygen One 
M NHi appeared, and 1 m bisulfite was bound by 
the reaction product During the oxidation of 
histamine the imidazol nng remained intact In 
addition to the bisulfite binding, evidence for an 
aldehyde intermediate during histamine oxidation 
was mdicated by" the intense rose color obtained 
upon addition of 2,4-dinitrophenylhydrazine to 
the reaction product and subsequent alkaliniza- 
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tion Furthermore, additional experiments showed 
that aldehyde oxidase (prepared according to 
Hacker) oxidized the intermediate as measured by 
the stoichiometric reduction of diphosphopj ridine 
nucleotide These data indicate that the most 
likely reaction mechanism, among the different 
possibilities proposed by various authors, is the 
conversion of histamine to imidazol acetaldehyde 
(Zeller, Stephenson, et al ) 

Metabolism of radioactive S® thiopental (Pento- 
thal) in the rat and monkey J D Taylor,* 
R K Richards and D L Tabern * Depts 
of Pharmacology and Special Research, Abbott 
Research Labs , North Chicago, III 
The urine of rats injected mtraperitoneallj'' with 
a single dose of 40 mg/kg of radioactive Pentothal 
(6 II cone /gm ) was analyzed for chloroform ex- 
tractable, inorganic and ethereal sulfate, and 
neutral sulfur over a period of 4 days At the end 
of 24 hours, 65% of the total injected radioactivity 
was extracted At the end of 4 daj'S 85% of the 
total radioactivitjr could be accounted for with 
7% chloroform extractable, 23% as inorganic 
sulfate, 8% as ethereal sulfate, 40% as neutral 
sulfur, 5% in the feces, and only 2% remaining in 
the carcass In the monkey injected intravenousl}' 
with 35 mg/kg of radioactive Pentothal, 75% 
of the injected dose was excreted in the urine in 
the first day A total of 86% of the radioactivity 
was accounted for in 4 daj^s nith 17% occurring as 
inorganic sulfate and 14% of the total injected 
dose chloroform extractable Paper chromatog- 
raphy was used to determine the number of 
radioactive degradation products in the urine 
The number and relative amounts of these 
products varied with species and time after injec- 
tion In one fraction of monkey urine, at least 9 
radioactive compounds were found At least 4 of 
them can be extracted with chloroform One of 
these latter compounds is unchanged Pentothal 
and another is probably the Pentothal carboxylic 
acid described by Brodie et al (personal communi- 
cation) 

Some substituted ethylenimines with actions like 
nitrogen mustards J B Thiersch* and F S 
Philips Pharmacology Section, Division of Ex- 
perimental Chemotherapy, Sloan- Kettering Inst 
for Cancer Research, New York City 
Nitrogen mustards are tertiary amines having 
2 or more 2-haloethyl groups/molecule, for exam- 
ple, methjd-fns (2-chloroethyl) amine (HN2) and 
N,N'-6 i 8 (2-chloroethyl) -piperazine (I) Such 
compounds act through in vivo transformation 
into ethylenimonium derivatives Therefore, it 
was interesting to compare actions of 2,4,6-tns 
(ethvlenimino)-s-triazine (II), l,l'-hexamethjd- 
ene-6ts (3,3-ethylenurea) (III), and other sub- 
stituted ethylenimines nith those of HN2 and I 


Characteristically nitrogen mustards in near MLD 
amounts cause a delayed lethal syndrome associ- 
ated with marked pancytopenia and severe diar- 
rhea Animals become progressively debilitated 
after poisoning and succumb betn een 3 and 7 days 
Atrophy of all hematopoietic tissues, cytological 
abnormalities in bone marrow, and damage to in- 
testinal epithelium are typically found Substi- 
tuted ethylenimines like II and III are as toxic 
as HN2 and I and near MLD amounts cause a 
similar delayed lethal syndrome mth diarrhea 
and pancytopenia Lesions noted parallel those 
observed in animals given nitrogen mustards 
Structural analogs differing from II in lacking 
ethylenimine groups are much less toxic and do not 
act like nitrogen mustards Supralethal doses of 
II like those of HN2 are convulsant and paralytic 
However, unlike HN2, II is not outstandingly 
parasy'mpathomimetic This may be related to the 
tertiary^ state of the ethylenimme-derivative in 
contrast to the quarternary state of ethylen- 
jmonium transformation products of HN2 

‘Benemid’ (p-(di-n-propylsulfamyl) -benzoic acid), 
an anticatabolite its estimation in body fluids 
Elizabeth K Tillson,* Grace S Schuchardt* 
Alice A Pitt,* Richard W Gass* and Karl 
H Beier Dept of Pharmacology, Med Re- 
search Division, Sharp & Dohme, Inc , Glen- 
olden, Pa 

Beyer et al have reported {Federation Proc 
1950) that ‘Benemid’ (p-(di-n-propylsulfamyl)- 
benzoic acid) decreases the destruction and elim- 
ination of certain therapeutically useful organic 
acids by inhibiting their conjugation with gly'cme 
In this sense, it functions as an anticatabolite 
Ti\ o analytical methods have been developed 
for the estimation of the drug in body fluids The 
first method depends on the fact that the 
compound can be extracted into chloroform from 
an acidic, aqueous medium and in turn reextracted 
from chloroform into 0 1 n sodium hydroxide 
The alkaline solution is examined spectrophoto 
metrically at a wave length of 242 5 ma For the 
second method the drug is also extracted into 
chloroform from an acidic aqueous medium The 
chloroform lay'er is shaken with an aqueous solu- 
tion of methylene blue The colored salt, formed 
at the surface, is soluble in the solvent making it 
possible to determine the amount present by^ 
examining the chloroform laymr colonmetncally' 
With the aid of these methods, it has been found 
that the compound is veil absorbed following its 
oral administration, that it is excreted extremely 
slowly if at all, and that hydrolyzable metabolites 
of the drug appear slowly^ in the urine following 
its oral or parenteral administration 

In VIVO antihistamine activity of several anti- 
histamines R Tislow, S Margolix, M T 
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SroEBLEiN AND E VouAGE (mtroduced by H 
B Haag) Bwlogtcal Research Labs , Schertng 
Corp , Bloomfield, N J 

The oral activity and toxicitj of several anti- 
histamines V ere determined m guinea pigs b 5 the 
method previously described (LaBedde, A and 
R Tislow Federation Proc 7 236, 1948) To 
determine the potency, animals were challenged 
one hour after feeding of the antihistamine bj’’ 
rapid intravenous injection of 1 1 mg/kg of 
histamine dihj drochloride From the data and 
from clinical e\perience, it appears that the in. 
VIVO test in guinea pigs provides a better estimate 
of the clinical effective dose of antihistamines as 
compared nith the in vitro test 

Effects of parpanit, myanesin, and benzimidazole 
on properties of frog nerve J E P Toman, 
W H Evans, S C Houston, H V Miller, 

J M Nance and B K Wilson (introduced by 
L S Goodman) Depls of Physiology and Phar- 
macology, Umv of Utah College of Medicine, 
Salt Lake City 

The effects of centrallj acting muscular relax- 
ants ivere studied in frog sciatic nerve by means 
of a battery of tests previously devised for anti- 
convulsant investigations By all tests used molar 
potency nas greatest for parpanit and least for 
benzimidazole, as previously observed for their 
relaxant and toxic central actions Concentrations 
blocking conduction were found to act bj raising 
threshold rather tban by depolarizing Alterations 
of normal fiber function were noted m the con- 
centration range of central toxic effects in vivo 
Protection against hyperexcitability induced by 
excessive stimulation or by phosphate treatment 
was found in the concentration range for minimal 
central actions in vivo In spite of the greater 
potency of parpanit, the margin of safetj’’ i\ as least 
for this drug and greatest for mjmnesin, in accord 
mth anticonvulsant tests in mammals Bejond 
these parallelisms no distinct patterns of action 
were noted which might clarify the known clinical 
differences betw een these drugs 

Effect of convulsanf and anticonvulsant agents on 
the activity of cytochrome oxidase Clara Tobda 
and Harold G Wolff A^ew York Hospital, 
Ktngsbrtdge Hospital (F^ ) and Depts of 
Maiicine, Neurology andPsychiatry, Cornell Umv 
Med College, New York City 
The effects of convulsant and anticonvulsant 
agents on the actmtj of cj tochrome oxj dase 
have been investigated The activity of cj to- 
chrome oxj dase increased in the presence of the 
convulsant agents used (acetjlcholme, caffeine, 
dichlorodiphenj Itnchloroethane, mecholjl, meth- 
xlsalicjlate, pentamethvlene tetrazol, picrotoxin, 
sciHiroside, and strj chmne) m concentrations of 
1 X 10“’ M and less The greatest increase ob- 


served w as over 250% The activity of cytochrome 
oxydase was not modified significantly by the 
anticonvulsant agents used (hydantoin, methyl- 
plicnyl-ethyl hydantoin, phenvlhydantoinate so- 
dium, phenobarbital, and tndione) in concentra- 
tions of 1 X 10“’ M and less Since changes in the 
electrical activity of brain characteristic for 
seizures precede the increase of cerebral oxygen 
consumption (Davies, P W , and A Remond 
Research Publ A Nerv & Ment Dis 26 205, 
1947) the increase of the activity of cytochrome 
oxydase in the presence of the convulsant agents 
suggests that these agents actively induce not 
only^ the seizures and the changes in the electrical 
activity of the brain but also the increase of 
oxygen consumption of the brain during the 
seizures 

Treatment of sodium fluoroacetate (1080) poison- 
ing in dogs W W Tourtellottb* and J M 
Coon Toxicity Lab and Dept of Pharmacology, 
Umv of Chicago, Chicago, III 
Sodium acetate and ethanol antagonize sy ner- 
gestically 1080 poisoning in mice (Federation Proc 
8 339, 1949) The present report is an attempt to 
evaluate these compounds and barbiturates m 
treating 1080 poisoning in dogs The oral LD-SO 
of the 1080 pow der used in these dog experiments 
was found to be 0 066 mg/kg Of 24 dogs poisoned 
with 0 12 mg /kg of 1080, a sureh fatal dose, and 
treated 30-40 minutes later, none of 6 survived 
with ethanol-Bodium acetate treatment, 6 of 6 
survived with pentobarbital-phenobarbital treat- 
ment and 12 of 12 survived with ethanol-sodium 
acetate-barbiturate treatment Of 13 dogs poi- 
soned with 0 24 mg/kg and treated 30-40 minutes 
later with ethanol-sodium acetate-barbiturate, 3 
dogs survived The dosage schedule of 50% ethanol 
and 50% sodium acetate beginning 30-40 minutes 
after poisoning was 2 cc/kg intravenously and 
repeated orally at 2 and 5 hours The dosage 
schedule of the barbiturates was 15 mg/kg of 
pentobarbital intravenously 30-40 minutes after 
poisoning, 25-50 mg/kg of phenobarbital sub- 
cutaneously at 3 and/or 9 hours, and 5 mg/kg 
of pentobarbital p r n for convulsions The dogs 
receiving ethanol-sodium acetate required 40% 
less phenobarbital for prophjdaxis against severe 
convulsions, while approximately the same amount 
of pentobarbital was given to control convulsions 

Distribution of procaine in squid axons (Loligo) 
A P Truant (introduced by Paul K Smith) 
Dept of Pharmacology, George Washington Umv 
School of Medicine, Washington, D C 
Recenthq the distribution of procaine in sciatic 
nerves (Rana pipiens) has been studied in relation 
to conduction block (A P Truant and C L 
Way , unpublished) The distribution of procaine 
in the nerve fiber of the giant axon of tlie squid was 
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studied The giant nerve fiber was prepared free of 
adjacent tissue and mounted on electrodes in a 
moist chamber Normal neurograms of the mono- 
phasic action potential were recorded and the 
axon segment was immersed in buffered artificial 
sea water, containing procaine hydrochloride 
When conduction block occurred the treated seg- 
ment was washed and the axoplasm was extruded 
The procaine concentrations in both the axoplasm 
and the axon membrane were determined eolon- 
metrieally In 22 experiments the average con- 
centration of procaine at time of conduction block 
in the axoplasm was 96 7 ^g/100 mg of tissue and 
that in the axon membrane 9 3 /ig/100 mg of 
tissue The concentration of procaine in the 
axoplasm at the time of recovery was 68 9/100 
mg axoplasm while the axon membrane concen- 
tration did not sigmficantlj change The concen- 
tration of procaine in the axoplasm is not the only 
relevant factor responsible for conduction block 
In axon segments blocked with 0 01 m procaine 
and subsequently recovered in sea water the action 
potential was impeded bj’’ earefully blotting the 
treated segment Control nerves w ere not affected 
by this procedure By sprajung the axon nith sea 
water conduction returns in 1-2 minutes This 
phenomena could be repeated until the axoplasm 
procaine concentration became sub-mimmal 

Theophylline blood levels after oral, rectal and 
intravenous administration of Aminophyliine 
Edwarb B Truitt, Jr anb Victor A 
McKusick (introduced by John C Ivrantz, 
Jr ) Dept of Pharmacology, Umv of Maryland 
and Cardiovascular Clinic, U S Marine Hos- 
pital, Baltimore, Md 

Theophylline blood levels were measured bj 
the method of Truitt, et al (J Pharmacol &. 
Exper Therap 91 185, 1947) Blood levels were 
determined in six normal subjects at various inter- 
vals up to 8 hours Aminophyliine (0 5 gm ) nas 
given by intravenous injection and rectal supposi- 
tory Uncoated tablets of Aminophyliine (0 3 gm ) 
were given orally From the data on intravenous 
administration the average rate of disappearance 
of theophylline was found to be 0 12 mg %/hour 
One patient with carbon tetrachloride nephrosis 
was observed to have a prolonged elevation of 


thie 

THEOPHYIilNE BLOOD LEVELS mg %/70 tg 

Intravenous 

Oral 

Rectal 

10 min 

1 20 



30 min 

1 06 

0 18 


1 hr 

0 86 

0 34 

0 04 

2 hr 

0 73 

0 46 

0 14 

4 hr 

0 51 

0 39 

0 10 

8 hr 

0 12 

0 14 

0 06 


blood level with a slow rate of disappearance The 
data indicate that rectal administration bj sup- 
pository gives peak blood levels of only about 20% 
of the level attained after the same period (2 
hr ) by intravenous administration of the same 
dose After oral administration blood levels were 
more comparable with the intravenous route, 
60% as large a dose by mouth resulted in a 2-hour 
blood level of approximately 65% of the blood 
level at the same time by the intravenous route 


New color reaction for the estimation of steroid 
ketones having the a,j3-un8aturated ketone 
grouping in ring A Ernest J Usiberger (intro- 
duced by Arnolb J Lehman) Division of 
Pharmacology, Food and Drug Admin Federal 
Security Agency, Washington, D C 
Feigl’s spot test for aldehydes and ketones 
emploi ing azobenzenephenylhydrazine sulfonic 
acid (APS) has been developed into a method 
suitable for the quantitative estimation of testos- 
terone and other steroids having the a,/3-unsatu- 
rated ketone grouping m Ring A Place 0 5 ml of 
alcoholic solution of testosterone (about 50 ag ) 
and 2 0 ml of APS reagent (0 5 mg/ml in diluted 
HiSOi prepared by mixing 1 volume cone H SOi 
with 2 volumes HjO) in a glass-stoppered flask 
and let stand in the dark for 30 minutes Add 
5 0 ml HjO and 5 0 ml CCh shake and transfer 
to a separatorv funnel Dran off the CCli layer 
through a cotton pledget and measure the color 
at 416 TOfi Include a blank and a standard with 
each run for comparison The reaction should be 
carried out in subdued light to prevent fading 
If 4 0 ml of the j ellow CCL solution is diluted 
mth 1 0 ml of 2 5% HCl in EtOH, a less stable 
bluish-purple color is obtained which can be 
utilized by making the readings at 580 nyi Of 
the compounds so far tested, positive reactions 
are given by testosterone, testosterone propionate, 
methyl testosterone, ethinyl testosterone, pro 
gesterone and desox vcorticosterone acetate The 
intensity' of the colors are inversely proportional 
to their molecular weights Benzaldehvde and 
formaldehy'de give yellow colors which become 
reddish-purple and red respectively on making 
acid Essentially negative reactions are given by 
7-ketocholesterol acetate, androsterone, dehvdro 
isoandrosterone, estrone, acetone, ethyl aceto 
acetate, benzyl styryl ketone, and p-dimethyl- 
aminobenzaldehi de 

Antagonistic effects of pentamethylene-bis(tri- 
methylammonium iodide) (C5) and of d-tubo- 
curanne (dTC) on action of decamethylene- 
bis(trimethylammonium bromide) (CIO) in man 
Klaus R Unna and Max S Sadove * Dept 
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of Pharmacology, Umv of Ilhnois, College of 
Medteme, Chicago, III 

The curanforra action of CIO differs from that 
of dTC in that it is not antagonized by neostig- 
mine In animals, both dTC and C5 have been 
found to counteract the effects of CIO It has been 
claimed (Organe, Paton, and Zaimis Lancet 
1 21, 1949) that C5 antagonizes the effects of ClO 
also in man In 4 volunteers m iihom the effects 
of CIO in doses up to 2 mg on grip strength and 
vutal capacitj had been determined repeatedly, 
pretreatment mth 50 mg of C5 five minutes before 
the administration of CIO failed to alter signifi- 
cantlj the response to CIO or to shorten its dura- 
tion of action These results are contrasted to the 
effects of prostigmine on the response to dTC 
under comparable conditions In contradistinc- 
tion, subjects given dTC in doses of S-10 mg were 
found after recovery from the paralytic effects — to 
be remarkablj well protected against the curariz- 
ing effects of a subsequent injection of CIO 

Antagonism of d-tubocurarine by neostigmine 
methylsulfate E F Van Maanen (introduced 
by G H Acheson) Dept of Pharmacology, 
College of Medicine, Untv of Cincinnati, Ohio 
Adequate doses of neostigmine sometimes de- 
curariie but at other times fail to do so This can 
be e\-plained bv the relative magnitudes of 1) the 
increased concentration of acetj Icholine resulting 
from the action of neostigmine and 8) the in- 
creased threshold of the receptive substance to 
acetj Icholine produced bj d-tubocuranne Since 
neostigmine eliminates only the destruction of 
acetj Icholine, it can increase the acetjdcholine 
concentration only to a certam limit Thus, in the 
rat sciatic nerve-muscle preparation, varj ing 
amounts of neostigmine given intravenously before 
d-tubocurarine produced no more than a threefold 
increase in the paralyzing dose of the latter (from 
30-80 to 100-220 Mg/kg rat) In preparations in 
vihich the threshold to acetjdcholine can be deter- 
mined, however, this vanable may be increased 
markedly bj increasing the dose of d-tubocuranne 
Neostigmine injected intravenously dunng total 
paraljsis by d-tubocuranne in the cat sciatic 
nerve-muscle preparation produced either (A) 
a rapid recoverj' of muscular contraction or (B) 
no immediate decuranzation but instead, a 
gradual recoverj , like that observed w ithout 
neostigmine, but occurnng sooner (A) is found 
when the threshold is onlj moderately elevated 
bej’ond the level of complete paralj'sis, hence the 
increase in acetjdcholine concentration is immedi- 
ately effective in overcoming the paralysis In 
(B) , however, the elevation of threshold is so great 
that the greatest increase of acetylcholine con- 
centration which can result from neostigmine 
fails to reach the threshold and is evidenced merely 
bj an earlier recoverj from paralysis 


Effect of L-hydrazinophthalazine (C-5968) on car- 
diovascular system of unanesthetized dogs 
Harri A Walker, Susanne Wilson* and 
Arthur P Richardson Dept of Pharmacology 
Emory Untv School of Medicine Emory Uni- 
versity Ga 

The effect of 1-hj drazinophthalazine (C-5968) 
on the response of the cardiovascular system of 
unancsthetized dogs to the intravenous injections 
of acetjdcholine, pure l-cpinephrine, and pure 
l-norepinephnne and to tilting from a horizontal 
to an 85° upright position has been studied after 
oral and progressively increasing intravenous 
doses of the drug Intravenous doses of 0 25 
mg/kg produced a slight decrease (5%) in resting 
systolic pressure accompanied by a marked in- 
crease (50%) in pulse rate As the dose was in- 
creased to 8 mg/kg there w as a progressive hypo- 
tensive effect with the mean systolic pressure 
gradually falling from the control level of 124 
mm Hg to 90 mm although the mean pulse rate 
had risen from 93-198 beats/min at the same tune 
With 0 25 mg/kg there was a postural hypotension 
upon tilting with a 34% decrease in sj'stolic pres- 
sure and a 24% decrease in pulse rate The only 
change in the acetjdcholine response was a 50% 
decrease in the reflex tachycardia This latter 
effect may be explained by the fact that the rest- 
ing pulse rate with this dose of C-5968 was already 
increased At this same dose the pressor response 
to intravenous injection of 1-epinephrine and 1- 
norepinephrine was not materiallj'^ altered The 
homeostatic mechanism of maintaining blood pres- 
sure during the tilting procedure apparently' is 
altered by 0 25 rag/kg of C-5968 wuthout marked 
effects on the compensatory reflexes brought into 
play by the intravenous injection of acetylcholine 
and epinephrine Larger doses of C-5968 depress 
the epinephrine response A tj^pical response was 
an abrupt rise in pressure follow'ed by a gradual 
decrease which frequently progressed below the 
resting pressure The initial pressor response w as 
never completely blocked 

Effect of D- and L-methadone on blood glucose 
and lactate of dog D T Watts (introduced by 
C L Gemmill) Dept of Pharmacology, Untv 
of Virginia Med School, Charlottesville 
Previous experiments have shown that both d- 
and L-methadone inhibit aerobic oxidative en- 
zj mes of brain homogenates but do not inhibit 
the anaerobic gljnolysis of glucose to lactate 
The present experiments were undertaken in an 
attempt to obtain indirect evidence for in vivo 
enzymatic blockage in dogs bi demonstrating an 
increase in intermediate metabolic products such 
as lactate after the administration of these drugs 
Glucose and lactate determinations were made on 
venous blood drawn at one-hour intervals follow- 
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mg the mtravenous administration of the drugs 
The following ma\imum changes from control 
levels were obtained 


DRUG 

DOSE 

% CHANOE 

m/ks 

Lac 

tale 

Glu 

cose 

none 


-16 

-12 

D-methadone 

3 0 

-24 

+17 

L-methadone 

3 0 

+60 

+60 

L-methadone 

8 0 

-23 

+41 

L-methadone -f Nem- 
butal 

3 0 -f 30 0 

-31 

-7 


Dunng control experiments and after n-methadone 
lactate value dropped slightly The L-methadone 
at 3 0 mg/kg produced a marked increase in 
lactate which is apparentlj due to increased 
excitability and muscular activity rather than 
enzymatic blockage When deep depression and 
muscular relaxation was produced bj"^ a higher 
concentration of L-methadone or by methadone 
plus nembutal the lactate level dropped nell 
belov the control value The n-methadone pro- 
duced a slight hvperglycemia The L-methadone 
produced a marked hypergl 3 memia This h}'per- 
glyceniia was eliminated by nembutal, indicating 
it IS probably due to a central nervous sj'stem 
stimulation 

Effects of tetra-ethyl thiuramdisulfide (antabuse) 
on toxicity of methyl alcohol E Leong Wal 
AND Rtjssill Hausman * Diviston of Pharma- 
cology and Experimental Therapeutics, Untv of 
California School of Medicine, and College of 
Pharmacy, San Francisco 

The effects of antabuse on the oral toxicity of 
methanol was investigated experimental!}' on rats 
and rabbits The preliminary results indicate that 
antabuse increases the toxicity of methyl alcohol 
but not to the extent that it potentiates the effects 
of ethxl alcohol In animals vhich were given a 
single dose of antabuse in aqueous suspension 
daily for 3 da}S and then methanol, the toxuc 
symptoms arising had a more rapid onset and 
appeared to be more protracted and severe than 
in the control animals which received methanol, 
only or an aqueous suspension of calcium car- 
bonate instead of antabuse prior to the methyl 
alcohol The median lethal dose (LDjo) of methanol 
was significantly decreased by antabuse Death 
usuall} occurred earlier in the antabuse animals 
and the recovery of the survivors w as considerably 
slower than in the control group 

Pitfalls in the treatment of frostbite with heparin 
David Weiner and Kurt Lange (introduced 


by M G Mulinos) Dept of Medicine, New 
York, Med College, New York City 
In our original communication in 1946 and in 
later reports we have demonstrated the efficacy 
of heparinization in preventing gangrene subse- 
quent to experimental frostbite Several mvesti- 
gators have attempted to produce similar results, 
some have encountered success, some failure 
Careful analysis of the reports of those w ho have 
failed indicates that the failure to prevent 
gangrene in a large percentage of treated animals 
IS due to inadequate heparinization either in 
degree or in duration This is demonstrated by the 
following findings One hind leg of each of 83 
rabbits was immersed in an alcohol dr}' ice bath 
at — 12'’C to — 30°C for 30 to 45 minutes under 
penthotal sodium anesthesia Thirty -two were not 
heparinized Thirt}'-four were adequately hepar- 
inized for at least 5 days with the coagulation tune 
consistently above 30 minutes (Lee-White meth- 
od) Seventeen were inadequately hepanmzed 
Of the 32 controls, all (100%) resulted m complete 
gangrene of the exposed limbs Of the 17 inade- 
quately heparinized animals, 13 (76%) resulted in 
either partial or complete gangrene Of the 34 
adequately heparinized animals, 6 (16%) resulted 
in gangrene These findings emphasize the import- 
ance of maintaining the coagulation time above 
30 minutes throughout the treatment penod which 
should be at least 6 to 6 day's The dosage neces- 
sary to accomplish this varies widely m individual 
animals and in different strains necessitating 
frequent determinations of the coagulation by the 
Lee-^^Tiite method 

Effect of anoxia on activity of isolated intestine 

T C West,* G Hadden* and A Farah 

Dept of Pharmacology , University of Washington 

School of Medicine, Seattle 

The effect of anoxia on contractions of the 
isolated rabbit intestine was studied with respect 
to 1) substrate utilization, 13) drug influence and 
S) action of enzyme inhibitors Anoxic influence 
on substrate utilization and enzyme inhibitor 
action w as measured by alteration in the character 
of spontaneous contractions and in the acetyl- 
choline response Anoxic anoxia and sodium cymn- 
ide w ere used to test the effect on various drugs 
influencing smooth muscle contraction The sub 
strates glucose, mannose, lactate, pyruvate, ace- 
tate, oxalacetate, butyrate, caproate, capry'late 
and acetoacetate furnish energy for aerobic con 
tractions Anaerobic contractions occurred only 
in the presence of glucose or mannose Acetyl- 
choline, pilocarpine, nicotine and barium chloride 
produced anaerobic contractions Eserme and 
hexaethy Itetraphosphate (HETP) were incapable 
of stimulating the anoxic gut The anoxic atropine 
effect w as characteristic to that seen aerobically 
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The anaerobic nicotine contraction was sensitive 
to block by d-tubocuranne chloride and tetra- 
cthylanimoniuin bromide Epinephrine was in- 
hibitory to anaerobic spontaneous contractions 
Dinitrophenol and lodoacetate completelj in- 
hibited all anaerobic activity Sodium fluoroace- 
tate, malonic and propionic acids were ineffective 
anaerobically In high concentration, the cyanide 
effect resembled that of anovic ano\ia Low con- 
centrations of C 3 anide inhibited tonus w ithout 
greatlj affecting spontaneous contractions, and 
abolished the activitj of eserine and HETP 
Acetjdcholme and pilocarpine produced contrac- 
tions but the characteristic tonus change was 
abolished 

Effect of certain dialkyl-substituted aminoalkyl- 
beanng compounds on apomorphine-induced 
emesis Joseph M White,* D\mel Freed- 
man*, E L McCaw'let and William D Ghat * 
Dept of Pharmacology, Yale Untv School of 
Medicine, New Haven, Conn 
Diphenhydramine 8 - chlorotheophy llinate 

<Dramamine) has been introduced into therapy 
for the control of motion sickness Diphenhj'- 
dramine (Benadry 1) is but one of a number of 
•common substances which (1) contain a sub- 
stituted aminoalkjl side chain (2) exhibit anti- 
histamimc actmty Apomorphine hydrochlonde 
30 mg/kg when administered subcutaneously'^ was 
found consistently to produce emesis in the dog 
When 2 mg/kg of the 8-chlorotheophv llinate salt 
of diphenhydramine were administered orally to 
dogs, the effect of apomorphine upon the vomiting 
center was antagonized completely Similarlj' 1 
mg/kg of diphenhj dramine (as the hy drochloride) 
prevented emesis No protection could be elicited 
when 10 mg/kg of 8 chlorotheophylline were 
administered This pharmacological antagonism 
suggests that diphenhydramine acts by depression 
■of the vomiting center Protection against apo- 
morphine-induced emesis in the dog may be used 
as a criterion for the screening of compounds 
which have an action similar to that of diphen- 
hydramine Relative potency may also be deter- 
mined A series of compounds related structurally 
and/or pharmacologically^ to diphenhy dramine has 
been studied 

Toxicity studies on tomatine Robert H Wilson, 
George W Poley* and Floyd DeEds Phar- 
macology Division, Bureau of Agrtcullural and 
Industrial Chemislry, Agricultural Research Ad- 
min U S Dept of Agriculture, Albany, Calif 
Tomatine is an antifungal substance discovered 
in wilt -resistant tomato plants bx Fontaine, Irv- 
ing, et al ( ■Irch Biochem IS 467, 1948) Such a 
material might be useful as an addition to foods to 
prevent mold-grow th and as a treatment of fungus 
diseases Studies on chronic, subacute, acute oral 


toxicities and intravenous toxicity are presented 
Rats w ere fed diets containing up to 0 04% of 
tomatine or its aglyconc, tomatidine for 200 days 
This concentration is considered well above any 
amount needed in food preservation Growth, food 
intake and appearance of the animals were normal 
Tissues at autopsy sliowed no abnormalities in 
gross appearance or in w eight , histological exam- 
ination 18 in progress Subacute toxicity was 
studied in rats fed 250 mg tomatine/kg by stom- 
ach tube daily for 5 days No symptoms were 
noted, autopsy' 3 days after the last administra- 
tion showed grossly normal tissues Three rats 
received single oral doses of 800-1000 mg toma- 
tine/kg Death occurred within 2 days with ap- 
parent contracture of the pxlorus and, in two, 
gross infarction in the liver Preliminary studies 
indicite that intravenous administration of a few 
mg of tomatine/kg to mice causes death within 
seconds Blood pressure tracings from rats receiv- 
ing 1-2 mg tomatine kg i v show ed a marked 
drop in pressure, frequently precipitous Recovery 
might be rapid or the pressure might remain 
depressed for some time Central action w as show n 
by the absence of blood pressure change or a 
slight rise, after vagal section or atropimzation 

Studies on the nervous and humoral control of 
coronary circulation Martin M Winbuhy*, 
Patricia M Michiels* and D M Green 
Pharmacology Dept Division of Biological Re- 
search, G D Searle & Co , Chicago, III 
The effects of various chemical mediators, drugs 
and nerve stimulation on the coronary blood 
inffow (CBF) were investigated in open-chest 
anesthetized dogs CBF was recorded continu- 
ously' with a rotameter All injections were made 
into the coronary' circuit CBF was increased by 
the chemical mediators epinephrine ( 27 ), 1-arte- 
renol ( 27 ) and acety'lcholme (IO 7 ) and bv his- 
tamine ( 157 ) Pitressin (0 025 units) reduced CBF 
These effects w ere not accompanied by' significant 
changes in blood pressure or cardiac output The 
effect of acety'lcholme on CBF was blocked by 
atropine, that of epinephrine and arterenol by' 
Compound 883 F Apparently the chemical media- 
tors do not effect CBF by a common mechanism 
Reduction in CBF by' cardiac vagus stimulation 
w as alw ays associated with hy potension and 
bradvcardia Increase in CBF bx cardiac sym- 
pathetic nerve stimulation, pre- or post-ganglionic 
was not always associated with tachycardia and 
hypertension Gastric dilatation (> 40 ram Hg) 
reduced CBF but was associated with simul- 
taneous reduction in blood pressure and cardiac 
output These effects were duplicated by' a reduc- 
tion in venous return and were not blocked by' 
atropine Stimulation of ty'pical somatic motor 
and sensory nerves did not effect CBF 
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Inhibition of the pastenr effect in brain by certain 
steroids Albert Wollenberqer (introduced 
by Otto Krateb) Dept of Pharmacology, Har- 
vard Med School, Boston, Mass 
The metabolism of brain tissue is profoundly 
altered by low concentrations (4 X 10“^ — 10”' m) 
of certain steroids which possess the property of 
producing CNS disturbances and of strengthening 
the contractile power of failing heart muscle, 
tnz the tertiary amine bases among the ester 
alkaloids of veratrum (protoveratrine and vera- 
tndine) and the cardiac glycosides In slices of 
guinea pig cerebral cortex incubated in Krebs- 
Ringer - glucose - phosphate solution these com- 
pounds produce a 30-100% stimulation of the 
respiration, which in the case of the veratrum 
alkaloids may last far several hours, raise the 
aerobic glycolysis to the normal anaerobic level, 
and cause inhibition up to 100% of the anaerobic 
glycolysis The R Q remains unity These changes 
strongly resemble the effect of high concentrations 
of extracellular potassium ions described first 
by Ashford and Dixon The inhibitory effect of the 
steroids on the Pasteur reaction is restricted, 
like that of potassium, to central nervous tissue 
It does not seem to be associated, at least in 
veratrum -treated brain cortex, with leakage of 
intracellular potassium ions into the medium 
Omission of potassium ions from the medium gives 
rise to strong aerobic gIycol 3 'Sis which is not 
enhanced further by the steroids In contrast to the 
potassium effect, the steroid effect is not reversed 
by washing However, the depression of the anae- 
robic glycolysis is largely prevented, though not 
reversed, by nicotinamide (0 04 m) and, to a lesser 
extent, by pyruvate (0 0017 m) while ATP and 
DPN are ineffective Observations on phosphate 
uptake by respiring brain homogenates provide 
no evidence that the steroids uncouple oxidation 
and phosphorylation or otherwise make available 
inorganic phosphate The protective action of 
nicotinamide suggests stimulation of DPN-ase 
and it IS conceivable that release of ordinanly 
restrained enzyme activity in the cell represents 
a more general effect of the tertiary veratrum 
amines and the cardiac glycosides 

Fate of mescaline in serum, plasma and blood 

L A Woods, J Cochin* and M H Seevers 

DepL of Pharmacology, Untv of Michigan, 

Ann Arbor 

Using a specific and sensitive colorimetric 
method, the details of which will be published 
elsewhere, it was found that mescaline is not al- 
tered chemically when exposed to dog or human 
plasma for 24 hours at temperatures between 5° 
and 25°C However, when serum, plasma, or whole 
blood 18 incubated with mescaline at 38°C for 


3-4 hours, a considerable loss of the drug occurs 
This loss of mescaline may be due to a chemical 
reaction wnth carbon dioxnde and/or enzymatic 
alteration The former is a defimte possibility 
since it is known that pnmary beta-phenylethyl- 
amines, such as mescaline, exhibit a marked 
aflSnity for carbon dioxide resulting probably in 
the formation of carbamates of the type, 
RCH.CHjNHCOOH NH^CH.CHjR The effect of 
carbon dioxide on this phenomenon was ascer- 
tained by determining the comparative rates of 
disappearance of mescaline from a buffered solu- 
tion equilibrated in air and in 100% carbon di- 
oxide In each instance the drug was dissolved in 
0 25 M Sorensens phosphate buffer at pH 7 4 and 
incubated with shaking for 4 hours at 38°C In 
the presence of pure carbon dioxide, 50-65% of 
mescaline was lost whereas none disappeared in 
the presence of air The dost’ mescaline was re- 
covered quantitatively after reconversion by heat- 
ing with basic solution Although enzymatic 
breakdown is a possibility, heating of serum at 
58°C for 1 hour did not modify its capacity to 
degrade mescaline when incubated with this sub- 
stance at 38®C 

Veratrine-hke properties of the alkaloidal frac- 
tions from Zygadenus venenosus Sumner 
Yaffe and S Morris Kupchan (introduced 
by Otto Krater) Dept of Pharmacology, 
Harvard Med School, Boston and Dept of Chm- 
islry. Harvard Univ Cambridge, Mass 
Since Reid Hunt’s discovery (Am J Physiol 
6 xux, 1902) of a veratrine-like activity of the 
alkaloids obtained from various species of Zyga- 
denus, relatively little has been done to identify 
the active principles, although Heyl et al (J Am 
Chem Soc 35 258, 1913, 71 1751, 1949) succeeded 
in isolating a crystalline alkamine, zygadenine, 
as early as 1913, which is considered to be a 
tertiary amine base like cevine We have under- 
taken to study the alkaloids of Zygadenus chemi- 
cally and pharmacologically in view of the in- 
creased interest in the veratrum alkaloids and 
substances related to them The alkaloidal frac- 
tions so far isolated caused the characteristic 
myotonic response when tested on the isolated 
sartonus muscle of the frog In addition small 
amounts of some of the alkaloidal fractions pro- 
duced a reflex decrease in blood pressure and heart 
rate and a stoppage of respiration which were 
mediated by the vagus nerves, as they could be 
abolished or prevented by interruption of the 
conduction of the vagus nerves It is probable, 
therefore, that Zygadenus venenosus not only 
contains tertiary amines of the type of zygadenine 
but also ester alkaloids of such tertiarj bases 
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Ketoglutanc acid oxidase an assay procedure 
W WiLBtTB Ackermann (introduced by Thomas 
Francis, Jr ) Dept of Epidemiology and Virus 
Laboratory, Umv of Michigan, School of Public 
Health, Ann Arbor 

An assay procedure was designed specifically 
for comparing the a-ketoglutaric acid oxidase ac- 
tivitj of tissues A high degree of cell disruption 
was accomphshed by homogenization in isotonic 
potassium chlonde This resulted in a dilution of 
the cell contents and inactivation of all the 
enzjones of the lu-ebs cjcle The a-ketoglutaric 
acid oxidase was found to be reactivated bj-^ sup- 
plementing the homogenate mth phosphate and 
magnesium ions, adenosinetnphosphate, cyto- 
chrome C, a-ketoglutaric acid, co-carbo\ylase, 
and diphosphopyridinenucleotide The further oxi- 
dation of succmate, the product of the reaction, 
was prevented by the use of malonate The rate 
of the reaction was determined by the oxygen 
uptake In this manner it is possible to oxidize 
a-ketoglutanc acid m a preparation of the whole 
tissue at which is believed to be the maximum 
rate The assay was applied to a survey of various 
tissues of the mouse The activities of these tissues 
were found to vary in the following decreasmg 
order heart, kidney, liver, brain, spleen, and lung 

Comparison of physico-chemical properties of 
isolated skeletal and cardiac myofibrils Charges 
A Ashlet,* George M Hass* and Armin 
Schick * Rush Lab of Pathology , Presbyterian 
Hospital, in affiliation with Umv of Hlinois 
College of Medicine, Chicago 
Small blocks of skeletal and cardiac muscle 
were resected from rabbits immediately after 
death The muscle was frozen at once with carbon 
dioxide and cut into thin sections with a freezing 
microtome Frozen sections were placed m a 
solution (0 006%) of crystalline trypsin for about 
one hour at 0° C Initial separation of myofibrils 
from other cellular structure occurred after brief 
mechanical agitation Final separation of myo- 
fibnls from other constituents of muscle was 
obtained by differential centrifugation The final 
product consisted of large numbers of individual 
mj ofibrils hlyofibrils of cardiac and skeletal 


origin possessed very similar physico-chemical 
properties They contracted irreversibly into small 
spherical masses in the presence of ATP when the 
concentration of ATP was greater than 0 0001 
molar The rate of contraction was greatly pro- 
longed b> reduction of temperature from 37° C 
to 0° C and by changes in pH Fibrils were ren- 
dered non-contractile at pH 4 but retained the 
property of contractility within the range of 
insolubility of fibrils in phosphate buffer solutions 
(pH 5— pH 8) of appropriate ionic strength Solu- 
bility of fibrils wnthin near physiological ranges 
of pH was a function principally of ionic strength 
and ionic composition of the buffer solutions 
At pH 7 in either potassium or sodium phosphate 
buffer solutions, fibrils were insoluble at inter- 
mediate ionic strengths but promptly dissolved 
at low (0 05 p) and high (0 5 p) ionic strengths 
The spherical masses resulting from the action of 
ATP were insoluble m phosphate buffers of pH 7 
m the range of ionic strength used (0 005 p to 
0 7p) 

Expenmental study of the virus host cell relation- 
ship in fowl pox F B Bang and G O Gey * 
Johns Hopkins Hospital, Baltimore, Md 
The growth of the virus of fowl pox in roller 
tube cultures of chick fibroblasts, epithelium and 
macrophages has been studied m contmuous 
homologous culture and in some heterologous 
cells The virus may be recovered from chick 
fibroblasts as long as 100 days after inoculation 
Any multipbcation which takes place under these 
conditions is unaccompanied by the formation of 
the classical inclusion bodies Epithelium derived 
from lung, cornea and skin was destroyed by the 
virus and yielded higher titers than the fibro- 
blasts No large inclusions like those seen over- 
whelming the epithelium of the chick chorio- 
allantoic membrane were seen even when the 
epithelium was set up in shde preparations It is 
known, however, from previous work on the 
development of the inclusions of lymphopathia in 
roller tube cultures that cells may develop and 
maintain huge inclusions m such roller tube 
cultures Electron microscope sections of the 
classical fowl pox inclusions show a basic fibrous 
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structure presumably holding the virus elemen- 
tary bodies together, thus explaimng the rigid 
nature of these inclusions 

Protein loss by complete drainage of intestinal 
lymph J L BollmanandE V Flock Division 
of Experimental Medicine, Mayo Clinic, Rochester, 
Minn 

Rats cannulated with plastic tubing so that the 
intestinal lymph is drained externally secrete 
intestinal lymph equivalent to about one eighth 
of their body weight dady The protein lost in this 
lymph has a higher albumin globulin ratio than 
plasma, but most of the proteins are plasma pro- 
teins in the lymph The daily loss of protein is 
about twice that of the total circulating protein 
(plasma volume X plasma protein concentration) 
After this loss is continued 3 or 4 days the plasma 
protein concentration is reduced about 20% and 
the plasma volume is also reduced so that the 
total circulating plasma protein is reduced about 
25% in this time These observations indicate the 
rapidity with which plasma protein is replaced and 
also that the intestine (via intestinal Ijmph) is 
not a major factor in the formation of plasma 
protein Previous studies of intestinal Ijmph, 
however, indicated that a specific protein alkaline 
phosphatase is added to the plasma specifically 
by the intestinal lymph 

Interrelations between adrenal cortex and 
lymphoid tissues growth of adrenal transplants 
in spleen and thymus with local thymic atrophy 
Edward J Bomze* and Nathan B Friedaian 
Division of Lab , Cedars of Lebanon Hospital, 
Los Angeles, Calif 

After bilateral adrenalectom 3 ^ transplanted frag- 
ments of adrenal cortex grew 11011 in both the 
thymus and spleen of rats Approximately half of 
50 animals survived beyond the 10-daj postopera- 
tive period Ninety-five per cent of 20 animals in 
which a 2-8tage bilateral adrenalectomy or uni- 
lateral adrenalectomy with transplantation was 
performed survived A semblance of normal zona- 
tion was established by the regrowdh and large 
sinusoidal blood vessels formed at the periphery 
Although no obvious Ij'sis of lymphocytes was 
noted in either spleen or thymus, the thymic 
lobules in intimate relation to the proliferating 
adrenocortical tissue underwent depletion of 
lymphocytes and extreme atrophy Peculiar epi- 
thelioid cells appeared in the collapsed thy'imc 
reticulum The results suggest that the agent 
produced by adrenocortical tissue which affects 
the thymus is probably^ bound or converted in 
some way during the course of its activity 

Influence of age on uptake of radioactive phos- 
phate by skeleton of the rat John F Bonner 


(introduced by Eric L Alling) Dept of Radi- 
ation Biology, Univ of Rochester, School of 
Medicine and Dentistry, Rochester, N Y 
Radioactive phosphate was administered to 
rats of 5 age groups from 15 to 170 days The up- 
take of labeled phosphate by femur, vertebrae^ 
and skull was determined The uptake of P® was 
approximately 6 tunes as great for the youngest 
animals (15 days) as for the oldest (170 days) 
No direct correlation could be obtained wuth age, 
weight or the rate of growth of the inorganic 
portion of bone Excretion of the radiophosphate 
was found to have an inverse relation to the bone 
activity The highest excretion rate w as observed 
with recently weaned rats 

Use of rat-repletion method for evaluation of 
ammo acid solutions and protein hydrolysates 
P R Cannon, L E Frazier* and R Hughes * 
Dept of Pathology, Univ of Chicago, Chicago, III 
Data are presented which further demonstrate 
the usefulness of the rat-repletion method for the 
evaluation of amino acid solutions and protein 
hy'droly sates Amino acid solutions or protein 
by^droly'sates were fed in drinking fountains in 5% 
solutions, designed to yield approximately 200 
mg of dietary nitrogen/rat/day The basal diet 
supplied 40 non-protein calories/day^ plus vita- 
mins, salts and roughage Whenever the fluid com- 
ponent contained an inadequate amount of one 
or more indispensable amino acids the rats stopped 
drinking the greater part of the solution, and soon 
their consumption of the basal ration also di- 
minished A protein hy’drolysate which engendered 
only"^ fair tissue repletion was markedly^ unproved 
by the addition to it of a mixture of essential 
amino acids or by' concentration to 70% of origmat 
volume In other words, concentration of iH- 
smelling constituents did not interfere with its 
acceptance, but on the contrary' improved its 
utilization Data are also presented concerning 
the effects of autoclaving of protein hy'drolysates 
or anuno acid solutions in the presence of glucose 
in relation to amino acid utilization and the 
Maillard reaction 

Preparation of Ac-globulm free plasma assay of 
Ac-globulin John R Carter* and E D 
Warner Dept of Pathology, State Untv of 
Iowa, Iowa City 

A method has been devised whereby plasma can 
be rendered free of Ac-globulin, antithrombin, 
fibrinogen, and thrombin The product contains 
60-100 units of highly' reactive prothrombin The 
procedure consists of treating fresh oxalated beef 
plasma, previously frozen and thawed, with 17 
gm/100 cc of kaolin The kaolin-plasma is then 
frozen 24 hours, thawed, and eentrifuged The 
supernatant is treated with equal volumes o 
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1 5% bichloride of mercurj , and insoluble, coagu- 
lated egg albumin added The mixture is then 
centrifuged, and the supernatant defibrinatcd, 
filtered, and stored at -40° C The amount of 
Ac-globuhn in anj' given plasma is manifested as a 
function of 3 variables 1) the lime when conver- 
sion begins, 2) the rate of conversion, and 3) the 
thrombin 3 ield The quantitative measure of 
Ac-globuhn, which includes the variables, can be 
represented by an area which is circumscribed by 
the activation curve and bj straight lines through 
a constant, arbitrarilj selected point on each axis 
This area can be determined bj one of the quadra- 
ture methods or w ith a planimeter, and the 
amount of Ac-globulin of an unknow n be compared 
■wath that of the normal control 

Effect of adrenalectomy and glutathione on x-raj- 
induced mortality m mice E P Cronkite ano 
W H Chapman Naval Med Research Insl 
Belkesda, Md 

The 28-day mortalitj of mice simultaneously 
exposed to vanous doses of 2 0 mev x-ra}’’ w as 
studied on 3 groups of the same age and sex 
■Group 1 adrenaleotomized 10-15 daj^ before 
•exposure and maintained on 1% saline, Group 2 
mormal control mice, Group 3 injected subcu- 
taneously with glutathione 4 mg/gra immediately 
Lefore exposure It is of interest that adrenalec- 
tomj 10 daj's before reduces the total body and 
hepatic reduced glutathione concentration sig- 
nificantly The present data indicate that adrenal- 
«ctomj increases the sensitivity of mice to radia- 
tion, this may be related to sulfhj drjd levels of 
tissue In addition this data refute in part the 
ntatement of Straube el al {Proc Soc Exper Biol 
<ind Med 71 539, 1949) "the radiosensitmty of 
intact or adrenalectomized mice, with or without 
exogenous adrenal cortical steroids, is similar” 
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Hyperplasia of lymphoid tissues following implan- 
tation of cancer cells in resistant hosts John T 
Elus,* HEnENTs Wanlace Tooean* and John 
G Kidd Dept of Pathology, New York Hos- 
pital — Cornell Med Center, New York City 
The cells of C3H mammarj carcinomas and C3H 
Ij mphosarcomas regularlj proliferate bneflj’’ and 
then regress when implanted subcutaneously m 
racialh -resistant A mice {Federation Proc S 
360, 373, 1949) A few dal's after the tumor cells 


arc implanted the hmph nodes of the resistant 
hosts become markedly hy perplastic and exhibit 
an increase in size and number of the germinal 
centers (which contain numerous cells in mitosis) 
and a great thickening of the medullary cords 
owing to the proliferation in them of elements 
that seem to be young plasma cells, wLich later 
mature The hy'perplasia recedes a short time 
after the grow ths regress The same type of hyper- 
plasia develops even more promptly following 
implantation of the C3H cancer cells in A mice 
already immune to them Furthermore it develops 
not infrequently after implantation of C3H cancer 
cells in C3H mice, and it often persists in these 
hosts as the cancer cells proliferate progressively 
The relations of the lymphoid hyperplasia and the 
reisistant state are considered 
Ameboid movement of neoplastic cells H T 
Exterline* and Dale Rex Coman Dept of 
Pathology, Umv of Pennsylvania School of Medi- 
cine, Philadelphia 

In previous papers we have attributed the 
invasive propensities of malignant tumors to 
ameboid movement of neoplastic cells, which 
have become detached by' loss of their mutual 
adhesiveness Although ameboid movement of 
cancer cells in tissue culture has been described 
by us and by others, no study has been directed 
toward determining whether neoplastic cells m 
general, and especially those of epithelial origin, 
are capable of ameboid activity In the present 
study' cinephotomicrographic observations were 
made on a variety' of cells in tissue culture The 
sources of cells included a variety' of human 
tumors (breast cancer, carcinoma of the kidney', 
and sarcomas), and 3 animal tumors (Mouse fibro- 
sarcoma 241, Walker rat carcinoma 256, and Vj 
carcinoma of rabbits) It was found that the neo- 
plastic cells from all of these tumors display'ed 
active ameboid movement It was further found 
that even non-neoplastic glandular epithelial cells 
(from the human breast) are ameboid, once they 
become detached from other cells Of further 
interest w as the observation that even small 
clusters of from 3-5 cells are able at times to move 
as a unit The rates of movement of the cells 
studied varied from fractions of p/mia to 6/i- 
min , averaging 1—2 ^t/min Movement was in- 
termittent and no significant differences in rate 
of movement were found between cells from differ- 
ent tumors 

Influence of steroid hormones on fatty livers 
Euxiantjel Farbeb,* Dieter Koch-Weser 
and Hans Popper Hektoen Inst for Med 
Research and Depls of Pathology, Cook County 
Hospital and Northwestern Umv Med School, 
Chicago, III 

To elucidate the influence of hormones upon the 
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development of fatty livers, endocrinological fac- 
tors in rats intoxicated with ethionine were 
varied This analogue of methionine produces a 
marked fat accumulation in the liver without 
necrosis or other functional impairment The fat 
content of the livers was determined chemically 
and histologically Excess fat accumulation was 
observed by either method only in female but not 
in male rats Ovariectomy did not prevent the 
fatty infiltration, while testosterone administra- 
tion did Orchidectomy made the male animals 
susceptible Administration of testosterone pro- 
tected the castrated males Adrenalectomy pre- 
vented fatty livers in female This suggests the 
role of testosterone in the prevention of some types 
of fatty livers 

Histochemical studies on the skeleton in experi- 
mental scurvy Richard H Follis, Jr Dept 
of Pathology, Johns Hopkins Untv , Baltimore, 
Md 

A series of histochemical reactions (Swll Johns 
Hopkins Hasp 86 281, 1949) have been earned 
out on the bones of young guinea pigs placed on a 
scorbutogenic diet Some animals were allowed to 
die of the deficiency, others were treated in time 
to allow survival in order to stud}"^ healing se- 
quences In absolute scorbutus, cytochrome oxi- 
dase activity, as qualitatively estimated by the 
nodi reaction, is reduced or absent in the cells 
which make up the geruslmark Alkaline phospha- 
tase activity IS completely absent m these cells 
In 24-48 hours after treatment intense activity is 
found in both nuclei and fibers which are being 
laid down Similar absence and return is found 
in the periosteum, as well The argyrophihc 
fibers which appear after therapy is instituted 
are strongly metachromatic 

Companson of protein and electrolyte changes in 
tissues during shock from bums and tourni- 
quet trauma Charles L Fox, Jr (introduced 
by A R Dochez) Dept of Bacteriology, Colum- 
bia Untv College of Physicians and Surgeons, 
New York City 

A loss of plasma proteins into injured tissues 
has been postulated on the basis of the finding of 
nitrogen in amounts comparable to plasma m the 
supernatant fluid obtained by centrifuging edema- 
tous traumatized tissues To test whether plasma 
proteins actually do accumulate in tissues in- 
jured by bums or tourniquet trauma, the follow- 
ing expenments were performed Single hind 
legs of mice were subjected to the above injuries 
When swelling of the injured leg w'as maximal and 
shock profound, both hind legs were amputated 
at the groin and the entire leg analyzed for water, 
nitrogen, potassium and sodium Injured legs 
did not contain more nitrogen than contralateral 


umnjured legs although they were 25-75% heavier 
If the fluid gamed by the edematous mjured legs 
were chiefly plasma, approximately 10-20% (3-8 
mg ) more nitrogen nught be expected m the 
mjured leg The gam m sodium exceeded the 
proportionate gam in flmd by 40%, furthermore, 
the potassium content of these mjured lege de- 
creased by an approximately eqmmolar amount 
These data are not m accordance with the view 
that plasma accumulates in traumatized tissues 
They indicate that tissue cells were damaged and 
exchanged some of their potassium for sodium 
and that protein-free sodium contammg fluid 
accumulated Nitrogen previously observed in 
the supernatant flmd may have been denved 
chiefly from damaged tissue cells and not from the 
plasma as assumed 

Fate of transplanted embryonic gonadal tissue 
into hosts of inbred mouse strains Alfred 
Golden Dept of Pathology, Veterans Adminis- 
tration Hospital, Buffalo, Y 
Gonadal tissue from about 12-15 day old mouse 
embryos implanted in the testes of hosts of either 
of 2 highly inbred mouse strains survived m 
about i of the animals for penods up to 8 months 
Of the survivals 25% underwent neoplastic change 
spontaneously producing small, non-mvasive, non- 
metastasizing multilocular tumors When methyl- 
cholanthrene impregnated wool fibers were im- 
planted in the spleen shortly before or after the 
transplantation of embryonic gonadal tissue, the 
ensuing tumors were invasive, but non-metastiz- 
ing adenocarcinomas In these mouse strains 
methylcholanthrene deposition m the spleen alone 
produced bulky non-metastizing fibrosarcomas 

Studies on utilization of antihemophilic factor 
during clotting John B Graham,* George 
D Penick* and K M Brinkhous Dept ot 
Pathology, Untv of North Carolina, Chapel Hill 
Transfusion ex^penments in canme hemophilia, 
reported last year, showed that normal serum had 
lost its antihemophilic effect (^Federation Proc 8 
366,1949,/ Exper Med 90 97,1949) In the pres- 
ent paper studies of the rate of disappearance of 
the antihemophilic factor (AHF) in clotting dog 
blood are reported The method of determining 
antihemophihc activity consisted of adding stand- 
ard dilutions of normal plasma or serum samples 
to freshly drawn whole hemophilic blood After 
standing for 30 minutes at 28° C , pH 7 3, residual 
prothrombin content of the mixtures was deter- 
mined by the 2-stage method Free thrombo- 
plastin, in contrast to AHF, was determined on 
each sample by testing the effect on platelet-poor 
hemophilic plasma The results mdicate that 
normally AHF is rapidly consumed durmg and 
after clotting Assays of normal sera, 1-3 hours 
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old, showed only traces of AHF The rates of 
disappearance of AHF and of prothrombin during 
clotting tended to bo the same Ionic calcium, 
wettable surface and platelets appear to be neces- 
sary for a normal rate of utilization of AHF 
Plasma allowed to clot in siliconed glassware 
showed no loss of AHF during the observation 
period In plasmas with low platelet levels, AHF 
disappeared slowly In nitrated plasma freed of 
fibnnogen by heat coagulation, full antihemophilic 
activity was present, but on recalcification it 
rapidly disappeared 

A study of choline deficiency in the rhesus mon- 
key Lotus D Greenberg* and James F Rine- 
hart Div of Pathology, Umv of Caltfomta 
School of Medicine, San Francisco 
Two rhesus monkeys weighmg 2 5 kg , were 
kept on a modified M-3 diet without choline for 5 
months Because of the presence of sufiicient 
choline precursors (methionine) in the casein of 
the basal diet, the animals showed no manifesta- 
tions of choline deficiency at the end of this period 
and thrived as well as a control animal which 
was receiving the same diet supplemented with 
100 mg of choline citrate daily For this reason, 
the casein of the diet was replaced by an equiv- 
alent quantity of alpha-protein of soy beans 
Within approximately one week after this change 
the monkeys began to lose weight and have con- 
tinued to do so This was followed in 6-S weeks 
by the excretion of watery stools, a condition 
which has persisted to this day A control animal 
receivmg the same diet supplemented with cholme 
and methionine has gained weight steadily and 
has remained strong and vigorous The free and 
total plasma choline of these monkeys has been 
followed by microbiological assay during the 
course of this ex'penment with the following 
results There was no significant alteration in free 
and total cholme of the monkeys on the diet lack- 
ing cholme while they were receiving casein in 
the diet However, the replacement of casein by 
alpha-protein resulted m a marked decline in the 
free cholme and a significant decrease in the total 
cholme of the plasma 

Effect of penicillin and Chloromycetin on oxygen 
uptake of typhus-infected embryonate eggs 
Donald Greiff* ahd Henry Pinkerton 
Depls of Biology and Pathology , St Louis Umv , 
St Louis, Mo 

The effect of the injection of 5 mg Chloromyce- 
tin and 2000 units penicillm G on the oxygen 
uptake of murine typhus infected embryonate 
eggs vas measured by the technique reported by 
Greiff and Pinkerton {J Exper Med 87 175 1948) 
The results obtained are given m the following 
table 


AOE OF 
EUBKYOS 

(days) 

UNINJ CON- 
TROLS CC 
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CirLOROUYCETIN -f- 
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6 

39 

36 

45 

6 
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7 

1 33 

1 29 

1 20 
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in-inj 

9 

1 68 

1 42 

2 75’ 

11 

3 08 

4 12 

5 68‘ 

13 

6 32 

6 95 

7 84> 

14 

8 50 

8 77 

10 48' 

15 

9 93 

10 55 

11 86’ 

16 

12 30 

11 12 

10 37 

18 

17 40 

12 90 

11 82 


* Significant increase 


The increase in oxygen consumption of the peni- 
cillin-injected eggs, as compared with the controls 
and the lack of such increase in eggs receiving 
Chloromycetin suggest that the rickettsiostatic 
action of these 2 antibiotics is brought about by 
different mechanisms The results are compared 
with those previously obtained with para-amino- 
benzoic acid and other reagents 

Immunologic approach to study of treatment of 
transmitted leukemia in Ak mice P F Hahn, 
E L Carothers,* Louis Bernard* and Mar- 
vin Jackson * Meharry Med College, Nashville, 
Tenn 

The Ak strain of mice developedJjy Furth when 
inoculated with a spleen brei obtained from mice 
suffering from leukemia will quite uniformly re- 
sult in the death of the inoculated animals in a 
penod of from 9-13 days The Ak strain of mice 
have been used m this laboratory to study the 
effect of gold’** on the course of such leukemia 
as veil as for the study of various chemothera- 
peutic agents Uusually, the increased survival 
time (from 3-10 or more additional days in com- 
parison to the survival time of the average con- 
trol group) IS used to determine the efficacy of 
the agent employed In preliminary experiments 
in which gmnea pigs were sensitized by repeated 
injections of leukemia mouse spleen brei with 
subsequent treatment of inoculated mice with a 
serum from such sensitized gmnea pigs, it was 
found that there were very prolonged increases 
in survival in a few of the nuce so treated In those 
survivals killed for histological study no evidence 
of leukemic infiltration vas found Of 70 mice 
treated with such serum, 5 lived for protracted 
periods Only 1 control animal of 289 inoculated 
survived more than 20 days That these results 
can be attributed to chance is felt to have a proba- 
bility of about 1% The mice used in these experi- 
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ments were obtained either from the Sloan-Ket- 
termg Institute or Carworth Farms 

Experimental cardiovascular disease in monkeys 
and rabbits Tom R Hamilton,* Harht E 
Dascomb* and Jerome T Stverton Dept of 
Bacteriology and Immunology, Umv of Min- 
nesota, Minneapolis, and Dept of Microbiology, 
Louisiana State Umv School of Medicine, New 
Orleans 

In an attempt to learn the reactivity of the 
cardiovascular system to the constituents of the 
streptococcus, normal animals and animals with 
an altered tissue reactivity brought about by 
hypersensitization vuth a foreign protein were 
mjected repeatedly ivith hemolytic streptococci 
of Group A which had been inactivated in vitro 
by penicillin Rabbits and monkey s were employ'ed 
as the host animals It ivas learned that strepto- 
cocci alone or in combination with foreign pro- 
tems m normal and hypersensitized hosts were 
effective m bringing about inflammatory changes 
in the cardiovascular system The animals were 
kept under observation for from 2-11 months, 
dunng vhich time they had repeated injections 
The histopathological changes observed ranged 
from acute necrotizing process, changes suggestive 
of rheumatic disease inth Aschoff-like nodules, to 
low-grade chronic changes The most severe re- 
actions m the rabbit were found in the valvular 
endocardium and the myocardium Cardiovascular 
lesions were present in 14 of the 16 monkeys em- 
ployed Periarteritis, myocarditis, and valvular 
endocarditis were more common and the vascular 
lesions more severe than in rabbits The group of 
monkeys that was given streptococci had more 
pronounced lesions than any' other expenmental 
group Since the results of studies designed to rule 
out spontaneous cardiovascular disease in this 
host species were not available, hearts from 16 
monkeys dead from accidental or other non- 
infectious agents were obtained from Cincinnati, 
Pittsburgh, and Columbia, S C The presence of 
minimal changes limited to a single one of these 
animals made our findings in the experimental 
group of more interest 

Effect of esters of linoleic and arachidonic acids 
in the diet in relation to histologic features of 
the skin of dogs Arild E Hansen, S Grant 
Holmes* and Hilda F Wiese * Depts of Pe- 
diatrics and Dermatology, Umv of Texas Med 
Branch, Galveston 

Young dogs showing gross and microscopic 
changes charactenstic for fat deficient animals, 
at the age of 4 months, were given dietary supple- 
ments of methyl linoleate and ethyl arachidonate 
at the level of 1% of their caloric intake At the 
end of 5 weeks, the epidermis had decreased from 
6-12 cell layers to about 3 layers in thickness 


There was evidence of a tendency toward orienta- 
tion of the cells back parallel to the surface How- 
ever, a remnant of palisadmg in the basilar portion 
was still present Some prickling remained but 
few epidermal pegs were present There was a 
marked decrease in the stratum granulosum and 
little evidence of parakeratosis In the dermis the 
collagen fibres showed reduced edema and marked 
regeneration still leaving some cellular infiltra- 
tion The intimal cells of the blood vessels were 
free from edema The epidermal cells of the hair 
follicles decreased from 6-8 layers to 2-3 cell layers, 
hyperkeratinization disappeared The alveoli of 
the sebaceous glands returned towards normal 
Essentially the same histologic changes were 
observed at the end of 6 weeks m the s kin of the 
animals given 1% of their calories either as methyl 
linoleate or ethyl arachidonate Grossly the skin 
and hair of both animals were greatly improved, 
although there w as still some evidence of desqua- 
mation in the animal receivmg arachidonate 

Histologic features of the skin of dogs on a low 
fat diet Arild E Hansen, S Grant Holmes* 
AND Hilda F Wiese * Depts of Pediatrics and 
Dermatology, Umv of Texas Med Branch, Gal- 
veston 

The skin and hair of dogs receiving 29% of their 
calories as lard or baconfat appear normal on 
gross examination Histologic sections taken from 
the dorsal surface of the thigh, when stained with 
hematoxylin-eosin show the following structure 
1) The epidermis is 2-4 cell layers in thickness, the 
nuclei of the cells are oriented parallel to the sur- 
face and no epidermal pegs are present S) The 
cytoplasm appears symcitial, as the mtercellular 
cy'toplasmic bridges do not develop upon fixation 
3) The stratum corneum is thin, no nuclei are 
present in it and no stratum granulosum or 
stratum lucidum are evident The dermis consists 
of sharply demarcated and loosely woven collagen 
bundles and the blood vessels have normal in- 
timal cells The hair follicles show an epidermal 
layer of 2-3 cells with the shafts mtact The 
sebaceous glands have average alveoli with 
compact cells Sections taken from comparable 
sites of dogs which have been maintained on a 
low fat diet show distinctly different structures 
The epidermis is thickened to 6-12 cell layers, 
the nuclei of the cells in the first 2-3 layers he 
parallel to the surface, however, in the basilar 
portion the nuclei assume a vertical formation 
mth pahsading of cytoplasm and evidence of 
marked proliferation, driving epidermal pegs into 
the dermis Prickling is present The corneum is 
tremendously thickened into hyperkeratosis show'- 
ing perakeratosis with marked disruption of the 
stratum disgunctum by scaling associated with the 
development of the stratum granulosum and luci- 
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dum The dermis is manj times thicker than in 
the normal dog and tlie collagen although compact 
and c^o^^ ded is nevertheless edematous and show's 
round cell infiltration The intimal cells of tho 
blood vessels are also edematous The hair fol- 
licles have laj'ers of 8-12 epidermal cells with 
papillarj formation and hj'-perkcratinization is 
endent The alveoli of the sebaceous glands are 
shrunken w'lth fibroblastic replacement These 
microscopic alterations are reflected in the gross 
appearance of the animals as shown bv loss of 
hair, thickened skin and evtensive desquamation 

Association of mitochondria with the cyclophorasc 
system John W Harman (introduced by D 
Murray Angevine) Dept of Pathology, Umv 
of Wtsconstn Med School, Madison 
The cyclophorasc system of integrated enzymes 
obtained from liver, kidney and heart implements 
the complete oxidation of fatty acids, pjTuvic acid 
and several amino acids by w'ay of the citric acid 
cycle The suspensions, as thnce washed residue, 
contain chromosomes, mitochondria and very few 
ultra-microscopic particles Repeated washing re- 
moves completely the ultramicroscopic particles 
without alteration of oxidative activity Separated 
chromosomes are inactive, whereas the mitochon- 
dria retain the capacity for complete oxidation 
By use of differential homogenization, in correla- 
tion wuth mitochondrial counts and selective stain- 
ing of the nutochondna, it is show'n that the extent 
of oxidation is dependent upon both the integrity 
and number of mitochondria in suspension Both 
selective stains and phase microscopy reveal a 
structural complexity which is lost, concomitantly 
with loss of oxidation when the homogenates are 
treated with various transforming agents such as 
deiomzed water, sodium cholate, dimtrophenol, 
gramicidin, capryl alcohol and 30% urea Both 
oxidative phosphorjdation and cyclophorase ac- 
tivity are phenomena found only in fractions con- 
taining mitochondria It is sigmficant that ail 
transforming agents tested block both processes 
simultaneously Under the conditions of differen- 
tial homogenization the locus of various oxidative 
enzymes is shifted from the mitochondria into the 
‘microsome’ fraction There is evidence that many 
fine ‘microsomal’ particles are derived from mito- 
chondria m proportion to the ex-tent of homog- 
enization and that definition of these units is at 
present arbitrary and operational 

Grafting of rabbit lymphatic tissue on chorioallan- 
toic membrane of chick embryo Susanna Har- 
ris,* AND T N Harris Children’s Hospital of 
Philadelphia, Dept of Pediatrics, Umv of Penn- 
sylvania School of Medicine, Philadelphia 
In the course of w ork on the role of lymphatic 
tissue of the rabbit in the formation of antibodies 
it was felt desirable to mamtain lymph node tissue 


outside the rabbit Slices of popliteal lymph node, 
freshly excised from the rabbit, w ere placed on the 
exposed surface of the chorioallantoic membrane 
(CAM) of developing chick embryos The lym- 
phatic tissue plus the attached chorioallantoic 
membrane w'os removed after varying intervals of 
incubation from 2-10 days and histologic sections 
w'ere prepared After 4 day's it w'as seen that 1) 
Vascularization had taken place, extending away 
from the CAM in the direction of the rabbit tissue 
with nucleated cry throcy'tes filling many' of the 
blood vessels 2) The rabbit lymphatic tissue was 
undergoing degeneration S) Betw een the layer of 
CAM and the lymph node tissue a new cell type 
appeared which w'as identified as reticulum cells 
These cells usually occurred in groups or m a band 
extending betw'ccn the CAM and the ly'mphatic 
tissue 4) On occasion nests of fresh, mature lym- 
phocytes appeared, always in proximity to the 
reticulum cells in the direction of the CAM These 
cells occurred either in round or crescentic nests 
either at the periphery' of the band of reticulum 
cells or in the midst of them The fresh 
lymphocytes w'ere never seen in direct proximity' 
to the old, degenerating lymphocy tes 

Influence of fractions of chick embryonic extracts 
upon proliferation of chick fibroblasts George 
M Hass, Albert Schweitzer,* and Helen 
Boscia * Rush Lab of Pathology, Presbyterian 
Hospital, in affiliation with Untv of Illinois Col- 
lege of Medicine, Chicago 

Small pieces of chick lung were explanted in 
micro-dishes They' were cultivated continuously 
for 2 w'eeks in miro in various media The radial 
growiih of fibroblasts w'as measured periodically 
The control medium was composed of fresh clotted 
plasma from young guinea pigs The control me- 
dium was supplemented by crude embry'omc extract 
or fractions thereof Crude extract was prepared 
by extractmg crushed 5-7 day chick embryos wth 
Tyrode’s solution (1 cc/embryo) Plasma con- 
tained growth-promoting factors These accounted 
for 25% of growth obtained when equal parts of 
plasma and crude embryomc extract were used 
The activity of the crude embry onic extract was 
quantitatively retained on standing at 10° C for 
at least 7 days Dilution of crude embry'omc ex- 
tract (1 10) reduced its activity to little more than 
that of plasma Dialysis of crude extract at 10° C 
for 48 hours against distilled water showed that 
the non-diffusible, water-soluble fraction con- 
tained growth-inhibitory' factors The non-dif- 
fusible, water-insoluble fraction contained all re- 
covered growdih-promoting factors About 50% of 
this fraction consisted of proteins which could not 
be redissolved in Ty rode’s solution The remain- 
der, which was readih dissolved, possessed 80% of 
the growth-promoting activity of the initial crude 
extract 
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Metabolic alterations in radioactive isotope con- 
centration by malignant tissues induced by hor- 
mone pretreatment Saul Hertz and J Stew- 
art Rooney * Massachiisells Women's Hospital 
and Radioactive Isotope Research Inst , Boston 
In the course of study of patients with hopeless 
metnstic malignant disease of breast and cervix 
and (bone marrow) myeloma, it was noted that 
patients who had been treated by current dosage 
of testosterone had uptakes of P” out of propor- 
tion to any such patients who had previously been 
observed without preliminary testosterone ther- 
apy This led to a controlled study by tracer tech- 
niques and radioautographic study of malignant 
tissue obtained at biopsy and at post-mortem The 
data to be presented indicate that such pre- 
liminary dosage of patients with these types of 
raahgnant disease promotes an increased uptake 
and retention of P“ This approach to radiothcra- 
peutic application of P“ affords a more likely pos- 
sibility than has the administration of P“ to 
previously untreated subjects A few results which 
have been obtained to date by this combination of 
therapeutic agents will be presented vith tracer 
data on urinary excretion, tissue analysis and 
radioautographic demonstration of P“ in the 
malignant sites as compared with normal tissue 
distribution It is in the direction of the above ex- 
emplified effects that the greatest hope of thera- 
peutic application of the radioactive isotopes in 
cancer lie m our opinion, namely in the induction 
of increased specific radioactivities in the cancer 
cells It IS likely that other more potent means of 
obtaining these effects exist 

Ultra-thin sectioning of tissue for the electron 
microscope James Hillier and Mark Gettner 
(introduced by S Mudd) RCA Labs , Prince- 
ton, N J and Sloan-KcUcnng Inst for Cancer 
Research, New York City 

Serial sections 0 2a thick and showing structure 
resolution and absence of new artifacts at the 20 
ma level have been cut successfully with a modified 
Spencer rotary microtome Osmium-perfused nor- 
mal mouse liver doubly embedded in collodion and 
paraffin was used in the development work The 
microtome modifications included 1) A change in 
the unit of advance from la toO 02a by a modifica- 
tion of the inclined plane, £) the addition of 
a spring to support 90% of the weight of the hori- 
zontal member, in order to reduce static friction 
in the horizontal slides, S) the addition of a vibra- 
tion-free motor drive to eliminate distortions of 
the machine introduced by manual operation, 4) 
the addition of a liquid trough to the knife edge in 
order to keep the sections stretched by surface 
tension, to keep the sections in order and to avoid 
destruction of the sections by sliding on the facet 
of the knife With these modifications, 0 2a sec- 
tions can be cut with a uniformity and accuracy of 


better than 6% in thickness The cut sections float- 
ing as a ribbon on the liquid surface arc mounted 
for electron microscopic examination by simply 
lifting them out on a 200-mesh screen It is shown 
that removing the embedding material introduces 
fine scale artifacts A number of new but unidenti- 
fied structures have been revealed in the resulting 
micrographs 

Further studies on the pathogenesis of experimen- 
tal necrotizing arteritis Russell L Holman, 
Carroll H Lippard and Bland Giddingb * 
Dept of Pathology, Louisiana State Univ School 
of Medicine, New Orleans, and Dept of Biochem 
islnj. Distillation Products, Inc , Rochester, N Y 
Previous studies have shown that, whereas 
either alone is ineffective, the sequence of 
‘standard high fat diet’ for 8 weeks or longer then 
‘standard renal insufficiency’ is regularly followed 
by ‘typical arterial lesions’ in mongrel dogs 
regardless of age and sex The pathogenesis 
of these arterial lesions, which closely resemble 
those of rheumatic arteritis and periarteritis no- 
dosa, IS obscure but is being studied from 
the standpoints of a ‘dietary factor’ and a ‘renal 
factor ’ Various fatty substances have been bio- 
assayed for the dietary factor by keeping the 
‘standard diet’ — composed of liver, sugar, starch, 
tomato juice, salt mixture and fatty substance — 
isocaloric (75 calories/kg/day, 43% fat, 7% pro 
tein, and 50% carbohydrate) and varying onlv the 
fatty substance The following fatty substances 
have yielded negative results corn oil, lard, olive 
oil, cocanut oil, mutton tallow and oleomarganne 
Positive results have been obtained with certain 
samples of cod liver oil (in 36 of 40 dogs) and with 
creamery butter (in 8 of S dogs) Studies to date 
indicate that the renal factor (standard renal in- 
sufficiency has been produced by uranium nitrate, 
mercuric chloride, or bilateral nephrectomy but 
not by bilateral ureteral ligation) is an, as yet, 
undetermined metabolic product of renal tubular 
epithelium The tjpical arterial lesions can be re 
tnrded or prevented by the addition of vitamin E 
or cholesterol, bj'' omitting the noxious fatty sub- 
stance for 4 weeks or longer, or by substituting 
casein for liver in the standard high fat diet Con 
jectures on pathogenesis will be hazarded 

Effect of aureomycin and antibiotics on whole 
body irradiation Joe W Howland, Frank 
Forth and M Coulter (introduced bv Frieda 
S Robbins) Dept of Radiation Biology and 
Division of Med Services, Atomic Energy Proj- 
ect, Univ of Rochester School of Medicine and 
Dentistry, Rochester, N Y 

Results are presented on the exposure of more 
than 1200 rats and 18 dogs to lethal doses of fil- 
tered 250 KVP x-radiation Clinical doses of aureo 
mycin or other combined antibiotics given to rats 
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after lethal x-radiation result in almost complete 
allernation of the diarrheal state Sur\aval of life 
IS prolonged an additional 5-7 da^s Animals die 
of a sudden hemorrhagic death Prc-radiation 
Height maj be regained as earlj as 4 days after ex- 
posure Bacteriological studies show suppression 
of normallj occurring gram negative organisms in 
the intestinal tract Dogs treated with only clini- 
cal doses of aureoniA'cin (equivalent to 60-100 mg/ 
kg ) or combined aureora} cm-streptomycin have 
shoHTj no evidence of radiation sickness Occa- 
sional bleeding tendencies are associated onlj with 
local trauma Survival of life is prolonged from 10- 
14 dajs Deaths in control animals occur between 
the 10th and 14th days, in treated animals, after 
the 22nd day Mortalitj in the dog is considerablj 
improved To date all dying treated animals have 
shown sepsis with aurcomycin or streptomjcin 
resistant organisms 48 hours before death, with 
the same organism being cultured post mortem 
from all tissues examined Pathological findings in 
the treated animals have not been in general typi- 
cal of radiation disease Lesions of the gastro-in- 
testinal canal have not been observed in the 
treated animals Bactenological observations in- 
dicate a general alteration in the bacterial flora 
of the intestinal canal wnth a suppression of gram- 
negative organisms 

A possible new factor distilled from lard? Hans 
Kahnitz and Charles A Slanetz* (with the 
technical assistance of Ruth Ellen Johnson*) 
Depts of Pathology and Animal Care, College of 
Physicians and Surgeons, Columbia Univ , New 
York City 

Weanlmg rats were placed on a simplified diet 
containing all essential factors The residue frac- 
tion of lard distilled at 215°C and 10“’ mm pres- 
sure (Distillation Products Inc ) served as source 
of fat Gradually a disease developed char- 
actenzed by weight deficit, roughened fur, eye 
symptoms and dehydration resulting in death 
after 3-8 months Pregnancies terminated in death 
at parturition, live young frequently being found 
in the uterus Epithelial lesions like those in vita- 
nun A deficiency were observed They were fre- 
quently accompanied by severe mfections, 
especially of the unnary tract (pathology by Her- 
bert Stoerk) Rats on the diet with undistiUed lard 
were normal Aversion to the diet and improper 
fat absorption were ruled out by determination of 
the food intake and fecal fat excretion Toxicity 
of the residue seems improbable because addition 
of the distillate prevented the disease Dried yeast 
or large doses of beta-carotene (Barnett Labora- 
tories) or alpha-tocopherol (Hoffmann-La Roche) 
gave protection Lmoleic acid and w'ater-soluble 
Vitamins had no eSect It is improbable that the 
condition is caused only bx oxidatix'e destruction 


of known factors by the lard residue inasmuch as 
addition of the distillate even 1-2 weeks after prep- 
aration of the diet also seemed to afford protec- 
tion It IS therefore possible that the absence of an 
unknown factor is at least partly responsible for 
the condition 

Experimental cholesterol atherosclerosis m bi- 
laterally adrenalectomized rabbits Aaron 
Kellner and James W Corrbll * Dept of 
Pathology, New York Hospiial-Comell Med Cen- 
ter, Neio York City 

Choleslerol-fed rabbits with atherosclerosis 
were found to have adrenal glands which had a 
great! j increased hpid content and which were 
more tiian twnce as heavy as those of normal ani- 
mals To determine whether this increased hpid 
reflected an alteration in the jiroduction of adrenal 
hormones that might play a role in the pathogene- 
sis of atherosclerosis, a group of 8 rabbits was sub- 
jected to total bilateral adrenalectomy and then 
fed a high-cholesterol diet for periods of 2-5 
months The animals were maintained in good 
health by daily injection of desoxy corticosterone 
acetate (DCA) in peanut oil, 0 2 mg/kg , and so- 
dium chlonde was added to their drinking water 
The completeness of the adrenalectomy w as ven- 
fied at the end of the experiment by the fact that 
every animal died within 26 days after the cessa- 
tion of DCA injections, and by the failure to find 
any’ adrenal tissue at post-mortem examination 
The adrenalectomized rabbits fed cholesterol 
developed significant hy^iercholesterolerma, al- 
though their blood cholesterol levels were some- 
what low’er than those of normal controls fed 
comparable amounts of cholesterol All the adren- 
alectomized rabbits developed atherosclerosis of 
the aorta which m extent and seventy was equal 
to that of the controls It would, therefore, appear 
that the adrenal hormones, with the exception of 
the mineral regulating function of DCA, are not 
essential for the development of expenmental 
cholesterol atherosclerosis in the rabbit 

Properties of nitrogen mustard protein reaction 
products A R Kellt,* George H Manqun,* 
Benjamin E Sanders* and Frank W Hartman 
DepL of Labs, Henry Ford Hospital, Detroit, 
Mich 

Expenmen ts on the nitrogen mustard, CH*N- 
(CHjCHiCDj HCl, (HN2) stenhzation of blood 
plasma indicate that, under certam conditions, 
HN2 couples with plasma protems to form trans- 
formation products with heretofore unrecognized 
leukopenic activity These substances, collectively 
called ‘protem-imine’ have been investigated 
chemically and pharmacologically and a colon- 
metric method developed for their detection As a 
result of these studies, the HN2 plasma steriliza- 
tion process, introduced b\ Hartman and Manguu, 
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has been modified to insure that inadvertent 
stabihzation of toxic amounts of ‘protein-imine’ 
cannot occur ‘Protein-irmne’ is non-dialj'zable, 
non-ultrafiltrable, and may accumulate m plasma 
under conditions which pemut the complete degra- 
dation of unbound HN2 Protein fractionation 
following treatment of plasma with 600 mg/1 of 
HN2 indicates that albumin contams approxi- 
mately 66%, Fraction IV, 29% and fibrinogen, 6% 
of the total ‘protein -imines’ found in all fractions 
Intravenous and intraperitoneal injections of 
plasma, prepared to contain high concentrations 
of ‘protein-imine,’ produce neutropenia in mice 
with typical hj poplasia of bone marrow and 
lymphatic tissue Young, protein-depleted animals 
are especially susceptible to this leukotoxic effect 
However, in mice, significant toxicity and leuko- 
penic activity of HN2 treated plasma is demon- 
strable only following repeated injections of 
‘protem-imine’ equivalent to 6 times the usual 
transfusion volume of plasma treated with 4 times 
the usual sterihzing dosage of HN2, with stabiliza- 
tion of the active material at low temperatures and 

pH 

I*” as antigen label in circulating serum of non- 
unmune rabbits Willi uiC Ivnox (introduced 
by Kenneth M Endicott) Nall Insls of 
Health, Bethesda, Md 

Bovine serum albumin (Armour) was labelled by 
direct lodination mth I**' to the extent of approxi- 
mately 2 atoms of lodine/molecule of protein Each 
of a senes of 6 rabbits was given the labelled pro- 
tein intravenousl}’’ Serum samples were obtained 
at tmie intervals beginning at 6 minutes and 
extending to 12 days following the time of injec- 
tion The antigen contents of the serz were esti- 
mated by both the quantitative precipitin tests 
and by measurement of the I‘*‘ On most of the 
samples, the 2 values were in good agreement 
Each of a second series of 6 rabbits was 
given native bovine serum albumin intravenously 
Serum samples were obtained as in the previous 
series and the antigen contents determined by the 
quantitative precipitin test The labelled protein 
and native protein cleared in essentially the same 
manner 

Histological and biochemical changes in fatty 
livers with and without necrosis Dieter Koch- 
Weser,* Emmanuel Farbbr,* Paul B Szanto* 
AND Hans Popper Hekloen Inst for Med Re- 
search and Depls of Pathology, Cook County Hos- 
jntal and N orthwestem Univ Med School, Chi- 
cago, III 

An attempt was made to investigate the patho- 
genesis of fatty liver wnth and wnthout necrosis 
The metabolic and morphologic alterations caused 
by CCI4 and ethionme were followed m sequence 
and correlated with each other Female rats fasted 


for 12 hours were injected mtraperitoneally with 
one dose of CCI4 or ethionme and sacrificed at in- 
tervals from 2 to 240 hours thereafter Histological 
preparations were stained with hematoxylin-eosin, 
Sudan FV and methyl-green-pj ronine, the latter 
for the study of nbose nucleic acid distribution 
Total lipids, phospholipids, cholesterol, total 
nitrogen, nucleic acids, acid soluble phosphorus, 
esterase, alkaline phosphatase and water were de- 
termined chemically in the liver and esterase, al- 
kaline phosphatase, phospholipids and bihrubin 
in the blood Ethionme produced a very marked 
fat accumulation in the liver wuthout other struc 
tural or biochemical changes The fatty infiltra- 
tion appeared later and persisted longer than that 
produced by CCE A few hours after admimstra 
tion of CCI4 excess fat appeared prior to enzyme 
changes or morphologic necrobiosis Later centro- 
lobular necrosis and chemical changes were found 
At that time the most constant biochemical 
changes were a sharp drop in liver esterase, coin- 
cident wnth the onset of necrosis, increase m total 
water content and neutral fat wnth the total phos 
pholipids remaining constant Biphasic blood 
changes accompanied the chemical and morpho 
logical alterations in the liver The centro-lobular 
disappearance of pjToninophilia is not accom- 
panied bj' chemical decrease of nbose nucleic acid 
It appears that the processes leading to necrobio- 
sis and to fatty changes are not necessarily inter- 
dependent 

Role of aciduna in the development of hemo- 
globinuric nephrosis in dehydrated rabbits 
Joseph J Lalich and Seituour Schwartz * 
Dept of Pathology, Umv of IT tsconsin Med 
School, Madison 

The influence of acid diets when combined with 
5 daj'^s of food and water deprivation on the de- 
velopment of hemoglobinuric nephrosis was deter- 
mined in rabbits Three of 11 control animals died 
when ground oats, or oats and alfalfa, were 
followed bj'' 5 days wuthout food and water Tiro 
of 3 rabbits which died had either necrosis of renal 
tubules or the liver In tissues from S sur- 
viving rabbits we observed hyalin casts in the col- 
lecting tubules, moderate to severe swelling and 
vacuolization of epithelial cells in the proximal 
convoluted tubules and interstitial medullary 
edema Eighteen test rabbits were given 1 8 
gm/kg of homologous hemoglobin intravenously 
in divided doses Eleven of 18 animals died 
of hemoglobmunc nephrosis All rabbits wnth fatal 
hemoglobinuric nephrosis had variable increases 
in kidney weight wath numerous pigment casts, 
while 9 had elevations of non-protem mtrogen 
<NPN) m excess of 190 mg % The pigment casts 
were principally in the distal convoluted tubules 
Associated with pigment casts accumulation there 
was focal necrosis of tubules in 5 and moderate to 
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severe dcgcnerntion of luf)ular cpithcUum in 6 
All of tlicse ftinmnls also had interstitial medullary 
edema In 4 rabbits nliicli survived and 3 mIucIi 
died of other causes, elevations of NPN, increases 
of kidnej eight and pigment cast precipitation 
were minimal or absent Experimental evidence, 
therefore, suggests that pre-injection acid diets 
and delndrntion produce an antecedent tubular 
injur\ which predisposes to the accumulation of 
pigment casts, uremia and death 

Transmissible papilloma in monkejs Balduik 
Luck£, Herbert Ratcuffe* and Charles 
Breedis Dept of Pathology, Untv of Pennsyl- 
t'ama School of Medicine, and Penrose Pcscarch 
Lab , Philadelphia Zoological Garden, Philadel- 
phia, Pa 

Tumors in monkej's are relativeh rare, and 
there is no record of such growths having been 
transmitted Hence the occurrence of a spontan- 
eous papilloma in a brown Cebus monkey led to 
attempts to transmit the growih, first to the same 
animal, and later to monkej's of the same and of 
other species In 11 out of 13 cases the experiments 
were successful IVhen freshh prepared cell sus- 
pensions were inoculated into areas of scarified 
skin, new papillomas developed Suspensions of 
frozen or of glycermated material gave similar 
results These growths were in turn transmissible 
to other monkejs The causal agent of the papil- 
lomas appears not to be species specific, since the 
growths can be transmitted from New World mon- 
ke^s to Old World monkejs In all animals the 
lesions first appear as distinctlj hj perermc patches 
within 2 weeks after inoculation , the epiderm and 
its supporting tissue m these areas graduallj' be- 
come raised, corrugated, and eventuallj'' form iso- 
lated or confluent projections up to 15 mm in 
height To date (8 months after the beginning of 
the experiments) there has been no evidence of in- 
vasiveness, and most of the growths have regressed 
withm from 4-6 months Attempts are now being 
made to transmit the papilloma to animals other 
than monkej's 

Deficiency of alpha cells of pancreas as possible 
etiological factor in familial hypoglycemosis 
iRnNEMcQuAHRiE, E T Bell, Bernard ZiM- 
mermann* and W S Weight * Unw of Minne- 
sota, Minneapolis 

It has been demonstrated experimentally by pre- 
vious workers that the alpha cells of the islets of 
Langerhans exert an anti -insulin or hyperglycemic 
(glj oogenolj'tic) effect The present report deals 
vnth metabolic and histologic studies on a small 
senes of patients suffenng from spontaneous hj^po- 
gUcemosiB in whom absence of pancreatic alpha 
cells appears to be the most likelj etiological fac- 
tor Special tests for dysfunction of the adrenal 
cortex, the adenohj pophisis and the liver were 


negative No evidence of adenoma or hyperplasia 
of the beta cells of the pancreatic islets could be 
found in those patients m whom partial pan- 
createctomy rvas performed However, exami- 
nation of sections of the pancreas stained with 
Gomori’s special stain unexpectedlj' revealed the 
total or almost total absence of alpha cells Cyto- 
plasmic granules in the beta cells were greatly 
diminished in number That the patients showing 
these unusual characteristics represented a here- 
tofore unrecognized endocrinological entitj'’ is sug- 
gested bj the familial occurrence of the syndrome 
and the initial appearance of sj'mptoms dunng the 
first months of life Adrenocorticotropic hormone 
was found to bo highly clTcctivc in control of the 
lij poglyccmia 

Nitrogen, phosphorus and calcium metabolism in 
the rachitic rat gnen excessive doses of vitamin 
A Charlotte L Haddock* and S B Wol- 
BACH Division of Nidrilional Research, The Chil- 
dren's Hospital, Boston, Mass 
Because of the problems presented bj' the fact 
that excessive administration of vitamin A results 
m rapid repair of the rachitic metaphjsis, wath re- 
sumption of calcification of cartilage matrix and 
osteoid (WoLBACH VND Maddock Federation Proc 
8 376, 1649), a studj of the metabolism of the ra- 
chitic rat before and after excessive vitamin A ad- 
ministration was instituted, m the hope of throw- 
ing some light on the manner of action of this 
vitamin Doses were 1000 lu per gram of 
bodi weight Diets used were the one previouBlj' 
reported on, suggested bj' Dr Otto A Bessej', and 
and this diet modified by substitution of fibrin 
for casein wnth consequent reduced phosphorus 
content Nitrogen, phosphorus and calcium 
metabolisms were pnmanly studied The results 
indicate that the animal is throwm into negative 
nitrogen balance at a time when it is still consum- 
ing food, though in reduced amounts, that it ex- 
cretes larger amounts of calcium than be 
accounted for bj' food intake, and that there is a 
shift m calcium excretion from unnarj’- to fecal 
channels Initial unnary phosphorus excretion, 
usually under 1 mgm per 24 hours, may increase 
termmallj' 20- to 50-fold Combined fecal and 
unnarj phosphorus is much in excess of food in- 
take, so that a marked negative phosphorus bal- 
ance occurs very shortly after giving the vitarmn 
Companion stuies on starving rachitic animals do 
not give the same picture The results suggest that 
vitamin A acts bj' speeding up metabolic se- 
quences 

Coagulation defect of vitamin K deficiency com- 
pared with that caused by Dicumarol F D 
Mann,* J D Hann* and J L Bollman Inst 
of Experimental Medicine and Division of Clinical 
Labs , Mayo Clinic, Rochester Minn 
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Vitamin K deficiency was produced in rats by 
total external drainage of the intestinal lymph By 
means of two-stage prothrombin determinations 
and co-thromboplastin assays, the resulting 
coagulation defect was compared to that produced 
by Dicumarol in comparable animals and at about 
the same rate Dicumarol decreased co-thrombo- 
plastin activity much more than prothrombin 
while vitamin K deficiency produced greater de- 
creases in prothrombm than m co-thromboplastin 
Recogmzing that the exact interpretation of these 
(or any other) coagulation tests may be subject to 
future modification, they do appear to demon- 
strate a difference between vitamin K deficiency 
and the effects of Dicumarol under essentially 
comparable expenmental conditions 

Bone and tooth lesions in the rat resulting from 
ingestion and intraperitoneal administration of 
beryllium compounds E A Maynard,* W L 
Downs* and J K Scott Depl of Radtalton 
Biology, Untv of Rochester School of Medicine 
and Dentistry, Rochester, N Y 
Weanling rats fed a diet containing 5% 
beryllium sulphate or beryllium carbonate de- 
veloped rachitic lesions of the bone within 3 weeks 
from the begmning of treatment After removal of 
the beryllium compounds from the diet the epi- 
physeal line and metaphysis slowly returned to 
normal However, the original metaphysis (the 
‘primary spongiosa’) was not resorbed, as would 
be expected with Steenbock diet rickets, but re- 
mained at its original position in the shaft for 
approximately a year A new zone of provisional 
ossification ('secondary spongiosa') appeared and 
the long bones increased m length as expected 
Beryllium (approximately 11 yg/gai ) was present 
in the bone 280 days after removal of beryllium 
compounds from the diet Overgrowth of incisors 
occurred within 2 months after removal of beryl- 
lium sulfate from the diet Within a penod of 3 
weeks following the i p administration of a single 
dose of beryllium carbonate, or oxide (3000 mg/kg 
body weight) there appeared zones of hj'perossifi- 
cation in the areas of active bone growth 

Further studies on thermostable leucocytosis fac- 
tor of exudates ValtMbnkin Agnes Barr Chase 
Fndn for Cancer Research, Temple Univ School 
of Medicine, Philadelphia, Pa 
Earlier studies have demonstrated in exudates 
a thermolabile leukocytosis-promoting factor 
(LPF) Subsequent and recent studies have shown 
that in exudates, particularly acid in character, 
in association with the pyrogenic factor, pyrexm, 
there is also a thermostable leukocytosis factor 
It IS these 2 factors which offer a reasonable 
explanation for the mechanism of leukocytosis 
with inflammation When pjrexin, the pj'-rogenic 
factor obtained from the euglobulin fraction, par- 


ticularly from acid exudates, is treated with 
{NHj)»S 04 at half saturation and then dialyzed, a 
crude material results contaimng some amorphous 
pyrexm, the leukopenic factor, and the thermo- 
stable leukocytosis factor This crude matenal is 
thoroughly centrifuged, the resulting supernatant 
fluid IS diluted with distilled water (1 1) and 
poured mto a tube which is sealed This sealed 
tube IS then placed in water boiling for 17-18 hours 
The sealed tube is withdrawn It is slightly cooled 
and needle-like crystals form These crystals are 
collected They induce only leukocytosis They 
produce neither fever nor leukopema These crys- 
tals seem to represent the thermostable leukocyto- 
sis factor by itself The crystalhne matenal is not 
a polypeptide, but it is either a carbohj drate or at 
least it contains a carbohydrate group as indicated 
by the Molisch test The material induces a leuko- 
cytosis by causing also a discharge into the circu- 
lation of a large number of immature granulocytes 
The fact that the thermolabile leukocytosis factor 
(LPF) seems to be a polypeptide whereas the ther- 
mostable factor shows no evidence of being such a 
structure favors the view that the 2 leukocytosis 
factors are distinct entities 

Agglutination of bactena by living white blood 
cells Eric Reiss,* Euzabeth Mertens* and 
W iLUAM E Ehrich Philadelphia Oenerol Hos- 
pital and Graduate School of Medicine, Untv of 
Pennsylvania, Philadelphia 
Rabbits w'ere immunized by injecting vanous 
bacteria into the pad of their hind feet When anti- 
body formation was in progress, the popliteal 
lymph nodes were removed and their cells studied 
in supravital preparations It was found that cer- 
tain cells of the nodes agglutmated the bacteria 
with which the animals were immunized Photos of 
this phenomenon will be shown, and its signif- 
icance in connection with the cellular sources of 
antibody will be discussed 

Neoplasms in rats treated with pituitary growth 
hormone I Pulmonary and lymphatic tissues 
Henry D Moon,* Miriam E Simpson, Choh 
Hao Li and Herbert M Evans Division of 
Pathology, Univ of California School of Medi- 
cine, San Francisco, and Inst Experimental Bi- 
ology, Univ of California, Berkeley, Veterans 
Admin Hospital, San Francisco 
A group of 15 plateaued female rats was injected 
with pituitary' growth hormone for periods up to 
485 days The controls received daily injections of 
albumin The experimental rats responded to the 
injections of growth hormone by continuous 
growth Many neoplasms of vanous types occurred 
in the rats injected with grondh hormone This 
paper is restricted to the neoplastic and hyperplas- 
tic changes involving pulmonary and lymphatic 
organs Lymphosarcomas of the lung occurred m 
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6 of 15 rats injected vs ith pituitary grow tli hormone 
whereas no similar tumors occurred in the control 
rats In all rats treated w ith grow th hormone there 
was hj’perplasia of pcnbronchml Ij’mphoid tissue 
The tumors appeared to originate in such hj'por- 
plastic tissue 

Influence of crystalline vitamin Bu on carbon 
tetrachloride poisoning Chahles W Musiiett 
Merdv Inst for Thempeutte Research, Rahtuay, 
N J 

In confinnation of results obtained by Popper 
and associates {Proc Soc Exper Btol A. Med 71 
688, 1949) witb vitamin Bj; concentrate, it has 
been found that crjstalline vitamin Bu everts a 
protective effect against the fattj metamorphosis, 
hydropic change and depletion of cytoplasmic 
ribonucleic acid in the livers of rats given a single 
oral dose of carbon tetrachloride How ever, w hen 
both carbon tetrachloride and vitamin Bu were 
given daily for a period of 3 weeks, vitamin Bu 
tailed to prevent the hepatic changes even at a 
dose level of 200 iig In fact, the livers of the Bu- 
treated rats were relatively larger and contained 
more lipid than those of rats given carbon tetra- 
chloride alone Despite its inability to protect the 
livrers of the poisoned rats, vitamin Bu, even at 
low doses, enabled the treated animals to grow’ at a 
considerably greater rate than the rats not treated 
with the vitamin An explanation for the grow'th 
effect was found not to be due to differences 
in renal damage since this was negligible in both 
groups In dogs given repeated doses of carbon 
tetrachloride, vitamin Bu faded to show a protec- 
tive effect dunng life as judged by morphologic 
blood picture, prothrombin time, icteric index and 
blood biochemical determinations The continua- 
tion of vitamin Bu treatment, however, after ces- 
sation of carbon tetrachloride dosing apparently 
brought about a more rapid reversibility of hepatic 
changes as indicated by gross and microscopic ex- 
amination of the livers of the dogs 

Comparison of several chlorinated hydrocarbon 
insecticides with respect to pathological changes 
produced in rats by feeding at low levels, 1 to 
100 ppm A A. Nelson, 0 G Fitzhugh and G 
WooDAED * Division of Pharmacology, Food and 
Drug Administration, FSA, Washington, D C 
For this presentation only the chrome (1-2 
years) feeding to rats of 100 ppm or less of certain 
commercially important chlormated insecticides 
in the diet is considered DDT, TDE, chlordane, 
toxaphene, methoxychlor, technical benzene hexa- 
chlonde (BHC), and its alpha, beta and gamma 
isomers were fed, using the some stock diet and, 
except for BHC, the same rat stram Preliminary 
observations show beta BHC and chlordane caus- 
ing the greatest total damage, liver weight was 
increased at 10 or more ppm, while chlordane also 


caused some kidney damage, and beta BHC at 100 
ppm depressed growth Alpha, gamma and techni- 
cal BH(^, and DDT, all required 50 or 1(K) ppm to 
increase liver weight, with only gamma BHC pos- 
sibly’ affecting the kidneys Data on TDE 
and toxaphene are less complete, but indications 
arc that their effects arc somewhat less than in the 
previous group Mothoxy’chlor showed no effect 
wliatcver at 100 ppm In rodents only, these 
compounds (except methoxychlor) cause varying 
degrees of hepatic cell enlargement, w’lth pe- 
ripheral migration of granules Minimal degrees 
of this effect, which is characteristic but not nec- 
essarily the most damaging and reaches a plateau 
after several weeks, were ex’ident from as little as 
6 ppm of DDT and chlordane The significance of 
the results presented becomes apparent when it is 
realized that our human diet does contain small 
amounts of these chemicals, and that if man reacts 
as does the rat, the factor of safety’ is not inordi- 
nately high 

Generalized metastatic calcification combined 
with vascular changes produced by diet Doho- 
Tiir Nelson,* Andrew C Ivt, Paul B Szanto* 
AND Hans Poprer Dept of Clinical Science of 
Univ of nimois College of Medicine and Hektoen 
Insl for Med Research, Chicago, III 
Guinea pigs were placed on 4 diets for prolonged 
periods group I received milk with rabbit pellets 
and lettuce, group II received the same diet for 16 
months, egg yolk being added for the fiast four, 
group III received milk and a semisynthetic diet 
designed to promote optimal growth Its con- 
stituents apparently pertinent to the results ob- 
tained were 30% casein, 2% fat, 144 U S P imits 
of vitamin D and daily 20 mg of ascorbic acid 
Group IV received the same diet as III plus cho- 
lesterol or egg yolk The maximum amount of cho- 
lesterol ingested by groups II and IV was 100 mg 
daily In group I only one animal, maintained for 
3 years on the diet, showed vascular changes and 
metastatic calcification in kidney and adrenal 
Group II showed vascular changes and minimal or 
no calcification Group III presented extensive 
calcification m kidney, muscle, skin, stomach and 
adrenal In the aorta the vasa vasonim contamed 
Iipophages, the mtima was thickened, the internal 
elastic membrane was calcified and in the media 
the elastica was replaced by fibroblasts The 
coronary arteries were partially or completely 
occluded by Iipophages resulting m my’ocardial 
necrosis The liver revealed fatty changes and cir- 
rhosis Group IV showed similar changes with more 
severe involvement of cardio-vascular system and 
liver It IS assumed that the metastatic calcifica- 
tion IS explained by the mineral imbalance of these 
diets while the hepatic and \ oscular changes arc 
secondary to the excess of cholesterol 
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Determination of opsonms for Br suts Abotj D 
Pollack* and Joseph Victor Biological Depl , 
Chemical Corps, Camp Detnck, Md 
Phagocytosis of Br suis by blood leucocytes was 
investigated Neutrophiles were more active than 
mononuclear or eosmophilic leucocytes Citrate, 
unlike heparin, inhibited phagocytosis Most uni- 
form phagocytosis occurred with agitation at 37°C 
for 30 nunutes Formalin killed organisms were 
phagocytosed to the same degree as living ones 
Repeated washing of blood cells as frequently as 
20 times m a modified Krebs solution containing 
3% Knox gelatin P 20 did not impair phagocytic 
activity On the basis of these findings a method 
was developed for detemunation of opsonin titre 
in hepanmzed blood Cells and plasma were sepa- 
rated Cells were washed 6 times in the Krebs gela- 
tin solution, each time with 5-10 fold volumes of 
fluid Plasma was diluted with Krebs gelatin solu- 
tion Cells were mixed with equal volumes of 
diluted plasma, 0 1 ml of the mixture was added 
to 0 1 ml of Krebs gelatin solution containing 1 X 
10“ formalin killed organisms The mixture of 
blood cells, diluted plasma and bacteria were ro- 
tated 24-36 times each minute at 37°C for 30 min- 
utes Smears were made on glass slides warmed to 
facilitate spreading of the mixture On the basis of 
statistical analysis of data, opsomn titre was de- 
fined as the lowest concentration of plasma in 
which 94^100% of neutrophiles phagocytosed bac- 
teria The titre of normal human blood was 
shghtly higher than that of dog In clinical bru- 
cellosis, the titre may increase more than 100,000,- 
000 fold 

Pathogenesis of hypertension induced by renal 
constriction L J Rather (introduced by A J 
Cox) Dept of Pathology, Stanford Univ School 
of Medicine, San Francisco, Calif 
Blood pressures of 21 male albino rats were de- 
termined with the tail microphonic sphygmom- 
anometer All rats were then operated on witlun 
a 2-hour period, 11 being subjected to one stage 
unilateral nephrectomy plus contralateral figure- 
of-eight Bilk ligature renal constriction, 10 to unila- 
teral nephrectomy and handling of the contralat- 
eral kidney Blood pressures v ere determined on 
20 occasions during the 50 days after the operation 
The rats were then exsanguinated from the aorta 
under ether anesthesia and determinations made 
of blood creatimne, urea and hematocrit level 
Heart and kidney tissue was weighed according to 
a uniform procedure A third group of 8 rats was 
studied in a similar manner before and after re- 
moval of 75% of total renal tissue Mean lines and 
frequency distribution curves of blood pressure 
were subjected to statistical analysis A definitely 
significant increase in the mean of the measured 
pressures ivas observed in the constricted kidney 


group within 4 days post-operatively and a prob- 
ably significant increase withm 2 days In the rats 
with loss of 50% and 75% of renal tissue there was 
no post-operative hypertension These expen- 
ments show, I) the early onset of hypertension 
after renal constriction, 2) the absence of such hy- 
pertension m rats with loss of 50% and 75% of 
renal tissue, S) the independence of these effects 
from the total mass of functionmg renal tissue, 4) 
the independance of the development of hyperten- 
sion from the development of fibrous constrictive 
perinephritis 

Sickling processes in anemia and trait erjrthro- 
cytes with the electron microscopy of their in- 
cipient crystallization J W Rebhck, R M 
Stdrrock and E a Monaghan (introduced by 
F W Hartman) Dept of Laboratories, Henry 
Ford Hospital, Detroit, Mich 
Sickling was studied dynamically m tuned stages 
through progressive anoxia of erythrocytes from 3 
cases each of sickle cell anemia and sickle cell trait 
Formalin fixation arrested the processes at many 
stages in the transformation of promemscocytes to 
memscocytes The early stages of sickhng pre- 
sented marked structural modifications of the 
hemoglobin-containing corpuscular mtenor lead- 
ing to major structural patterns Focal, eccentric 
thinning of the disc eventually included the entire 
corpuscular center as the promeiiiscocjd.e diameter 
increased In the thinned center, patchy hemo- 
globin aggregation and incipient intracellular 
crystallization were present When aggregation of 
hemoglobin about the entire corpuscular run was 
accompanied by peripheral angulation, the 'holly- 
wreath’ form appeared, if aggregation about the 
corpuscular rim was incomplete, an appearance of 
rupture of the rim was obtained Amsotropoid an- 
gulation of central aggregates progressed to eccen- 
tric masssing of the hemoglobin at one or 
more areas within the cell Such hemoglobin-con- 
taining, intracellular masses presented mtense 
peripheral spiculation further suggestive of in- 
cipient crystallization As expected, trait cells 
with only a partial content of Paulmg’s defective 
hemoglobin presented far less spiculation than 
anemia cells containing defective hemoglobin 
alone, although both cell types eventuated in com- 
plete sickling When Ponder’s expansive forces 
were not operative early in a planoparallel direc- 
tion, aggregation was tridimensional, central thin- 
mng and amsotropoid changes were less apparent, 
and mcipient crystallization was evidenced only 
in peripheral spiculation or m geometric configura- 
tion of the early menisocyte Unipolar filamenta- 
tion and unipolar sickling which sometimes 
occurred substantiated the concept of incipient 
crystallization 
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Effect of thallium, lend and other metals on de- 
velopment of cluck embrjo L P Hidowav, P 
A Patterson am> D \ Karnofski (in- 
troduced by C P PnoAUs) Division of Exper 
Chemotherapy, Sloaii-Kcilcring Inst for Cancer 
Research, New York City 

The effects of various metals on embr^ onic de- 
velopment were tested In injecting them into the 
volk sac of the 4 dT^ old cluck embryo ThaUium 
sulfate produced a severe degree of achondroplasia 
at a dose of 1 mg/egg, and the enibri os usually 
survTved to hatching, although thc\ failed to 
hatch These embrvos, at term, had parrot beaks, 
small heads, abnormal eves and brains, jircsum- 
ably due to compression of these organs hv the 
failure of skull grow th, thick trunks and shortened 
extremities The achondroplastic embrvos were 
sunilar in appearance to those rciiortcd in hcrcdi- 
tarj chondrodv strophv , and in certain nutritional 
deficiencies Lead mlratc was toxic to the 4 daj 
embrj o at 0 2 mg/egg, and it produced a re- 
markable hj drocephalic condition, with atrophic 
changes m the brain A number of the embrvos sur- 
vived to hatching, although thej failed to hatch 
The simultaneous injection of effective doses of 
thallium and lead produced achondroplasia and 
hj drocephalus in the same embrjo Further 
studies on the localization of these elements and 
their mechanism of action in the chick embrj o are 
under study Twenty-six other metals have been 
injected into the chick embrjm, but specific mor- 
phological changes have not occurred consistentlj’’ 
Their toxicitj and effects on the development of 
the chick embrjo wall be presented 

Radioactive phosphorus studies in neoplastic dis- 
ease J Stewart Rooney* and Saul Hertz 
Massachuselts IFomen’s Hospital and Radioactive 
Isotope Research Inst , Boston 
P“ balances, external Geiger -Mueller distribu- 
tion, and radioautographic demonstration of cor- 
related studies on a variety of cancer patients fol- 
lowing P“ administration wall be discussed The 
data to date in these experiments indicate that P“ 
uptake of certain tumor types can be modified by 
pretreatment of the patients by means of large 
dosage of steroid hormones and by the administra- 
tion of ACTH The clinical significance of 
these observations and the related therapeutic 
trials being earned out will be discussed in the ex- 
hibit planned in association with this pres- 
entation A ‘windfall’ finding in the course of 
these studies is the demonstration that the thy- 
roid gland is a site of P® concentration External 
Geiger-Mueller studies and radioautographs of 
P“ distribution in the normal thyroid will be 
demonstrated 

In vitro change of streptococcus from pneumo- 
tropic to neurotropic type and in vivo genesis of 


flllrnblc pncumotropic and ncurotropic phases 
of streptococcus Edward C Rosenow" Bac- 
Icriologic Research, Longvicto Hospital, Cincin- 
nati, Ohio 

The strain of streptococcus studied was isolated 
from outdoor air in winter during a severe epi- 
demic of influenza currently considered as due to 
Virus X A pure culture in dextrose-bram broth 
from a single colony on blood agar after 3 consecu- 
tive serial dilution cultures representing a dilution 
of original inoculum of at least 10~“ was inocu- 
lated intracerobrally and/or nasally January 10 
into mice and into a tube of chick-embryo medium 
The chick-cmbrj'O culture was incubated at 35°C 
for 24 hours, then stored at room temperature in 
tlie dark until July 2 Pneumonitis developed in 
high incidence in the mice receiving the strepto- 
coccus Emulsions and filtrates of emulsions of 
pneumonitic lungs or of the brain were then passed 
successively through 9 senes of mice Pneumonitis 
developed in increasing incidence both in those re- 
ceiving emulsions and filtrates The streptococcus 
isolated from the stored chick-embryo culture had 
lost alTinitj' for the lungs and produced encephalo- 
mj elitis in high incidence Emulsions and filtrates 
of emulsions of the enccphalomyclitic brains were 
then passed through 12 scries of mice The inci- 
dence of encephalomyelitis increased greatly on 
successive passages irrespective of whether emul- 
sions or filtrates of emulsions vv ere inoculated The 
filtrates which produced pneumonitis and en- 
cephalomyelitis respectively on successive mouse 
passages usually proved sterile but corresponding 
cultures of emulsions of pneumonitic and en- 
ccphalomyelitic brains respectively yielded the 
streptococcus true to type in pure culture m high 
incidence Control experiments proved negative 
The 2 types of streptococci were agglutinated dif- 
ferentially by respective antiserums and thermal 
antibody and convalescent serums 

Biology of granulomatous inflammation experi- 
mental spermatic granulomas Murray Rus- 
sell* AND Nathan B Friedman Division of 
Labs, Cedars of Lebanon Hospital, Los Angeles, 
Calif 

Previous work (/ Urol 62 363, 1949) has shown 
that a peculiar granulomatous response results m 
response to extravasation of sperm from various 
genital ducts Similar granulomas have been pro- 
duced experimentally in rats by severing the vas 
deferens and permitting leakage of sperm into the 
surrounding tissues Granulomas are not produced 
if previous atrophy of the testes is induced by in- 
tra-abdominal transfer Some granulomas form m 
and about dilated tubules just as do those which 
occur spontaneously in spermatocele in man His- 
tologic studies suggest that the reaction is pro- 
voked by the sperm themselves rather than by the 
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accompanying fluid Lipoid materials as judged by 
stains for fat do not appear to be involved The 
histiocytic and macrophage response to presum- 
ably Living cells rich in specialized nucleoprotein 
IS a umque tissue reaction and deserves further 
study 

Effect of dlacetylethylene on viruses, bacteria and 
blood Benjamin E Sanders, Joan C Wilson, 
A R Kelly and George H Mangun (intro- 
duced by Frank W Hartman) Depl of Labs , 
Henry Ford Hospital, Detroit, Mich 
Dlacetylethylene, CHsCOCH = CHCOCHj, 
(DAE) has been found to be one of the most active 
virucides and bactencides investigated in connec- 
tion with the problem of sterihzmg blood plasma 
and whole blood In 95% ACD citrated human 
blood plasma, the following concentrations of 
DAE inactivated the test viruses (1% infected 
bram suspensions) after 5 days at S°C (inocula- 
tions were made using 0 03 ml I C ) 

J t 

New Jersey Vesicular Stoma- j- 
titis lO-* 30 mg/1 

Lymphocytic Choriomeningi- 
tis 10“< <20 mg/1 

St Louis Encephalitis 10“' 275 mg/1 

E Equine Encephalomyelitis 10“' <250mg/l 

In similar experiments with plasma containiiig 
5 X 10’ organisms/ml , the following organisms 
were inactivated after 48 hours, with the concen- 
trations shown H coll, 200 mg/1 , A aerogenes, 
100 mg/1 , Staph aureus, 300 mg/1 On longer 
standing, the concentrations required decreased 
even further When added to plasma, DAE (500 
mg/1 ) had no effect on the clotting mechanism 
Complement was completely inactivated and B 
abortus antibodies and syphilis antibodies were 
approximately inactivated by 600 mg/1 No hemol- 
ysis was observed in whole blood treated up to 
1000 mg/1 Some retardation of the sedimentation 
rate was observed The intravenous ldjo to adult 
mice IS approximately 24 mg/kg Plasma treated 
with 300 mg/1 of DAE, a dose found to be lethal to 
all test organisms, was mcubated 48 hours at h’C 
and injected into mice Five daily i p or i v in- 
jections of maximum tolerated volumes exerted no 
effect on survival or body weight Liquid oxygen 
was used for interim storage of the plasma 
Kinetic pathology (motion picture) Machteld E 
Sano (mtroduced by Valt Menkin) Dept of 
Tissue Culture, Temple Med School, Philadel- 
phia, Pa 

Kinetic pathology is the study, tn intro, of cells 
which have been under the influence of disease or 
are the direct result thereof Cells under the m- 
fluence of disease may have had certain potentials 
activated so that these can be exteriorised These 
slides, of a classical Boeck’s sarcoid, show the 
transition from epithelioid cells and lymphocytes 


to almost a pure culture of cells 10 tunes as large 
In kinetic pathology one must differenciate be- 
tween characteristie growth and fibroblastic 
growth 76% of diseased tissues give more charac- 
teristic growth in autogenous or human plasma as 
demonstrated by the study of 60 pleural effusions 
and 150 lymphnodes A cell present in all brain 
tumors, malignant or bemgn which resembles in 
many of its characteristics the ‘gemestete cell,’ 
once called degenerate, is demonstrated m this 
movie of a ghoblastoma multiforma It may have 
an altered metabolism but it is certamly not de- 
generate In its movement and behavior, it 
resembles to a certain degree the lymphocyte It 
needs further identification Cellular mitosis, 
separation from, and formation of the brain tumor 
are seen Routine tissue culture and microcine- 
photography of tumors reveal to us unsuspected 
properties of cells which we cannot see by histo- 
pathologic methods Cells which have been under 
the influence of disease and which are histologi- 
cally similar behave differently in tissue culture 
revealing activated potentialities which are of 
prognostic and diagnostic value 

Polycystic mesonephros (goldfish kidney) Hans 
G Schlumberger Dept of Pathology, Ohio 
Stale Untv College of Medicine, Columbus 
Tw'enty-three goldfish with polycystic kidneys 
were obtained from two ponds 160 miles apart In 
each, the fish were descendants of an origmal stock 
placed there 20 years before The fish in one of the 
ponds were also subject to neurofibromatosis The 
hereditary background of polycystic kidneys and 
neurofibromatosis in man may have a counterpart 
in these lesions of goldfish The cysts were mul- 
tiple, measured from less than 1 mm to 6 cm m 
diameter, and occasionally greatly distended the 
abdomen Most of the cysts arose in the glomerular 
capsule, few involved the tubules Smith has 
showm (J Biol Chem 81 727, 1929) that in fishes 
the breakdown products of proteins are excreted 
by the gills, and that the kidneys of fresh water 
fish serve chiefly to get rid of excess water Renal 
function studies were earned out on 4 fish with 
polycystic kidneys and 6 normal controls The tail 
and body were encased m a thin rubber bag to 
collect all urine, and the fish placed m 200 cc of 
aerated water kept at about 18°C dunng the 24 
hours of the test At the end of that time the urine, 
water, and blood were tested for the presence of 
nonprotein nitrogen, urea, ammonia nitrogen, and 
creatinine The results indicate that even when the 
kidneys are almost replaced by thin walled cjsts, 
excretion of waste products by the gills and of 
water by the kidneys is not significantly affected 

Malignant lymphoma, reticulum cell type (reticu- 
lum cell sarcoma). In albino rats F E Shaffer, 

F P Cleveland, and F R Dutra (introduced 
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by E A Gaia) From the Kcllcnng Lahoratory 
of Applied Phystologii, University of Cincinnati 
College of Medicine, Cincinnati, Ohio 
YTiitc ra<s procured in equal numbers from Al- 
bino Farms and Caruortli Farms wore used during 
a two ^ear feeding experiment wntli a compound 
which was found to be innocuous Neoplasms 
appeared in both treated and control rats wath 
equal frequency, wath an overall incidence of 20% 
The compound used, therefore, had no significance 
in this respect Of the 26 neoplasms observed in 130 
animals, 8 were mostly fibro-adenomata of the 
breast Eighteen (69%) were classified ns malig- 
nant hanphoma, reticulum cell tjqic (histiocx tic) 
Primary sites of origin were as follows lung (10), 
ileocecal hmph nodes (4), tlijanus or lung (1), 
and undetermined (3) It is of interest that, while 
the primary tumors of the lung showed cjtologic 
charactenstics of malignancj , metastases did not 
occur Primary sites could not be determined in 3 
animals because of extensive metastases, however, 
it appeared probable that ileo-cecal nodes were 
primary sites in 2 of these, in the third, the largest 
tumor mass was one complctelj replacing the right 
kidney Histologic pattern varied, in the number 
of giant cells, bizarre mitotic figures, and size and 
shape of cells, but all were consistent with malig- 
nant lymphoma of the reticulum cell type 

Effects of adrenal steroids in adrenalectomized 
phlondzmized rats Albert Segaloff and 
Anne S Many * Dept of Medicine, Tulanc Univ 
of Louisiana and Alton Ochsner Med Founda- 
tion, New Orleans 

Young adult male rats of the inbred Fisher 
strain were adrenalectomized and were started on 
a 48 hour fast 2 days after adrenalectomy At the 
beginning of the second 24 hours, the animals were 
injected subcutaneously wnth the necessary 
amount of steroid in 1 cc of sesame oil, and 50 mg 
of phlondzin suspended in 1 cc of olive oil and 
then placed in metabolic cages and unne collected 
for 24 hours with sodium fluoride and mineral oil as 
preservatives Glucose, total ketones and total 
nitrogen were determined on the 24-hour collec- 
tion on each animal Five adrenal steroids were 
employed m this study Compound S acetate in a 
dosage of 1 mg/animal gave essentiallj’' the control 
values found for adrenalectomized untreated ani- 
mals For all of the other steroids. Compounds A 
acetate E, F, and desoxycorticosterone acetate, 
there was increasing glucose, nitrogen and ketone 
excretion m the unne with increase of dosage of 
steroid Our results would seem to indicate that at 
dosages which produce equivalent levels of glyco- 
suria, Compound A acetate and DCA produce 
greater ketonuria than the other compounds On 
the basis of the glycosuna attained, the steroids 
could be arranged in the follownng descending or- 
der of activitj Compound F, Compound E, Com- 


pound A acetate, DCA and Compound S acetate 
In none of the doses of steroids employed in this 
slud}’^ was it possible to attain the excretion of 
glucose, ketones or nitrogen during the 24-hour 
jieriod that was attained by normal intact ani- 
mals handled in the same manner 

Fate of gold colloids introduced into circulation of 
the mouse C W SnEimAnn,* J Ftjrth 
AND Leon Wish * Biology Division, Oak Ridge 
National JmI) , Oak Ridge, Tcnn 
The disappearance from the circulation of gold 
colloids labeled wuth the isotope'”* Au has been 
investigated in mice Particle size was determined 
bj electron microscopy Animals of an inbred 
strain of uniform age and sex were injected in 
groups and sacrificed seriallj At autopsy the ac- 
tivities of blood and tissues including whole organs 
were obtained, wath an automaticallj^ recording 
gammn-ra\ ionization chamber Bj including de- 
terminations of the initial activitj of the total 
animal and of the carcass, excellent matenal bal- 
ances were obtained Highly consistent behavior 
was observed due to the uniformitj of the animals 
During the first few minutes followang injection 
most of the activity was found in the circulation 
After 3 hours, 88-92% was found in the liver and 
spleen No further change was observed up to 3 
days following injection The rate of disappear- 
ance of activity from the circulation was slower 
than in other species hitherto studied Autoradio- 
graphs of tissues obtained shortly' after injection 
show a diffuse localization primarily on the endo- 
thelial linings of the capillaries of different organs 
and of the sinusoids of the liver and spleen This 
may be due to the adherence of circulating activity 
at the moment of death With increasmg time be- 
tween injection and death a progressive relative 
increase of activity in the macrophages of the liver 
and spleen is observed with a correspondmg de- 
crease in the activity adhering to the Immgs 

Sex differences in skeletal development of mice 
fed a high fat diet Martin Silberberq and 
Ruth Silbehbehg Snodgras Lab , City Hospital, 
and Dept of Pathology, Washington Univ School 
of Medicine, St Louis, Mo 

In growing imce, the course of the skeletal time 
curve could be accelerated and articular age 
changes produced prematurely by' feeding a ration 
of Purina Laboratory Chow with 25% lard added 
This diet contains adequate amounts of protem, 
carbohydrates, minerals and vitamins Since the 
female skeleton develops more rapidly' and re- 
sponds to hormonal stimulation less conspicuously' 
than the male skeleton, it seemed interesting to 
compare the skeletal effects of the high fat diet in 
both sexes Twenty -six virgin females of strain 
C57 black were fed the high fat diet from the time 
of weaning on and killed together with 26 controls 
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fed the stock ration after i , 1 , 2, 3, or 6 months’ ob- 
servation The females fed the high fat diet showed 
better gain in weight and, histologically, faster 
epiphyseal development and earlier onset of 
articular age changes than controls fed the stock 
diet However, the differences between the 2 groups 
of females were less pronounced than those 
occurring in corresponding groups of males The 
veaker reaction of the female may be due to se\ 
differences in food intake or to the comparatively 
more advanced phj'^siological age of the fe- 
male skeleton at the beginning of the e\periment 
Whatever the mechanism involved, because of 
their weaker response females are less suited than 
males for studies concerning effects of nutritional 
factors in skeletal grovth and ageing 

Strain differences in skeletal growth and ageing of 
mice fed a high fat diet Ruth Silberbero and 
Martin Silberbero Snodgras Lab , Cily Hos- 
pital, and Dept of Pathology, Washington Untv , 
St Louts, Mo 

Under the influence of a high fat diet, female C57 
mice showed less acceleration of epiph 3 ’-seal de- 
velopment and articular ageing than males The 
faster physiological ageing of the female skeleton 
vas considered to be a possible cause for this se\ 
difference If this assumption was correct, animals 
belonging to a strain mth a rapid rate of skeletal 
ageing (dba) should likewise be less susceptible to 
the influence of such a diet than animals belonging 
to a slowly ageing strain (C57 black) At weaning, 60 
male and female dba mice were put on a diet of 
Purina Laboratory Chow with 25% lard added 
Together mth 48 male and female controls fed the 
stock ration, the test animals were killed after 
1, 2, 3, or 6 months’ observation The dba mice fed 
the high fat diet did not gain more weight than 
their controls kept on the stock ration, the corre- 
sponding C67 males gained 25% and the females 
10% more than their controls Strain differences 
manifested themselves also histologicallj’- In dba 
males, the high fat diet caused only slight accelera- 
tion of epiphyseal development and articular age- 
ing, dba females were hardlj" affected As 
compared with the response of C57 males and fe- 
males, there was thus in both sexes of the 
dba strain a distinctly decreased effect of the high 
fat diet Possibly, an as j’^et undetermined age 
change in the growing cartilage may be the com- 
mon denominator for strain and sex differences in 
the response to various nutritional and hormonal 
stimuli 

Metabolite antagonists in expenmentai cancer 
guanazoio Boris Sokoloff, James B Redd 
and Raymond Dutcher (introduced bj^ Leo 
Loeb) Southern Bio-Rosearch Lab , Florida 
Southern College, Lakeland 
Assuming that cancerous cells, contrary to nor- 


mal cells, are unable to synthesize guamne from 
adenine, G IGdder et al submitted mice, bearers 
of transplanted adenocarcinoma Eo 771 and 
of spontaneous mammary cancer, to treatment 
with guanazoio In the case of adenocarcinoma, 
treatment started 6 daj^s after transplantation, 
with a daily dose of 0 5 mg given tmce a day They 
noted a complete inhibition of growth, which re- 
gained its force as soon as the treatment was dis- 
continued In our experiments we used August 
Rat Carcinoma, a fast-growing tumor which 
never regresses, at least in our strain Altogether 
200 rats, vuth an average a eight of 180 gm , were 
used for experimentation Fifty rats were given 
daily injections (subcutaneous) of guanazoio, 
tvnce a daj’’, vuth a total dailj dose of 40 mg/kg of 
weight The treatment was started on the 6th day 
after inoculation when the tumor was of pinhead 
size We obtained a complete inhibition in 75% 
of tumors (36 rats) wnth a slow growdh in the rest 
of the tumors At the end of 3 weeks of the treat- 
ment, the average size of the tumor was 2 2 cu cm 
against 9 1 cu cm in the control group (25 rats) 
At the end of the 3rd w eek the treated rats showed 
some sluggishness and loss in weight (12% of ong- 
inal weight), wuth one rat dead In the 2nd senes 
of experiments, the treatment began when the 
tumors had reached the average size of 3 2 cu cm 
(50 rats) The dose of guanazoio was increased to a 
dailj’’ total dose of 100 mg/kg of weight After 3 
weeks of treatment the average size of the tumor 
had increased to 5 6 cu cm as against 9 9 cu cm 
in the control group This dose, however, produced 
a much stronger toxic effect on the animals with 8 
rats dead at the end of 3 weeks’ treatment while in 
the control group no mortalitj’’ was observed His- 
tological examination of the adrenal gland re- 
vealed some pathological changes m the reticular 
and fasciculata zones of the gland 

Autoantibodies to in vivo damaged kidney Rela- 
tionship to nephrotoxin Douglas H Sprunt, 
Wayne R Rogers* and Ann a Dean Dulaney * 
Inst of Pathology, Untv of Tennessee, Memphis 
The usual method for production of autoanti- 
bodies (brain, kidnej’’, heart, placenta, liver) has 
consisted of immunization of laboratory animals 
wuth normal tissues in combination with bacterial 
toxins or other injurious agents Complement 
fixation, precipitin tests, and collodion agglutina- 
tion have been used for the in vitro demonstration 
of such antibodies We have eniploj''ed a new pro- 
cedure, namely in vivo injury of kidneys with 
Staphylococcus toxin and the subsequent use of 
these kidneys for the production of autoanti- 
bodies The toxin was given to rabbits in 4 daily 
does of 0 1 cc by the intrapentoneal route, or in 
single doses of 1 cc , incorporated in a water-in-oil 
emulsion ivith M tuberculosis (Freund), and intro- 
duced subcutanteously The kidneyn were per- 
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fused ^\lth plnsiologic-il sivlinc solution, porfions 
removed for histological examination, and a finely 
dnidcd saline suspension prepared from the re- 
maining tissues When evidence of the pathologic 
state of the kulno\s ^\as oht allied these prepara- 
tions Mere used for iiniiuiniration of rahhits bv 
1 V , 1 p , and 8 c routes over a jicriod of 3 or G 
veeks The sera of rvbbits were used in comple- 
ment fixation tests r\ith kidiiej (normal and 
damaged) and other rabbit tissues Sera of rabbits 
which had received normal knliiPN plus toxin, 
kidner or toxin served ns controls Antibodies 
r\erc demonstrated for all rabbit tissues in sera of 
rabbits who had received damaged kidiiej or nor- 
mal kidney plus toxin The highest titers were 
obtained with the anti-damaged-kidne\ sera and 
the corresponding antigen These sera acre used 
in VIVO to test their nephrotoxic propertx 

Cytochemical changes in the adrenal cortex of the 
rat following the administration of cortisone 
Robert B Stebdins (introduced b\ H C 
Stoerk) Merck Inst for I’hcrapcutic Research, 
Rahicay, N J 

Daily subcutaneous administration of cortisone 
acetate (3 mg/dax) produced marked atrophy of 
the inner zones of the adrenal cortex, while the 
glomerulosa remained intact After from 10-42 
dajs of treatment, the lipoid and kotosteroid-like 
material of the subcapsular zone were, in general, 
unchanged In contrast, the inner cells of the cor- 
tex show ed a marked depletion of these substances 
Following 42 dajs treatment, histocheraical exam- 
inations demonstrated the almost complete loss of 
these components from the inner zones of the cor- 
text The glandular parenchyma resumed essen- 
tially a normal appearance within 17 days after 
discontinuance of the drug 

Marrow extracts affecting blood and marrow leu- 
kocytes Bernhard Steinberg, Albert A 
Dietz* and Ruth A IiLartin * Toledo Hospital 
Inst of Med Research, Toledo, Ohio 
We extracted from cattle marrow several frac- 
tions which decreased and raised leukocytes and 
platelets in the blood This presentation deals wnth 
the extract which lowered leukocytes The marrow 
Was aged at 5“ C for 5 days and at 26° for 2 days 
Each 1000 gm were extracted w ith 600 ml of water 
at 76° C for 30 minutes The fat wms discarded 
The Water extract was precipitated with acetone 
at pH 4 6 Residue of 6 2 gm was suspended in 
Water at pn 7 and ammonium sulfate added to i 
saturation The supernatant was dialyzed, fil- 
tered and precipitated with acetone at pH 4 5 
The residue, 1 2 gm , w as suspended in w ater and 
heated 3 minutes at 95° C Acetone was added to 
supernatant at pn 4 5 The residue, 0 66 gm , xvas 
suspended in water at pH 8 1 and digested with 
tr\ psin for 24 hours The trypsin w as inactivated 


at 80° C for 30 minutes Acetone was added to 
supernatant at pii 4 6 and a water soluble residue 
of 0 4 gm obtained Each of 60 rabbits w'ere in- 
jected subcutaneously with 0 1 gm of extract A 
decrease in blood leukocytes occurred in 4 hours 
and continued for 3-5 days Greatest decrease was 
88 8%, remaining at 75% of normal for 3 days 
The bone marrow showed granulocytic hj poplasia 
due to inhibition of maturation With an increase 
in peripheral leukocytes, immature granulocytes 
appeared It is postulated that marrow contains 
substances which maintain a physiological equilib- 
rium of blood cells 

Inhibition of the tuberculin reaction by cortisone 
in xaccinated guinea pigs H C Stoerk MereJo 
Inst for 7'hcrapcutic Research, Rahxoay, iV J 
The group of diseases which Hcnch el al ob- 
served to be benefited by cortisone are generally 
assumed to be due to a hj'pcrscnsitivity of the 
necrotizing (tuberculin) type Cortisone is known 
to produce a marked loss of lymphoid tissue The 
latter for a long time has been suspected to be 
related to antibody formation and has been show n 
to carry' the antibody specific to the tuberculo- 
protcins In sensitized animals a failure of the 
tuberculin reaction (or of anaphylaxis) to appear 
has been observed following a great varictx of 
injurious stimuli It seemed plausible to assume 
that this phenomenon of non specific dcsensitiza- 
tion may' be related to increased adrenal cortical 
activity' Accordingly , the effect of cortisone has 
been investigated in the various ty'pes of hy'per- 
sensitivity' in guinea pigs It was found that by per- 
sensitivity' of the anaphy'lactic type was not pre- 
vented with cortisone In the Arthus reaction, 
cortisone administration reduced the amount of 
fluid exudation, but not the cellular infiltration 
in the tissues The amount of necrosis and of 
hemorrhage W'as not appreciably diminished In 
guinea pigs vaccinated with heat killed human 
tubercle bacilli, the tuberculin reaction could not 
be elicited when cortisone was administered prior 
to the injection of old tuberculin Previously', a 
reduction of antibody concentrations has been 
observed following the administration of corti- 
sone It IS therefore likely that the suppression of 
the tuberculin type of hypersensitivity, is at least 
in part related to an increased degradation of 
antibody protein by cortisone 

Alterations of cytoplasmic basophilia in Iner 
injury and its relation to serum proteins Paul 
B SzANTO,* Hans Popper, Dieter Koch- 
Weser* and j de la Huerga * Heklocn Inst 
for Med Research and Depls of Pathology, Cool 
County Hospital and Northwestern Univ Med 
School, Chicago, III 

The alterations of cy'toplasmic basophilic mate- 
rial m various examples of human and expcri- 
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mental liver injury were studied and in the humans 
correlated with serum proteins This material was 
identified as ribonucleic acid by pyronme, thio- 
mne, gallocyanin, azure II and by specific diges- 
tion with nbonuclease The RNA of the liver cells 
was reduced in various forms of liver damage such 
as viral hepatitis, toxic hepatitis and active cir- 
rhosis and less so m even long-standing biliary 
obstruction It appeared increased in tumors, re- 
generating and compressed liver cells It was 
similarly decreased in various forms of experi- 
mental liver cell damage In chronic liver injury 
the decrease ran parallel with nucleolar changes 
In mdmdual human cases it ran parallel to reduc- 
tion of serum albumin In liver diseases, especially 
so in viral hepatitis and active cirrhosis, the cyto- 
plasm of the Kupfler cells and the mesenchymal 
cells in portal triads revealed marked RNA reac- 
tion Markedly bile-laden Kupffer cells, even if 
proliferated, vere free of RNA as chiefly seen in 
obstructive jaundice In the human the RNA in 
Kupffer cells and other mesenchymal cells oc- 
curred mainlj"^ in conditions with elevated serum 
gamma globulin RNA reaction in hepatic epi- 
thelial and mesenchymal cells seems to indicate 
cellular activity The results support the opinion 
that albumin is formed bj’- the hepatic epithelial 
cells and indicate that at least some gamma glob- 
ulins are formed bj the Kupffer and portal mesen- 
chymal cells The latter process appears stimu- 
lated by most forms of liver damage 

Study of fibro-elastic intimal arteriosclerosis fol- 
lowing hypothermal medial degeneration of 
young and old rabbits C Bruce Tailor,* 
David Baldwin* and George M Hass Rush 
Lab of Pathology, Presbyterian Hospital, in 
affiliation with Univ of Illinois College of Medi- 
cine, Chicago 

Local lesions were produced in aortas of juvenile 
and senile rabbits with a hypothermal instrument 
Ammals were killed at intervals up to 24 weeks 
Lesions were studied microscopically Aneury smal 
dilatation occurred immediately Inflammatory 
reaction was insignificant at any stage Degenera- 
tion of medial smooth muscle was advanced one 
w'eek after mjury and complete at 2 weeks Elastic 
lamellae were fragmented at 2 weeks Medial 
calcification appeared at 3 weeks and was com- 
plete at 5 weeks In juvenile rabbits calcium 
slowly resorbed In senile rabbits cartilage and 
bone appeared Lesions of juvenile rabbits gradu- 
ally contracted, those of senile rabbits showed 
persistent aneurysmal dilatation Intimal pro- 
liferation with collagen deposition began at 2 
weeks and was complete at 6 weeks Intimal pro- 
liferation was much greater in juvenile rabbits 
In all animals new formation of clastic tissue was 
apparent in the thickened mtima in 3 weeks At 


24 weeks, elastic fibrils in the proliferated intima 
resembled normal medial elastic lamellae Smooth 
muscle cells appeared in the thickened intima at 
2 weeks At 6 weeks they were occasionally as 
abundant as those in normal media At 4 weeks, a 
new internal elastic membrane was detectable 
It was almost completely formed at 20 weeks 
Since proliferated intima provided a matrix for 
new elastic tissue lamellae and smooth muscle 
cells, quantities of all elements were much greater 
in juvenile rabbits Essentially, a new vessel wall 
was partly reproduced within the framework of 
the proliferated intima 

Action of 4-amino-pteroylglutamic acid on the 
early pregnancy of rats and mice J B Thiehsch 
AND F S Philips (introduced by C P Rhoads) 
Pharmacology Section, Division of Exper Chemo- 
therapy, Sloan-Kettering Inst for Caneer Re- 
search, New York City 

4-Amino-pteroylglutnmic acid was given to preg- 
nant mice and rats m small doses which caused 
transient depletion of their marrow to approxi- 
mately half its cellular contents The mothers 
were not otherwise affected significantly The 
compound when given in the first week of preg- 
nancy produced death of the foeti but when given 
during the second week the litters survived A 
single observation in a bitch suggested a similar 
action in this species The results of these experi- 
ments and their bearing on fertility, seasonal 
breeding, spontaneous abortion and chlorosis are 
shortly discussed 

Sarcomatoid growths resulting from mammary 
carcinoma cells that had sojourned in immune 
mice Helene Wallace Toolan* and John G 
Kidd Dept of Pathology, New York Hospital- 
Cornell Med Center, New York City 
Tumors often result when the cells of a trans- 
plantable C3H mammary carcinoma are trans- 
ferred back to susceptible C3H hosts after several 
days’ sojourn in the subcutaneous tissues of A 
mice immune to them, as previous studies have 
shown (^Federation Proc 8 360, 373, 1949) The 
growths, however, are not mammary carcinomas 
but fibrosarcomas, as judged histologically This 
has proved true m 13 of 15 experiments, in no 
instance have ordinary mammary carcinomas been 
obtained from cells that had lain as long as 6 days 
in the subcutaneous tissues of immune hosts 
The sarcomatoid growths are comprised of spmdle- 
shaped cells that often he whorled in parallel 
bundles and regularly produce large amounts of 
collagen One of them has been transplanted in 
senes in C3H hosts, during many months its celk 
have retained their elongated form and continued 
to lay down collagen They differ notably from 
the polyhedral elements that comprise the trans- 
plantable mammary carcinoma, and they con- 
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tinuc to arrange themselves in bundles that differ 
distinctively from the solid cords and pseudo- 
papillary masses of the original groivth, a car- 
cinoma simple\ alveolare It is noteworthy , how- 
ever, that some time ago, after repeated transfers, 
a small proportion of the cells of the mammary 
carcinoma, especially those at the margins of the 
sj ncytial masses, assumed a more elongated form 
and were not infrequently surrounded by small 
amounts of collagen 

Lipo-protein of Gaucher’s Disease L L Uzman 
( introduced by Sidney Faiiber) Chtldrcn's Med- 
ical Center, Boston, Mass 

The spleens of two cases of Gaucher’s Disease 
were removed surgically, frozen in dry ice and 
processed as follows 100 gm of tissue were first 
extracted with 600 ml cold distilled water in a 
Waring blender Follownng centrifugation, the 
residue was next extracted with cold 10% NaCl 
This was centnfuged at 9,000 g and the residue 
again extracted at -4-5° C wnth 10% NaCl for 16 
hours This second saline extract was centrifuged 
at 9,000 g and supernatant diluted with 7 vols 
distilled water After 24 hours standing in the cold, 
the ppt was collected, dissolved in 4% NaCl, 
alkali added to pn 8 0 then brought to pn 4 2 w ith 
acid The precipitate was collected, re-dissolved 
and re-precipitated in the same manner 4 times, 
dialyzed and lyophilized The fluffy white mate- 
rial thus obtained is a lipo-protein containing 62% 
lipid The lipid moiety is kerasine and accounts 
for more than 70% of the total tissue cerebrosidc 
The lipid IS very strongly bound, being split from 
the protein only after 6^ hours boiling with 
CHCh CHjOH, or on treating the lipo-protein 
with 8M-guamdme hydrochloride Osmotic pres- 
sure data reveal a number-average m wt of above 
300,000 for this lipo-protein which also exhibits a 
high organic anion affinity comparable to serum 
albumin No free — SH groups are detectable be- 
fore denaturation, and the intact lipo-protein is 
resistant to tryptic and catheptic digestion It 
appears that the lipid m Gaucher’s Disease is 
‘bound’ within the cell as a lipo-protein 

Quantitative relations between acute hepatic ne- 
crosis and survival in rabbits Gordon Vaw- 
tes,* George M Hass and C Bruce Taylor * 
Rush Lab of Pcdhology, Presbyterian Hospital, 
in affiliation with Univ of Illinois College of 
Medicine, Chicago 

Albino rabbits, weighting 3-9 pounds were used 
During ether anesthesia, the liver was exposed 
surgically Usmg partial aseptic precautions, mul- 
tiple local areas of acute necrosis were produced 
in the liver by direct application of an instrument 
cooled to —60° C Experience indicated that if 
animals survived for 3 days they would show no 
future symptoms attributable to the hepatic 


injury Hence, experiments were terminated either 
by death following hepatic damage or by killing 
the animal at the end of 3 days Bacteriologic 
studies were made The liver was removed and 
its weight and volume were determined Volume 
of acute hepatic necrosis was calculated from 
direct measurements of multiple sharply defined 
lesions No anaerobic or significant aerobic bac- 
teria were isolated from the liver Results indi- 
cated that the most important factor responsible 
for death was the volume percentage of liver, 
rendered non-viablc by freezing A second factor, 
the area of contact betw cen normal and non-viable 
hepatic tissue, was also important By combining 
these 2 factors an index for defining with con- 
siderable accuracy', the relations between acute 
hepatic necrosis and survival of the animal was 
established This affords a quantitative basis for 
further study of causes of death and of associated 
degree of renal damage observed in these animals 
The principal advantages of the method are that 
the hepatic damage is quantitatively and quali- 
tatively reproducible and that no other organ is 
directly damaged by the method of producing 
acute hepatic necrosis 

Dcmyelinization induced experimentally by means 
of lipase F Stephen Vogel (introduced by 
John G Kidd) Dept of Pathology, New York 
Hospital-Cornell Med Center, New York City 
Punfied lipase made from hog pancreas has 
regularly produced focal areas of demyebmzation 
when injected intracerebrally' in rabbits The le- 
sions became manifest wnthin 48 hours and per- 
sisted for at least ten days They were charac- 
terized by complete loss of myelin and moderate 
gliosis wnth little or no destruction of other neu- 
ronal structures and no noteworthy inflammation, 
in these respects resembling closely the plaques 
of multiple sclerosis The demyelinization was 
often accompanied by paresis Neither resulted 
when trypsin and chymotrypsin were injected 
intracerebrally in control animals An area of 
demyelinization involving the basal ganglia, to- 
gether vrith atrophy of the regional ganglion cells 
without inflammation, developed following re- 
peated injections of lipase intravenously in a 
single rabbit When segments of normal spinal 
cord from various species were incubated with 
solutions containing the purified lipase, demye- 
linization regularly resulted, the change being 
similar to that produced by the plasma of patients 
with multiple sclerosis (Arch Neurol d. Psychiat 
23 713, 1930, 27 367, 27 375, 1932) Try'psin and 
chymotrypsin likewise again failed to produced 
this effect in control experiments 

Adenosinase, adenase and xanthine oxidase of 
lymphoid tissues Bernard M Wagner* and 
WILLIAM E Ehrich Philadelphia General Hos- 
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jnial and Graduate School of Medicine, Univ of 
Pennsylvania, Philadelphia 
The enzyme content of lymphoid tissues asso- 
ciated with nucleoprotein chemistry has been 
studied by Barnes Using a bio-assay method, he 
found that these tissues excelled in adenosmase 
As the enz 3 Tne is important in nucleoprotein 
synthesis, and this appears to be closely related to 
antibody formation, it was hoped that a system- 
atic study of the various enzymes present in the 
lymphoid tissues associated vnth nucleic acid 
metabolism would throw light on the protem- 
synthesizing function of their cells The method 
of differential ultra-violet spectrophotometrj’- of 
Kalckar was employed The results obtained will 
be presented and discussed 

Obesity and food requirements of albino mice 
following administration of goldthioglucose S 
H Waxler* and G Brecher Army Med Dept 
Research and Graduate School and National Insls 
of Health, Bethesda, Md 

Brecher and Waxier recently reported the ex- 
perimental production of obesity in mice by single 
injections of goldthioglucose About 30% of the 
survivors of a toxic dose of the compound reached 
weights of 50-80 gm 6-12 months after injection 
The excess weight was due to a marked increase of 
depot fat, but no morphologic changes were found 
in any organs except for a centrolobular fatty 
infiltration of the liver A study of the food re- 
quirements of the injected rmce showed that the 
food consumption of injected animals which be- 
come obese was increased both during the first 3 
months of rapid weight gams and during a subse- 
quent 3-month period of relatively slight addi- 
tional increments in body weight The obese 
animals tolerated prolonged starvation (up to 19 
days) utilizing practically all of their excess fat 
during that period On refceding, the animals 
regained their pre-starvation weights, but weight 
gams could be delayed by restnction of food in- 
take 

Cellular dynamics in intestinal mucosa, quantita- 
tive measurements of effects of antimitotic 
agents, effect of nitrogen mustard on ceil divi- 
sion and differentiation Banice Webber,* Ben- 
jamin R Craig* and Nathan B Friedman 
Division of Labs and Dept of Radiotherapy, 
Cedars of Lebanon Hospital, Los Angeles, Calif 
Mitotic counts are easily performed on sections 
of rat duodenum By doing counts at intervals 
after treatment ivith various agents clear-cut 
curves of antimitotic activity, for example, may 
be obtained There is usually a period of excessive 
mitotic activity which follows the phase of de- 
pression by irradiation or nitrogen mustard It is 
simple by this method to appraise the effects of 
combinations of these agents with various time 


and dosage factors Study of rats treated with 
nitrogen mustard reveals that the inhibition of 
mitotic activity wthout interference in the dif- 
ferentiation of goblet cells which characterizes 
radiation reaction in the rat duodenum {J Exper 
Med 81 563, 1946) can be duplicated by this agent 

Histologic and enzymologic changes in lungs of 
rabbits with airborne tuberculosis Charles 
Weiss, Marial L Boyar* and H L Rat- 
CLiFFE * Jewish Hospital and Penrose Research 
Labs , Zoological Society, Philadelphia, Pa 
Female albino rabbits were infected with either 
a human virulent strain H37-Rv or a bovine, 
Ravenel culture of tubercle bacilli, employing the 
Wells apparatus for the quantitative study of 
droplet nuclei infection (Am J Hyg 47 1948) 
In animals killed 52 da}'s after infection when the 
tuberculin reaction vas positive, the lungs showed 
from 10 to 16 discrete tubercles, about 10 mm m 
diameter and protruding about 6 mm above the 
pleural surface In the interior of the tubercles 
there vere distinct areas of caseation surrounded 
by inflammatory zones Numerous small, scat- 
tered secondary tubercles vere also observed 
Employing chemical methods previously desenbed 
(Proc Soc Exper Biol A Med 72 236, 1949) it 
was shovTi that caseous material, which had been 
freed as far as possible from surrounding inflam- 
matory tissue, IS not enzymatically inert but 
hydrolyzes BAA and LA However, its rate of 
hydrolysis is very much slower than that of the 
surrounding inflammatory ‘wall ’ Other rabbits 
v ere infected noth either human or bovine tubercle 
bacilli by means of the Wells apparatus and, 6 to 
7 weeks later, exposed in the same manner to 
aerosol solutions of P P D in doses of approxi- 
mately 8 X 10“’ mg These animals were killed 48 
hours later The tubercles now presented mcreased 
areas of caseation which showed decreased density 
and an increased tendency toward liquefaction 

Cytoplasmic reactions of hepatic parenchymal 
cells to experimental injury in rodents and dogs 
W Lane Williams AND Albert J Greenbero * 
Depts of Anatomy and Medicine, Univ of Min- 
nesota, Minneapolis 

Liver injury was produced in mice by CCb or 
by starvation for 1-8 days, dogs by CCh for 5 
days-1 year, by starvation for 35 days or low pro- 
tein diets for 30-300 days (3% to 10%, with and 
without a large intake of alcohol), and young rats 
by a low protein-high fat diet for 4r-8 weeks Initial 
lesions were centrilobular and mutual cj’toplasnuo 
respones were a decrease in ribonucleic acid, a 
positive alkaline phosphtase reaction (absent in 
normal liver cells) and beginning liposis In die- 
tary deficient animals fat deposition was progres- 
sive In CCL-treated animals necrosis of central 
cells ensued Continued treatment (dogs) with 
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ecu produced ninssivc cirrhosis ^Mth parciichjma 
consisting of nodules of Inpcrplostic cells Such 
cells were large and In perbasophilic (c^lopla8m) 
Considerable basophilia remained after digestion 
wath nbonuclcasc but was removed In the tri- 
chloroacetic acid (Schneider) method for extrac- 
tion of nucleic acids Significant cirrhosis did not 
occur in dogs on low protein diets (with or without 
alcohol) Such livers were fatta Most parenchy- 
mal cells contained fat and were hj pobasophilic, 
but other cells were non-fatta and ha perbasophilic 
like those of chronic CCL-trcated dogs It seems 
significant that a decrease in catoplasmic baso- 
philia of centrilobular cells was an obaious reac- 
tion in 3 species to sea'eral methods of liver injura 
A similar ha pobasophilia was produced in extra- 
central cells ba treating sections with ribonu- 
clease Trichloroacetic acid removed all cato- 
plasmic basophilia and Fculgcn-positivc nuclear 
material 

Protective action of sulfa drugs against CCh 
poisoning in mice J Walter Wilson, Eliza- 
beth H Leduc AND Lois E Arnold (introduced 
bj H S N Greene) Dcpl of Biology, Brown 
Vmv , Providence, R I 

That the more soluble sulfa drugs, particularly 
sulfanilamide, protect rats against liver damage 
bv ecu avas reported by Leach and Forbes {Proc 
Soc Exper Biol cC Med , 51 47-48) We have 
investigated in mice the effect of sulfanilamide 
and also of sulfaguanidine and formosulphathia- 
zole, which are poorly absorbed Y'oung adult 
mice were placed on a low" fat (8%) or high fat 
(26%) semi-sni'thetic diet Experimental animals 
received in the diet one of the followung 0 1% 
sulfanilamide, 0 5% sulfaguanidine, 2 0% sulfa- 
guanidine, or 0 5% formosulphathiazole After 
three dajs on the diet they were injected subcu- 
taneously with 0 1 cc of a 40% solution of CCU m 
sesame oil Animals were sacrificed on the second 
and third days afterward, and the livers studied 
histologically Animals with CCU but without 
sulfa drugs showed somewhat less liver injury on 
the low fat than on the high fat diet From i to i 
of the lobule was necrotic There was about the 
same injury wnth the formosulphathiazole The 
0 5% sulfaguanidine group show ed very much less 
mjurj , and there was practically none in the 2 0% 
sulfaguanidine or the 0 1% sulfanilamide groups 
In the sulfaguanidine groups, the only indication 
of ecu poisoning was a reversible hydropic change 
in the liver cells, e g in the two daj , 2% sulfa- 
guanidine livers there were many “balloon cells”, 
which had recovered by the third dav The pro- 
tective action of these sulfa drugs seems to be 
related to the degree of absorption from the in- 
testine 


Rate of clearance from blood of “‘I tagged plasma , 
determinations of cell and plasma volumes with 
radioisotopes and Evans blue L Wish,* R H 
Storex* and j Furth Oal Ridge Natl Lab , 
Biology Division, Oak Ridge, Tcnn 
Rabbit and dog plasma were tagged with >’>1 
The tcchnic of Fine and Sehgman was modified 
bj' removing the excess of unbound inorganic 
iodide by passage through an nnion-exchange 
column Seventeen rabbits were given a total body 
exposure of 1000 r of x-rays Pairs of x-rayed and 
normal rabbits were injected intravenously with 
tagged homologous or heterologous plasma from 
1-13 daxs after irradiation Samples of blood were 
wntlidrawn at various intervals after injection 
and (he relative activitj of the ”'I m the plasma 
measured Both homologous and heterologous 
plasma disappeared from the blood faster in the 
irradiated than in the normal rabbits This differ- 
ence was greater wuth homologous plasma The 
highest concentration of radioactivity in the 
plasma, 3-5 minutes after injection, was taken to 
indicate the plasma volume This volume, calcu- 
lated in percentage of body weight, x\as less m 
animals that had been injected wnth homologous 
plasma, 4-13 dajs after irradiation, than in the 
normal rabbits Evans blue plasma values deter- 
mined on several of these animals were consist- 
ently higher than those obtained with lodinated 
plasma “P tagged erjdhrocytes of the rabbits 
reintroduced in the animal likewnse disappeared 
faster in irradiated than in normal animals 
Experiments are being performed to obtain infor- 
mation on the meaning of these differences ob- 
served between x-rajed and normal rabbits 
x 

Influence of estrogenic hormone on calcium and 
phosphorus balances in osteogenesis imper- 
fecta congenita Harry H Womack, Jr ,* Hilda 
F Wiese* and Arild E Hansen Dept of Pedi- 
atrics, Univ of Texas Med Branch, Galveston 
A 4-month old negro male infant wnth marked 
osteoporosis and bodily deformity due to numer- 
ous fractures because of osteogenesis imperfeca 
of the congenita type was studied He was placed 
on a metabolic frame and given a weighed milk 
diet wuth vitamin supplements considered ade- 
quate to meet his fundamental nutritional re- 
quirements The control period comprised two 
3-day and two 6-day intervals for a total of 18 
days, the separate urine and stool collections 
beginning after the patient had been on the experi- 
mental diet for over 2 weeks The total calcium 
intake was 11 483 gm and the output, urine 0 7G6 
gm. and stool 8 439 gm , the phosphorus intake was 
8 542 gm and the output, urine 2 603 and stools 
3 458 gm Estrogenic substance, Progxnon B 
(Schenng) 1, ml intramuscular! j was given for 
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30 days, the diet and other conditions remaining 
unaltered The calcium intake was 20 963 gm and 
the output, urine 0 499 and stool 16 865 the phos- 
phorus intake was 16 779 gm and the output, 
urine 5 033 and stools 6 471 The average daily 
urinary calcium decreased following the adminis- 
tration of the estrogenic substance However, 
average daily calcium retention was 0 154 gm for 
the control period and 0 153 for the estrogen 
period Somewhat less phosphorus nas retained 
during the administration of the estrogen, the 
daily average retention being 0 234 and 0 142 
respectively for the control and estrogen periods 
Roentgenograms revealed no change in the degree 
of osteoporosis Estrogenic substance was con- 
tinued for a short time thereafter vuthout stool 
and urine collections Fractures continued to 
occur with slight trauma 

Excretion and tissue distribution of C“ following 
Intravenous injection of labeled plasma pro- 
tein C L Yuile, B G Lamson,* L B Ander- 
son, Jr * AND G H Whipple Dept of Pathol- 
ogy, Umv of Rochester School of Mcdtcine and 
Dentistry, Rochester, N Y 
Plasma with a high C'< content, from a donor 


dog which had been fed DL-lysme labeled with 
C*^ in the e position, was collected at a time when 
at least 98% of the total plasma activity was pres- 
ent m the plasma proteins Following intravenous 
injection of this labeled plasma into a recipient 
dog, the content of aliquots of expired CO: was 
measured at intervals dunng a 48-hour penod A 
low and dimmishing amount of the isotope was 
observed m these samples which mdicated that 
not more than 6-7% of the dose was eliminated hy 
this route dunng the penod of the experiment 
Unnary excretion accounted for loss of less than 
1% of the injected C'* The rate of dechne of the 
plasma protein activity m the recipient dog con- 
firmed the previously reported conclusion that 
plasma proteins are utilized and replaced at a 
minimum rate of 10%/24 hours Following vivi- 
perfusion at 48 hours, significant amounts of 
activity, predominantly in protein, were detected 
in all tissues examined The hver alone contained 
as much as 6 8% of the dose The findings in this 
expenment are consistent with the theory of a 
rapid and labile exchange between plasma and 
tissue proteins, evolved from past metabolism 
studies 
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Riboflavin deficiency in dogs produced by 2-acetyl- 
aminofluorene James B Allison and Arthur 
W Wase * Bureau of Biological Research, Rul- 
gersVnw ,Aew Brunsioick, A' J 
Feeding 0 03% 2 acetylaminofluorene in a syn- 
thetic diet to adult dogs produced a riboflavin dc- 
ficiencj Vihich Mas characterized clinically by a 
seborrheic eryd.henia mth alopecia, a condition 
which was cured rapidly by increasing the ribo- 
flavin intake Riboflavin retention tests demon- 
strated that the excretion of vitamin in the 
animals mth lesions was greatly reduced below the 
controls The riboflavin content of the livers of 
dogs mth lesions was approximately 15 gamma per 
gram of tissue nhich is about half the amount 
found in the controls The drug also reduced the 
riboflavin associated y\nth the bacterial flora of the 
intestinal tract A deficiency m as not produced on 
a nboflavin-free diet m the absence of the drug It 
was demonstrated that dogs fed the nboflavin-free 
diet had a normal nboflavin content of the feces 
and liver and that the retention of the vitamin was 
the same as m the controls It nas shown that the 
absorption of vitamin could be adequate from the 
region of the intestine where the bacteria 
were most abundant These experiments indicate 
that a nboflavin deficiency can be prevented bv 
the synthesis of vitamin in the bacterial flora of 
the intestinal tract and that 2-acetylaminofluorene 
will reduce the vitanun content of the bacterial 
culture in the feces as well as the content of the 
animal tissues Continued feeding of the drug in- 
duced hepatomas in some and depletion of protein 
stores in all dogs 

A folic acid-derived growth factor for Leuconostoc 
cifrovorum in human urine R M Anker,* J W 
Boehne* AND Arnold D Welch Depi of Phar- 
macology, Western Reserve Univ School of Medi- 
cine, Cleveland, Ohio 

Urine contains a factor which stimulates the 
growth of Leuconostoc citrovorum 8081 under con- 
ditions nhere pteroylglutannc acid (PGA) does 
not itself cause gron th of the organism As noted 
byf Sauberlich {J Biol Chem 181 467, 1949), ad- 
ministration of PGA greatly increases the urinary 
excretion of the citrovorum factor In man, the 
effect of PGA on urinary excretion is subject to in- 
dividual and daily y'ariations n hich, m part, appear 
to be due to constituents of the diet, lion ever. 


the amount excreted remains roughly propor- 
tional to the amount of PGA ingested Concentra- 
tion of the factor from the urine of individuals in- 
gesting 50-100 mg of PGA daily has been attained 
Unmodified PGA is removed on Amberlite IR-4B 
without significant loss of activity for L citro- 
vorum, yyhile activity for L casei is greatly 
reduced The factor behaves as an anion in alkaline 
media, is unionized at neutrality, is very unstable 
below pii 3, and is adsorbed strongly on Darco G- 
60 charcoal (pH 5-6) from which it is eluted by am- 
moniacal ethanol Counter-current distribu- 
tion, utilizing pyTidine and aqueous sodium 
carbonate, ynelds a product with ultraviolet ab- 
sorption suggesting the presence of a pteridine 
derivatum On paper strips, the factor in untreated 
urine moved but little with 2,4,6-collidme, with 
2,4-lutidine either 2 or 3 zones of activity were ob- 
tained, while with butanol-acetic acid only one 
band resulted (mth much loss of activity, as ex- 
pected) The partially purified factor from urine 
gave but one band v ith 2,4-lutidine Further stud- 
ies on the concentration and properties of the 
factor are m progress 

Inactivation of biotin by hydrochloric acid A E 
Axelrod and Klaus Hofmann Inst of Pathol- 
ogy, Western Pennsylvania Hospital and Dept of 
Chemistry, Univ of Pittsburgh, Pittsburgh, Pa 
In the course of studies involving the utilization 
of different microorganisms for the assay of biotin 
in natural products, it was observed that hydro- 
chloric acid extracts of grass jmee powder 
possessed growth-promoting actmty for L ara- 
binosus and S cerevisiae but not for L casei and S 
fecalis In contrast, sulfuric acid extracts of grass 
juice ponder, as well as hydrochloric acid extracts 
of a large number of other natural products, were 
active for all 4 organisms In attempts to elucidate 
the mechanism of the effect of hydrochloric acid 
upon grass juice powder the following observations 
were made 1) Autoclaving of extremely dilute 
solutions of biotm with hydrochloric acid resulted 
in almost complete loss of their gron th-promotmg 
potency’’ for L casei and »S fecalis and approxi- 
mately^ 50% loss for L arabinosus and S cerevisiae 
Autoclavmg with sulfunc acid was without dele- 
terious effect 2) Solutions of oxybiotm were not 
affected by autocla'ving with either hy drochloric 
or sulfuric acid and S) biotin sulfoxide nas as ac- 
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tive as biotin for L arabtnosus and jS cerevistae on 
a molar basis, and inactive for L caset or S fecalta 
In view of the fact that biotin sulfone is inactive 
under these conditions for the 4 organisms, it is 
postulated that hydrochloric acid converts dilute 
solutions of biotin into a mixture of biotin 
sulfoxide and biotin sulfone Expenments are 
presented which are in agreement ^vlth the concept 
that many natural materials are capable of pre- 
venting the conversion of biotin to its sulfoxide 
and sulfone through the action of hydrochloric 
acid Such a ‘protective’ action is absent in grass 
juice powder 

Deposition of thiamine, riboflavin, and panto- 
thenic acid in placental and fetal tissues as a 
basis for estimating vitamin requirements for 
normal reproduction in rats Mahgahet Bab- 
RETT,* Harvte Lewis* and Gladys Everson 
Nutnlion Lab , Home Economics Section, Iowa 
Agricultural Exper Station, Iowa State College, 
Ames 

Rats fed a modification of the Steenbock stock 
ration have been killed at intervals during preg- 
nancy so that data could be secured on the 
quantity of vitamins present in fetal and placental 
tissues at any stage of pregnancy Analjses for 
thiamine, riboflavin and pantothenic acid concen- 
trations have been completed for such tissues 
Since reproductive performance vas known to be 
slightly more uniform among stock animals of our 
colony during second pregnancies, the second 
pregnancy was chosen for stud}' Females included 
in the present experiment, therefore, were known 
to have borne one satisfactory litter and were pro- 
ducing at least 9 young at the time they 
were killed The concentrations of the vitamins of 
the uterus and its contents were determined for 
non-pregnant females and for rats in the Gth, 10th, 
11th and 12th days of pregnancy From the 13th 
day to parturition, animals were killed at one day 
intervals and both fetal and placental tissues were 
assayed The results of this study bring out some 
interesting differences in the vitamin needs of the 
rat at various stages of pregnancy 

Effect of pyridoxine deprivation on ammo acid 
metabolism in rats J R Beaton,* R M Bal- 
LANTYNE,* R E LaU,* A StECKLEY* AND E W 
McHenry Dept of Public Health Nutrition, 
Univ of Toronto, Toronto, Canada 
To determine the relation of pyridoxine to ammo 
acid metabohsm, alanine was given intraperito- 
neally to fasting rats At suitable intervals after ad- 
ministration of alanine, animals were killed to ob 
tain blood for the estimation of urea, uric acid, 
glutamic acid, a ammo nitrogen and sugar Com- 
parison was made between rats which had received 
pyridoxine and ones which had been deprived of 
that vitamin The degree of deprivation was de- 


termined by microbiological assay of liver stores 
of vitamin Bt Pyridoxine insufflciency had no 
apparent effect on the production of urea, sugar, 
and glutamic acid after alanine adnumstration, 
but there seemed to be delayed utilization of all 
of the metabolites studied Blood concentration, 
as measured by packed cell volume, accounted for 
only a small proportion of the observed effects 
The evidence indicated that pyridoxine depriva- 
tion, to the extent attained, did not interfere with 
the transamination of alanine to glutamic acid but 
did, possibly, delay deamination 

Influence of low levels of protein on heat produc- 
tion Alex Black, K H Maddy* and R W 
Swift Dept of Animal Nutrition, Pennsylvania 
State College, Stale College, Pa 
This study represents a continuation of previous 
on the same general subject (Forbes, et al J 
Nutrition, 28 189, 1944) m which it was found 
that the heat production of rats decreased with 
increased protein content of isocaloric diets The 
protein content of the diets ranged from 10 to 45% 
The experiment reported here w as designed to in- 
clude diets of lower protein content than were pre- 
viously emplojed, namely, 6, 8, and 10% All ra- 
tions were compounded to be equicalonc and to 
contain approximately the same amount of vita- 
mins and minerals The experimental subjects 
were male weanling albino rats fed bj' the paired- 
method modified to include three littermate ani- 
mals in a group, with one rat fed each level of pro- 
tein studied The heat production was measured 
by the body balance procedure involving analysis 
of control animals at the start of the experiment 
and the experimental subjects at the end The 
average live weight of the three groups increased 
during 10 weeks from 48 grams at the start of the 
experiment to 123, 150, and 169 grams at the end 
for the 6, 8 and 10% protein groups respectively 
Other data to be determined include metabolizable 
energj , nitrogen in the unne and feces, body gam 
of energy as protein and as fat and the heat pro- 
duction 

Toxociological studies of a new mercurial diuretic 

8-(beta-acetoxymercuri-gamma-methoxy- 

propyl) -3-carboxycoumarin - theophylline (EN- 
664) Harold Blumberg, Albert Schlesinger* 
AND S M Gordon * Research Labs , Endo Prod- 
ucts Inc , Richmond Hill, N V 
A new mercurial diuretic, 8- (beta acetoxy 

mercurigamma methoxj propyl)-3-carboxy - cou- 

marin-theophylline, designated as EN-S64, was 
synthesized in our laboratories Clinical trials by 
Shapiro and Weiner have demonstrated that the 
intramuscular adnumstration of EN-664 produces 
an effective and satisfactory diuresis in humans 
In this compound the propyl group is attached to 
a ring carbon atom instead of to the carbamide 
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nitrogen of the currently available mercurial diu- 
retics Dissolved as the sodium salt at pH 7 3, EN- 
664 forms a stable solution containing 130 mg/cc 
of the compound, or 39 mg/cc Hg, vhich is the 
customary strength of mercurial diuretics for 
clinical use The acute toxicity of EN-664 was de- 
termined m several species The following values 
were found for the ldbo i S E , m mg Hg/kg in- 
travenous — mouse 40 6 ± 1 7, rat 9 8 ± 0 82, rab- 
bit 7 4 ± 1 4 , intramuscular — rat 12 3 ± 0 48, rab- 
bit 105 ± 10, subcutaneous — mouse 83 ± 2 6, 
oral — rat 238 ± 11 These values, as iiell as those 
obtained for the estimated ldbo, indicate that EN- 
564 has approximately the same acute toxicitj as 
the currently used mercurial diuretics In a side- 
by-side comparison, the folloinng values for the 
1 m LDso in rats Here obtained mersalj'l-theophjd- 
Ime 10 8 db 0 20, EN-564 11 8 ± 0 17 SimilarR, a 
subcutaneous comparison m mice gave niersalyl- 
theoph 3 dhne 74 ± 4 4, merallunde 84 d: 2 1 , and 
EN-564 83 rt 2 6 In a chronic toxicitj^ study, 
jmung rabbits received weekly i m injections of 
EN-564 for 6 months The rabbits tolerated the 
drug and gamed weight at dosages as high as 8 mg 
Hg/kg/nk This level corresponds to 0 20 cc/kg 
of the EN-564 solution, or approximately 6 times 
the clinical dosage 

Effect of dietary level of tocopherols on their 
metabolism in swine J W Bratzler,* J K 
LoosUjV N Krtjkovskt* AND L A Maynard 
Depts of Animal Eushandry, Dairy Industry, and 
Biochemistry and Nutrition, Cornell Univ , 
Ithaca, N Y 

Five male weanlmg pigs were fed a tocopherol- 
low purified ration consisting of 25% casein, 40 3% 
starch, 25% com sugar, 4% fiber, 0 2% methionine, 
5% mmerals, and liberal quantities of 9 vitamins 
Two animals served as controls and the other 3 re- 
ceived supplements of mixed tocopherols in the 
form of a concentrate at the following levels in mg 
100 lbs of live weight daily 133 5,2,500, and 6,000 
All animals were alsughtered after 75 daj's on the 
experimental diet Samples of whole blood, liver, 
heart, kidney , spleen, muscle and fat from 5 dif- 
ferent storage sites were analyzed for their con- 
tent of total and y-plus 5-tocopherols using molec- 
ular distillation Blood plasma was analyzed by 
the usual extraction procedure Iodine and thio- 
cyanogen values were deternuned on all samples of 
fat With each increase m the level of tocopherols 
ingested, the tocopherol content of the tissues in- 
creased The increases were most marked in the 
liver and body fats Analyses of blood plasma and 
whole blood showed that the cells contained 
a much larger percentage of total tocopherols than 
the plasma From the control animals zero values 
were obtained for blood plasma as contrasted with 
197 (jg/100 ml of whole blood Blood plasma to- 


copherols reflected the levels ingested, but the in- 
creases w'erc greater in the whole blood than m the 
plasma Tocopherol supplementation affected 
markedly'' the fatty acid composition of the body 
fats by increasing the percentage of oleic acid at 
the expense of saturated fatty acids 

Lysme requirement for growing swine M J 
Brinegar,* H H Williams, J K Loosli and 
L A Maynard Depts of Animal Husbandry and 
Biochemistry and Nutrition, Cornell Univ , 
Ithaca, N Y 

L-lysine monohydrochlonde was added to a diet 
containing sesame meal supplemented with 
methionine and histidine and fed to weanling pigs 
for 4 weeks The basal diet consisting of 21 1% 
protein contained 0 57% lysine as determined 
microbiologically using Leuconostoc mesenter- 
oides Experimental diets were made to contain 

0 57%, 0 76%, 0 97%, 1 07%, 1 17%, 1 32% and 

1 63% pure L-ly'sine These diets were distributed 
among 34 pigs Daily feed intakes of the pigs were 
equalized weekly' at approximately 6% of body 
weight Each increased lysme level up to 1 17% 
improved the growth rate and feed efficiency In 
another trial lysme was added to a 21 3% protein 
diet containing meat scraps, zein and wheat sup- 
plemented 'With methionine, histidine and trypto- 
phan Lysine levels of 0 96%, 1 00%, 1 20% and 
1 40% were each fed to 5 pigs Inereases in growth 
rate and feed efficiency y\ere noted up to the 1 20% 
lysine level The data of these two experiments 
show that 'wuth diets containing approximately 
22% protein (after ly'sine supplementation) wean- 
ling pigs require approximately 1 2% L-lysine m the 
ration This is double a lysine requirement pre- 
viously found by the same authors {Federation 
Proc 8 379, 1949) when the protein level was only 
10 6% furnished by linseed meal supplemented 
with methionine and histidine In related ammo 
acid studies it was shown that isoleucine is 
an essential component of S'mne rations The addi- 
tion of DL-allo-isoleucme to a 20 9% protein diet 
containing blood flour supplemented with methio- 
nine increased the rate and efficiency of gams of 
weanling pigs 

Vitamin C nutrition of the aged M H Brookes, 
K Heitshu* and M j Allen * Dept of Home 
Economics, University of Chicago, Chicago, III 
The power of old people to use ascorbic acid effi- 
ciently' has been questioned, but the data were in- 
complete because the usual food intakes of vita- 
min C, which preceded the tests, hav'e been largely 
undetermined In this study the ascorbic acid 
values of the food eaten for a 3-week test period, 
as well as the blood plasma levels of reduced ascor- 
bic acid, were determined for 9 subjects, healtiu 
old people, Imng m a home for the aged Tlic 3 
men and 6 women studied ranged in age from 62-‘to 
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j ears, with an average age of 76 i ears For 14 daj s 
the subjects ate their regular diet, which was self- 
selected, and for 5 days this was supplemented 
voth 60 mg ascorbic acid from orange juice The 
regular vitamm C intake, ranging from 29-76 mg 
between the subjects, hadaveraged48 mg/day The 
correspondmg blood plasmas ranged from 0 27- 
0 61 mg/100 cc , with an average of 0 41 mg The 
supplemented diets averaged 94 mg ascorbic acid 
and the subjects responded normally to this sup- 
plementation with a resulting plasma average of 
0 64 mg reduced ascorbic aeid/100 cc in 5 da>s 

Effect of some human-type diets upon growth and 
health of the laboratory rat Elizabeth Crofts 
Callison, Elsa Orent-Keiles and Rachel 
Uhvits Makower * Bureau of Human Nulrthon 
and Home Economics, U S D A , Beltsmlle, Md 
Five experimental diets, based on different food 
consumption patterns prevalent in the United 
States and composed of foods prepared as for hu- 
man consumption, n ere assessed for their nutritive 
adequacy by feeding them to groups of laboratory 
rats from weanmg to 500 dais of age Similar 
groups of rats were fed a stock ration for compari- 
son The diets were anal} zed for their nutrient 
content Growth, sexual matuntj, ageing, and 
mortality were some of the ph} siological responses 
studied The general phi sicnl condition of the e\- 
permiental animals vas also observed The bio- 
logical observations, as related to dietary composi- 
tion, and the smtability of this ti pe of experiment 
for the appraisal of human diets will be discussed 

Effect of rich, bulky, and poor diets on fertility in 
rats Anton J Carlson and Frederick Hoel- 
ZEL Dept of Physiology, Univ of Chicago, Chi- 
cago, III 

A comparative study vas made of the effect of 
a rich diet, a bulky diet and a poor diet on the fer- 
tility of successive generations of early bred rats 
(littermates raised together) and later bred rats 
(segregated or isolated littermates mated when 
130-230 days old) The rich and bulky diets were 
similar to diets used in our previous studj (J 
Nutrition 27,1948) The poor diet n as a mar- 
ginally adequate Sherman-type diet In 30 months, 
6-8 generations of inbred early bred rats were 
raised on each diet but the fertility of later bred 
rats w as greatly impaired and apparently a cumu- 
lative impairment in successive generations pre- 
vented the raising of even 2 generations of inbred 
later bred rats on any diet Ninety-eight male and 
127 female early bred rats and 106 male and 150 
female later bred rats were used Fertdity was 
least impaired m early and later bred rats on the 
bulky diet This diet served to reduce the caloric 
intake of an otherwise rich diet The results sug- 
gest that the low fertility of high grade live stock 
and the human upper classes is due to the use of 


too much rich food and delayed procreation in suc- 
cessive generations 

Occurrence of dehydro-L-ascorbic and diketo-L- 
gulonic acid in the blood Shih Dzung Chen* 
AND Cecelia Schuck Nutrition Lab , Purdue 
University, Lafayette, Ind 
In an earlier study on the excretion of ascorbic 
acid with intake derived chiefly from crystalline 
ascorbic acid or from food sources the form found 
in the urine was largely L-ascorbic acid However 
appreciable amounts of dehydro-L-ascorbic and 
diketo-L gulonic acid were also detected The 
quantities of the latter compounds excreted were 
rather constant for a given subject and appeared 
to be irrespective of intake The question arose as 
to whether these compounds were excreted as such 
or whether as the result of incomplete protection 
of the reduced ascorbic from oxidation they might 
be formed during the 24-hour period of collection 
Analysis of fresh samples of urine showed the 
presence of both dehydro and diketogulonic acid, 
wnth little change m amounts after the samples 
were preserved for 24 hours The occurrence of 
these substances in freshly excreted unne sug- 
gested that they should be present at some time in 
the blood Both were found m fasting blood 
samples m some instances and at mtervals after 
the ingestion of crystalline ascorbic acid. 

Role of Bi; on nitrogen retention of rats fed on soy 
bean protein diets at difl'erent caloric levels 
Bacon F Chow and Lois Bahroavb * Dept of 
Biochemistry, School of Hygiene and Public 
Health, Johns Hopkins Univ , Baltimore, Md 
Supplementation of vitamin Bu to soy bean pro 
tein diet accelerates the rate of growth of young 
rats, deficient of this vitamiu It is therefore of in- 
terest to ascertain whether Bu enhances the effi- 
ciency of utilization of sov proteins To this end, 
nitrogen balance experiments were performed to 
determine the amount of nitrogen retained by 2 
groups of Bi« deficient rats, with and without sup- 
plementation of Bi* Their basal diet consisted of 
40% sucrose and 60% Sobee, a commercial product 
containing 32% soy protein Adequate vitamin 
supplement was also given Urine and stool 
samples were collected weekly and analyzed for 
nitrogen, for a period of 6—8 weeks It was found 
that when both groups of animals were given a re- 
stricted intake (6-8 gm of diet/rat/daj ), supple- 
mentation of vitamin Bi* did not increase the 
growth rate nor the retention of nitrogen When 
the dietary allowance was increased by 60%, vita- 
min Bi- brought about a greater rate of growth but 
no better protein utilization This is interesting 
since the added growth points to the effect 
on carbohydrate or fat metabolism rather than 
protein metabolism In another experiment t e 
daily ration was further increased to ad lib feed- 
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mg The gro’wth rate but not the efficiency of 
nitrogen utilization nas increased by the addition 
of this vitamin These results therefore indicate 
that Bj 2 does not enhance the biological value of 
soy bean proteins under our expenmental condi- 
tions but may play an important role in carbohy- 
drate or fat metabolism 

Effect of dietary restriction and rehabilitation on 
sodium, potassium and chloride of skin and total 
carcass of male rats Ruth Claiton ano 
Esther DaCosta (introduced by Carl J 
Koehn) U S Army Med Nxilrition Lab , Chi- 
cago, III 

The average sodium, potassium and chlondc in 
mEq/kg of fresh weight for 14 control rats uas 
54 7 , 30 2, and 24 0 respectively for the skin and 
60 0, 52 1, and 19 0 respectively for the carcass Of 
SO rats restneted approximately 95 dajs, 14 on a 
low calone diet had 54 7 mEq of sodium, 30 2 of 
potassium, and 23 4 of chloride in the skin and 
62 0, 52 1, and 19 1 mEq respectively in the car- 
cass Eleven rats fed a modified carrot diet (2% 
protein) showed a 50% increase in the skin and 
carcass potassium Rats fed a high salt, loiv 
protein diet had a 60% increase in both the potas- 
sium of the carcass and the chlonde of the skin 
Animals rehabilitated on a high protein or high 
carbohj drate diet shoued a rapid rise in the potas- 
sium of the carcass and the chlonde of the skin 
dunng the first 4 daj s of rehabilitation Sodium m 
the skin rose to 144 9 mEq in rats on the high pro- 
tein after the low calone diet, and 143 9 on the 
high protein after the carrot diet After one ueek 
of rehabilitation the skin sodiums were still defi- 
nitely above the normal The rats rehabilitated on 
high fat showed little deviation from the control 
dunng early rehabilitation 

Significance of vitamin Bu in milk diets R A 
CoLUNfe,* L S Dietrich* and C A Elveh- 
JEii Dept of Btocheinisiry, College of Agncul- 
htrCfUniv of Wisconsin, Madison 
The infenor growth observed in rats fed goat’s 
milk mineralized with iron, copper and manganese 
as compared to the good growth of rats fed min- 
eralized cow’s milk was studied This infenor 
growth was counteracted by a daily addition to the 
mineralized goat’s milk diet of 50 of folic acid 
plus 0 1 pg of vitamin Bu, 0 5 ag vitamin Bu 
alone, or 1 0 gm of fresh beef liver An inconsistent 
half maximal groudh stimulation resulted vhen 50 
Hg of folic acid or 0 1 fig of vitamin Bu was added 
separately to this diet Goat’s milk was found to 
contain only traces of vitamin Bu m contrast to 
the occurrence of 2-3 ;ig of vitamin Bi /I in cow’s 
imlk The folic acid content of goat’s milk 
vas found to be very lov and comparable to cow’s 
milk Folic acid or vitamin Bu additions to min- 
eralized cow ’s milk diets did not affect growth in 


the young rat The addition of vitamin C to the 
cowl’s milk diets produced a large increase in the 
vitamin Bu content of the livers, while on 
the goat's milk diets added vitamin C displayed 
no activity Folic acid and vitaimn Bu additions 
to mineralized cow ’s milk or goat’s milk did not 
affect the rate of hemoglobin formation in the 
weanling rat or in rats made anenuc on milk diets 

Vitamin Bu content of chick tissues as influenced 
by diet J R Couch, Orlando Olcese and H 
L German (introduced by L R Richardson) 
Depls of Biochcmislry and Nutrition and Poultry 
Husbandry, Agricultural and Mechanical College 
of Texas, College Station 

New Hampshire chicks from hens fed an ade- 
quate ration were used in these tests and were 
maintained m batteries wnth raised screen floors 
A vitamin Bu low basal diet which contained 35% 
soy-bean oil meal was fed to the first group A 2nd 
group received a supplement of approximately' 20 
fig of Bi-/kg of diet Supplementing with vitamin 
Bu increased the Bu content of the liver about 5 
times, of the kidney, approximately' 2 times, of 
the pancreas, slightly, and of the spleen, none 
The chicks which received Bu averaged 280 4 gm 
more at 10 weeks than those which did not receive 
It In the same senes, 10% of dehy drated alfalfa 
leaf was substituted for an equivalent amount of 
corn The ration containing alfalfa was supple- 
mented with 0 20 and 130 pg of vitamin Bu/kg 
of diet, respectively The alfalfa appeared to in- 
hibit the growth of the chicks even when the diet 
was supplemented with the large amount of Bu 
The alfalfa tended to decrease the Bu content of 
the tissues below that of comparable groups not 
fed alfalfa However, the tissues contained larger 
amounts of vitamin Bu w hen the alfalfa diet was 
supplemented wnth 130 pg of Bu than when it w as 
supplemented ivith the low er level or with no vita- 
min Bj; Vitamin Bu content of the tissues w'as 
determined with Lactobacillus leichmanni 
(ATCC) Thiomalic acid was used as a reducing 
agent in the media 

Quantitative estimation of effect of rutin on bio- 
logical potency of vitamin C Earle W Cramp- 
ton AND Lewis E Llotd * Dept of Nutrition, 
Macdonald College, P 0 , (McGill University), 
Quebec, Canada 

Considerable evidence has been adv anced in the 
literature that rutin, and other vitamin P-active 
materials, carry out their physiological function 
as antioxidants The beneficial effect of some of 
these materials on vitamin C has been shown, but 
the results have been of a qualitative nature This 
study', involi'ing the administration of vitamin C 
to 128 guinea pigs, was designed to determine the 
e\-tent to which rutin enhanced the apparent bio- 
logical value of ascorbic acid The odontobl ist 
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method of vitamin C bioassay -was used Rutin 
increased the apparent biological value of ascorbic 
acid by approximately 60%, when the vitamin was 
supplied in sub-maximum amounts, either m crys- 
talline form or from a natural source As the level 
of ascorbic acid intake approached that which 
without rutin will permit normal tooth develop- 
ment, the beneficial effect of added rutin was negli- 
gible These results could be explained by the 
assumption that rutin prevented in vivo oxidative 
destruction of the administered ascorbic acid 

Effect of dietary restriction and rehabilitation on 

weight of adrenal gland of male albino rat 

Esther DaCosta and Ruth Clayton (intro- 
duced by Carl J Koehn) U S Army Med Nu- 

inlion Lab , Chicago, III 

Weights of the adrenal glands of 340 male albino 
rats were determined after 3 t}'pes of dietary re- 
striction (low calone, modified carrot, and high 
salt-loiv protein) and 3 types of dietary rehabilita- 
tion (high protein, high fat, and high carbo- 
hydrate) following each type of restriction The 
average weight of the adrenals of 64 control rats 
was 76 mg , of 24 rats on the low calorie diet, 66 
mg , of 24 rats on the carrot diet, 49 6 mg , and of 
24 rats on the high salt diet, 44 5 mg On an organ/ 
body weight basis instead of the absolute weight, a 
significant increase was found during restriction, 
particularly in the group fed the low calone diet 
During the first 4 days of rehabilitation, absolute 
adrenal weights and adrenal/body weight ratios 
increased in all rats to values exceeding those of 
the controls and even after 97 day s of rehabilita- 
tion only the adrenal weights of the rats rehabili- 
tated on the high carbohydrate diet had declined 
below that of the controls In these rats, the 
average adrenal/body^ weight ratio was 16 2 as 
compared to a ratio of IS 7 for the control The 
difference in adrenal weight response to different 
rehabilitation diets may indicate the beneficial 
value of high protein or high fat as compared to 
high carbohydrate m rehabilitation therapy 

Metabolism of cobalt 56 in tbe ben’s ovary H H 
Dabby (introduced by E M Nelson) Carnegie 
Inst of Washington, Dept of Terrestrial Magnet- 
ism, Washington, D C 

With the publication of the fact that cobalt is 
incorporated in vitamin Bu and that Bu is found 
in the droppings of chickens, it became of interest 
to study the fate of cobalt fed to hens It had al- 
ready" been shown that increased grow th could be 
obtained by injecting small amounts of Bn into 
developing eggs This would lead one to believe 
that there was a shortage of Bn in the average 
hen’s diet Cobalt 66 was fed in pellet form to 2 
hens and the eggs collected for some 3 weeks there- 
after The eggs were tested as a whole first for 


radioactivity and then they were separated into 
shell, albumen, and yolk The amount of cobalt in 
each fraction was ascertained The shell and the 
albumen followed a typical excretory pattern 
There was a nse of radioactive cobalt in the shell 
and the albumen on the 4th-6th day, followed by 
a fall to almost zero by the 10th day The nse of 
radioactive cobalt in the yolk, however, was some- 
what slower and although there was a high level 
for some 10 days, no fall of cobalt was found simi- 
lar to that in the albumen and the shell It leads 
one to believe that the yolk of the egg follows a 
different pattern of metabolism than does that of 
the shell and the albumen Prom these experiments 
it seems that cobalt once laid down in the yolk is 
retained in these formative eggs 

Excretion studies of biotin In urine and feces of 
normal and protein-depleted rats Robert L 
Davis* and Bacon P Chow Dept of Biochem- 
istry, School of Hygiene and Public Health of 
Johns Hopkins Univ , Baltimore, Md 
Biotin requirements of rats can be met by bac- 
terial symthesis in the intestinal tract This inves- 
tigation deals wnth the effect of dietary proteins 
on this bacterial synthesis of biotin as reflected 
by its excretion Male adult rats, which were 
protein-depleted as evidenced by blood protein 
concentration and weight loss, were placed m 
metabolism cages as were casein diet controls 
Urine and feces, collected every 4 days, were 
assay'ed for free biotin using Lactobacillus ara- 
binosus 17-5 Throughout this experiment, both 
groups received a biotin-free vitamin supplement 
Fecal results were also expressed in mg biotin/ 
gram wet feces Some differences were noted re- 
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1 0 rag every 
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I 0 mg every 
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4th (Baseline) 

none 



garding urinary and fecal excretion of biotin in 
the protein-depleted and normal rats when this 
vitamin was wnthheld or the mode of adnunistra- 
tion varied 1) Urinary and fecal biotm was 
greater m the casein diet rats dunng the initial 
baseline period f) The administration of biotin 
either i m or orally resulted in no marked dif 
ference in the urinary excretion of this vitamin 
between the two groups S) When biotin was given 
orally, fecal biotin was considerably higher in the 
protein-depleted rats 4) Dunng the final baseline, 
urmary and fecal biotin was about equal in both 
groups 
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Methionine deficiency by force-feeding J N 
WiLUAJis, Jb ,* A E Denton,* Fung-Haan 
Fung* and C A Elvehjeji Dept of Biochem- 
istry, College of AgrtciiUwc, Umv of Wisconsin, 
Madison 

In the course of investigations concerning the 
effects of a methionine deficiencj upbn general 
metabolism of the young grouing rat, a force- 
feeding procedure v, as undertaken One group of 
rats vas force-fed a complete ration in nliicfi 
protein A\as supplied ns an ammo acid mixture 
Another group rvas force-fed the same ration m 
the same amounts except that methionine is as 
omitted Nitrogen balance of the 2 groups of 
animals n as determined The animals of all groups 
receiving the complete ration gained weight and 
remained in strongly positive nitrogen balance 
The rats force-fed the methionme-free ration for 
up to 3 weeks retained the same weight and re- 
mained in strongly positive nitrogen balance 
throughout the period Moreover, they' showed no 
tendency' to go into negative nitrogen balance 
The methiomne-deficient group, however, exhib- 
ited some striking differences from the control 
group in other respects bleeding of the feet and 
around the mouth, fatty livers, and very' low 
liver xanthine oxidase activity' 

Inhibition of chick bone marrow choline oxidase 
by aminoptenn m vivo James S Dinning,* 
Ceciua K Keith* and Paul L Day Dept of 
Biochemistry, Untv of Arkansas School of Medi- 
cine, Little Rock 

A study' was made of the effects of aminoptenn 
on adult chick bone marrow cell counts, peripheral 
blood counts, and on the oxy'gen consumption of 
marrow cell suspensions After 6 daily injections 
of 1 mg of aminoptenn the tibia and femur mar- 
row cell counts were reduced to 11% of control 
values, blood leucocy'te counts to 18% of control 
values, and red cell counts to 63% of control 
values jNIarrow cell suspensions from aminoptenn 
treated chicks consumed an average of 11 5 pi 
Oj/10® cells/hr , similar preparations from control 
chicks consumed an average of 5 4 jil O./IO* cells/ 
hr The addition of choline to cell suspensions 
from control chick bone marrow increased oxy'gen 
consumption 28% while the addition of choline to 
cell suspensions from aminoptenn treated chick 
bone marrow depressed ox^ gen consumption 18% 
The addition of sodium succinate to cell suspen- 
sions from control and aminoptenn treated chick 
bone marrow increased oxy gen consumption 22% 
and 21% respectivelv These data suggest that 
normal chick bone marrow exhibits choline oxi- 
dase activity and that the choline oxidase activity' 
is completely inhibited bv aminoptenn Barron 
ct al (J Exper Med 87 489, 1948) have shown 
that the nitrogen mustards, which produce a 


Icucopenia, strongly inhibit oxidase, and we have 
found that urethane, another substance which 
lowers white cell count, inhibits choline oxidase 
tn vitro In view of these findings it is suggested 
that the choline oxidase enzy'me system plays a 
significant role in blood cell formation 

Metabolism of ascorbic acid in rats I Influence of 
age and diet Dobothv A Ehmke,* Bessie L 
Davei* and E Neige Todhunter Research 
Lab of Human Nutrition, Univ of Alabama, 
University 

Earlier studies showed plasma and whole blood 
levels of ascorbic acid in mature rats were higher 
for males than females (7 NulntionM 673, 1946) 
The present study was undertaken in an attempt 
to determine the cause of the difference Groups 
of rats were analvzed at 1) 63 days and 2) 112 days 
of age Each age group was subdivided and re- 
ceived for 3 weeks prior to analy'sis one of the 
follownng diets a) stock diet of laboratory 
checkers, containing some vitamin C, b) sy'nthetic 
vitamin-C free diet, c) stock diet plus 50 mg 
ascorbic acid daily There were approximately' 10 
rats of each sex in each diet group wnthin each age 
group Analyses for ascorbic acid were made m 
plasma, whole blood and white cell-platelet frac- 
tion, hematocrit and hemoglobin were also deter- 
mined The following organs were analy zed liver, 
adrenals, kidneys, ovaries and testes, 24-hour 
urine collections w ere made for 3 day s immediately 
prior to death of the animals Maturity does not 
appear to be a deternunmg factor in ascorbic acid 
in blood Plasma, whole blood and white cell- 
platelet values were lower for these young females 
than for males Intakes of 60 mg ascorbic acid 
daily caused no increase in blood ascorbic acid and 
apparently' no increase in the organ stores Urinary 
excretion of ascorbic acid increased when ascorbic 
acid was administered, but not in proportion to 
the amount fed The same factors are being studied 
in senile rats 

Regression of lymphosarcoma transplants follow- 
ing the adnumstration of cortisone to riboflavin- 
deficient mice Gladys A Emerson, Elizabeth 
W uRTZ AND Mary E Zanetti * Merck Inst 
for Therapeutic Research, Rahway, N J 
Heilman and Kendall reported that the admin- 
istration of compound E (cortisone) to mice with 
lymphosarcoma transplants resulted in a regres- 
sion of tumor tissue, how ever, the tumors recurred 
following withdrawal of the drug and the animals 
succumbed despite the resumption of therapy 
Stoerk and Emerson observed a regression of 
lymphosarcoma transplants in nboflavin-deficient 
imee, furthermore animals so treated were refrac- 
torv to subsequent transplants Therapy with 
cortisone superimposed upon nboflayin ayita- 
minosis might be expected to bring about a sup- 
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pression of tumor growth with minimal injury to 
the host Accordingly cortisone and other adreno- 
corticosteroids were admmistered to mice with 
well established (13 to 16-day post-inoculation) 
lymphosarcoma transplants The animals were 
mamtamed on either nboflavm-deficient or nat- 
ural food rations A rapid regression of tumor 
tissue occurred in mice receiving 600 Mg of corti- 
sone daily in conjunction with a nboflavin-defi- 
cient diet The tumors were non-palpable follow- 
ing 4 days of treatment while the transplants of 
controls (deficient in riboflavin) were still appar- 
ent at 10 days When the same level of cortisone 
was given to mice fed a stock diet only a transient 
retardation of tumor growth occurred and the 
animals succumbed despite continuous treatment 
ACTH (500 mt ) when given in divided dosage 
(twice daily) to mice mamtamed on the nboflavm- 
deficient diet, failed to enhance the effect of the 
avitaminosis upon tumor growth A regression of 
transplants was not observed followung daily 
admmistration of 600 Mg of Compound S acetate 
or of 500 Mg of desoxycorticosterone acetate 

Influence of dietary protein on tumor production 
by 2-acetylaminofluorene R W Enoel Lah 
of Animal Nutrition, Alabama Polytechnic Inst , 
Auburn, Ala 

Weanling female rats of the AES strain were fed 
a basal diet containing 03% 2 acetylammofluo- 
rene The diet consisted of corn grits 20, salts 4, 
lard 15, cod liver oil 1, water-extracted casein 9, 
1-cystme 0 3, sucrose 50 7 and was supplemented 
with adequate amounts of thiamine, riboflavin, 
pyridoxme, pantothenate, choline, inositol, niacin 
and alpha tocopherol This diet consistently pro- 
duced mammary tumors m an average of 20 w'eeks 
if the body weight was 165 gm or more at 16 weeks 
When body weight was less than 165 gm as a result 
of voluntary food restnction the mammary tumor 
incidence was only 25%, the remainder of the ani- 
mals dying with face or liver tumors in 24-30 
weeks Increasing the dietary casein to 20% as- 
sured the attainment of body weights of 165 gm 
or more m 16 weeks and resulted m the consistent 
appearance of mammary tumors When the casein 
was increased to 40% body weights averaged 185 
gm in 16 weeks and 50% of the animals had not 
developed external tumors at 32 w'eeks while 26% 
had mammary tumors and 25% had face tumors 
When the casein in the diet was increased to 60% 
body weight gains averaged 166 gm in 16 weeks but 
all animals were still tumor-free after 33 weeks at 
which time all control animals had died with mam- 
mary or face tumors 

Failure of folic acid or xanthopterin to replace 
thiamine in mice and rats maintained on thia- 
mine-deficient diet Albekt J Eusebi* akd 


Leopolb R Cerecbdo Dept of Biochemistry, 
Fordham Umv , New Yorl City 
The relationship between thiamme and certain 
ptenns, particularly folic acid and xanthoptenn, 
studied by Busnel and co-workers {Compt rend 
Soc de biol 224 237, 1947) in pigeons, was mvesti- 
gated in nuce and rats The basal diet consisted of 
purified casein, 25%, sucrose, 53, Crisco, 10, lard, 
5, salts, 5, and Ruffex, 2 The followung supple- 
ments were added/kg of diet pyridoxin, 10 mg , 
nboflavm, 10 mg , calcium pantothenate, 100 mg , 
alpha-tocopherol, 40 mg , beta-carotene, 20 mg , 
choline 1 5 g , and vitamin D 6000 lu Swiss, Rock- 
land and Fordham mice were used Folic acid was 
administered orally by incorporation m the diet 
at a level of 20 mg /kg , or by subcutaneous injec- 
tion at a level of 50 y/d&y Young mice were placed 
on the thiamine deficient diet until depleted At 
this time the expenmental group received folio 
acid orally or by injection, and the controls main- 
tained on the deficient diet Ten control mice 
survived for periods of 23-30 days Sixteen mice 
receiving folic acid survived from 17-31 days 
Further, the weights of the animals receiving folio 
acid ran parallel to those of the controls Once the 
mice were deficient in thianune, folic acid failed 
to restore the appetite or the body weights These 
results were confirmed with young Sherman rats 
to which both folic acid and xanthoptenn were 
administered As in the case of the mouse, these 
ptenns failed to exhibit any ‘thiamme-like activ- 
ity’ in the rat 

Human digestibility studies suggesting unex- 
pected limitations in use of certain common 
foods as sources of nboflavm Gladys Evebson, 
Elinor Pearson* and Robbbtha Matteson * 
Nutrition Lab , Home Economics Section, lotca 
Agricultural Experiment Station, Iowa State Col- 
lege, Ames, U S Bureau of Human Nutrition and 
Home Economics 

During earlier studies concerned with the appar- 
ent availability of the nboflavm of green peas, ice 
cream, soybeans and almonds, we observed sig- 
nificant differences in the urinary excretion of 
nboflavm when one mg quantities of this vitamin 
were supplied from the above food sources These 
findings have led us to investigate the degree to 
which these foods are digested by young adult 
women Nitrogen, crude fiber, fat and heat of 
combustion values have been determined on the 
feces of 4 young adult women tested during a senes 
of five 9-day metabolism expenments Each test 
food has been incorporated mto an adequate 
mixed diet so that the subjects consumed 2 average 
serving portions of the food/day The basal diet 
was adjusted from one teat period to another so 
that the total intake contributed the same dry 
food weight daily The results of these studies 
have revealed supnsingly large fecal losses of 
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calories and fat Nitrogen losses have been m- 
ereased when certain of the test foods were con- 
sumed We believe these diflorences in digestibility 
explain in the mam the variations in urinary 
riboflavin noted during our past experiments and 
that incomplete digestion of certain of those foods 
has caused them to be of reduced value as sources 
of riboflavin 

Studies on fat deposition and nitrogen metabolism 
in four strains of mice Paul F Fenton and 
Claihe J Carr * Dept oj Biology, Brown Unit’ , 
Providence, R I 

Earlier investigations have suggested the possi- 
bilit} that rations could be devised which might 
be ingested by the mouse in quantities sufficient 
to lead to obesity Body weight gams were deter- 
mined m 4 strains of mice (C57, 1, A and C3H) fed 
highly purified rations differing m the amount of 
protein, fat and carbohj drate Increasing the fat 
content of the diet above 5% resulted m greater 
weight gam Mice fed a diet containing 90% casein 
grew more slowly than mice fed a ration containing 
onh 30% casein Rflien lactalbumm was used at 
the 90% level, grow’th was better than with 90% 
casein In each case the nature of the w eight gam 
was studied by carcass analjsis for water, protein 
and fat Making use of the diet which so far has 
given the most rapid weight gam, the four strains 
of mice were compared with respect to the effi- 
ciencj of food utilization for growth The weight 
gam per gram of food consumed was greater for 
the C57 than for the other three strains Nitrogen 
metabolism has been studied m the 4 strains of 
mice by two methods a) bj determmmg the bodv 
weight gam per gram of nitrogen ingested (making 
use of a 10% protein diet), and b) b}' measuring 
nitrogen balance The latter was accomplished 
bj feedmg a nearly nitrogen-free diet, adminis- 
tering different amounts of nitrogen by stomach 
tube after a smtable period of depletion, and 
determmmg the fecal and urinary nitrogen 

Use of the mealworm, Tenebrto molitor, m nutri- 
tional studies G Fraenkel Dept of Ento- 
mology, Umv of Illinois, Urbana 
The techmque of using mealworms as subjects 
in nutrition research is described m detail Valid 
and repeatable results can only be obtamed if the 
temperature and relative huimdity of the culture 
room are ngidly controlled At 25° C and 70% 
relative humidity, on an optimal diet, larvae grow 
from 0 5 mg to 120-150 mg during a period of 
2i to 3 months, but during the period of fastest 
growth, between 10 and 100 mg , weight is nearly 
doubled every week The rate of growth varies 
greath with the water content of the food, bemg 
fastest when m equilibrium wnth 70-80% R H , 
and V irtually at a standstill at 13% R H Tenebrio 
requires 80-85% of a carbohydrate in the diet, the 


requirements bemg equally satisfied with glucose 
or starch, also a suitable sterol, but no fat or fat 
soluble vitamins Of proteins casein, lactalbumm, 
peanut protein or edestm give optimal effects, 
soy bean protein is of moderate value, and only 
after extensive heating, zem or gliadm fail to 
support growth, the deficiencies bemg only partly 
rectified bj the addition of lysine and tryptophane 
On wheat flour, even from whole wheat, growth is 
very slow , on account of a partial riboflavin defi- 
ciencj' Tenebrio requires the following vitamins 
of the B complex, minimum optimal amounts, 
expressed as yg/gm of the dry diet, bemg given 
in ( ) — thiamin (1), riboflavin (2-8), nicotinic 
acid (16), pvridoxm (2), pantothenic acid (8), 
biotin (0 16), ptero 3 lglutamic acid (0 12) and 
choline (300) 

Importance of time factor upon utilization of 
ammo acids in ‘maintenance’ of adult rats 
E Geiger and E B Hagertv (introduced by 
Harrt J Deuel) Dept of Pharmacology, Univ 
of Southern California Med School, Los Angeles, 
and Van Camp Seafood Co , Terminal Island, 
Cahf 

It has been shown earlier that growth of infantile 
rats occurs onlj if all the essential ammo acids are 
supplied simultaneouslj {J Nutrition 34 97) 
Cannon {Federation Proc 6 390) has similar results 
investigating the repletion of protein-depleted 
adult rats The repletion, i e repair of lost tissue, 
IS however essentiallj equivalent to protein for- 
mation m growth We have investigated the possi- 
bility that there are some basic differences re- 
garding the time factor m the utilization of ammo 
acids for ‘mamtenance’ as compared with growth 
Twelve adult rats were kept for 12 hours on a diet 
containing a tryptophan free ammo acid mixture, 
the missing ammo acid was supplied 12 hours later 
In one control group the diet did not contain any 
ammo acids, these rats lost weight progressively 
In the other control group the acid hydrolysate 
(casein) and the tryptophan supplement have 
been fed simultaneously These rats maintained 
their weight To assure a satisfactory intake of 
the ammo acids, the tej-ptophan free mixture as 
well as the trjptophan supplement, were force-fed 
to the paired animals Adult rats receiving trypto- 
phan as a delayed supplement for 21 days lost 
weight as fast or faster than those kept on an 
ammo acid free diet This indicates that ‘main- 
tenance’, similar to growth, requires the simul- 
taneous presence of all essential ammo acids, i e 
the aging protein cannot be mended by a ‘piece-by- 
piece’ replacement of the individual ammo acids 
On force feeding of the tryptophan free ammo 
acid mixture, the animals’ appetites deteriorated 
progressivelv , indicating the damaging action 
(Allison, Elvehjem) of ‘incomplete’ mixtures 
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Acetylation of PABA and of sulfadiazine by hu- 
man subjects Herbert Gershberg,* W James 
Kuhl* and Elaine P Ralli Labs of the De- 
partment of Medicine, New York Univ College 
of Medicine, New York City 

Acetylation of orally administered PABA and 
intravenouslj'^ administered sulfadiazine was meas- 
ured over a period of 7 months The free and ace- 
tylated form of the compounds excreted in the 
unne was determined by the method of Bratton 
and Marshall Results are expressed as the per- 
centage acetylated of the amount recovered In 
normal subjects acetylation remained fairly con- 
stant during the period studied The percentage 
of PABA acetjdated decreased as the dose admin- 
istered increased When the dose of PABA was 
100 mg , 90% V as acetjdated As the dose increased 
to 600 mg , the percentage acetjdated decreased 
slightly With doses from 500 to 800 mg sharper 
decline in acetylation occurred, vith doses of SOO 
to 1700 mg , acetylation decreased further to 55% 
Calculated on the basis of body weight, the sharp- 
est decline in percentage acetjlated occurred mth 
doses from 6-10 mgAg , and remained fairlj’- con- 
stant up to 20 mg/kg Administration of large 
amounts of pantothenic acid (10 gm dailjO did 
not alter acetylation of PABA or sulfadiazine 
Acetylation studies were done in 6 patients with 
cirrhosis of the liver, and 2 patients vith adrenal 
msufficiency The capacity of these patients to 
acetjdate PABA fell vnthin the normal range 
Apparently in human subjects acetjlation occurs 
principally in the tissues, and neither the liver nor 
the adrenal cortex are significantlv involved In 
patients with hyperthyroidism, however, acetjda- 
tion was decreased, and the administration of 
thjToid to hjrpothyroid individuals decreased their 
capacity to acetylate 

Nutntional requirements of Syrian hamster for 
growth Humberto Granados* and Henrik 
Dam Dept of Biology, Polytechnic Inst , Copen- 
hagen, Denmark 

Whey contains an unrecognized growth factor 
(s) for hamsters (Granados, Glavind and Dam 
Nordisk Mejeri-Tidsskrift 12 237, 1946) The pub- 
lished studies on the need for growth bj'^ hamsters 
of dietary biotin, choline, inositol, niacin, and 
p-anunobenzoic acid are contradictory (Schwei- 
QERT Vitamins and Hormones 6 55, 1948) Two 
experiments with newly weaned hamsters were 
earned out using a basal diet containing 4% salts, 
26% casein, 63 5% sucrose, and 7% lard First 
experiment group I (control) received all chem- 
ically known vitaimns in abundance Groups II, 

III, and IV were deprived of choline, inositol or 
biotin, respectively^ Average weight gains, in 
gm , dunng 49 days 7, 44, II, 39, III, 44, and 

IV, 42 Second experiment groups V and V-a 


(controls) received vitamins as group I Groups 
VI, VII, VIII, and IX and IX-a were deprived 
of p-aminobenzoic acid, niacin, folic acid or 
vitamin K, respectively Average weight gams, 
in gm , during 63 days group V, 56, F7, 53, F7/, 
57, VIII, 57, and IX, 53 The prothrombin times 
of blood taken at the 4th, 6th, 6th and 7th weeks 
were essentially the same for groups V-a (control) 
and IX-a (fed no vitamin K) At autopsy none of 
the hamsters from groups IX and IX-a exhibited 
hemorrhages Thus these studies show that ham- 
sters grow somewhat better with dietary choline, 
but that they do not require dietary inositol, 
biotin, p-aminobenzoic acid, niacm, folic acid or 
vitamin K for grow th Since the hamsters fed the 
vitamin K-free diet neither grew^ slower nor de- 
veloped hypoprothrombinemia or hemorrhages, 
these results are at variance with what Hanulton 
and Hogan have reported, i e , that hamsters 
require dietary^ vitamin K (J Nutrition 27 213, 
1944) 

Interrelation of linolenate and linoleate in growth 
studies on rats SajiuelM Greenberg,* Clar- 
ence M Calbert,* Evelyn E Savage* and 
Harry J Deuel, Jr Dept of Biochemistry and 
Nutrition, Univ of Southern California, Los 
Angeles 

Weanling rats were placed on fat-free diets until 
essential fatty deficiency was established by 
growth failure The depleted rats were then 
divided into the following groups each consisting 
of 5 males and 5 females {!) Positive controls 
(30% cottonseed oil diet) , fat-free diets wuth the 
following daily supplements (£) negative control 
(ethvl laurate), methyd linoleate in (S) 5 mg 
(4) 10 mg , {5) 20 mg , (6) 50 mg , methyd hno- 
lenate in (7) 10 mg , (S) 5 mg plus 6 mg linoleate 
and {9) 10 mg plus 10 mg linoleate With male 
rats the curve for weight gam vs log-dose over a 
11-week period was a straight line function By 
ex-trapolation to the growth attained in {!), opti- 
mum level of linoleate was estimated at 100 mg 
daily With female rats, optimum level of linoleate 
w as found to be 20 mg and some growth depression 
results at 50 mg intake Supenor growrth on fat 
diet in group 1 could not be obtained with linoleate 
in females Linolenate alone (7) gave only slight 
growdh stimulus but w hen combined wnth linoleate 
(9) gave indentical growth with equivalent dose of 
linoleate (6) Results of males on (8) were some- 
what less than on (4) Male and female rats on (S) 
lost weight during the test It is concluded that 
the utilization of linolenate for growth depends 
on the concomitant administration of linoleate: 
and that a sex difference in utilization of essential 
acids obtains In female rats fat has grow th effect 
not attributable to linoleate 
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Iodine In Nutrition Isidoh Greenwald Dept 0/ 
Chcvmlry, New York Unw College of Medicine, 
New York City 

A recent review (J A M A 139 28, 1949) claimed 
that goiter in Yunnan, China vas duo to the ces- 
sation of tlie previous supply of salt from the 
coastal provinces, due to the Japanese occupation 
As 18 veil attested by the literature, goiter has 
been prevalent in Yunnan since before 1867, salt 
from the coastal provinces vas not rich in iodine 
and, moreover, never or rarelj reached Yunnan 
The same review stated, “Baumann and Roos and 
also Oswald were the first to observe that if iodine 
18 withheld conpensatorj hj pertrophy of the thy- 
roid occurs ” There is nothing about withholding 
iodine in the papers cited Both state that the 
concentration of iodine in the thyroids from 
goitrous regions was less than in those from non- 
goitrous districts but Oswald emphasized that the 
iodine content was greater in the thjroids from 
goitrous regions than in those from places in which 
goiter was less prevalent and that the total iodine 
was greater in goiters than in normal glands from 
the same districts No one has jet demonstrated 
enlargement of the thyroid in animals on an lodine- 
poor diet of purified constituents Enlargements 
have been produced with diets that must be con- 
sidered to have contained goitrogenic agents Pre- 
sumably, iodine 18 a dietary essential but there is 
no accurate information regarding the amounts 
needed for maintenance or the effects of with- 
drawal 

Influence of previous diet on metabolism of rat 
diaphragm R G Hansen,* W J Rutter* and 
L T Samuees Dept of Biological Chemistry, 
Vmv of Utah College of Medicine, Salt Lake City 
Diaphragms from rats under different nutritive 
conditions were incubated in glucose buffer in the 
presence of 0;, and the changes in glucose, pj ru- 
vate and lactate were determined If the rats had 
been fed a high fat diet, the diaphragms used less 
glucose and accumulated more pyruvate and lac- 
tate than diaphragms of carbohydrate-fed rats 
If insulin was added glucose uptake and glycogen 
storage were increased in all diaphragms, but 
proportionately to the rate without insulin The 
effect of fat-feeding, therefore, could not be ex- 
plained on the basis of a difference in insulin con- 
tent Since there was no Bignificant difference in 
■0- uptake between the different groups, the evi- 
dence here w ould indicate the inflow of substrate 
into the oxidative cycle be^ond pyruvate in the 
case of the fat fed rats 

Effect of surface active agents when fed in diets 
of rats Robert S Harris, Henet Sherman* 
AND Walter W Jetter Massachusetts Inst of 
Technology and Boston Untv School of Medicine, 
Boston, Mass 


Sorbitan monolaurate (SL), polyoxyethylene 
sorbitan monolaurate (PSL), polyoxyethylene 
monolaurate (PL) , polj oxyethylene monostearate 
(PS) and hydrogenated oil (HO) were fed as 25% 
of 2 experimental diets to groups of 14 and 30 
weanling rats for 60 and 70 days, respectively 
Diet I contained casein 18, sucrose 52 7, salt mix- 
ture 4, vitamin mixture (vitamin Bi, Bj, Bj, A and 
D, niacin, pyndoxine, Ca pantothenate choline) 
0 3 and test substance 25 Diet II contained casein 
27, sucrose 40 5, salt mixture 4, liver extract 
(1 20) 1, corn oil 1, celluflour 1, and vitamin mix- 
ture (same vitamins ns diet I plus E, C, inositol, 
PGA, biotin, PABA) 0 5, and test substance 25 
Results on diet I tabulated below Diet SL pro- 
duced nasal hemorrhage, gangrenous tails and 
legs, PSL and PL caused severe diarrhea, PL pro- 
duced extensive bladder stones Diet II produced 
similar results Paired feeding of one HO group 
with SL group indicated SL results not due to 
starvation Extra group fed 12 5% HO plus 12 5% 
Celluflour indicated results not due to inert mate- 
rial in test compounds Organ tissues from groups 
on diet II were studied histologicallv, results will 
be reported The results indicate that SL, PL and 
PSL are toxic to rats when fed as 25% of nutrition- 
ally complete diet 


TEST COMPOUND 

SE 

m 

PI 

PS 

ao 

Wt increase (gm) 

-19 

45 

74 

88 

193 

Wt incr/gm diet 

— 

10 

11 

15 

28 

Mortality (%) 

70 

36 

0 

0 

0 


Comparison of the 2,6-dichlorophenolindophenol 
and 2,4-dinitrophenylhydrazine methods with 
the Crampton bioassay for determining vitamin C 
values in foods Elizabeth M Hewston,* 
Murrat Fisher* and Elsa Orent-Keilbs 
Bureau of Human Nutrition and Home Economics, 
U S D A , Bellstnlle, Md 

The application of chemical methods to the 
measurement of ascorbic acid in foods, especially 
those processed or stored, is often complicated by 
the presence of interfering substances The most 
troublesome of these are the reductones and dike- 
togulonic acid which react like ascorbic acid with 
two commonlj used reagents, 2,6-dichlorophe- 
nolindophenol and 2,4-dinitrophenjlhydrazine 
Since these substances are biologically inactive, 
the vitamin C values obtained are falsely high 
To determine the specificity of the 2,6 dichloro- 
phenolmdophenol and 2,4-dinitrophenylhj drazine 
methods when interfering substances are present, 
comparison was made of the \utamin C values ob- 
tained by these two chemical procedures luth 
those obtained b% bioassaj emplo^^ng ondotoblast 
length as the criterion Canned foods before and 
after storage at several temperatures ^^d 

Diketogulon.c acid does not interfere with the 
indophcnol reaction and reductones could be 
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differentiated Correction of the phenylhydrazine 
method for diketogulonic acid and partial correc- 
tion for reductones was possible Thus, suitable 
corj'ectionB for interfering substances could be 
made with the mdophenol method, but not always 
with the phenylhydrazine method The extent of 
interference, methods of correction, and agree- 
ment of both methods with the biologically deter- 
mined values will be reported 

Role of fat in protein metabolism Cecile 
Hoover* and Pearl Swanson Nutrthon Lab , 
lotva Agnculiural Experiment Station, Iowa State 
College, Ames 

It has been demonstrated previously in this 
laboratory that protein metabolism in a rat par- 
tially depleted of its reserves of nitrogen is af- 
fected not only by the energy intake of the animal 
but also by the source of calones in the lov -nitro- 
gen ration Omission of fat from this diet results 
in a doubling of the rate of protein catabolism 
when the caloric intake is restricted to 25% of the 
normal ingestion Supplementary methionine pre- 
vents this effect Extension of the study has pro- 
vided data that give some insight into the mech- 
anisms underlying the regulatory effect of fat and 
methionine on protein metabolism Evidence is 
baaed on studies showing the respective concen- 
trations of moisture, nitrogen, fat, and nboflavin 
in the liver, and changes in the distnbution of 
amino nitrogen and urea in the blood of rats under 
the dietary conditions imposed in the experiment 
That fat under conditions of stress may provide 
building blocks for certain enzjmc systems is 
indicated 

Relation of vitamin Bu to vitamin E in nutrition 
of young rats E L Hoto and J 0 Hardin * 
Lab of Animal Nnirition, Alabama Polytechnic 
Inst , Auburn 

Previous work has shown that supplements of 
alpha tocopherol given to young rats on a low 
casein, vitamin E-free diet increased growth and 
protem utilization, gave marked protection 
against CC1< and prevented a fatal lung hemor- 
rhage-liver necrosis syndrome which occurred 
after about 3 months The diets used in this work 
contained no added source of vitamin Bi-, folic 
acid or biotin (Hove, E L , D H CorEtAND 
AND W D Salmon J Nutrition 39 397, 1949 ) 
When boiled egg white or fibnn replaced casein as 
the protein source at 10%, supplements of 1 mg 
alpha tocopherol daily did not increase growth or 
give protection against CCU However, on diets 
with defatted whole wheat or soybean meal as the 
protein source, vitarmn E increased growth and 
protein utilization When vitamin Bu concentrate 
was added at a level equivalent to 30 MgAg to 
diets contaimng soy-bean meal, casein or whole 
wheat, the protein efficiency’^ ratios increased 


sharply and vitanun E supplements were without 
apparent benefit Folic acid or biotin did not m- 
fluence the results Supplements of vitamin Bu 
offered some protection agamst CCE, but under 
the conditions used could not replace vitanun E, 
the combmation was more effective than either 
alone Against the fatal lung hemorrhage-liver 
necrosis syndrome vitamin Bu gave httle pro- 
tection although m some experiments the time of 
onset was delayed 

Use of chromium oxide as indicator of digestibility 
E A Kane,* W C Jacobson* and L A 
Moore Division of Nutrition and Physiology, 
Bureau of Dairy Industry, Agricultural Research 
Administration, U S Dept of Agriculture, 
Washington, D C 

It was shown by a direct comparison, that 
digestibility coefficients obtained mth both lignin 
and chromium oxide ratios by total collection of 
feces, were in excellent agreement with those 
determined by the standard total collection 
method The next problem was to deterrmne how 
many samples of feces/day’ are necessary to attam 
the same accuracy’ and reliability with the ratio 
technique as with the standard total collection 
method In order to obtain fundamental data on 
this point, the following experiment was under- 
taken Around 15 gm of chromium oxide had been 
fed to 3 cows for approximately 90 days in con- 
nection with the previous trials Then, during a 
period of 24 hours, each passage of feces from each 
cow was collected, mixed, and sampled Each 
sample vas analyzed separately for dry matter 
and chromium oxnde The percentage of chromium 
oxide in each passage from each cow was deter- 
mined and averaged for the 24-hour penod, the 
averages for the 3 cows being 0 370, 0 360, and 
0 367%, respectively These results compare favor- 
ably with the averages of total daily collections 
for the 9-day period immediately precedmg this 
24 hour ex’periment, which nere 0 375, 0 354, and 
0 362%, respectively The range of vanation in 
percentage of chromium oxide in th e feces of the 
3 cows, during the 24-hour penod, was 0 060, 0 081, 
and 0 082%, respectively An analysis of vanance 
revealed a highly significant difference between 
cows and between a m and p m samples There- 
fore, the time of day of samplmg, in addition to 
the number of samples, is important and should 
be considered in deciding on a reliable procedure 
for accurate sampling of feces for digestibility 
studies where the ratio technique is used 

Improvement in the nutritive value of milled rice 
Marinus C Kik Univ of Arkansas, Fayette- 
ville 

The proteins of milled nee rations (percentage 
composition milled nee, 89, salt mixture, 4, cellu 
flour, 2, wheat germ oil, 3, cod liver oil, 4) were 
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supplemented by those of dry skim milk, dry whole 
milk, and dry whole egg The rations were ad 
Itbilum and paired fed to rats receiving daily an 
ample supply of members of the vitamin B com- 
plex Six males and 6 females were used in experi- 
ments of 90 days duration The supplements vere 
fed at a 1, 3, and 5% level replacing an equivalent 
amount of protein in the milled rice ration The 
rice ration had a protein content of 6 46%, milled 
rice, 6 14%, dry skim milk, 33 S%, whole milk, 
24 0%, and whole egg, 45^% The average differ- 
ence in gain/1000 gm of food intake in the ad 
Itbtiitm feeding experiments at the 1, 3, and 5% 
level was for dry skim milk 14, 27, and 35 gm 
respectively For whole milk 1, 27, and 31, and 
for whole egg 5 2, 23 3, and 18 7 gm Lower values 
were found in the paired feeding experiments 
The quality and quantity of the milk solids pro- 
teins favorably influence the nutntive value of 
milled nee, as do also their vitamin A, thiamine, 
riboflavin, and calcium content 

Utilization of a pantothenic acid conjugate (PAC) 
for rat growth Tsoo E King,* Frank M 
Strong* and Vernon H Cheldelin Dept of 
Bxochemtstry and the Enzyme Inst , Umv of 
TTisconsin, Madxson 

A pantothetic acid conjugate (PAC) described 
by the authors has been found more active than 
the free vitamin m certain microorganisms (Kino, 
Fels and Cheldeun J Am Chem Soc 71 131, 
1949) It exists in various animal tissues The pres- 
ent experiment was designed to test the degree of 
activity of the conjugate in growing rats Eighty 
albino rats of the Sprague-Dawlev strain, of body 
weight 40 ± 2 gm were separated into 11 groups 
of 6 to 10 animals each They were maintained on 
a purified diet which was supplemented with 
graded amounts of PAC or calcium pantothenate, 
administered either orally or intrapentoneally 
PAC was prepared according to previously de- 
scribed methods and was freed from coenzyme A 
and from free pantothenic acid by prolonged dial- 
ysis against distilled water The mtrapentoneal 
administration of a sample of PAC contammg 5% 
bound pantothenic acid showed that the conjugate 
was at least as active as equivalent amounts of 
pantothenic acid PAC by oral administration was 
slightly less effective than the free vitamin The 
feasibility of developing a rat growth method for 
total pantothenic acid in tissues is discussed 

Lysine deficiency in rats fed zem diets W A 
Krehl and David Kligler * Yale Nulrilton 
Lab , Dept of Physiological Chemistry, Yale 
Umv , New Haven, Conn 

Attempts were made to produce an uncompli- 
cated lysine deficiency in growing albino male and 
female rats of the Sprague-Dawley stram Even 
when zein w as supplemented to theoreticalh ade- 


quate levels with missing amino acids and used m 
an otherwise adequate diet, it did not promote 
optimum growth Experiments were conducted to 
determine the reasons for this observation Sup- 
plementation of the zem diet with additional 
essential amino acids and a variety of grow th fac- 
tors, proteolytic hydrolysis of the zein, and sup- 
plementation with small amounts of an adequate 
protein (casein) were all attempted The results 
obtained indicate that lack of growth in rats fed 
supplemented zem diets can be attributed to 
inadequate digestion of the protein with the result 
that certain of the essential ammo acids are re- 
leased too slowly to be absorbed and join the 
metabolic pool of other essential ammo acids 
Addition of arginine, valine and threonine simul- 
taneously provided the additional essential amino 
acids necessary for protein synthesis required for 
growth Animals on the lysine deficient diet, m 
addition to their failure to grow', exhibited marked 
symptoms of deficiency' characterized by niflBed 
hair, unsteady' stance and gait and severe emacia- 
tion These symptoms but not the growth failure 
were corrected by lysine supplementation His- 
tological studies of the Iner, heart, kidneys, 
adrenals, and thyroid of the ‘lysine-deficient’ 
animals revealed no pathology although the liver 
appeared to contain less than the normal amount 
of fat 

Acetylation studies in patients with rheumatoid 
arthritis W Jajies Kurd,* Herbert Gehsh- 
BERG* AND Elaine P Ralli Labs of Dept of 
Medicine, New York Umv College of Medicine, 
New York City 

The acetylation of PABA and of sulfadiazine by 
patients with rheumatoid arthritis was deter- 
mined and compared to that of normal subjects 
Acetylation was measured either by the oral ad- 
ministration of 500 mg of PABA or by the intra- 
venous injection of 1 gm of sulfadiazine Eight 
normals, and, up to the present, 8 patients with 
rheumatoid arthntis have been studied, both 
before and after the administration of calcium 
pantothenate In both the normal subjects and in 
the patients wuth rheumatoid arthritis, the ability' 
to acetylate was variable, but remamed constant 
in a given individual As measured by PABA the 
degree of acetylation of the amount excreted in 
the urine varied from 82-96% in both groups 
Following the injection of sulfadiazine, from 
7-20% of sulfadiazine excreted as acetylated The 
oral administration of 10 gm of calcium panto- 
thenate daily for periods of from 3 weeks-4 months 
to patients with rheumatoid arthritis did not 
appreciably influence the acetylation of either 
PABA or sulfadiazine The results suggest that 
acetylation is not disturbed in patients with 
rheumatoid arthritis 
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Unnary loss of ammo acids m normal and under- 
nourished males following single injection of 
amino acid mixture Stanley Levey, Ellen D 
Hoganson and John E Habrohn (introduced 
by Arthur H Sjhth) Dept of Physiological 
Chemistry, Wayne Umv College of Medicine, 
Detroit and Wayne County General Hospital, 
Eloise, Mich 

The excretion of 9 ammo acids (arginine, his- 
tidine, iBoleucine, leucine, Ijsine, methionine, 
phenylalamne, threonine and valine) was deter- 
rmned m the urine of 4 normal and 4 undernour- 
ished male subjects following the intravenous 
infusion of an assayed ammo acid mixture The 
ammo acids nere estimated using microbiological 
methods The degree of undemutrition in the sub- 
jects studied ranged from moderate to severe as 
shown by clinical and laboratory studies No 
difference was found in either the excretion of the 
individual amino acids or the relative excretion 
pattern which could be correlated with the nutri- 
tional state of the subjects The amount of any 
ammo acid retained nas considered to be the dif- 
ference between that injected and that amount 
excreted m the urine The retention of the indi- 
vidual ammo acids studied ranged from 99% for 
arginine to 81% for threonine Retention of the 
mdividual ammo acids could not be correlated 
with the nutntional status of the subject The 
excretion of bound ammo acids (those freed by 
acid hydrolysis) vas also studied In spite of the 
fact that the infused ammo acid mixture was free 
of bound ammo acids, an increased urinary loss 
of bound leucine, lynine, and valine was found 
followung the injection of this ammo acid prepara- 
tion as compared to the urinary^ loss following an 
infusion of physiological saline The 'saturation 
or load’ test used for the evaluation of the nutri- 
tional state m regard to certain vitamins, does not 
appear applicable for study mg protein nutrition 

Studies on vitamin A deficiency in the mouse 
Patricia McCarthy* and Leopold R Cere- 
CBDO Dept of Biochemistry, Fordham Umv , 
New York City 

A study of vitamin A deficiency was made m 3 
strains of white mice m order to determine what 
changes occur throughout the body, and whether 
these changes are the same as those described for 
the rat Weanling mice placed upon a 30% casein, 
15% fat, vitamin A-free diet grew normally and 
did not exhibit the typical vitamin A deficiency 
syndrome, although rats responded to this regime, 
within 4 to 7 weeks In order to decrease the deple- 
tion period, and to secure uniformity^ m the time 
of appearance of symptoms, different dietary re- 
gimes were devised By varying the nutritional 
background of the weanling it has been possible 
to set up conditions under which 80% of the young 


mice wall develop the typical deficiency syndrome 
within a relatively narrow range The time of 
appearance of symptoms is determined by the 
stringency of pre-natal and lactational treatment 
The effect of vitanun E-free and fat-free diets on 
the depletion period was also investigated His- 
tological studies were carried out on vanous 
tissues Reproduction studies indicate that the 
reproductive function m the male has been vir- 
tually destroyed by the absence of vitamin A from 
weaning In the female, the reproductive function 
has been greatly impaired, but not destroyed 
The y'oung of such females are viable In a study 
of the minimum daily requirement, our data indi- 
cate that the minimum reqmrement is m the 
neighborhood of 1 lu per day 

Effect of various amino acids and vitamin Bjz on 
chick growth L J Machlin,* J L Milligan,* 
C A Denton* and H R Bird Bureau of 
Animal Industry, U S Dept of Agriculture, 
Beltsville, Md 

Ammo acids and vitamin Bu were mvestigated 
as supplements to corn-soybean meal and corn- 
cottonseed meal diets for growang chickens Pro- 
tein concentrates were added so as to supply 22% 
protein In addition the diets contained 3% alfalfa 
leaf meal, butyl fermentation solubles, tncalcium 
phosphate, limestone, salt, manganese sulfate, 
niacin, and a vitamin Bi- concentrate on charcoal 
Choline was added to the cottonseed meal diet 
The diets were assajed microbiologically for all 
essential amino acids The soybean meal diet con- 
tained 0 22% methionine and the cottonseed meal 
diet 0 7% lysine Addition of 0 1% DL-methionine 
to the soybean meal diet gave maximal growth 
response of the chicks A level of 0 8% dl lysine 
monohj'drochlonde gave the best growth on the 
cottonseed meal diet No additional growth was 
obtained w'hen amino acids other than methionine 
or lysine were fed although tryptophane and 
glycine levels in both diets and methionine and 
tyrosine levels in the cottonseed meal diet were 
on the border line In studying the effect of Bn, 
chickens from animal -protein-depleted dams were 
used and the Bu concentrate omitted from the 
basal diets Average weight in gm at 6 weeks in a 
typical experiment were soybean meal basal 253, 
plus Bu 304, plus methionine 282, plus Bu and 
methionine 335, cottonseed meal basal 200, plus 
Bu 217, plus lysine 296, plus Bu and lysine 311 
When Bu was replaced by an animal protein factor 
concentrate the chickens weighed 267 without and 
359 with lysine 

Variations in nitrogen-balance data on college 
girls Beula V McKey,* Dolores Maloney 
Corby* and Janice M Smith Agricultural 
Experiment Station, Dept of Home Economics, 
Univ of Illinois, Urbana 
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Five girls, 19-23 years of age, cooperated m a 
study of the reproducibility of nitrogen balance 
data from September, 1947 to June, 1948 During 
this time, determinations of nitrogen balances 
were compared with values obtained on the same 
subjects 3-5 months later In 11-day test periods, 
3 2, 2 4, 1 9, 1 4 or 0 2 gm nitrogen dail} were fed 
E\cept at the lowest intake, nitrogen was supplied 
bj bread, rolled oats, lean beef, light cream and 
potatoes The composition of the basic diet and 
proportions of protein foods arc described in the 
publication b 3 ' Bricker el al {J NulrtUon 37 163 
1949) The average nitrogen balance for all sub- 
jects at the 2nd time of feeding w'as significantly 
lower than at the 1st in 4 of the 5 comparisons 
(eaception at 1 9 gm ) These average nitrogen 
balances (evpressed m gm /day) with the standard 
errors for the Ist and 2nd tests respectively, were 
as follows for the 5 nitrogen levels 3 2 gm , 
-0 403 ± 0 0960, -0 008 db 0 0534 2 4 gm , 
-0 219±0 03S9,- 028 ± 0 0464 1 9gm,-0654 

± 0 0571, -0 319 ± 0 0395 1 4 gm , -1 1059 ± 

0 0498, -0 815 ± 0 0436 0 2 gm , -1814 ± 

0 0274, —1 488 ± 0 0418 Biological values were 
61 ± 4 0, 74 ± 2 8 and 85± 2 9% at the 3 2, 2 4 and 

1 4 intakes respectively These biological values 
were significantly different in all possible com- 
pansons indicatmg that the biological value esti- 
mated in this study was mfluenced by the amount 
of nitrogen fed 

Studies on lactalbumin heated with carbohydrate 
Ivan J Mader,* Lawrence J Schroeder* 
AND Arthur H Smith Dept of Physiological 
Chemistry, Wayne Univ College of Medicine, 
Detroit, Mieh 

A comparison of in vitro and in vivo studies was 
made m an attempt to evaluate the role of heat 
and carbohydrate concentration in the non-enzy- 
matic browning of proteins as exhibited in the 
Maillard Reaction Commercial and ‘carbohy- 
drate-free’ lactalbumin, heated under various 
conditions, was used in tn vitro digestion experi- 
ments The conventional formol titration proce- 
dure, showed that the rate and amount of diges- 
tion of the protein by pancreatm is inversely 
proportional to the seventy of heat treatment 
Removal of reducing substances from lactalbumin 
before heating permits a greater rate and degree 
of enzyme hydrolysis of the heated product 
Microbiological assays for valme, histidine, leu- 
cine, phenylalanme, lysine and methionme m 
acid hjdrolysates of the vanous protems showed 
that only lysine was partially destroyed These 
observations suggest that the carbohydrate reacts 
with the protein to form enzjme-resistant mate- 
rials A nitrogen balance study in dogs was used 
to determine the relative effect of heat and of 
carbohjdrate in the alteration of the nutritive 


value of heated protein ‘Carbohydrate-free’ lac- 
talbumin and extracted lactalbumin to which 
had been added 2 and 5% lactose served as the 
protein nitrogen sources The time of autoclaving 
of these proteins was varied from one-half to one 
hour The biological value was high m all cases 
However, as either the carbohydrate concentra- 
tion or the time of heating was increased, the 
nutritive index of the protein decreased Lowered 
digestibility, shoivn by increased fecal nitrogen, 
accounted for the decrease in nutritive value 


Chronic riboflavin deficiency in Cebus monkeys 
George V Mann and Patricia L Stevens 
(introduced by Fredrick J Stare) Dept of 
Nutrition, Harvard School of Public Health, and 
Dept of Biological Chemistry, Harvard Med 
School, Boston, Mass 

Young Cebus monkey's w ere studied upon a puri- 
fied diet with and without the addition of crystal- 
line riboflavin Without added nboflavin the diet 
furnished 25 y or less of nboflavin per 100 gm of 
diet With added nboflavin this diet is adequate 
for penods of at least 2 years Without added nbo- 
flavin animals on this diet began a steady decline 
of weight within 2 weeks Although appetite re- 
mained good and food consumption 80% or more 
of normal, after 6 months weight loss amounted to 
30%-40% of the original weight No mucous mem- 
brane or ocular lesions w'ere seen In one of 6 
animals a seborrheic dermatitis with yellow en- 
crustations developed over the dorsum of the 
hands and on the tail with slight loss of hair In 
another instance a pre-existing fungal dermatitis 
showed extension and exacerbation Plasma levels 
of free and combined nboflavn decreased to levels 
20% of normal The sequence was diminution of 
free nboflavin plus flavin-mononucleotide fol- 
lowed by a fall of flavm-adenme-dinucleotide 
Total ‘flavm’ concentration reached a minimal 
level of 0 5-1 0^% after 80-100 days and remained 
there untd death Hematological studies reveal 
no evidence of anemia but rather of a polycythemia 
which progresses until death Cell indices, white 
blood count, and differential remain unchanged 
Plasma volume and total protein determinations 
indicate no contraction of fluid volume to account 
for this polycythemia Glucose tolerance tests 
reveal no abnormality of carbohydrate meta o 
lism Response to nboflavin suggests 
daily reqmrement for growth is between 30 and 50 

•y/kg/day 

Nutrient intake and serum jefl. 

dren sho.lns phrsic.l ’"“,”4" uV"- 

eieueies Susan B 44 H i 

IZ of reZo,: CoUooo o> JMiriar Horf.o,. 
ton 



366 


FEDERATION PROCEEDINGS 


Volume 9 


Twenty-four hour food intake records were 
secured in the winter, spring and fall of 3 consecu- 
tive years as part of a study investigating rela- 
tionships between physical findings, blood chem- 
istry and food intakes of school children All 
subjects exhibited generally accepted signs of 
vitamin deficiencies attributed to inadequate 
amounts of vitamin A, riboflavin, niacinamide 
and/or ascorbic acid Three groups of subjects 
were selected that had ‘high’ or ‘low’ blood levels 
of vitamin A, carotene or ascorbic acid during 
the 3 years The vitamin A, carotene and ascor- 
bic acid intake of the higher and lover blood 
level groups for each of the above mentioned 
3 blood constituents vere compared Studj was 
also made of the blood values of subjects 
whose nutnent intake for each of the 3 food con- 
stituents was above or below a certain value 
Blood levels of these 3 nutrients were compared 
for each of the 3 higher and lower nutnent intake 
groups The higher dietar}’’ intakes of carotene, 
total vitamin A, and ascorbic acid appear to be 
more indicative of the higher blood levels of these 
3 nutnents than the lower dietary intakes of caro- 
tene, total vitamin A and ascorbic acid arc indica- 
tive of the lower blood levels of these same nutri- 
ents Blood content of vitamin A and carotene 
appear to be a poor indication of dietary intake 
of these nutnents The higher blood values of 
ascorbic acid reflect dietaries of above 40 mg of 
ascorbic acid and the lower blood values dietaries 
under 40 mg of this nutrient 

Physiological and hisiological changes in (he folic 
acid-deficient duckling 0 Neal Miller, J W 
Goddard and Robert E Olson (introduced 
by Fredrick J Stare) 

In addition to anemia, folic acid deficiency m 
ducklings causes a depression in the respiration 
of erythrocytes and a decrease in pyruvate utili- 
zation by cardiac muscle {Federation Proc 8 390, 
1949) The failure of these birds to gain v eight 
despite a high food intake suggested that addi- 
tional lesions might be found in the gastrointes- 
tinal tract or in its associated glands Young 
ducklings were fed a purified diet low in folic acid 
and supplemented with sulfaguanidine When de- 
ficiency signs became manifest, these birds vere 
killed and samples of liver, gut, and pancreas were 
fixed for histological examination Determinations 
of blood sugar, liver glvcogen and fat, and the 
titre of duodenal amylase and trypsin vere made 
at the same time Deficient ducks showed mark- 
edly decreased liver glycogen, slightly increased 
liver fat, normal blood sugar levels, and markedlv 
decreased duodenal amylase and tryptic activity 
Histological and histochemical exarmnation of the 
liver, pancreas, and intestine showed 1) decrease 
in alMine phosphatase and gly cogen in the liver. 


S) clumping and reduction in number of mito- 
chondria and dislocation and decrease in the 
number of zymogen granules with evidence of in- 
hibition of their release in the pancreas, and S) 
virtually no change in the intestine It is con- 
cluded that experimental folic-acid deficiency in 
the duck causes biochemical and pathological 
changes m the liver and pancreas, which may 
account for some of the signs noted in this disease 

Nitrogen balance index of adult rats fed amino 
acid mixtures low in valine E S Nasset and 
Joseph T Anderson * Dept of Physiology and 
Vital Economics, Univ of Rochester School of 
Medicine and Dentistry, Rochester, N V 
Nitrogen balances were determined on adult 
male rats fed diets containing various ammo acid 
mixtures by stomach tube (Anderson and Nas- 
set J Nutrition 36 703, 1948) Each experiment 
included one week on a nitrogen-free diet, a sec- 
ond veek in vhich the ammo acid mixture was 
incorporated at about half-maintenance quantity, 
a third veek at full maintenance quantity In a 
single group of rats (series 140) a 'complete' ammo 
acid mixture, simulating whole egg protein, was 
tested before and after whole egg protein The 
nitrogen balance mdex of ingested nitrogen (K') 
computed from the half-maintenance and full- 
maintenancc penods is 1 18 for egg protein and 
0 99 for the 'complete' ammo acid mixture An- 
other amino acid mixture containing only one- 
tv elfth the DL-valme of the ‘complete mixture 
(9 0 mg DL-valme nitrogen per gram of total 
nitrogen) gave a K' of 0 44 A similar ammo acid 
mixture containing the same total valine but all 
in the L-form gave a K' of 0 51 The significance of 
these values m relation to the utilization of d val- 
ine will be discussed 

Quantitative vitamin Bj. requirement of the pig 
R O Nesheim* and B Connor Johnson 
Division of Animal Nutrition, Unw of Illinois, 
Urhana 

The smthetic 30% alpha-protein ration pre- 
viousli shown to be deficient m vitamin Bu vas 
fed 111 2 experiments to groups of 2-daj old pigs 
The first experiment vas designed to determine 
the quantitative vitamin Bu requirement when 
the vitamin vas given intramuscularly, and the 
second, vhen vitamin Bu was given orally In 
experiment 1, 14 two-day-old pigs were mdividu 
ally fed the basal diet for a 2-veek depletion 
period They were then allotted to 5 groups 
Groups 1-5 vere given by i m injection respec- 
tively 0, 0 1, 0 3, 0 4 and 0 6 ug of crystalline 
vitamin B,./pig/kg of body v eight daily The 
gams of the pigs in group 5 vere significant y 
greater than those in any other group and appeare 
optimum Thus the requirement is not less than 
OC ag of vitamin Bi /kg body weight/dav In 
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cjpcrvncni S, 15 two dftj-ocl pigs were nllolled to 
5 groups Groups 1-J, rcccn cd m their diets, rcspcc- 
tncl\, 10, 15, 20 Hud 10 /ig of crjslnllinc vitumin 
BrAe of nmtter of the diet, and proiip 5 was 
gl^en iiitrnmuBCulnrh 0 G pg of crjatnUiiic vita- 
min BrAg weight dnilv/pig lo correlate 

the2e\penmcntB The results (weight gains, blood 
and hone marrow data, organ weights, and defi- 
ciency simptoms) of these experiments will be 
reported 

Response of Leuconostoc citrovorum to trjptic 
digests of casein Chahles A Nicnon* and 
Arxou) D Welch Depi of Pharmacology, 
Western Pcserve Umv School of Mcdtctnc, Cleve- 
land, Ohio 

In an amino acid medium, the growth of Lcii- 
conosloc cilroiorum SOSl is insignificant when a 
tri-ptic digest of casein (prepared In the method 
of Skeggs, cl al J Btol Chem 17G 1459, 194S) is 
added m amounts equivalent to 100 mg of casein/ 
tube (10 ml ) However, 12 5 mg of the hydro- 
IjTied casein/tube potentiates grcatlj the response 
of the organism to thjTnidinc (5-40 iig /tube) A 
similar eSect is exerted on the response to a higlilj 
concentrated liver fraction containing the so- 
called citrovorum factor (SAUBEBLiai ami Bae- 
MAKN J Biol Chem 176 165, 194S) In the pres- 
ence of both thjTnidine and the citrovorum factor, 
the potentating effect of the casein hjdrolysatc 
is very striking The substance responsible for the 
activity of the enzymatic digest of casein is stable 
at pH 12 at 100° for at least 30 minutes Studies on 
the nature of the factor, its role in the growth of 
the organism, and its influence on the accuracy of 
assajB for the citrovorum factor are now in prog- 
ress 

Maternal nutrition and hydrocephalus in infant 
rats B L O’Dell* and A G Hogan Dcpl 
of Agricultural Chemistry, Univ of Missouri, 
Columbia 

Female rats maintained on a synthetic diet bore 
a few young, less than 2%, that had hydro- 
cephalus The onginal diet, made up chiefly of 
casern and glucose, was recently replaced by a 
diet made up of Soybean oil meal 70, cerelose, 
22, salts, 4, lard, 4, and the following vitamins 
A,2000iti,D,283 iTi, E, Img ,K, Img , thiamine, 
1 6 mg , nboflavin, 1 6 mg , pyr doxme, 1 6 mg , 
Ca-pantothenate, 4 mg , choline, 100 mg , biotin, 
20 mg The incidence of hydrocephalus on the 
soybean oil meal diet was a fraction of 1% Earlier 
observations had indicated that the incidence of 
hydrocephalus was markedly lowered when fobc 
ccid was added to the casein diet and this sug- 
gested that the incidence of hy'drocephaus might 
be increased if the effective amount of folic acid 
m the diet were reduced BTien the soybean oil 
meal diet was supplemented wath a folic acid 


inhibitor (crude methyl folic acid generously 
supplied b\ T H JuKes, Lederle Laboratories) 
the incidence of hy droccphalus rose sharply within 
4 weeks and the results wnre about the same with 
amounts of the inhibitor varyung from 1-10 mg/100 
gm of diet The total number of young bom 
after the change was 320 and the total number of 
hydrocephalics was 72 The number of hydro- 
cephahcs/littcr varied from 0-13 

Folic acid metabolism in normal human subjects 
Lura Maf Odlaxd* and Helen T Parsons 
Dept of Home Economics, Untv of IVtsconstn, 
^fad1So^l 

The unnary excretion levels of folic acid of 33 
university women consuming constant weighed 
basal diets and supplements of 1, 3, 5 and 10 mg 
of pteroylglutamic acid for a total of 313 subject- 
days were determined microbiologically with 
Streptococcus faccahs On the basal diet providing 
0 4 mg of folic acid daily , 29 subjects excreted a 
mean of 3 7 pg (range 0 8-9 6) of folic acid/day — a 
mean of less than 1% of the intake With a 1 mg 
test dose in 35 observations on 15 subjects, a 
mean of 2 7% (0 3-4 9) of the dose w as excreted 
in the urnc, a relatively small increase although 
this level of intake much exceeds the amounts 
present in ordinary diets and the provisional 
recommended allowance However, wnth the ad- 
ministration of a 5 mg test dose, the percentage 
return rose markedly to a mean of 38% (30-46) 
for 59 observations, and for a 10 mg dose, to a 
mean of 50% (37-63) in 41 observations Thus the 
rapid increase in the percentage excretion with 
increases in test dose size was not maintained 
beyond the 5 mg intake level Human bioassays 
of the availability of folic acid placed 3 food 
sources in the following descending order cooked 
frozen chicken livers, dehy^drated cereal-grass 
tablets and dried debittered brewers’ yeast, in 
rough correlation with the proportion of the free 
form of folic acid present in the test materials 

Electrolyte changes in thiamine deficiency Louis 
J Pecora (introduced by Flotd S Daft) 
Experimental Biology and Medicine Inst , Na- 
tional Insts of Health, Bethesda, Md 
Hypo- and hyperpotassemia have been reported 
to produce alterations in the S-T take-off and T 
wave in the electrocardiogram of animals and man 
Thiamame-deficient rats have similar electro- 
cardiographic changes suggesting that an elec- 
trolyte disturbance might occur m this condition 
Fifteen male weanling Sprague-Daw ley rata w^erc 
fed a thiamine-free, otherwnse adequate, purified 
diet For the first 7 weeks each rat received 3 y of 
thiamine daily, thereafter none Litter mates to 
10 of these rats were pair-fed the same diet con- 
taining 200 Y of thiamine per 100 gm of diet, and 
5 control rats were fed the same diet od libitum 
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The heart body weight ratio was 0 33% for the 
control and pair-fed rats and 0 38% for the thi- 
amine-deficient rats The water content of the 
fat-free skeletal and cardiac muscle of each group 
was 77% d: 1 A decreased potassium and an 
increased sodium level was observed m the skeletal 
and cardiac muscle of the thiamine-deficient rat 
The pair-fed rats showed no change from the 
control values The phosphate content of serum, 
skeletal and cardiac muscle was similar in each 
group These electrolyte changes may account 
m part for some of the cardiac alterations observed 
in thiamine-deficient rats 

Effects of vitamin therapy on school children 
H B Pierce, R F Krause,* J H Browe,* 
Susan B Merrow* and C A Newhall * Depte 
of Biochemistry and Anatomy, Untv of Vermont, 
College of Medicine, Burlington 
A study has been made of school children having 
one or more of the usually accepted ph}'8ical signs 
of deficiencies of vitamin A, ascorbic acid, niacin 
or riboflavin for seasonal periods in each of 3 
consecutive years Children acre grouped accord- 
ing to type and seventy of lesion, se\ and age 
(under and over 12 years of age) Four groups, 
vitamin A, ascorbic acid, uiacin and riboflavin 
were established and each group nas subdivided 
into control and therapy sections Therapy was 
administered with each of the above vitamins in 
amounts approximately 4 times the recommended 
daily dietary allowances of the National Research 
Council Bloods were analj zed for hemoglobin, 
serum protein, alkaline phosphatase, vitamin A, 
carotene and ascorbic acid in the spring, fall and 
winter according to the microchemical methods 
of Besaey and his associates Vitamin A blood 
levels were significantly elevated by vitamin A 
therapy and not significantly changed by the other 
3 types of therapy Ascorbic acid therapy’’ resulted 
in a significant elevation of blood ascorbic acid, 
but no such effect was observed with the other 3 
types of therapy’ The ascorbic acid therapy group 
had significantly lower carotene levels than con- 
trol children, other ty’pes of therapy having no 
significant effect upon blood carotene Hemo- 
globin and serum protein levels were not signifi- 
cantly improved by the therapv used Children 
in all therapy groups show ed a significantly greater 
increase in height and a tendency to increase more 
in weight than children in control groups 

Ascorbic and glucuronic acids as growth factors in 
chicks Marx Elizabeth Reid Experimental 
Biology and Med Inst , National Inst of Health, 
Bethesda, Md 

One-day old New Hampshire Red chicks were 
supplied a modified form of the Franklin ct al 
diet with Bngg’s salt mixture at a 6% level 


The chicks were injected daily, some with ascorbic 
acid, others with glucuronic acid and the control 
groups with normal saline Nine chicks were used 
in each group m the first test, conducted m sum- 
mer, and 9 males and 9 females in each group in 
the second test, conducted in winter In the sum- 
mer test, males receiving ascorbic acid gamed 31% 
more than controls whereas in the winter test they 
gained 3% less in 32 days Females receiving 
ascorbic acid, however, increased markedly in 
in weight over controls in both testa, in the first 
experiment the gains were 53% greater and in the 
second 42% Males did not grow more wath glu- 
curonic acid m either test whereas females gained 
20% more than controls in the first and 27% more 
in the second In males, liver to body weight 
ratios increased slightly with ascorbic acid in the 
summer test whereas no change occurred in winter, 
the liver ascorbic acid concentrations remaining 
fairly’ constant In females, the liver to body 
weiglit ratios mcreased m both tests mth ascorbic 
acid and the concentration of the vitainm was 
also greater These observations confirm and ex- 
tend the results of other investigators and offer 
interesting possibilities for further research 

Effect of tryptophane depletion and repletion on 
enzyme activities of tissues of chick Walter C 
Russell, hi Wight Tatlor and I WiLiiiAii 
Lane * Dept of Agncullural Biochemistry, Neio 
Jersey Agricultural Experiment Station, Rutgers 
Umv ,StateUniv of Neic Jersey, New Brurmmek 
Deprivation of individual essential amino acids 
causes, in general, decreases in liver esterase and 
phosphatase, and in pancreatic amylase, lipase 
and protease, but an increase in liver catalase 
When clucks were deprived of tryptophane for 
2 weeks, there was a decrease in blood catalase 
and a rise in liver catalase Liver esterase and 
phosphatase remained essentially normal but 
marked decreases in activity of pancreatic 
amxlase, lipase and protease occurred Provision 
of an adequate supply of tyrptophane, following 
2 weeks of depletion, and observations for a 4 
week period, show ed a gradual return to normal of 
blood and liver catalase, a rapid return to a normal 
value for pancreatic protease, and to a slightly 
subnormal value for pancreatic hpose Immedi- 
ately following repletion there was an upsurge of 
the value for pancreatic amy’lase to 67% above 
normal which gradually low’ered to normal during 
the 4 weeks of repletion It is of interest that 
during deprivation of the ammo acid, values for 
blood catalase fall whereas those for liver catalase 
rise, suggesting that the enzyme either plays a 
different role in the 2 tissues or that the rise m 
the liver is at the expense of that m the blood 
The data show that changes in enzyme activities 
caused by deprivation of tryptophane are revers- 
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iblD if (in adequate quauUti of the ammo acid is 
provided 

Effects of protein Icicl, iitnmin Bi-, and folncin 
on utilization of methionine for transmethyla- 
tion W D Saumon Ixih of Aninial A^itrifion, 
Alabama Poh/tcchnic Inul , iuburn 
Weanling rats were fed cliolinc-frcc diets con- 
taining 7 or 9% of casein and corn gluten meal and 
sufficient Di,-mctliioninc to prevent kidnoi lesions 
m a 2-neck period t\'Ticn 10% of gelatine was 
added, at the expense of sucrose no kidney damage 
occurred, the further addition of 0 10% ni. trypto- 
phane resulted m 100% incidence of renal damage 
but tryqitophanc without gelatine had no cfTcct 
Vitamin Bj- alone did not decrease incidence of 
kidney damage by the gelatine-try ptophanc-con- 
tainmg diet but vitamin Bi* and folacin together 
decreased incidence 50% A 50-100% incidence 
of renal injury developed m rats receiving a 
choline free, symthetic diet containing 60% of 
alcohol extracted casein Vitamin Bi; and folacin, 
or these vitamins together mth 0 64% dl methio- 
nine, did not consistently increase growth or 
decrease incidence of renal damage Choline alone 
(0 20%) prevented kidney lesions but had little 
effect on growth Choline together with vitamin 
Bis and folacin produced normal growth and 
grosslv normal kidney condition, ethnnolamine 
appeared to be as effective as choline m this 
combination The results indicate a significant 
effect of protein level on utilization of methionine 
and a specific relationship of vitamin Bu and 
folacin to transmethylation in the rat 

Effect of oral administration of streptomycin on 
B vitamin excretion in man Herbert P Sarett 
and Grace A Goldssiith Ntilrtlion Research 
Lab , Tulane Umv School of Medicine, N^cw 
Orleans, La 

The effects of administration of streptomycin 
on the unnary^ excretion of thiamine, riboflavin, 
folic acid, and N'-methylnicotinamide, and on 
the excretion of niacin compounds followang 
try ptophan supplements, were studied in subjects 
maintained for 24 to 40 day^s on regulated diets 
After suitable control periods, streptomycin (cal- 
cium chloride complex) was administered orally 
for 8-12 days m doses of 1 gm 4 times daily”^ 
Within a few day's, stool cultures showed either 
complete or partial inhibition of growth of coli- 
form organisms The excretion of thiamine, ribo- 
flavin and folic acid was not decreased during 
streptomycin administration and m one subject 
Was increased after 6-8 days of treatment N'- 
methylnicotinamide excretion was decreased in 
one subject and not changed in two other subjects 
Excretion of pyTidoxine compounds, as measured 
bv S carlsbergensts, was determined in one subject 
and found to be unaffected by streptomy cm The 


addition of tryptophan to the control diet led to 
increases in excretion of quinolinic acid and N'- 
mcthylmcotinamidc This conversion of trypto- 
phan to niacin compounds did not appear to be 
affected bv streptomycin administration and the 
concomitant decrease in intestinal flora 

Interactions between ascorbic acid and plasma 
and amino acids failure to find bound ascorbic 
acid in plasma Frederick Sargent, II and 
Ralph Golden (introduced by R E Johnson) 
Army i\fcfl Nulrilton Lab , Chicago, III 
The fact that the formed elements of human 
blood give up their content of ascorbic acid much 
more slow ly than docs plasma led to the hypothesis 
that ascorbic acid y\as bound to a non-diffusible 
substance, probably' a protein Since earlier in- 
vestigations had yielded conflicting data regard- 
ing the existence of bound ascorbic acid in any 
part of human blood, systematic physico-chemical 
and chemical studies were first made on plasma 
The methods used were 1) measurement of rate 
of diffusion of ascorbic acid through a semi- 
pcrmcablc membrane in plasma, a mixture of 
amino acids, and various control solutions at 37° 
C , 2) ultrafiltration of plasma, 3) spectrophoto- 
metric analy sis of solutions of ascorbic acid before 
and after addition of plasma, aimno acids, glucose, 
and N aCl , and 4) acid hy droly sis of trichloroacetic 
acid filtrates of plasma after a modification of the 
method of Guha cl al The followrng significant 
findings were made 1) ynth gradients ranging 
from 0 5 to 4 5 mg % of ascorbic acid, the rate or 
diffusion was not significantly' different in plasma, 
amino acids or 0 55 m NaCl, but the rate of diffu- 
sion was significantly' slower in plasma than in 
Ringer-Locke’s solution or distilled water 2) 
The concentration of ascorbic acid in ultrafiltered 
plasma was the same as that in the protein-free 
ultrafiltrate S) Spectrophotometry failed to m- 
dicate the formation of a compound between 
ascorbic acid and plasma or ammo acids 4) 
Plasma did not contain ascorbigen, a bound 
ascorbic acid described by Guha el al From these 
investigations the authors conclude that plasma 
does not contam a firmly' bound non-diffusible 
form of ascorbic acid The presence of a loosely 
bound form of ascorbic acid, however, is not 
precluded by the methods used 

Role of vitamin Bu and methyl donors in lipo- 
tropism and transmethylation in the rat and 
chick A E Schaefer,* W D Salmon and D 
R Strength * Lab of Animal Nntrilion, Ala- 
bama Polytechnic Inst , Auburn 
The relation of vitamin B 12 to the quantitative 
effectiveness of monomethy laminoethanol, di- 
methy laminoethanol, betaine, DL-methionme and 
choline as methyl donors for the prevention of 
renal damage and fatty livers in rats and for 
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growth and perosia-prevention in chicks was 
studied The choline requirement of weanling 
rats for protection against fatty livers was re- 
duced from 0 16% to 0 10% when the diet was 
supplemented with vitamin Bn and folacin On 
the basis of methyl content monomethylamino- 
ethanol and betaine were considerably less active 
for growth and prevention of renal damage and 
fatty livers in the rat that dimethjdaminoethanol 
or choline when vitamin Bij and folacin were 
omitted from the diet In the presence of vitamin 
Bn all the above compounds were equivalent to 
chohne on a meth 3 d basis Three mols of betaine 
were required to replace 1 mol of choline For the 
chick, betaine, DL-methiomne or monomethyl- 
aminoethanol, even in the presence of vitamin 
Bn, could not replace chohne for growth and 
protection against perosis Monomethylamino- 
ethanol and either DL-methionine or betaine could 
replace chohne on a methjd basis only when sup- 
plemented with vitanun Bn Vitamin Bn appears 
to function in methjdation processes 

Effect of feeding polyoxyethelene monostcarate 
preparations on growth rate and gross pathology 
of weanling hamsters B S Schw'Eioeht,* B 
H McBride* and A J Carlson Dwtston of 
Btochemtsiry and Nulnlwn, ‘imcrican Meal Inst 
Fndn , Depi of Biocheimslry and Dcpl of Physi- 
ology, Untv of Chicago, Chicago, III 
Weanling hamsters (4-6 ^\eeks of age) were fed 
a punfied diet for a 2-week preliminarv period and 
then the effect of feeding 2 polj'oxvethcleno 
monostearate preparations (Sta Soft and MYRJ 
45) as compared to lard on the growth rate, food 
efficiency, mortahtj', gross pathology and organ 
weights vas determined Thirty'-tliree animals 
were used in each group and the animals were kept 
in individual cages The followung dietary regi- 
mens were used 6% lard, 5% Sta-Soft, 5% MYRJ, 
5% lard with the food intake of the group re- 
stricted to the average amount consumed by 
hamsters fed Sta-Soft or hFYRJ, whichever was 
the least, 15% lard, 15% Sta-Soft, 15% MYRJ, 
15% lard with the food intake restricted as above, 
and 7i% lard plus 7i% Celluflour The latter 
group was included in order to test the effect of 
ingesting a substance that is essentially inert 
nutritionally (Celluflour) at a level that ap- 
proximated the non-fattj' acid moiety of the 
polymxj ethelene monostearate preparations It 
was concluded from these experiments that Sta- 
Soft or MYRJ fed at either the 5 or 15% level in 
the ration of weanling hamsters significantly 
reduced the rate of gain as compared to the 
results obtained with lard This was evident after 
2 weeks on experiment A reduction in food effi- 
ciency was also observed The retarded gains 
were not attributable to reduced food intake or 


the caloric inertness of the polyoxyethelene frac- 
tion Marked changes in the intestinal tract and 
severe diarrhea were also observed when Sta- 
Soft or MYRJ was fed Mortality data, and data 
on the organ weights also indicated that the in- 
gestion of these compounds was deleterious as 
compared to the data obtained with lard 

Ammo acid intakes and excretions of pnmi- 
gravidae on self-selected diets Bernice Blum 
Sheet,* Helen Oldham and Thelma Porter 
Dept of Home Economics, Untv of Chicago, 
Chicago, III 

Amino acid intakes and urinary excretions of 
primigravidae living at home on self-selected 
diets were followed for 7-daj^ periods dunng each 
of the last 5 months of pregnancy All food eaten 
was weighed, samples were saved and representa- 
tive aliquots for each penod analyzed for iso- 
leucine, leucine, lysine, methionine, phenylalanine, 
threonine, trj'ptophane, valine, arginine, histidine 
and total nitrogen The intakes of other nutrients 
were calculated Complete collections of excreta 
were made during each penod Aliquots of unne 
were analj'zed for ‘total’ amino acids and nitro- 
gen Average daily protein intakes ranged from 
50-82 gm , positive nitrogen balances were ob- 
tained when intakes were over 65 gm For the 
most part, the average daily intakes of methionine 
were lower than the allowances recommended by 
Rose (Federation Proc S 546, 1949) for young 
men, those of the other essential ammo acids 
were from 1-4 times those recommended The 
excretions of threonine and methionine were con- 
sistently above the range found in normal adults, 
those of histidine were also in this category in 
approximately 50% of the periods of observation 
The excretions of the other amino acids studied 
were within the normal range No correlation was 
observed between the amounts of ammo acids 
excreted and dietary intake, nitrogen balance, 
body weight or urine volume 

Effects of surface active agents when fed in the 
diet of hamsters Henri Sherman,* Robert S 
Harris and Walter W Jetter * Massaehnscils 
Inst of Technology and Boston Univ School of 
Medicine, Boston, Mass 

Sorbitan monolaurate (SL), polyoxyethylene 
Borbitan monolaurate (PSL), polyoxyethylene mo- 
nolaurate (PL), and hydrogenated oil (HO) were 
fed as 5% and 15% of experimental diets to 11 
groups of 36 weanling hamsters for 68 daj'S All 
diets contained casein, 24, sucrose, 61 16 or 51 10, 
celluflour, 3, salts, 4, liver extract (1 20), 1, forti- 
fied cod liver oil, 0 3, cjstme, 0 3, corn oil, 1, 
vitamin mixture (vitamin Bi, Bj, Bs, K, E, niacin, 
Ca pantothenate, chohne, inositol, PGA, biotim 
PABA), 0 24, and test substance, 5 or 15 One HO 
group was pair-fed wath SL group, another re 
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ceivcd 7 5% 110 tind 7 5% Cclluflour Representa- 
tive hnnisters from each grouj) were nutopsicd 
biweekly during test period, (be remainder on 
CStb daj Expenmcntal results are tabulated 
below Ilnmstcrs fed PSL and PL developed 
severe diarrhea Results of IIO pair-fed vvatli SL 
indicate SL effects not due to starvation Results 
of group fed 7 5% HO and 7 5% Colluflour demon- 
strate inert component of test material not re- 
sponsible Results of autopsv and histological 
examination of animal tissues will be reported 


5% TEST COUrODND 

SL 

PSL 

PL 

no 

no-p 

Wt increase (gm) 

49 

3S 

38 

63 

66 

Wt incr/gm diet 

12 

OS 

07 

13 

15 

Mortality (%) 

11 

40 

64 

17 

8 

15% TEST COMPOUND 






Wt increase (gm) 

34 



65 

57 

Wt incr/gm diet 

12 



16 

18 

Mortality' (%) 

22 

100 

100 

8 

10 


The data indicate that SL, PSL, PL were toxic 
to hamsters when fed as 5% and 15% of a nutri- 
tionallj adequate diet 


Pyridoxine and fats in metabolism Henry Sher- 
man,* Laura M Caaiplinq* and Robert S 
Harris Nutnhonal Brochemrsiry Labs , ilfassa- 
chuseUs Inst of Technology, Cambrtdge 
Male weanling rats were placed on a laboratory- 
diet consisting of Labco casein 20, com starch 
617, salt mix-ture 4 and pyndoxane-free vitamin 
mixture 0 3, modified bj the followang additions 
cornstarch 14 {diet FFPF), plus 0 4 mg pyri- 
doxine (dtel FF), olive oil 14 plus 0 4 mg pyro- 
doxme {diet 00), and hydrogenated fat 14 (diet 
HFPF) plus 0 4 mg pyTidoxine (dtel HF) Diets 
FF, FFPF and 00 were fed concurrently for 42 
days Half those on diets FF and FFPF were con- 
tinued on test for an additional 231 days, those on 
dtel FFPF were divnded into 3 subgroups and fed 
daily supplements of a) 0 02 mg pyndoxune, b) 30 
mg hnoleic acid as corn oil, or c) both In a second 
senes 2 groups of rats were fed diets FF and FFPF 
for 21 days, then each group was divided mto 4 
subgroups and fed diets FF, FFPF, HF and HFPF 
for an additional 56 days Pyrido-xme deficiency 
caused a decrease in apjietite and markedly in- 
terfered with food utilization Little pyndoxine 
was stored m rat tissues, for deficiency symptoms 
were evndent -within 5 days on the pyndoxine-free 
ration Pat exerted a sparing action on pyn- 
oxine since it retarded the development, and 
tened the cure, of deficiency symptoms Skin 
esions which developed in rats on the fat-free 
and pyridovine-free diet were partly due to es- 
sential fatty acid deficiency, but pnmanly to 
pyndoxine deficiency Less fat and less arachidonic 


acid were deposited in the carcasses of rats on the 
jiyridoxino free diets However, the percentage 
arachidonic acid in the carcass fat was higher 
Tiic biological synthesis of arachidonic acid was 
demonstrated in the groups which received pyri- 
doxine 

Excretion of radioactive phosphorus into ali- 
mentary tract of rats on high molybdenum and 
copper diets Rav L Shiriev,* Riley Deal 
Owens* AND George K Davis Dept of Animal 
Husbandry and Ahttrilion, Florida Agricultural 
Experiment Station, Gainesville 
The excretion of intramuscularly injected phos- 
phorus 32 into the various divisions of the ali- 
mentary’- tract of rats on rations containing added 
moly'bdenum and copper at levels of 0-0, 80-0, 
0-35 and SO-35 parts/million, respectively, was 
determined at intervals ranging from 0 5-168 
hours after administration Fecal and urinary 
excretion rates were deternuned, as well as the 
occurrence of the isotope in the various alimentary 
tissues Results w ere calculated as percentage dose 
and also ns percentage dose/mg of total phos- 
phorus A maximum deposition was found in the 
alimentary tissues within 0 5-6 hours, m the 
contents of the small intestine in 1-6 hours, and 
in the contents of the cecum and large mtestme 
in 24-96 hours after administration The greatest 
excretion was through the small intestine and 
least through the stomach AH 4 groups of rats 
had their maximum and minimum excretion of the 
isotope into the various segments of the aliment- 
ary- tract at appro-ximately- the same time, but the 
groups varied widely- in the total amount of the 
isotope dose that w as excreted The control group 
excreted the most phosphoru3-32, both in the 
feces and unne, while the high molybdenum, 
high copper, and high molybdenum-high copper 
groups excreted decreasing amounts, respectively 

Pyndoxine deficiency in the human bemg Selma 
E Snydebman, Rosario Cabbetebo and L 
Emmett Holt, Jb Dept of Pediatrics, New 
York Univ College of Medicine, New York City 
A pyndoxme-deficient diet, given for thera- 
peutic reasons to two mentally defective infants 
for 76 and 130 days respectively, failed to produce 
clinical benefit but yielded mformation of nu- 
tntional interest Both subjects developed evn- 
dences of pyndoxine deficiency, mdicating that 
pyndo-ane is a human dietary essential The 
first change noted was the prompt disappearance 
of pyTdo-xic acid from the unne and a reduction 
of the total unnary pyndoxine to low values 
ranging from 0 2 to 2 ng/day Subsequently, both 
infants lost the abihty to convert tryptophane to 
nicotimc acid, an effect which was desired in order 
to block a metabolic path for tryptophane that 
might be competing with normal tissue symthesis 



372 


FEDERATION PROCEEDINGS 


Volume 9 


A plateaiung of the weight curve occurred 33 and 
73 days after the institution of the regime On the 
76th day one subject developed a series of convul- 
sions which were promptly relieved by the ad- 
nunistration of pyndoxine The other subject 
developed a hypochromic anemia at approxi- 
mately the 130th day This responded dramatically 
to pyndoxine, a nse in reticulocytes was noted 
after 72 hours reaching a peak in 4 days after which 
red cell count and hemoglobin rose to normal 
Both subjects gained weight normally after sup- 
plementation In marked contrast to the excellent 
and prompt chnical response to the administration 
of pyndoxine was a delay in the reappearance of 
the ability to convert tryptophane to nicotinic 
acid 

Capillary fragility and vitamin P protective action 
against radiation Boris Sokoloff, James B 
Redd and Raymond Dutcheh (introduced by 
Walter H Eddy) Southern Bio-Research Lab , 
Florida Southern College, Lakeland 
A clear distmction should be made between 
the terms ‘capillary permeability’^’ and ‘capillary 
fragility ’ The term ‘increased capillary fragility’ 
should be used only ■when there is an alteration in 
the chemical structure of the intercellular cement 
as evidenced bj’’ the method of tannm-ferric 
chloride Using a vitamin-P compound isolated 
from citrus fruit, and containing 4 identified fact- 
ors, a decrease in capillary fragility was found 
in rats and rabbits A modified technique of 
Ambrose and DeEds was applied as well as the 
extract of inflammatory exudate (leukotaxme) 
with a pronounced delay in the diffusion of the 
dye In another senes of experiments 60 rats were 
submitted to X-ray irradiation They were divided 
into 2 groups One group of 20 rats served as con- 
trol, while the second group of 30 rats were given 
vitarmn P compound isolated from citrus fruit 
The radation factors were 250 kv 15 mm , with 
0 6 mm Cu and 3 0 mm Bakelite filters Target 
distance was 27 6 cm and 210 r/min dose rate 
All the rats, both the controls and those treated 
with vitamin P, received 800 r total bodj’- radiation 
in a single exposure Mortality rate of the control 
group, was 80% All rats of this group manifested 
gross hemorrhages of vanous gravity and pro- 
nounced pathological lesions in the reticular zone 
of the adrenal cortex The rats receiving vitamin 
P, 5 mg daily for 7 days pnor to exposure and for 
23 days post radiation, had a mortality rate of 
10% vnth much less pronounced hemorrhagic 
diathesis Histological investigation in the group 
of treated animals revealed only minor injury to 
the capillary wall with intercellular pores re- 
maining intact It appears that vitamin P factors 
have a specific affinity to the intercellular cement 
of the capillary wall by strengthening it and giv- 


ing it considerable protection against radiation 
ionization 

Niacin, biotin and folic acid in nutrition of the 
mouse Eugene M Sporn and Edward J 
Schantz (introduced by Harold P Morris) 
Camp Dcirtck, Frederick, Md 
Extensive work on the nutrition of the rat has 
indicated that on a semi-sjmthetic ration, a dietary 
source of niacin, biotin or folic acid is not reqmred 
for normal growth Nieldson and Black (/ Nutri- 
tion 28 203, 1944) reported biotin and fohe acid 
deficiency in the mouse by feeding diets deficient 
in these vitamins Others have obtamed normal 
growth in mice without these factors m the ration 
It nas observed in his laboratory that weanlmg 
Swiss-Webster mice started at 19 days of age on a 
nutritionally complete diet contaimng 10 crystal- 
line members of the vitamm B-complex grew at an 
excellent rate while mice on a diet deficient in 
niacm, biotm and fohe acid great at a slower rate 
The difference became statistically sigmficant 
after 6 weeks The complete ration resulted m an 
average weight gain of 3 1 grams/week while the 
biotin-doficient ration resulted in 2 6 gm gam per 
week Feeding rations deficient in each of the 3 
vitamins demonstrated that only a biotin de- 
ficiency produced a similarly reduced rate of 
growth There were no gross symptoms observed 
in the biotin-deficient mice aside from a decreased 
food intake and decreased growth rate Bioassay 
of the livers of these animals indicated a slightly 
lesser store of biotin than m mice fed a complete 
ration 

Vitamin Bi- and folic acid for reproduction and 
lactation Barnett Sure Dept of Agricultural 
Chemistry, Umv of Arkansas, Fayetteville 
This work was carried out on the Wistar Strain 
albino rat A ration contaimng 50% low-fat soy- 
bean flour furnished 25% proteins in rations, 
which were adequate in all dietary essentials 
except folic acid and vitamin Bu Ration A was 
the control without folic acid and vitamin Bn 
supplementation, ration B was supplemented with 
vitamin Bn, ration C was fortified with fohe acid, 
and ration D was supplemented with folic acid 
and vitamin Bn Dunng a reproduction period 
of about 4 months the results obtained made it 
apparent that for optimum reproduction and 
lactation both folic acid and vitamin Bn are es 
sential and that folic acid plays a significant role 
in fecundity Male rats from mothers on ration B 
weighed after 8 veeks grovidh, 109 gm more, and 
female rats weighted 46 gm more than rats from 
mothers on ration A 

Nutritional status of pteroylglutamic acid in per- 
sons with leukemia Marian E Swendseid, 
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A^N L S^' ANSON, STANLti’i MiI.NEH AND FrANK 
H Betheld (introduced by How ARD B Lew'is) 
Thomas Henry S77>ipson Mc7)7or7al Jnsl for Mai 
Research, Uiuv of Mich7gan, Ann Arbor 
The clinical evaluation of metabolic antagonists 
of pteroylglutamic acid (PGA) m leukemia bus 
shown that limited therapeutie benefit is obtained 
m manj cases of acute leukemia, wdiercas the re- 
sults of treatment in chronic leukemia arc in 
general unsatisfactory The possibility exists that 
the early development of toxic manifestations 
during PG\ antagonist therapy m chronic leu- 
kemia may be conditioned bj the nutritional sta- 
tus of the patient wath respect to PGA itself To 
determine whether PGA deficicncj is associated 
with any specific type of leukemia, patients were 
given test doses of PGA and the unnarj" excretion 
of the vitaimn measured Since previous studies 
have indicated that untreated pernicious anemia 
patients, who are presumably deficient in PGA, 
excrete a much smaller percentage of test doses of 
the vitamin than normal subjects, it appears that 
the amount of PGA excretion following its ad- 
ministration maj’- serve as a valid criterion of 
nutritional PGA status Data show that low ex- 
cretion rates of PGA following a 5 mg oral dose 
were obtained in chronic leukemia much more 
frequently than in acute leukemia Seventy % of 
the chronic leukemia patients excreted less than 
1 mg of the administered vitaimn The excretion 
of PGA antagonist (Aminoptenn) was also less 
in chronic than in acute leukemia Preliminary 
investigations of the converse problem, the effect 
of PGA antagonist administration on PGA nu- 
trition and metabolism, have also been made 
Data obtamed by PGA and L cilrovorum factor 
excretion studies during or after PGA antagonist 
(Aminoptenn) therapy give some indications of 
PGA displacement from bod 3 ' tissues 

Unidentified factor for mink present in hog in- 
testinal mucosa S B Tove,* R J Lalor* 
AND C A Eltohjem Dept of Biochemistry, 
College of Agriculture, Univ of Tl''r8corwtn, Mad- 
ison 

Previous work has shown that when a regular 
sucrose-casein punfied ration is fed to mink, loss 
of body weight and death will occur unless fresh 
liver 18 added to the diet (Schaefer, Tove, White- 
hair AND Elvehiem J Nutrition 35 157, 1948) It 
was also demonstrated that the liver supplies 2 
unidentified factors, one of which is soluble in 
60% methanol, the other insoluble Even when 
these animals are given rations containing 20% 
liver thej' suffer a severe weight loss and die after 
several months on experiment Upon autopsy, 
dilation of the right side of the heart, marked fattj 
degeneration of the liver, kidnejs and heart is 
noted When 2% desiccated hog mucosa is added 


to the basal ration supplemented with fresh liver 
an immediate gain in body weight results No 
further w'eight loss occurs and the survival time 
IS increased to at least 2 years When killed at this 
time, tlie heart and kidneys appear normal, but 
a slight fatty degeneration of the liver is still 
apparent When the hog mucosa is autoclaved at 
15 pounds for IS minutes the activity is destroyed 
Unless given ivith fresh liver or fresh spleen the 
hog mucosa is inactive Neither fresh spleen nor 
fresh spleen and hog mucosa is capable of replac- 
ing either of the 2 unidentified factors in liver 
These results indicate that milk require a factor 
produced by a combination of hog intestinal 
mucosa and fresh liver or hog intestinal mucosa 
and fresh spleen 

Studies on the requirements of the mouse for 
some of the B vitamins John J Travers* and 
Leopold R Cerecedo Dept of Biochemistry, 
Fordham Umv , New York City 
Long-term studies on growth, maintenance, 
reproduction, lactation and longevity in mice on 
high and low levels of the B complex were con- 
ducted to determine the minimum levels necessary 
for optimal performance The the diets used 
consisted of vitamin-frec casein, sucrose, hydro- 
genated cottonseed oil, lard, ruffex, and salts, 
supplemented with thiamine, nboflavin, pyri- 
doxin, pantothenic acid, folic acid, biotin, choline, 
a-tocopherol, and vitamins A and D With a diet 
of this basal composition it was found that thi- 
amine, nboflavin and pyridoxin, each at a level 
of 2 5 mg /kg of diet, allowed approximately 
the same overall performance as levels of 20 mg 
each Swiss albino mice have been earned success- 
fully through 4 generations on these diets With 
C57 mice these diets were adequate for growrth 
but not for reproduction and lactation With 
low levels of thiamine the initial growth response 
m weanlings depends on the levels of the other 
vitamms, and there appears to be an interrelation 
between nboflavin and pyridoxin When all three 
of these vitamins were given at 1 mg/kg of diet, 
approximately 50% of Swiss mice developed the 
typical acrodynia of pyridoxin deficiency This is 
m contrast to what occurs with pyridoxm-free 
diets m the same strain when the levels of thiamme 
and nboflavin are high since under these conditions 
the syndrome is obtained only when desoxypyn- 
doxin 18 employed 

Vitamin Bu and liver protein regeneration Harrt 
M Vabs, Gordon M Kahn* and Colin C 
Fbrchjson * Harrison Dept of Surgical Research, 
Unw of Pennsylvania, School of Medicine, Phil- 
adelphia 

Adult male rats reared on a Purina diet were 
fed a nonprotein diet for 2 weeks, and subjected 
to a 70% partial hepatcctomy Dunng a 2-week 
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postoperative petiod suitable groups were fed 
diets containing no protein, 10 or 18% casein and 
10% wheat gluten, with and without the sub- 
cutaneous or intraperitoneal injection of a total 
of 4-IO7 of Cobione There were no essential 
differences between treated and untreated groups 
in the N-balance, food intake, weight restoration 
and liver protein regeneration A similar experi- 
ment was conducted with rats (obtained from Dr 
Gladys Emerson of the Merck Inst ) that had been 
fed a soya protein diet, ffee of animal protein 
factor for periods of 8-13 months After 2 weeks 
on a non-protein diet and partial hepatectomy 
they were fed the same soya diet for 14 days, with 
and without injection of Cobione The ad hbilum- 
fed Bi 2 treated rats regained more in bodv weight 
and regenerated as much liver protein (slightly 
less positive N balance) than the untreated con- 
trols The Bi 5 -treated controls, pair fed to the 
untreated controls regained the same amount of 
body weight but regenerated less liver protein 
and had a smaller positive N-balance Under the 
expenmental conditions emplojed vitamin Bi. 
has evidenced little or no stimulatory effect in 
facilitating liver protein regeneration 

Protein metabolism in chronic illness effect of 
protein supplementation on nitrogen balance, 
hemoglobin, serum proteins and weight in the 
malnourished and effect of nutritional status 
on nitrogen storage S 0 Waife, Michael G 
WoHL, John G Reinhold (introduced by James 
H Jones) Nulrtlion Project and Dept of Medi- 
cine, Philadelphia General Hospital, Philadel- 
phia, Pa 

This studj IS an attempt to answer f) Of what 
value IS continued protein supplementation to 
the chronicalh ill patient? 3) What is the effect of 
a high protein intake on body weight, hemo- 
globin, serum albumin and globuhn levels m these 
subjects? Twelve chronically ill, ‘protein-depleted’ 
subjects were studied by nitrogen balance methods 
for an average of 50 days (range 22-124 daj's) On 
a diet adequate in calories and with the protein 
intake supplemented by an oral casein concen- 
trate, large amounts of nitrogen were stored As 
an example, an elderly woman with rheumatoid 
arthntis, stored over 6 gm of nitrogen/day for 
4 months In 6 subjects nitrogen retention nearly 
equalled nitrogen intake The nitrogen retention 
in 4 other patients w as only moderatelv increased 
This difference was undoubtedly due to a differ- 
tnoe in degree of nitrogen depletion There was no 
CO '•elation between increased stores of nitrogen 
or rate of storage and changes of hemoglobin, 
albumin, globulin or weight Clinically, the latter 
group IS indistinguishable from the former except 
diabetic patients required significantly less in- 
sulin Further work is needed to distinguish this 


group in order -to avoid useless and indiscnmmate 
protein supplementation The severely depleted 
patients showed a greater gam in weight and, to a 
less extent, a greater nse m globulin than the 
patients with a moderate nitogen depletion The 
latter group had the greater rise m hemoglobin 
and albumin Protein metabolism in chronic ill- 
ness differs significantly from that m acute illness 
in prenously well subjects The degree of repletion 
determines the type and degree of protein fraction 
which may be altered on supplementation 

Spectrographic evidence of deficiency of unsatu- 
rated fatty acids in serum and tissues of dogs on 
a low fat diet Hilda F Wiese,* Ralph T 
Holman* AND Arild E Hansen Dept of Pedi- 
atrics, Untv of Texas Med Branch, Galveston, 
and Dept of Biochemistry and Nutrition, A and 
M College of Texas, College Station 
Marked gross changes m the appearance of the 
skin and hair develop when young puppies are 
reared on a diet containing about 1% of the 
calories as fat Lipid analyses of both the serum 
and skin tissue of these animals show that the 
fatty acids m these animals have a definitely lower 
degree of unsaturation compared with the fatty 
acids of the serum and healthy skm of dogs re- 
ceiving 29% of their calories as fresh lard The 
relative amount of unsaturated fatty acids hav- 
ing 2, 3, 4, 5 and C double bonds has been deter- 
mined by measuring the absorption coefiBoient of 
the alkali conjugated fatty acids at 2350 A, 2700 
A, 3025 A, 3500 A and 3750 A These values show 
definitely lesser amounts of diene conjugated fatty 
acid in the serum, skin and subcutaneous tissue 
of the animals exhibiting the charactenstic skin 
changes of dietary fat deficiency than m healthy 
animals 

Microbiological characterization ofbiocytin Lem- 
uel D Wright, Emlen L Cresson,* Ka- 
therine V ALENTIK* AND HeLBN R SkEGGS * 
Med Research Division, Sharp and Dohme, Inc , 
Glenolden, Penna 

The isolation from yeast extract of a cry'stalline 
factor, termed biocytin, that is available to 
Lactobacillus casei but not to Lactobacillus ara 
binosus as a source of biotin recently has been 
announced (Wright, Cresson, Skeqqs, Wood, 
Peck, Wolf and Folkers J Am Chem Soc 
In press) Biological characterization of biocytm 
18 extended by data with respect to 1) avail- 
ability as a source of biotin to a large group of 
biotin-requiring organisms and unavailability' as 
a source of biotin to only a few' species, ^) stability 
to the action of any one of a large number of 
commercial enzv'me preparations, S) avidm com- 
binability, 4) relative inactivity as compared to 
biotin in reversing the bacteriostatic activity 0 
certain biotin antimetabolites, and 5) inactivity 
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ttB compared to biotm in stimulating the aspartic 
acid deaminase activity of bacterial cells pre- 
viously exposed to pn 4 m phosphate buffer 
Biocytm from chromatographic data appears to 
be the only complex in veast extract capable of 
juelding, by acid hydroljsis, biotin or its micro- 
biological equivalent for lactic acid bacteria 

Effects of dietary supplements on plasma to- 
copherol levels and vitamin E deficiency symp- 
toms in chicks Leona Zacharias, Paul Gold- 
HABER AND V Everett Kinsey (introduccd by 
Fredrick J Stare) Massachnsells Eye and 
Ear Infirmary and Harvard Med School, Boston, 
Mass 

The influence of a u atcr-nuscible vitanun prep- 
aration (Vi-Penta), iron, and other substances 
on vitamin E deficiency sjTnptoms and plasma 
tocopherol levels of chicks fed vanous diets was 
investigated The chief symptom of deficiency in 
chicks fed a vitamin E deficient base diet was 
encephalomalacia The plasma tocopherol level 
was 0 1-0 4 mg % Oral administration of 21 mg 
of of-tocopherol weekly to chicks fed the base diet 


prevented deficiency symptoms and raised the 
plasma tocopbcrol^lcvcl to 1 6 mg % Chicks fed 
a natural diet, with or without cod liver oil, 
developed no deficiency symptoms, although their 
tocopherol level was in the same low range (0 1- 
0 5 mg %) as that of animals fed the base diet 
Oral administration of iron supplements did not 
alter the plasma tocopherol levels Although addi- 
tion of Vi-Penta to the |tocopherol-supplemented 
base diet lowered the plasma tocopherol level, it 
prevented deficiency sjonoptoms vs hen added to 
the unsupplcmcntcd base diet The absence of 
vitamin E-deficiency symptoms in chicks raised 
on a cod liver oil-supplemented natural diet or a 
Vi-Penta-supplcmented base diet (both diets con- 
taining inadequate amounts of vitamin E and 
significant quantitici? of unsaturated fatty acids) 
suggests the presence of protective substances 
other than vitamin E in both the natural diet and 
Vi-Penta The use of water -miscible vitamin prep- 
arations or iron docs not contribute to the pro- 
duction of a state of vitamin E deficiency in 
chicks The relation of these findings to retrolental 
fibroplasia in premature infants is discussed 
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Immunochemical studies on species differences 
among blood group A substances Harold 
Baer,* Elvin A Karat, Richard L Dat* 
AND Vesta Knadb * Depts of Neurology, Bac- 
teriology and Pcdtalrics, Columbia Untv College 
of Physicians and Surgeons, and the Neurological 
Inst and Babies Hospital, Presbyterian Hospital, 
New York City 

Substances shoeing blood group actmtj' are 
found in tissues and secretions of man} animals, 
such substances have been found in human, hog, 
horse and cattle stomach linings Not ever} mem- 
ber of each species possesses all blood group activ- 
ities Isolation has revealed that materials of com- 
parable immunochemical purity from different 
species showing a given blood group activity are 
not identical Thus, hog substances varied in 
methylpentose content from 6-13%, vhile sub- 
stances from human saliva varied from 9-18%, 
those from horse stomaclis averaged 7% and those 
from cattle stomach ranged from 1 5-5 2% The 
horse blood group substances contained more 
non hevosamine nitrogen than did substances 
from other species The reactions of hog, human 
and horse blood group A substances vith homolo- 
gous and heterologous antisera formed in man as 
measured bj the hemagglutination inhibition and 
quantitative precipitin methods provide further 
evidence of species differences Hog and human A 
substances are very closely related ns evidenced 
by their high cross reactivity while horse A sub- 
stance cross reacts much less w ith antisera to both 
hog and human A substance Analysis for hevosa- 
mine m specific precipitates of hog and human A 
substances w ith antibody to human A substance 
formed as a consequence of heterospecific preg- 
nancy has show n tlmt w ithin experimental error 
all of the hexosamine of the blood group sub- 
stance is precipitated This confirms the data on 
purity obtained with antibody prepared against 
purified hog A substance 

Antibody production in nutritionally depleted 
patients Henri H Balch (introduced by A 
M Pappbnheimer, Jr ) Depts of Surgery and 
Microbiology , New York Untv College of Medi- 
cine, New York City 


There have been reports, based largely on am- 
mal experiments, that nutntional deficiency and 
loss of the protein reserve may lead to a lowered 
resistance to infection This lowered resistance is 
said to be due in part to deficient antibod} forma- 
tion Antibody production has usually been meas- 
ured b} using the agglutination or hemobdic 
reactions In the present study antibody response 
has been measured quantitatively in a group of 
patients nutritionoll} depleted by disease This 
has been earned out by determimng the anam- 
nestic response to a single injection of 42 Lf 
(0 12 mg ) of highlj purified diphthena toxoid in 
Schick negative individuals showing no hjqier- 
sensitmty to Schick control Severely ill, nutn- 
tionall} depleted patients, wuth hy^poproteinemia 
and extensive weight loss, who were also in nega- 
tive nitrogen balance, were found capable of pro- 
ducing antibody ns well as or better than the 
healthy controls (The series included 25 depleted 
and 19 healthy control patients ) Furthermore, 
antibody production was found to continue up to 
the time of death from wasting disease Antibody 
response could not be related to the age of the 
patient, the initial antibody level, total serum 
protein, serum albumin or serum globulin levels 
No relation was found between antibody response 
and the development of infection This work 
clearly shows that conclusions based on experi- 
ments in animals mai not apply in man, with 
respect to the relationship of the protein reserve 
to antibody' globulin s^ nthesis or to the need for 
adequate dietary' protein for antibody manufac- 
ture in order to help prevent the onset and de- 
velopment of infection 

Factors aiding in the demonstration of qualitative 
differences in the virnlence-enhancing activity 
of mucin preparations H C Batson and 
Martha Brown * Dept of Biologic Products, 
Army Med Dept Research and Graduate School, 
Washington, DC 

Previous observations indicated that qualita- 
tive differences in the activity of immunologicallv 
active substances could not be demonstrate 
with any certainty, if at all, when all controlled 
experimental conditions favored the action o 
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the substances being tested How ever, it appeared 
that differences in nctivitj of such substances 
could be demonstrated bj the deliberate introduc- 
tion of stress factors, i c unfavorable conditions 
The investigation reported here was a study of 
the effect of various stress factors on the degree 
and certainty of differentiation between two lots 
of mucin of different virulence enhancing activity 
Stress factors investigated included mouse re- 
sistance, virulence of the challenge organisms 
(Salmonella iyphosa), and specific immunization, 
both active and passive Distinction between the 
lots of mucin was established with certaintj when 
tested with moderate doses of a moderately viru- 
lent strain of S (yphosa in male mice of a moder- 
ately resistant strain Distinction was not ac- 
complished using comparable doses of a highly 
virulent strain of S iyphosa and female mice of 
a highly susceptible strain Distinction between 
the mucins was readily accomplished by cmploy'- 
ing either actively or passively^ immunized mice 
even though they were of susceptible strain and 
sex and the S Iyphosa challenge culture used w ns 
highly virulent These observations are of critical 
interest in immunological assays since in deter- 
mining the degree of protection conferred on 
susceptible mice by an active immunizing agent, 
the apparent immunogenic activity would be 
greatly' exaggerated by' the inadvertent use of a 
mucin preparation of low activity' 

Immunochemical studies on cattle blood group 
substances Sam M Beiser* and Elvin A 
Kabat Depls of Bacteriology and Neurology, 
Columbia Univ College of Physicians arid Sur- 
geons, and the Ncurologiml Inst , Presbyterian 
Hospital, New York City 

Substances with either A, B, 0, AO, BO, or 
w ith negligible activity as determined by hemag- 
glutination-inhibition were prepared from indi- 
vidual cattle stomachs The best cattle prepara- 
tions are about 5% as active per unit weight as 
corresponding hog, human or horse preparations 
These substances are antigenic in man resulting 
in the production of precipitins and some rise in 
hemagglutinins Anti-cattle B formed in man 
precipitates all cattle preparations studied irre- 
spective of their blood group activity', indicating 
that these products have bovine as well as blood 
group specificity Hexosamine analyses on pre- 
cipitates obtained in the region of antibody' excess 
result m recovery of 59-90% of the bovine hex- 
osaminc added In common with blood group 
substances isolated from hog and human sources, 
bovine substances cross-react with horse anti-S 
The degree of cross-reactiviti is unrelated 
to the methy Ipentose content of the cattle sub- 
stances, but the cross-reactirnty increases on 
heating the preparations at 100° C for 2 hours 


at about pii 1 9 Bovine blood group B substances 
cross-react extensively with antisera to horse B 
formed m man and show a much higher capacity 
to precipitate anti-B per unit weight than would 
have been expected from the hcmagglutination- 
inhibition test Cattle A docs not cross-react w'lth 
antibody to hog A or human A substances The 
sera of tw'O individuals of type B with a high natu- 
ral anti-A titer precipitated with hog A but re- 
acted only' slightly' w ith bovine A substance 

Immunochemical studies of bovine complement 
David T Berman (introduced by M R Ibw in) 
Depls of Veterinary Science and Genetics, Univ 
of IFisconsin, Madison 

Fresh unheated Iiovine scrum agglutinates sensi- 
tized erythrocytes The agglutinative power may' 
be inactivated by heating at 5G°C for 20 minutes, 
by treatment w'lth zy'min, NHj, or by' fractiona- 
tion into midpiecc (M) and endpiece (E) Re- 
combination of M and E, of heated serum with 
NHj-treated or zy min-treatcd serum, and of zy- 
min-treated serum with NHj-treated serum re- 
stored the agglutinative ability' Alternative 
hy'potlieses to explain these results are I) that 
bovine complement (C') is primarily' agglutina- 
tive, or B) that bovine serum contains a non- 
liemoly'tic complement which is fixed by sensitized 
cells, which are then agglutinated by ‘congluti- 
nm’ Specific inactivation of C' prevents ‘con- 
glutination’ The agglutinative pow'er inactivated 
by treating a single lot of bovine serum with heat, 
zy'min and NHj to destroy all four C' componentsj- 
was not restored by combining this preparation 
with fresh horse serum Specifically inactivated 
bovine serums w’ere recombined with specifically 
inactivated guinea pig, human and rabbit C' 
All effective combinations of these reagents pro- 
duced agglutination of sensitized cells, and some 
also produced lysis Inactive combinations gen- 
erally could be explained on the basis of anti- 
complementary action of one of the reagents, or 
of the combination Bovine reagents furnished 
C'l, C'3 and C'4 to the other specifically inacti- 
vated complements From these results it appears 
that bovine C' consists of at least 4 components 
analogous to, and to some extent interchangeable 
with, those of other species of mammals Bovine 
C' 18 primarily agglutinative, and this activity 
adequately explains the so-called ‘conglutination’ 
reaction, w'lthout the necessity' of resorting to an 
additional serum factor 

Differences in surface structure between virulent 
and avirulent mycobacteria Hubert Bloch 
Public Health Research Inst of The City of New 
Yorl, Inc , New York City 
It was found recently (H Bloch J Exper 
Med 91 197, 1950) that a lipid material could be 
extracted from virulent but not from avirulent 
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tubercle bacilli, and that several biological func- 
tions of the bacilli related to virulence could be 
attributed to this material which is most likely- 
coating the cellular surface of virulent organisms 
Further investigations revealed considerable dif- 
ferences in the permeability of the cellular surface 
of virulent and avirulent mycobacteria Using 
the Thunberg methylene blue method, it could be 
shown that avirulent variants of tubercle bacilli 
as well as saprophytic mycobacteria decolorize 
methylene blue in the presence of a substrate, as 
most bacteria do, whereas virulent organisms do 
not reduce the dye This lack of reactivity is due 
to a considerable impermeability of the cellular 
surface which distinguishes virulent organisms 
Removal of the lipid coating mentioned above by 
the action of organic solvents or of certain en- 
zymatic factors promptly renders virulent or- 
ganisms methylene blue decolorizing Whereas 
a-virulent mycobacteria reduce methylene blue 
at any age of the culture, virulent bacilli may 
acquire this propert^ by aging The time required 
for a -virulent culture to become methylene blue - 
decolorizing is inversely^ proportional to its viru- 
lence 

Second attacks of poliomyelitis in human beings, 
in relation to immunity David Bodian and 
Howard A Hove PoUomijehtis Research Cen- 
ter, Dept of Epidermology , Johns Hopkins Untv , 
Baltimore, Md 

It was shown that second paralytic attacks of 
poliomyelitis in monkeys result only- from inocula- 
tion with strains of different antigenic typo 
(Bodian Am J Hyg 49 200, 1949) Even 3 
attacks may be produced by viruses of the 3 
known types, Brunhilde, Lansing, and Leon (Bod- 
ian, Morgan and Howe Am J Hyg 49 225, 
1949) Leon -virus heretofore was represented by 
one strain (Los Angeles, 1937), although there is 
evidence for a wider distribution of this ty-pe in 
the U S (Bodian Proc Soc Exper Biol & Med 
72 259, 1949) In September 1944, in Baltimore, 
we isolated fecal -virus from a boy of 15 who was 
suffering a second attack, and whose first attack 
occurred at 9 months, leaving severe residual 
muscle atrophy The virus has been shown to be 
of the Leon ty-pe Antibody against Lansing, 
Brunhilde, and Leon viruses was absent from his 
serum at the time of the second attack His serum 
3 months later neutralized Leon, but not Lansing 
or Brunhilde His serum neutralized his own -virus 
somewhat, during the second attack, and had 
greater potency’’ 3 months later From the same 
outbreak, we isolated a virus of the Brunhilde 
type (Frederick strain, reference 2, above), so 
that more than one antigenic type w'as prevalent 
Whether paraly’tic reinfection in man, as in mon- 
key, IS due to infection with a second antigenic 


type IS not answered Antibodies against the 
virus type of the first attack may have disap- 
peared, or his first attack could have been due to 
a type not yet identified 

Relationship between serum antibodies and car- 
rier state to poliomyelitis Gordon C Brown 
AND John D Ainslie * Dept of Epidemiology 
and Virus Lab , School of Public Health, Univ 
of Michigan, Ann Arbor 
Three families in which cases of poliomyelitis 
occurred were studied for the presence of -virus 
in stools and serum antibodies Eight adults and 
14 children w ere represented The specimens had 
been obtained shortly after onset and again 3 
weeks later Virus was isolated from stools by 
intracerebral inoculation of monkeys Serum anti- 
bodies were demonstrated by virus neutralization 
techniques in mice against the Lansing strain and 
in monkeys against the virus isolated from the 
family under test Poliomyelitis -virus was iso- 
lated from all 5 cases and from S of 17 famihal 
associates With two e-vceptions, the positive 
isolations were from persons under 12 The indi- 
■viduals from w horn virus was not recovered were 
all ov-er 15 Two people remained earners for 3 
w eeks Only 3 of 12 carrying -virus in stools w ere 
found to have Lansing antibodies Two of these 
were cases Of 9 associates with no -virus in their 
stools, all had demonstrable serum antibodies, 
suggesting a close correlation between the pres- 
ence of Lansing antibodies and the absence of 
virus in stools This same correlation was observed 
with the later specimens Sera of the cases and 
their associates w ere tested for neutralizmg anti- 
bodies to the specific strains of -virus recovered 
Most of these sera contained antibodies to the 
specific ‘family ’ virus as early as 3 day’s after 
onset of illness in the case, suggesting an early 
experience with the agent These antibodies ap- 
pear to exist regardless of the presence or absence 
of Lansing virus antibodies or of -virus in the 
stools 

Further studies on the role of activated protease 
and protease-inhibitors in allergic reactions 
Kenneth L Burdon Dept of Microbiology, 
Baylor Univ College of Medicine, Houston, Texas 
An improved fibrinogenolytic technique which 
serves as well for the quantitative titration of 
activated serum proteases as for testing the ac- 
tivity of various protease-inhibiting substances, 
has been applied, in addition to the film-gelatin 
digestion procedure previously used, m the fur- 
ther study of the protease-antiprotease system 
in normal, sensitized and desensitized guinea pigs, 
rabbits and human beings Critical tests on serum 
samples from guinea pigs sensitized to a pure, 
non-antitryptic antigen (crystalline egg albumin; 
using in paraUel the highly sensitive fibrinogeno 
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lytic technique and the fully standardised film 
method, yith erj'stalline trypsin, have corrobo- 
rated earlier findings, whieh indicated a marked 
disturbanee of the protease-antiprotense balance 
during anaphylactic shock, and the regular asso- 
ciation of the refractory state intli a relatively 
high average antitryptic titer in the blood Re- 
sults of studies on the activation and titration of 
the blood proteases of normal and sensitized ani- 
mals, and human beings, and of attempts to 
prevent systemic anaphylaxis and local allergic 
reactions by the administration of highlj'^ anti- 
tryptic substances are presented 

Effect of x-irradiation on enteric cholera and 
coproantlbody response in the guinea pig Win- 
UAM Bubbowb Dept of Bactcrtology and Para- 
sitology, Umv of Chicago, and Biology Division, 
Argonne Natl Lab , Chicago, III 
Experimental entenc cholera in the guinea pig 
was sigmficantly altered by x-irradiation in doses 
of 100-200r Animals were infected by intra- 
gastric inoculation immediately follow ing irradia- 
tion, and 4-6 were lulled on alternate day’s there- 
after for a penod of 20 days, and examined for 
bactenal mfection of the tissues Eighty’ % were 
infected after the 5th day’, and of these hemolytic 
streptococci were found m 24%, staphylococci in 
24%, and cholera vibnos in 52% Assay of the 
cholera infection by count of vibrios excreted in 
the feces showed a marked supression in the 
first 1-3 days, followed by a sharp increase in the 
intensity of the mfection by the 5th-10th day 
which was 5-fold or more than that in the non- 
irradiated ammal and corresponded in time with 
the spread of infection from the bowel Serum 
antibody response was negligible but titration of 
coproagglutuun showed an accelerated immune 
response immediately following infection, reach- 
ing a peak at the 2nd-3rd day’, and its disappear- 
ance by the 5th day associated with the increase 
in numbers of vibnos excreted The results sug- 
gest that x-irradiation produces a transitory 
acceleration in coproantlbody response, that the 
relation between coproantlbody titer and in- 
tensity of entenc infection is inverse, that x-irra- 
diation results in generalized spread of entenc 
cholera, and that disappearance of coproantlbody 
IS associated wuth invasion of the tissues by bac- 
teria present m the bowel in radiation sickness 

A method for the enhancement of hypersensitiv- 
ity to a simple chemical substance (picryl 
chlonde) Merrill W Chase Rockefeller Inst 
for Med Research, N ew Yorl City 
While the methods for inducing cutaneous sensi- 
tivity towards chermcal allergens usually neces- 
sarily’ involve application of the simple chemicals 
to the skin, typical contact-tx’pe hx’persensitivity 
has been elicited in guinea pigs by means of the 


intrapcritoncal injection of special conjugates 
(prepared by coupling the simple excitants to 
homologous erythrocyte stromata) along w’lth 
dead tubercle bacilli and paraffin oil (Land- 
steiner, K and M W Chase J Exper Med 
73 431, 1941) The described method may be 
simplified technically’ by making at one time 
several small intramuscular injections of an emul- 
sion of conjugate, Aquaphor or Falba, and paraffin 
oil containing killed my'cobacteria (Chase, M W 
J Exper Med 86 489, 1947) IVhen picrylated 
stromata are thus employ ed as sensitizer, a large 
proportion of the animals develop sensitiveness 
to picry’l chloride, the limiting reactive concen- 
trations in olive oil varying between 1 100 and 
1 500, infrequently 1 1600 This degree of sensi- 
tiveness may’ be further increased between 10- 
and 30-fold, approaching the drug-sensitiveness 
(by' contact) of human beings, when applications 
of picry’l chloride in dibuty 1 phthalate or almond 
oil are made to the skin at a few appropriately 
spaced times following the initial mtramuscular 
sensitizing injection Distinct reactions occurred 
at 1 15000 concentration in 45% of 283 animals 
so treated and at 1 45000 in 14 2% of 147 animals 
Neither of the two types of treatment alone, nor 
restimulation with the conjugate, sufficed 


A precipitin test for carbohydrate antibodies in 
human tubercnlosis and in leprosy Nine Choh- 
CROON Dept of Public Health and Preventive 
Medicine, Cornell Univ Med College, New York 
City 

A precipitin test for carbohy drate antibodies in 
human tuberculosis has been obtained The pre- 
cipitating agent is the w ater soluble carbohydrate, 
which IS split, by hydrolysis, from the antigenic 
Iipo-carbohydrate that we have extracted from 
the tubercle bacillus This same polysaccharide 
gives also a precipitin reaction wath the sera of 
leprous patients More than 300 cases of active 
and inactive tuberculosis have already been stud- 
ied on a qualitative basis The climcal classifica- 
tion of these cases seem to indicate that carbo- 
hy’drate antibodies are more prevalent in 
tuberculous patients that are successfully fighting 
against the disease, than in those patiente m 
whom the infection is progressing rapidly ey 

also show that antibodies remain present, ^ 
certain period of time, in the sera of patients w 
have apparently overcome the 
clinical point of view) In carbo- 

than 100 cases have been „rcxalent 

hydrate antibodies :he"spcc.fic- 

than in tuberculosis As a ^ 

,t, of the teat, H.” o bee. Tbo 

vanetj of other infec i ol,, 

only erpoficent ero»reec<.» . 

tamed is with leprosy 


380 


FEDERATION PROCEEDINGS 


Volume 9 


demonstration that the tubercle bacillus and the 
leprosy bacillus are closelo related chemically 

Use of I*” label for measurement of serum anti- 
body Sidney Cohen (introduced by Monroe 
J Schlesinger) Yannna Research Lab , Beth 
Israel Hospital and Dept of Medicine, Harvard 
Med School, Boston, Mass 
Pressman (J Immunol 59 141, 1948) using I*’* 
has lodinated antisera iMth 4 iodine atoms per 
molecule of protein without obvious loss of re- 
activity of the serum The application of such a 
procedure to the determination of serum antibody 
by measurement of radioactivity is being studied 
A preliminary investigation has been made using 
the diphtheria toxin horse antitoxm system 
Eqmne antitoxic sera have been labelled in the 
proportion of one iodine atom to 4 or 5 molecules 
of globulin After adequate dialysis all of the 
residual iodine is precipitable by trichloracetic 
acid The I”‘ content of washed toxin antitoxin 
floccules has been determined and the antibody 
nitrogen calculated using the ratio of I”‘ to pro- 
tein nitrogen obtained for the lodinated serum 
Results obtained m this way fall 6-8% below 
those obtained by standard Kjeldahl methods 
The zone of flocculation of lodmated antitoxm is 
very nearly the same as the original serum 
lodinated normal (non-immune) serum protein 
IS not appreciably adsorbed by toxin-antitoxm 
floccules 

Enumeration of elementary particles of the virus 
of meningo-pneumonitis T Timothv Crocker 
(introduced by Joseph L Melnick) Dcpl of 
Physiological Chemistry and Section of Preventive 
Medicine, Yale Univ School of Medicine, Ncio 
Haven, Conn 

Direct counting of elementary particles of the 
virus of meningo pneumonitis (a member of the 
psittacosis Ij^mphogranuloma venereum group) 
within a standard error of the determination of 
about 10% has been accomplished by application 
of the technic of Williams and Backus These 
workers introduced the use of latex spheres of 
nearlj uniform diameter in suspensions of known 
concentration in making similar determinations 
for certain plant viruses The method includes 
counting of latex particles and virus particles in 
limited fields in the electron microscope Calcula- 
tion of virus particle concentration is made from 
the ratio of the tw o types of particles counted and 
the known concentration of the latex spheres in 
a mixture of suspensions of the two particles 
This method permits morphologic identification 
of the virus during counting and yields determina- 
tions of virus concentration more accurately than 
does biologic titration Problems arising from ap- 
plication of this technic to an animal virus in- 
fectious for laboratory workers have been taken 


into account An investigation of morphologic 
and biologic alterations produced in the virus 
by heat, ultraviolet radiation, and chemical fixa- 
tion has been directed toward development of 
safety w ithout loss of accuracy m these determina- 
tions 

Chemical determination of histamine in blood of 
infants and children with special reference to 
rheumatic fever Paul F de Gara New York 
Hospital and the Dept of Pediatrics, Cornell 
Umv Med College, Neio York City, 

Increase in the histamine level has been noted 
in connection with immunological reactions Some 
observers have also reported an increase during 
certain phases of acute allergic conditions These 
observations were made using various modifica- 
tions of a bioassay procedure which is not readily 
adaptable to serial studies Since an allergic factor 
in the etiology of rheumatic fever has been stressed 
by some observers, a study of blood histamine 
levels during the various phases of this disease 
and a comparison of the results with those found 
in normal individuals and m patients wnth allergic 
conditions was undertaken A chemical method 
for the determination of the small amounts of 
histamine present in normal human blood has 
been described by' Lubschez (/ Biol Chem 
In press) The histamine in 5-10 ml of whole 
blood IS isolated, and the solution is concentrated 
and analy'sed colorimetncall}' using a diazonium 
reagent Using this method, blood from 10 normal 
children and 60 patients with active or inactive 
rheumatic fever, bronchial asthma, eczema, rheu- 
matoid arthritis and miscellaneous other diseases 
was analj sed for histamine The influence of 
ACTH upon the blood histaimne level was also 
investigated The results obtained are presented 
and discussed 

Effect of sensitization and irradiation on the fate 
of I'”-labelled bovine gamma globulin in rabbits 
and mice F J Dixon,* G J Daumin* and 
S C Bukantz Depts of Pathology and Internal 
Medicine, Washington Umv School of Medicine, 
St Louis, Mo 

This study was undertaken to determine the 
effect of sensitization and irradiation on the fate 
of antigenic protein injected into rabbits and mice 
Bovine gamma globulin was lodinated and traced 
according to a modification of the technique 
previously described by' Warren and Dixon {Am 
J M Sc 216 136, 1948) Three groups of rabbits 
were injected intravenously with 600 mg of I‘" 
labelled bovine gamma globulin The first group 
had been sensitized 20 day's earlier by intramuscu- 
lar injection of 350 mg of alum precipitated bovine 
gamma globulin, the second had been exposed 
two day's before injection to 600r of x-ray, and the 
third group consisted of non-sensitized controls 
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Rndionctivitj levels of blood, tissues, and excreta 
nere determined during n nine-dav period The 
most significant changes after injection of the 
I'’‘ labelled protein vcrc 1) A loss of radioactiv- 
it\ from the blood stream of all animals, most 
rapid in sensitized At 96 hours loss than 1% of 
the original injected activitj \\as still present in 
the blood of sensitized animals, while controls 
and x-rayed animals had 8% and 7% rcspcctivelv 
2) Liberation of I'** from the protein-bound state, 
most rapid in sensitized animals This liberation 
resulted in the appearance of iion-protcin bound 
I*’i in the blood 3) Appearance of non-protcin 
bound I”i in the urine, in 96 hours accounting for 
approximate!} three-fourths of total injected ac- 
tmt} in sensitized animals, and approximate!} 
one-half in x-rn}ed animals and controls 4) -A- 
higher level of tissue-bound radioactivit} in sensi- 
tized animals than in other groups 

Specific localization of anti-rat-lung serum as 
determined by the use of radioactive tracers 
Hermai, N Eisen* and David Pressman 
Sloan-Kellcnng Inst for Cancer Research, A^cw 
York CxUj 

Anti-rat-lung serum and antiovalbumin scrum, 
prepared in rabbits, were fractionated and the 
globulin fractions labelled wnth radioiodine (1*^*) 
These materials were each injected into rats and 
the distribution of radioactivity served as an 
indication of the distribution of antibod}’’ It 
was found that rats injected wath radioactive 
anti-lung serum exhibited specific localization of 
radioactivity in their lungs, and also in their 
kdmeys Although the localization in kidney of 
anti-lung serum was quite sinular in extent to the 
localization of anti-ladney serum, the localization 
m lung was quite different for the two antisera 
It appears from these results that there are sub- 
stances m lung which are different serologically 
from any components in kidney, and that there 
are other substances in lung and kidney which 
are similar, or perhaps identical, and which are 
the antigens responsible for the development of 
kidney-localizing antibody Since we previously 
showed that nephrotoxic factor in anti-kidney 
serum is probably identical with the Lidney- 
localizmg antibody of this antiserum, the kadney- 
localizing activity of anti-lung serum was com- 
pared wnth that of anti-kidney serum The former, 
like the latter, localized clearly m glomeruli 
(radioautography), decayed m kidney tissue with 
a ‘half -life’ of about 20 days, and was absorbed 
m viiro by a fraction of kidney homogenate which 
was insoluble in NaCl solution and in alcohol, 
acetone and ether In light of these extensive 
similarities it is interesting to know that anti- 
lung serum has been reported to produce, in rab- 
bits, a nephritis which is indistinguishable from 
that induced by anti-kidne} serum 


Serological studies on infectious mononucleosis 
and viral hepatitis with human erythrocytes 
modified by different strains of Newcastle dis- 
ease virus Alfred S Evans (introduced by 
John R Paul) Section of Preventive Medicine, 
Yale Univ School of Medicine, New Haven, Conn 
Serological reactions with human erythrocytes 
modified by adsorption and eleution of a Connecti- 
cut or an Australian strain of Newcastle disease 
virus (NDV) have been studied to investigate 
the effect of strain differences in NDV on the 
results of agglutinative testa performed with 
serum from patients with various infectious dis- 
eases Serum from 13% of 59 coses of infectious 
mononucleosis agglutinated Rbc modified by the 
Connecticut strain of NDV in higher titer than 
found in scrum of normal individuals whereas 
scrum from 7-1 5% of these same cases agglutinated 
Rbc similarh modified by an Australian strain 
Individual titers were often much higher wnth the 
Australian strain Absorption experiments indi- 
cate that Rbc modified b}' either strain react 
wnth the same component of serum Elevated 
titers were found in serum from 32% of 40 patients 
with viral hepatitis using Rbc altered b} the 
Connecticut strain of NDV and in 26% of 90 
cases studied wTth the Australian strain Thirteen 
per cent of serum from patients with other in- 
fectious diseases had elevated titers with the 
Connecticut strain and 10% using the Australian 
strain The capacity of virus modified Rbc to 
agglutinate fresh Rbc, the hemagglutinative titer 
against chicken and human Rbc, and the infectiv- 
ity titer for eggs were all closely comparable for 
these strains as w ell as for 2 other strains of NDV 
When subjected to elevated temperatures differ- 
ences in the stability of the hemagglutinin of 
these 4 strains w ere demonstrable 

Observations on factors influencing the diagnostic 
agglutination titration in brucellosis Richard 
J Feinberg,* George G Wright and Werner 
Braun * Biological Dept , Chemical Corps, Camp 
Delrick, Frederick, Md 

The method of antigen preparation and the 
time and temperature of incubation were observed 
to influence specificity and sensitivity m diag- 
nostic brucella agglutmation titrations Serums 
from patients wnth brucellosis and cross reacting 
serums from persons recovered from tularemia 
and from persons immunized agamst cholera were 
used The agglutination titers of these serums 
were similar when tested with 22 smooth brucella 
strains of different origin and characterized by 
different dissociation indices Five methods of 
tube test incubation were studied Tests were 
performed with heat, phenol and formalin killed 
antigens incubated at 24° C , 37° C , 45° C , 53° C , 
and 60° C for 4, 8, 16, and 32 hours Phenol killed 
and heat killed antigens gave identical titers in 
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cases of active and convalescent brucellosis In 
cross reacting serums, hovever, the titers ■were 
much loiver at 53° C or 60° C than at lo'vrer tem- 
peratures of incubation Experiments in ivhich 
the antiserums and bacterial suspensions were 
heated separately at 53° C before titration sug- 
gested that inactivation of antigen or antibody 
did not occur at this temperature and therefore 
•was not responsible for the reduction of cross 
reacting titers IVith formalin killed antigens 
the cross reacting serums failed to show any 
difference in agglutination titer at different incu- 
bation temperatures Prozones ■with serums from 
recovered persons were enhanced by the use of 
formalin-killed antigens Serums from certain 
recovered persons agglutinated phenol and heat 
killed antigens at all temperatures studied but 
titers appeared to be temperature-dependent if 
formalin-killed antigens were used 

Relationship between serum protein fractions and 
antibody nitrogen response in diabetes mellitus 
John A Flick, Sigmund Ketterer,* Michael 
G WoHL* AND S O Waife* (with technical 
assistance of George Clough) Dcpl of Bac- 
teriology, Untv of Pennsylvania School of Medi- 
cine and Philadelphia General Hospital, Phila- 
delphia 

The object of tins study i\as to determine 
whether or not any relationship exists between 
the antibody response follomng typhoid vaccina- 
tion and the concentration of some serum protein 
fraction in diabetic patients Twenty six hospital- 
ized diabetic patients were studied chemically and 
immunologically for a period of 30 da^ss Various 
serum protein fractions and the typhoid antibody 
concentration were determined chemically at in- 
tervals The results were correlated and statisti- 
cally analyzed The data suggest the follownng 
conclusions 1) Diabetic patients ■with hvpoal- 
buminemia of less than 4 grams % showed a lower 
typhoid antibody response as measured by the 
antibody mtrogen concentration than a compara- 
tive group of normo-alburamemic diabetics having 
serum albumin levels above 4 grams % 2) Diabetic 
patients ■with a serum globulin value of over 3 
grams % had a slightly higher antibody response 
than patients sho^wing a globulin level of below 
3 grams % S) No significant difference in antibody 
response was found in patients ■with high gamma 
globulin as compared ivith those hanng normal 
gamma globulin values 4) The highest antibody 
responses were found in patients ■with normal 
albumin and high gamma globulin values 

High-intensity electrons as a tool for preparation 
of ■vaccines I Preparation of rabies vaccine 
Ulrich Friedemann,' Frederick B Traub 
AND Wolfgang Huber * Dept of Bacteriology, 


Jewish Hospital of Brooklyn, and Research Labs , 
Electronized Chemicals Corp , Brooklyn, N Y 
The experiments presented are a first attempt 
to use corpuscular radiation m the preparation of 
vaccines High intensity ultra-short tune electron 
bursts produced by a 3 MeV Capacitron were 
used for the inactivation of rabies -virus The 
Capacitron releases intensities of several million 
‘rep’ (Roentgen Equivalent Physical) dunng one 
micro-second The selective effect of this type of 
radiation on nucleic acids and the independence 
of the radiation treatment from temperature and 
type of medium, make it particularly attractive 
for the preparation of potent and stable vaccines 
The rabies vaccine was prepared as a 5% suspen- 
sion of mouse brains in nutrient broth and irradi- 
ated ■with 1,500,000 rep in the frozen state The 
phenol vaccine was prepared from the same ■virus 
in the usual way Potency tests were performed on 
mice, using the homologous stram as challenge 
virus The results were expressed as ‘protection’ 
in LDjo A number of irradiated vacemes prepared 
under various conditions protected against 2,540- 
250,000 LDso, while the phenol vaccines protected 
against 6 1-3,120 ldio It is therefore apparent, 
that a potent antirabies vaccine can be prepared 
■with the aid of corpuscular radiation 

Observations on agglutination of polysaccharide- 
treated erythrocytes by human tularemia anti- 
sera T W Green,* George G Wright, 
hlARi M Alexander* and Janet Johnson* 
Biological Dept , Chemical Corps, Camp Dclrtck, 
Frederick, Md 

Human Ti pe O er> throcy tes treated with a 
polysaccharide obtained by phenol extraction of 
Pastcurclla tularcnsis become specifically agglutin- 
able by sera from human tularemia The reaction 
resembles ■virus hemagglutination and is most 
easily detected by observing the pattern of set- 
tling in the bottom of the tube Hemagglutination 
titers reached 1-10,000 in sera from recently re- 
covered tularemia patients Sera from persons 
immunized ■with tularemia vaccines also show the 
reaction, but to a lower titer The method is simple 
and convenient and requires only a small amount 
of serum The hemagglutination titer appears to 
be correlated with the amount of antibody as 
measured by the quantitative precipitin reaction 
■with polysaccharide, but not ■with the bactenal 
agglutination titer In the tularemia cases studied 
hemagglutination titers increased more rapidly 
and abruptly than bacterial agglutination titers 
The hemagglutination reaction also showed less 
tendency toward cross reaction ■with sera from 
brucellosis than did the bactenal agglutination 
titration 
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Hemagglutination by meningopneumonitis virus 
and its inhibition by immune sera D A Haig* 
AND M B Hilleman Dcpl of Virus and Rick- 
ettsial Diseases, Army Med Dept Research and 
Graduate School, Washington, D C 
Allantoic fluid from embrj onated eggs infected 
with meningopneumonitis virus contains a specific 
hemagglutinin which aggregates mouse ery^thro- 
cytes but not the red cells of a number of other 
species of mammals and birds Agglutination 
occurs when the tests are incubated at 2fr-37° C 
but not at 4° C This hemagglutinin found in 
allantoic fluids infected with meningopneumonitis 
vims IS specifically inhibited by convalescent or 
immune sera of chickens, pigeons, rabbits or hu- 
man beings infected with meningopneumonitis, 
ornithosis, feline pneumonitis or mouse pneumoni- 
tis viruses Thus, the hemagglutination-inhibition 
teat, like the complement-fixation test is specific 
for the psittacosis-lymphogranuloma venereum 
group of agents but is not type-specific for the 
individual viruses Preliminary studies suggested 
that the infectmty and hemagglutinating activ- 
ity found in allantoic fluids from inoculated eggs 
are not identical Flmds which contain hemag- 
glutinin and eleraentarv bodies and possess high 
mfectue titers have a greatly reduced number 
of intact virus particles after centrifugation at 
about 13000 RPM but still possess essentially 
undiminished hemagglutinin The nature of this 
hemagglutinin is being investigated The hemag- 
glutmation test with the members of the psittaco- 
sis-lymphogranuloma venereum group should be 
useful in studies on the sera of domestic fowl which 
fail to react in the ordinary complement-fixation 
test 

Anti-reaginic action of normal rabbit serum 
Makqo Hasson* and M Scherago Dept of 
Bacteriology, Umv of Kentucky, Lexington 
In the course of an investigation of the anti- 
genicity of human atopic reagin from two ragweed 
sensitive hay fever patients we found that al- 
though the sera from the rabbits that were injected 
with the reagimc sera prevented the reagin to 
some extent from passively sensitizing the skin 
of non-allergic recipients, sera from normal rab- 
bits had a similar, though not as potent, antago- 
nistic action A more detailed study of this an- 
tagonistic action of normal rabbit serum on two 
additional human xeaginic sera (one from a rag- 
weed sensitive hay fever patient and the other 
from a rabbit dander sensitive hay fever patient) 
was made, using unheated and heat inactivated 
rabbit sera Samples of rabbit sera from 2 months 
old, one year old, and l^-year-old males and from 
li-y ear-old females were used Although both 
samples of the reaginic sera were inhibited by the 
normal rabbit sera the one from the ragweed 


sensitive patient was completely inhibited only 
after it had been diluted 1~80, whereas the one 
from the rabbit dander sensitive patient was 
completely inhibited in even as low a dilution as 
1-10 Inactivation of the rabbit sera at 56'’ C 
for 30 minutes had no significant effect on their 
nntireaginic action 

Serological reactivity of dextran plasma substi- 
tute Edward J Hbhre* and John Y Sugg 
Dept of Bacteriology and Immunology, Cornell 
Univ Med College, New York City 
Specimens of partially hydrolysed dextran, pre- 
pared in Sweden for use as a plasma substitute, 
were found to possess in vitro serological activity 
and also the capacity' to produce anaphylactic 
shock in guinea pigs passively sensitized with an 
appropriate antiserum We had previously shown 
(J Immunol 43 119, 1942) that unhy'drolyBed 
dextrans synthesized by Lcuconosloc mesenleroides 
give precipitation and complement fixations reac- 
tions not only' with leuconostoc antiserum but also 
with antiserums of type 2 and ty pe 20 pneumococci 
Swedish (Pharmacia) dextran for infusion ob- 
tained in 1946 and 1949 likew'ise reacted with ty'pes 
2 and 20 pneumococcus antiserums Precipitation 
occurred over a somewhat more narrow range of 
poly'saccharide and serum dilutions than in the 
case of a native dextran, but complement fixation 
was obtained with definitely higher dilutions of 
the partially hydrolysed than of the native poly- 
saccharide Intravenous injection of 0 1 mg or 
0 2 mg of any' of the samples of Swedish dextran 
into guinea pigs previously sensitized with a 
potent type 2 pneumococcus antiserum invariably 
caused acute fatal anaphylactic shock Intra- 
venous admimstrations of large amounts of dex- 
tran into many' people without untoward reaction 
have been reported Nevertheless, the antibody- 
combimng properties of dextrans should be recog- 
nized as a theoretical source of danger in the case 
of persons who might possess a high titer of ap- 
propriate antibodies at the time of injection 

Interrelationships of crystalline egg albumin and 
its deaminated and denatured derivatives Mi- 
chael Heidelbergek and Paul H Maurer* 
Depts of Biochemistry and Medicine, Columbia 
Univ College of Physicians and Surgeons, New 
York City 

Wlien crystalline egg albumin (Ea) is partially 
deaminated at pH 4 0 and 0° C 2 fractions are 
formed Fraction A, insoluble, and Fraction B, 
soluble, at the isoelectric point In both the oxi- 
dized (-S-S-) and reduced (-SH) states fraction B 
has phy'sical, chemical and immunological prop- 
erties similar to those of Ea Homologous and cross 
reactions of Ea and Fraction B with calibrated 
anti-Ea and calibrated anti-B sera were indis- 
tinguishable up to the region of moderate antigen 



384 


FEDERATION PROCEEDINGS 


Volume 9 


excess Differences, possibly significant, were 
noted only in the inhibition zone Fraction A, 
although ‘denatured’ was serologically different 
from both Ea and acid denatured Ea (DnEa) 
(J ACS 67 574, 1945) Acid DnEa was partially 
deaminated at 0° C with HNOj at pn 3-3 5 The 
resultant DnEa Deam (-S-S- form) was reduced 
to the -SH form with thioglj colic acid at pn 7 5 
Although there were small differences in physical 
and chemical properties, there were no significant 
immunochemical differences in a calibrated anti- 
acid DnEa serum The action of free HNO2 on 
crystalline Ea gave a product similar to Fraction 
A In the Ea-anti-Ea and acid DnEa-anti-acid 
DnEa systems serological specificity appears to 
be unaffected bj' partial removal of amino groups 
and IS uninfluenced by the state of the -S- groups 
as -S-S- or -SH (cf also JBC 110 343, 1935) 

Reciprocal neutralization tests with four strains 
of poliomyelitis virus Hou ard A How e Pobo- 
myelitis Research Center, Dept of Epidemiology, 
Johns Hopkins Umv , Baltimore, Md 
Reciprocal neutralization tests have been done 
in rhesus monkeys w ith 4 strains of poliomj elitis 
virus which were previously t} ped by the method 
of reinfection (Bodian Am J Hyg 49 200, 1949) 
and of immunization by vaccination (hlorgan 
ibid 225) The Lansing, Brunliilde, Kotter and 
Frederick strains nere tested rsith ten fold serial 
virus dilutions in the presence of distilled uater, 
normal monkey serum and specific hyperimmune 
sera The numbers of animals receiving any given 
dilution ranged from 3-34 but averaged 9 The 
Lansing strain was also set up against 60 PDso 
of virus and half log dilutions of immune serum 
in groups of 3 monkeys and against 10 PDio of 
virus with ten fold serum dilutions in groups of 
8 mice The homologous neutralization index of 
Lansing virus in monkeys w'as 4 5 by the method 
of virus dilution and 3 8 by serum dilution It 
was 4 0 by the serum dilution in mice All other 
homologous neutralization indices lay around 3 
Sharp separation of the Lansing tj^ie from the 
other strains was demonstrated As in the studies 
cited above, the Brunhilde, Kotter and Frederick 
were found to be of the same type despite marked 
differences in clinical behavior in experimental 
animals 

Universal serologic reaction in the differentiation 
of syphilis and yaws Reuben L Kahn Untv 
of Michigan Hospital, Ann Arbor 
The reactions in sj'philis and yaws given by the 
universal precipitation technique with lipid anti- 
gen are not identical in their serologic patterns 
This technique consists of quantitative precipita- 
tion set-ups with NaCl solutions of reduced (0 to 
0 3%) and increased (1 5 to 2 1%) concentrations 


compared with physiologic salt solution and also 
of moderate (0 6 to 1 2%) concentrations close to 
the phj'Biologic level The precipitation results in 
all the set-ups are read on mixing the reagents 
and after 4 and 24 hours at ice box temperature 
It was found that precipitation given by the quan- 
titative set-ups with reduced and increased salt 
concentrations is increased to a greater extent 
on cold incubation in syphilis than in yaws Pre- 
cipitation given by the quantitative set-ups with 
moderate salt concentration is generally not in- 
creased by cold incubation in sj-^philis and may be 
increased by cold incubation in 3 aws, especiallj 
when untreated (Kahn, R L Awi J Cltn Path 19 
347, 1949) 

Structural changes produced m Brown-Pearce 
carcinoma cells by means of a specific antibody 
Bernard Kalfax AN* AND John G Kidd Dept 
of Pathology, The N'ew York Hospital, Cornell 
Med Center, New York City 
Brow n-Pearce carcinoma cells lose their viabil- 
ity when incubated wuth the antibodj that reacts 
specificallj with a distinctive constituent of them 
{J Exper Med 83 227-250, 1946) Furthermore, 
contrary to previous observations, they regularly 
manifest characteristic structural changes, evi- 
dent both in fresh and in fixed preparations 
When the carcinoma cells are suspended as indi- 
viduals in isotonic saline solution and incubated 
at 37'’C wnth rabbit serum containing the specific 
antibodj' and complement, their cytoplasm im- 
mediately begins to swell and the cells become 
spherical The cytoplasmic basophilism rapidly 
diminishes and within 10-15 minutes but httle 
remains Soon thereafter the cj'toplasm in the 
fixed and stained preparations appears empty 
except for a moderate amount of amorphous 
acidophilic matenal together wnth a few rod-like, 
granular and vesicular bodies, in fresh cells the 
formed materials appear to be suspended irregu- 
larly in a transparent fluid that distends the 
cj'toplasm Meanwhile, the plasma membrane is 
converted into an irregularly thickened acidophilic 
structure wuth swollen cytoplasrmc particles ad- 
herent to it, ‘blisters' do not develop from its 
outer surface as they regularly' do withm a few 
minutes from that of the viable cells suspended 
in saline or in rabbit serum devoid of antibody' 
The nuclei often remain intact for some time after 
the cj'toplasmic changes have become advanced, 
but within 30-60 minutes they and their nucleoli 
begin to shrink and the nuclear membrane becomes 
wrinkled, though the chromatin often remains un- 
changed in appearance for several hours before 
the nuclei finally become pj'knotic These altera- 
tions do not develop spontaneously' w'hile the cells 
remain for long periods in saline solution or in 
normal rabbit serum 
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Effects of ‘sensitized’ lymphocytes on trans- 
planted cancer cells John G Kidd and Helene 
Wallace Toolan * Depl of Pathology, New 
York Ho‘<pttal, Cornell Med Center, New York 
City 

Transplanted cancer cells proliferate for a time 
when implanted in racially' -resistant mice but 
then regress, as is iiell known, histological ob- 
servations indicate that the tumor cells are over- 
come bv ‘sensitized’ Ij mphocytes— lymphocytes, 
that IS to say, of hosts that have reacted against 
the alien elements, (Federation Proc 8 360, 373, 
1949) In further experiments lynnph nodes have 
been procured from A mice that had previously 
overcome the cells of the lymiphosarcoma 6C3HED 
and hence were immune to them The nodes u ere 
minced and incubated at for 1-2 hours tn 

vitro with suspensions of the lymphosarcoma cells 
This treatment regularly inhibited or abolished 
the ability of the lymphosarcoma cells to pro- 
liferate when the incubated mixtures were sub- 
sequently implanted into susceptible hosts Under 
identical conditions the serum of the some im- 
mune hosts had no effect on the lymphosarcoma 
cells and this was also true of minced lymph 
nodes procured from normal A mice By contrast, 
the host elements (predominantly lymphocytes) 
that had accumulated about sites where the 
lymphosarcoma cells had recently been implanted 
in the immune A mice proved notably active 
against the tumor cells m similar tests 

Plate complement-fixation test and its application 
to the Coxsackie viruses Lisbeth M Khaft* 
AND Joseph L Melnick Section of Preventive 
Medicine, Yale Univ School of Medicine, Neio 
Haven, Conn 

Complement fixation tests may be performed 
on lucite plates using microdrops delivered by 
cahbrated droppmg pipettes, as recommended by 
Fulton and Dumbell Since the final total volume 
of the test is 0 1 ml , precautions must be taken 
against evaporation during the periods of fixa- 
tion and hemolysis Ten lucite plates may be used 
in a single test, this is equivalent to 1000 tubes of 
a conventional test The techmque has been ap- 
plied to the identification of 7 strains of the Cox- 
sackie Vitus group Serum and complement were 
varied on a single plate against a standard dose 
of antigen For antigen standardization a single 
dilution of hypenmmune serum was used while 
varjnng antigen and complement Results were ob- 
tained in terms of the amount of complement 
fixed A standard amount of each of the 7 strain 
antigens was tested with all 7 hypenmmune sera 
prepared against them The amounts of comple- 
ment fixed at each serum dilution were then plot- 
ted graphically and the areas under the curves 
determined for each antigen From a comparison 


of these areas, it was found that tuo strains were 
closely similar (Texas and High Point), one was 
partially related to another (Connecticut and 
High Point) and the remaining four (Ohio, Dall- 
dorf ty'pes 1, 2 and 3) uere distinct from each other 
and from the Connecticut, High Point and Texas 
strains 

Immunological studies on Vi antigen from V form 
species of Salmonella Maurice Landy* and 
H C Batson Dept of Biologic Products, 
Army Med Depl Research and Graduate School, 
Washington, D C 

Vi antigen originally was discovered in Sal- 
monella typhosa and as a consequence, much of 
our knowledge of the immunological activity of 
this antigen has been established through the 
study of typhoid cultures Houever, protective 
potency data thus obtained are difficult to evalu- 
ate since Vi antigen preparation from such cul- 
tures generally' contain the typhoid somatic fac- 
tors IX and XII, which are known to possess 
immunogenic potency The discovery of Vi anti- 
gen in Salmonella species other than S typhosa, 
VIZ , S ballerup, S colt and S paratyphi C pro- 
vided a means for the study of the immunological 
properties of Vi antigen in the absence of somatic 
factors common to jS typhosa Vi antigen extracts 
were prepared by extracting acetone dried mass 
cultures of these V form organisms with 1% HCl 
The Vi antigen content of these extracts was 
estimated by both in vitro (precipitin and col- 
lodion particle agglutination tests with heterolo- 
gous Vi antisera) and in vivo (mouse protection 
against S typhosa challenge) tests Employang 
these techniques it was found that V form cul- 
tures of S hallerup and S coli were the richest 
sources of Vi antigen, the Vi content of represen- 
tative S typhosa cultures was somewhat less and 
that of S paratyphi C (East Africa) was least 
Active rmmumty tests yielded impressive evidence 
that these Vi antigen preparations were highly 
effective in protecting mice against challenge with 
V form typhoid cultures but were only slightly 
effective against W form typhoid cultures In 
quantitative assays the determined E D m values 
of the Vi extracts were found to be relatively 
independent of the virulence of the challenge 
strain employed Extracts of the V form cultures 
stimulated the production of Vi antibody in both 
rabbits and mice These results are indicative of 
the immunogemc identity' of Vi antigen from the 
four known V form Salmonella species and of its 
marked effectiveness as an immunizing agent m 
experimental ty phoid infection in mice 

Stability of egg white inhibitor of influenza virus 
hemagglutination in relation to preparation of 
local standard of inhibitory activity Frank 
Lanni, Yvonne TufiRV Lanni* anti J W 



386 


FEDERATION PROCEEDINGS 


Volume 9 


Beabd Dept of Surgery, Duke Umv School of 
Medicine, Durham, N C 

To facilitate companson of the activities of 
inhibitor preparations, measured on different 
days, efforts T\ere made to establish a standard 
Frozen samples of 10% egg white in buffered saline 
of pH 7 3, lyophilized samples, and samples stored 
with various preservatives in the cold were as- 
sayed periodically with heated swine influenza 
virus The frozen and the lyophilized samples 
gave irregular results Of the others, the most 
satisfactory were those preserved with 0 02% 
merthiolate or 0 25% phenol With these, no 
significant change in activity could be demon- 
strated over a period of 6 months, except, possibly 
a slight drop in the first iveeks This initial drop 
may have been related to a slight precipitate 
which developed and settled in the early period 
Except for this precipitate and a few small mold 
colonies appearing m some merthiolate-preserved 
samples, the physical character of the solutions 
was excellent A sensitive criterion of degradation 
of the inhibitor is a change in the slope of the 
inhibition curve For untreated inhibitor the slope 
IS characteristically steep, but vhen inhibitor 
IS treated with active influenza viruses, proteotytic 
enzymes, or certain protein-denaturing agents, 
or IS exposed to elevated temperatures for long 
periods, weak inhibitor, characterized by a shal- 
low slope, appears Comparison of aged (6 months 
at about 5°) and fresh samples of egg v hite failed 
to show significant degradation in the former It 
is concluded that an aged solution of egg white, 
preserved with merthiolate or phenol, is satisfac- 
tory for use as a local standard of activity 

Influence of ultraviolet irradiation on antibodies 
of pollen-allergic man Mart H Lotolfss 
Cornell Univ Med College, New York City 
A student who had been used repeatedly over a 
period of a year for purposes of passive sensitiza- 
tion (Prausnitz-Kustner tests) developed jaun- 
dice which w'as diagnosed os being either homolo- 
gous serum jaundice or infectious hepatitis Be- 
cause of the implication, it was deemed necessary 
to devise a method which would destroy the virus 
of homologous serum jaundice wnthout injuring 
the sensitizing antibodies of the allergic patient 
Accordingly , a large batch of serum containing 
the sensitizing antibodies for ragweed pollen was 
subjected to ultraviolet irradiation in a manner 
known to destroy the virus of homologous serum 
jaundice Titrations were then carried out by the 
serum-dilution method as well as the antibodj'- 
neutralization procedure, in order to see whether 
irradiation had altered the activity of the serum 
No differences between the original and the ir- 
radiated sample were perceived It is advocated 
that all serum to be employ ed for passive sensitiza- 


tion studies in the future be subjected to this 
type of ultraviolet irradiation 

Response to BCG as an index of genetic resistance 
to tuberculosis Max B Lxjhie and Peter 
Zappasodi * Henry Phipps Inst , Univ of Penn- 
sylvania, Philadelphia 

Five highly inbred rabbit famihes of different 
known genetic resistance to tuberculosis were 
given a single intracutaneous inoculation of 1 to 
3 million of finely dispersed viable BCG The 
grow th of the lesion at the site of moculation and 
its healing, as well as rate and intensity of develop- 
ment of tuberculin sensitivity were measured and 
correlated with the varying genetic resistance of 
these rabbits to virulent bovine tubercle bacilli 
It w as found that in resistant rabbits the lesion 
at the site of inoculation grows rapidly, reaches 
its peak quickly and heals promptly In suscepti- 
ble rabbits this lesion grow^ more slowly, achieves 
its height less quickly and heals much more tar- 
dily Associated wuth these differences there is a 
more rapid and, usually, more intense develop- 
ment of tuberculin skin sensitivity in the na- 
tively resistant animals Since even fully virulent 
human type tubercle bacilli are more rapidly 
destroy ed in the tissues of natively resistant than 
m those of naturally susceptible animals, it may- 
be inferred that the more rapid development of 
allergic seDsitmty^ by the more resistant animals 
IS due to the more rapid disintegration of the 
BCG in the tissues of these animals, and hence, to 
a more rapid release of the sensitizing antigens 
m their tissues Since BCG causes a typical but 
evanescent tuberculosis, the procedure offers a 
simple and adequate test for selecting breeding 
rabbits of the desired genetic resistance and sus- 
ceptibility^ to the infection Furthermore, since 
the resistance acquired from this vaccination by^ 
the parents is not transmitted to the offspring, 
there is no inherent objection to using the latter 
in studies on the nature of the genetic resistance 
to this disease Finally, the relative, graded re- 
sistance of the vaccinated rabbits of the different 
families is not altered by this BCG inoculation, 
for on reinfection wuth -virulent bo-vine tubercle 
bacilli the rabbits retain their original, varying 
resistance 

Complement-fixation tests as an aid in the differ- 
ential diagnosis of extra-intestinal amebiasis 
Sara C McDearman and Wolcott B Dun- 
ham (introduced by Douglas H Sprunt) 
Veterans Admin Med Teaching Croup, Kennedy 
Hospital, Memphis, Tenn 

Intestinal infections with Endameba histolytica 
usually can be diagnosed by’^ the demonstration of 
amebae in the stools, but the frequent inability 
to find amebae in other organs has presented 
difficulties in the diagnosis of extra-mtestinal 
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involvement The present study indicates that 
complement-fi\ation tests are of especial value in 
drawing attention to the possible presence of 
amebic infections other than intestinal The tech- 
nic employed was the quantitative complement- 
fixation test of Kent -and Rem using a commercial 
antigen prepared according to a modification of 
the method of Rees and associates The patients 
on whom tests v ere performed v ere classified as 
follows extra-intestinal amebiasis, 20 positive, 3 
negative, intestinal amebiasis, only, 27 positive, 
183 negative, equivocal or no evidence for ame- 
biasis, 22 positive, 2337 negative Though some 
cases of mtestmal infections without apparent 
extension to other viscera gave positive reactions, 
the fact that of all cases with positive tests 
had extra-intestinal infections indicates that the 
chief value of the test is in the differential diagno- 
sis of this form of infection This interpretation 
IS strengthened by the finding that 20 out of 23 
cases of extra-mtestmal infections gave positive 
tests 

Persistence of antigen Fhiup D McMaster and 

Heinz Kruse (introduced by Juues Freund) 

Rockefeller Institute for Medical Research, New 

York City 

A ‘tagged’ antigen (a blue azoglobulin), intra- 
venously injected into mice, can be identified 
later in reticulo-endothelial cells throughout the 
body The subsequent retention of some sort of 
blue dj e-protein in these cells for several months 
has raised the question, how long does the in- 
jected antigen persist as such? To test the point, 
immunological observations recently obtained in 
this laboratory have been used Characteristic 
constrictions of the smaller blood vessels, seen 
under the microscope in the ears of passively 
sensitized mice when injected with antibody, 
serve as an exceedingly delicate test for anaphy- 
lactic sensitivity, so delicate that the absorption 
of only 0 57 of bovine 7 -globulin, from the peri- 
toneum of a mouse can be detected, 1-2 days 
later, by an intravenous injection of anti-globulin 
serum The persistence of bovine 7 -globulin (as 
antigen) in mice, injected intravenously nith 
0 1 cc of a 5% solution of it, was sought, 1-70 
dajs later, by injecting ground liver and blood 
from these animals into the peritoneal cavities 
of normal mice Two days later, the recipients, 
given intravenous injections of anti-globulin 
serum, shoved the specific vascular reactions, 
just mentioned, indicating the absorption of 
transferred antigen Suitable controls jnelded 
negative results Apparently some of the antigen, 
as here employed, can persist in mice for at least 
70 dajs 

Sorption of influenza virus by chicken erythro- 
cytes Thomas P JiIagiul Dept of Microbiol- 


ogy and Immunology, Long Island College of 
Medicine, Brooklyn 

The mechanism involved in the sorption and 
elution of influenza virus by erythrocytes is of 
importance because it may help clarify the phys- 
iology of virus infections It has been generally 
assumed that in infectious processes the virus is 
the aggressor, but no satisfactory explanation for 
the aggressiveness had been offered until Hirst 
suggested on the basis of his ovn observations 
that the influenza virus possesses an enzyme ac- 
tivity with an affinity for certain receptors on the 
cell surface He hypothecated that the virus at- 
taches itself to specific receptors and is subse- 
quently eluted because of the destruction of the 
receptors by the enzyme activity That the 
hemagglutinating activity of influenza virus is 
not entirely a specific phenomenon is clear from 
data previously' presented Suspensions of some 
strains of influenza virus which do not aggluti- 
nate sheep erythrocytes under usual test condi- 
tions, readily agglutinate those erythrocytes 
when the test systems are adjusted with suitable 
buffer mixtures Moreover, addition of suitable 
buffers wull eliminate certain obvious differences 
between hemagglutination w'hich resembles the 
‘O’ kind and of the ‘D’ kind That is, hemaggluti- 
nation by allantoic fluid containing influenza 
virus IS in part, at least, influenced by conditions 
effected by buffer mixtures (pn?) Hirst and 
others have reported that chicken erythrocytes 
will sorb most of the influenza virus from infected 
allantoic fluid But, little attention has been 
given to the small amount of virus remaining in 
the allantoic fluid after sorption 

Further studies on kinetics of immune hemolysis 
Manfred M Mater, Charles C Croft* ani> 
WxLTEB M Bowman * Dept of Bacteriology, 
Johns Hopkins School of Hygiene and Public 
Health, Baltimore, Md 

Various factors influencing the kinetics of the 
lysis of erythrocytes by antibody and comple- 
ment have been studied Emphasis has been 
placed on the dissociation of antibody from sen- 
sitized erythrocytes or red cell stromata This 
dissociation, which has been found to vary m 
extent with different hemoly'tic antisera, can lead 
to continuous transfer of antibody from cell to 
cell, producing a marked effect on the kinetics of 
hemolysis 

Social serology antibody levels in a normal 
young population during an epidemic of polio- 
myelitis Joseph L Melmck and Xada 
Ledinko * Section of Preventive Medicine, Yale 
Univ School of Medicine, iVcio Haven, Conn 
An attempt has been made to relate socio- 
economic conditions to the development of eer- 
tain antibodies in a normal urban population 



388 


FEDERATION PROCEEDINGS 


Volume 9 


and to follow the level of these antibodies during 
the course of an epidemic of poliomyelitis The 
antibodies studied included 1) neutralizing anti- 
bodies to the Lansing strain of poliomyelitis 
virus, 2) neutralizing (and complement fiiving) 
antibodies to a local strain of Coxsackie virus 
isolated dunng the epidemic, S) antihemagglu- 
tinins to Newcastle disease virus, 4) antihemag- 
glutimns to Type A influenza virus, 6) agglutinins 
to Group A Type 4 hemolytic streptococcus and 
6) total ‘gamma globulin’ determinations During 
the 1948 epidemic of poliomyelitis in North Caro- 
lina, 260 samples of serum of normal children in 
Winston-Salem were obtained at the beginning 
of the epidemic and again at the end in the late 
fall Specimens were obtained from both negro 
and white children from 6 months to 15 years of 
age living under favorable and unfavorable eco- 
nomic circumstances As a baseline for the new- 
born, 19 placental bloods vere collected in the 
same area Marked differences in levels of gamma 
globulin, Lansing poliomjmlitis antibodies, and 
streptococcal antibodies were present in the 
groups living under different social and sanitarj'^ 
conditions in the same citj’’ Children in the more 
favored group developed antibodies at a signifi- 
cantly older age than those in the less favored 
group The only antibodies which increased 
during the epidemic period were the Lansing 
poliomvelitis and Coxsackie virus antibodies 

Lymphocyte origin of a plasma factor responsible 
for in vitro tuberculin type hypersensitivity 
Joseph M Miller and Cutting B Favour 
(introduced by J Mueller) Med Cltmcs, 
Peter Beni Brigham Hospital and Dept of Medi- 
cine, Harvard Med School, Cambridge, Mass 
One feature of the in vitro tuberculin effect is 
the affinity of leukocjRes from tuberculin nega- 
tive as well as tuberculin sensitive hosts for tu- 
berculin When white cells are sensitized mth 
tuberculin and exposed to a factor in the serum 
from tuberculin sensitive subjects, they undergo 
lysis This lytic plasma factor is present in the 
euglobulm portion of blood, is heat labile and 
requires complement for its specific effect The 
present aim was to demonstrate that the plasma 
factor could be derived from the lymphocytes of 
the circulating blood of an appropriately sen- 
sitized host As tuberculin sensitized subjects, 
humans hospitalized with active tuberculous in- 
fection and guinea pigs sensitized with heat killed 
tubercle bacilli were chosen Normal tuberculin- 
negative humans and uninoculated guinea pigs 
served as controls White cells were obtained from 
the blood of these subjects by a method using 
Fraction I of Cohn and the white cells were 
further separated into suspensions nch in lym- 
phocytes alone and neutrophils alone These cells 


were washed free of parent plasma and resus- 
pended in the plasma of unsensitized subjects 
By prolonged incubation of these cell-plasma 
suspensions it was possible to ‘activate’ plasma 
from an unsensitized host so that it became 
rich in the cytolytic factor previously found 
only in plasma of strongly sensitized subjects 
By further dialysis procedures, it became ap- 
parent that the factor in such ‘activated’ plasma 
18 the same in many chemical properties as fresh 
plasma factor Differential studies of Ijunpho- 
cjRes and neutrophils suggest that the origin of 
this plasma factor is the lymphocyte of the tu- 
berculin sensitive host 

Complement- fixing brain antibody in experimen- 
tal disseminated encephalomyelitis in mice 
P K Outset, J Casals* and L C Murphy * 
Rockefeller Inst for Med Research, New York 
City 

Murine encephalomyelitis (DE) was produced 
by intramuscular injections of homologous bram 
and adjuvant {J Exper Med 90 213, 1949) to 
study development of complement-fixmg (OF) 
antibody against brain tissue in response to the 
injections, and in relation to visible signs of 
DE An experiment was performed inth pooled 
blood sera from 23 nuce m 3 senes of G-10 m each, 
also inth that of 19 mice in 3 senes of 6-7 each 
which received 3 injections of bram plus adjuvant 
and were bled 20 daj’s after the first moculation, 
before DE signs were manifested Included were 
pooled 13 sera from 7 mice collected durmg the 
height of DE, they received 3-6 injections Also 
pooled sera from 3 mice obtained during qmescent 
stage between relapses and bled 3-6 days after 
recovery' from the last one, also, sera from 7 mice 
bled after S3 days and 6 times injected, which 
had not shown signs of illness A marked CF re- 
action resulted with sera derived from animals 
having DE signs, or in quiescent stage, all others 
were negative even in 1 2 or 1 4 dilutions More- 
over, positive reactions were obtained only with 
saline extracts of normal mouse, beef, sheep, 
guinea pig and rabbit bram used as CF antigens, 
acetone-ether extracted (‘delipinized’) , infant 
mouse (myelm-poor) brain, and mouse liver, 
testis, kidney', muscle and lung CF antigens gave 
completely negative results Further studies may 
reveal any correlation between such antibody and 
DE, also the particular component m bram that 
induces the affection 

Diagnostic tests with Albany, type I and n Cox- 
sackie (Dalldorf) virus P K Outset, J 
Casals* and L C Murphy* Rockefeller Inst 
for Med Research, New York City 
Antigenic differences among Coxsackie viruses 
have been demonstrated bv means of the neu- 
tralization test An investigation was undertaken 
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of the possible application of the complement- 
fixation (CF) test as a diagnostic method in man 
as ixeU as a means for detecting immunological 
differences among these viruses CF antigens 
prepared from infected mouse-limb tissue were 
found satisfactory especially when treated with 
acetone-ether, no antigen was found in brain 
tissue Immune sera were obtained from mice 
bled after 2-4 injections of infected limb tissue, 
bram tissue, on the other hand, yielded no com- 
plement-fbang antibody With these materials, 
Albany (Dalldorf) virus types I and II were 
found unrelated, the specific titers of the sera 
were between 1 16 and 1 128, and that of the 
antigens between 1 4 and 1 16 No cross-reactions 
occurred, even when sera were used m dilution 
of 1 2 and when undiluted antigens were added 
Tests vuth additional strains, obtained from 
other laboratories, are in progress Human sera 
thus far collected from patients in widely differ- 
ent areas have reacted with one of the Albany 
tj^ies (type I) but not with the other Hemag- 
glutination testa, using either infected mouse 
limb or brain tissue as source of virus, and sheep, 
chick, guinea pig, and human 0 erythrocj’tea, 
have jaelded no positive results under varied 
conditions of incubation time and temperature, 
and with different media for suspending the virus 

Ammo acid inhibition of Theiler’s GD VII virus 
in mouse brain mince Hahold E Pearson 
AND Richard J Winzler * Depts of il/tcro- 
btology and Biochemistry, JJniv of Southern 
California School of Medicine and Laboratory 
Division, Los Angeles County Hospital, Los 
Angeles, Calif 

As reported previouslj {Federation Proc 8 409, 
1949), L-lj'-sine monohydrochloride was the only 
naturally occurring aimno acid in concentration 
of 1 mg/ml found to inhibit the propagation of 
Theiler’s GD VII strain of mouse encephalo- 
myelitis virus in cultures of minced one-day 
mouse brain contained in flasks of Simm’s solu- 
tion and incubated at 35° C for 2 days n-a- 
aminoadipic acid and a-ketoadipic acid but not 
a-ketoglutanc acid also inhibit virus In con- 
centrations of 3 mg/ml the following ammo 
acids, tested individually, inhibit virus produc- 
tion L-arginine monohydrochloride, n-cysteine 
hj drochloride, ii-cystme, n-histidine monohydro- 
chloride, nn-omithine, nn-serine, nxr-threonme 
and n-tryptophane In concentrations of 3 mg/ml 
the following do not inhibit vims nn-alsnine, i,- 
glutamic acid, glycine, n-leucine, nn-methiomne, 
L prohne or DU-valine Attempts were made to 
reverse the inhibiting action of n-lj’sine mono- 
h^ drochlonde (1 mg/nd ) bi addition of the 
■various, individual ammo acids nn-methionine, 
L leucine (3 mg/ml ) and L-tyrosine (1 mg/ml ) 


partially prevent the inhibition Methionine does 
not reverse inhibition by histidine or by trypto- 
phane Virus inhibition by lysine and the protec- 
tive action of methionine on virus propagation 
are parallelled by the effects of this amino acid 
on the P“Oi uptake by minced, one-day old 
mouse brain 

Relation between propagation of a mouse en- 
cephalomyelitis virus and uptake of radiophos- 
phate by minced brain from mice of different 
ages Harold E Pearson, Richard J Winz- 
ler,* AND Max E Rafelson * Depts of Bio- 
chemistry and Microbiology, Univ of Southern 
California School of Medicine and Laboratory 
Division, Los Angeles County Hospital, Los 
Angeles, Calif 

It has previously been shovra that minced one- 
day old mouse brain was capable of supporting 
the propagation of Theiler’s GD VII mouse 
encephalomyelitis virus in vitro Virus-infected 
cultures incorporate inorganic phosphate into 
their phospholipids and nucleoproteins at rates 
significantly greater than uninfected controls 
Minced bram from mice older than 10 days is 
unable to support vims growth A study of the 
rates of oxygen consumption and of P® uptake 
by minced brain tissue from mice of different 
ages in the presence and absence of -varus shows 
that older mouse brain has a higher initial Qo* 
than one-day old mouse brain, but that the Qoj 
declines at a very much more rapid rate than 
one-day old tissue The incorporation of inor- 
gamc phosphate into the lipids and protems m a 
24-hour incubation period is much greater m the 
one-day old bram than in older brain The stimu- 
lating effect of the -varus on these processes is no 
longer apparent in brain from mice older than 7 
days, and corresponds to the ability of the tissue 
to support virus growth 

Specific protection of the antibody-combining 
site during lodmation of antibody David 
Pressman and L A Stehnberger • Sloan- 
Ketlenng Inst for Cancer Research, New York 
City 

Although it 18 known that antibody specificity 
can be destroy^ed by extensive lodination, we have 
foimd that it is possible to protect the antibody 
specific region so that lodmation, extensive 
enough to cause otherwise complete destruction 
of specificity, can be earned out -with essentially 
complete retention of antibody specificity The 
specific protection was made in the case of anti- 
body specific to the p-azobenzoate ion or the p- 
azobenzenearaonate ion by adding to the anti- 
serum, before lodmation, the specific hapten, 
either benzoate ion or benzenearsonate ion Sub- 
sequent lodmation intense enough to destroy the 
antibody activity of the unprotected serum did 
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not alter app^reciably the antibody activity of the 
protected sera, since almost full antibody ac- 
tivity, as measured by specific precipitation, was 
recovered by dialyzing out the protecting hapten 
after lodination The mechanism of protection is 
the stenc blocking of an attack by the iodine on 
the antibody specific combining region since that 
region is already combined mth the hapten 

Chemical and immunological studies on lecithin 
and cardiolipin Frederick A H Rice* and 
Abraham G Osler Johns Hopltns Untv and 
USPHS Research and Post Graduate Training 
Center, Baltimore, Md 

Beef heart lecithin prepared according to Pang- 
born for use mth cardiolipin in serologic tests for 
syphilis has been fractionated into 3 components 
on a mixture of celite and magnesol Only one of 
these components is active as a constituent of 
the lecithin-cardiolipin-cholesterol test antigen 
Cardiolipin has also been partitioned chromato- 
graphically into 2 components, both of nhich 
are active in flocculation tests for syphilis It 
has been found that of the 3 constituents of the 
test antigen, cardiolipin alone reacts with anti- 
body present in syphilis sera, while lecithin and 
cholesterol perform auxiliary functions 

Inhibitory and enhancing effects of secretions of 
human respiratory tract on Influenza virus 
Harry M Rose Depts of Medicine and Bac- 
teriology, College of Physicians and Surgeons, 
Columbia Untv , New York City 
Mucoid secretions of the human respiratory 
tract (sputum) contain factors other than specific 
antibodies which will either inhibit or enhance 
infection by the PR8 strain of influenza virus and 
which wull also inhibit the agglutination of eryth- 
rocytes by the virus One of these factors is 
spontaneously labile and is rapidlj destroyed 
by heating to 100°C , it appears to be responsible 
for the ability of certain sputum specimens to 
inhibit viral hemagglutination in high dilution, 
to reduce mfectivity of virus inoculated intrana- 
sally in mice and to restrict multiplication of the 
virus in chick embryos A second factor is present 
which IS relatively stable and resembles in many 
respects the Francis inhibitor (J Exper Med 
85 1, 1947) found in normal serum This factor 
inhibits viral hemagglutination but seems to have 
little or no effect on infectious properties of the 
virus Heating to 100°C for 10-30 minutes does 
not destroy this factor and actually increases 
its inhibition titer against some strains of virus, 
particularly Lee There is evidently a third factor 
which markedlj' enhances the mfectivity of the 
PR8 strain when injected intraperitoneally in 
mice A similar type of enhancement is obtained 
with hog gastric mucin but not vnth purified 


blood group A substance, histamine, hyaluronic 
acid, hyaluronidase or pneumococcal polysac- 
charides When preparations of sputum are pro- 
gressively heated to 100°C their ability to reduce 
mfectivity of the virus is lost and enhancement 
of mfectivity is correspondingly increased These 
results suggest that substances m the secretions 
of the human respiratory tract may play a signifi- 
cant role m determining either resistance or 
susceptibility to infection by influenza virus, 
possibly depending upon the equilibrium of these 
substances 

Streptococci and related filtrable Infective agents 
in outdoor air during epidemics of influenza 
and of milder respiratory infections Edward 
C Rosenow Bacteriologic Research, Longview 
Hospital, Cincinnati, Ohio 
The study was made to determine perhaps the 
importance of aenal spread of pneumotropic 
streptococci and a possible related pneumotropio 
virus during epidemics of respiratory infections 
Non-hemolyffic streptococci were isolated from 
each of 17 samplings made on trains and auto 
mobiles m transit totalling 7000 miles and atop 
12-foot poles and on tall buildmgs during and 
following epidemics Mice were moculated cere- 
brally and/or nasally and 11-daj embrjonated 
eggs into the allantois or yolk sac mth saline 
washings or Seitz filtrates and mth streptococci 
as isolated in dextrose-brain broth and mth 
emulsions and filtrates of emulsions of pneumonic 
lungs and of allantoic fluid of inoculated eggs in 
which the embryo died on successive mouse and 
egg passage The incidence of pneumonitis in 
mice and death of embryo and isolations of strep- 
tococci from emulsions of pneumonitic lungs and 
of embryms that died were far greater follomng 
inoculation of matenal from samplings made 
during epidemics than from samplings made after 
epidemics had subsided Isolations of the strepto- 
coccus from pneumonic lungs and allantoic fluid 
of inoculated embrymnated eggs following inocu- 
lation of filtrates were far higher than isolations 
from the filtrates inoculated, indicating that 
the vital tissues for which the streptococcus had 
predilection furnished more favorable conditions 
for grondh of filtrable forms into the streptococ- 
cus than dextrose-brain broth The streptococci 
isolated from saline washings, from pneumoni- 
tic lungs and inoculated eggs were agglutinated 
specifically by antiserums and thermal antibody 
prepared from streptococci isolated from persons 
having respiratory infection and by convalescen 
serum 

Antibody in yolk of eggs and in serum from hens 
inoculated with viruses of influenza and poHo- 
myeltis Jonas E Salk and J S Youngotb 
Vitus Research Lab , Dept of Bacteriology, Univ 



March 1950 


AMERICAN ASSOCIATION OF IMMUNOLOGISTS 


391 


0 / PtUsburgh School of Mcd^cme, Pittsburgh, 
Pa 

It IS known that antibodj' to certain antigens 
IS present in egg-yolk of laying hens with high 
serum antibody titers It seemed of interest to 
investigate this phenomenon further in regard 
to the mechanism whereby antibody appears in 
the yolk, and to explore the use of eggs of im- 
munized hens as a possible source of antibody in 
large quantity Groups of laying hens uere in- 
oculat^ into the breast muscle v.ith either the 
PR8 strain of Type A influenza virus or the 
Lansing stram of poliomj elitis virus, with and 
without combination with an adjuvant (Bajol F 
and Arlacel A, described bj Fbeunu) Blood 
samples were obtained at intervals and all eggs 
laid were tapped Antibodv determinations were 
made on serum samples and on aqueous extracts 
of yolk freed of the major portion of the lipoid 
components by extraction with ether and ethj lene 
dichlonde Only in animals given Lansing virus 
with adjuvant did antibodv appear in serum and 
yolk However, in hens inoculated vuth influenza 
virus with or without adjuvant, antibody in high 
titer developed, with adjuvants the levels reached 
were considerably higher Antibody appeared in 
yolk later than in serum Subsequently, in ad- 
juvant vaccinated hens, titer of antibody/umt 
vol of volk was equivdent to that in serum and 
was consistent in successively laid eggs From 
tune to time, however, in hens given virus alone, 
eggs were laid which had no demonstrable anti- 
body despite moderate serum levels The mech- 
anism of the phenomenon, which does not appear 
to be one of passive transfer, is under investi- 
gation 

Active immunization of mice against experimental 
infection with type I meningococci H W 
ScHERp Dept of Bacteriology, Univ of Roch- 
ester School of Medicine and Dentistry, Roch- 
ester, N Y 

Four materials were tested for their ability to 
immumze imce against experimental infection 
with t 5 pe I meningococci a vaccine of formal- 
inized virulent type I menmgococci, as a control, 
the soluble portion from cells of the same strain 
autolx zed with chloroform, as a source of soluble 
antigens, the insoluble portion of the autolyzate, 
as a source of antigens stable to autolysis, and 
purified specific polj saccharide from the same 
strain Groups of mice received 3 or 4 injections 
of these materials intraperitoneallj during a pe- 
riod of one or 2 veeks One week after the last 
injection, the mice vere challenged with the 
homologous meningococcus suspended in gastric 
mucin Mice receiving 4 doses of 0 01 mg (= 
20,000,000 cells) or more of the vaccine resisted 
from 100,000 to 200,000 ldjo Itlice receiving 4 


doses of 0 001 mg resisted 6,000 ldso Three or 4 
doses of from 0 001-0 1 mg of the soluble portion 
of the autolyzate induced essentially no im- 
munity Initially, 4 doses of 0 1 mg of the in- 
soluble portion of the autolyzate were as effective 
as 4 doses of 0 001 mg of the vaceine, but this 
capacity decreased progressively in successive 
tests of the same preparation Three or 4 doses of 
from 0 0001-0 01 mg of the polysaccharide en- 
gendered no demonstrable immunity The test 
organism evidently possessed an adequate com- 
plement of immunizing antigen, which was largely 
decomposed during autolysis since neither the 
soluble portion nor the polysaccharide im- 
munized, and the small fraction of immunizing 
antigen remaining in the insoluble portion de- 
creased with time 

Immunization experiments with Ascarts lumbrt- 
coides in rodents J F A Sprent Ontario 
Research Fndn , Toronto, Canada 
Attempts to immunize mice to infection with 
the larvae of Ascarts lumbncoides by injection of 
metabolic products of adult and larval worms 
and with homologous antiserums were not suc- 
cessful The relationship between the antibodies 
produced by ascaris infected guinea pigs and sub- 
stances present m the tissues and fluids of the 
worm was studied using anaphylaxis as an in- 
dication of antigen-antibody reaction All isolated 
tissues and fluids of A lumbncoides and whole 
worm extracts of certain other nematodes caused 
anaphylaxis in ascaris infected ammals Ascaris 
extracts from which protein had been removed 
by trichloracetic acid and ammomum sulphat^ 
were active in this v ay and precipitation of polw- 
saccharides by alcohol failed to alter the effect 
Gmnea pigs infected with Tnchinella spiralis 
were also shocked by' ascaris extracts The pres- 
ence of a common antigen among helminths, 
functional in promoting resistance, was suggested 
by the observation that previous infection with 
nematodes other than A lumbncoides resulted 
in increased resistance to A lumbncoides 

Specific purification of antiprotein antibody L 
A Sternbehger* and Davud Pressman Sloan- 
Kellering Inst for Cancer Research, New York 
City 

A procedure has been developed nhich is prob- 
ably of general applicability for the specific 
purification of antiprotem antibody The prin- 
ciple involved is the alteration of the specific 
antigen so that it can be separated from the anti- 
body brought down in the specific precipitate 
The alteration vas accomplished b\ coupling the 
specific antigen with diazotized arsanilic acid It 
was shown that such an antigen can be removed 
from an alkaline solution b\ a suspension of cal- 
cium aluminate while rabbit 1 -globulin remains 
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in solution under these conditions The coupled 
antigen retained the ability to precipitate specifi- 
cally the antiprotem antibody The purified anti- 
body nas obtained from the specific precipitate 
with the coupled antigen by dissolving the 
washed precipitate in calcium hydroxide solution 
and removing most of the antigen on a suspension 
of calcium aluminate, leaving purified antibody 
in solution By thus method solutions of antibody 
to bovine serum albumin and to bovine serum 
globulin have been obtained with essentially all 
of the protein precipitable as specific antibody 
The juelds were above 30% 

Properties of partially purified scarlet fever 
(erythrogenic) toxin prepared by various meth- 
ods Aahon H Stock and Ethel Vernet * 
Dept of Pathology and Bacteriology, Children’s 
Hospital of Pittsburgh, Umv of Pittsburgh 
School of Medicine, Pittsburgh, Pa 
The NY5 strain of hemolytic streptococcus 
IV as grown in the dialyzable portion of (Difco) 
proteose peptone by methods of moss culture 
From the filtrates, purified scarlet fever toxin 
was prepared by 4 different methods 1) precipita- 
tion of concentrated filtrate with alcohol, 2) ad- 
sorption on aluminum silicate followed by' elution 
and salting out, S) salting out w ith ammonium 
sulfate, and 4) prolonged dialy'sis of concen- 
trated filtrate The 4 types of concentrated 
toxin had these properties in common o) all 
flocculated at the same level w'lth most commer- 
cial antitoxins, 6) all contained small amounts of 
acid-precipitable protein, and varying amounts 
of non acid-precipitable protein w ith w hich scar- 
let fever toxin has been associated in previous 
studies, and also other nitrogenous material, 
c) when the acid-precipitable protein was sepa- 
rated at the isoelectric point, varying amounts 
of the flocculating (and presumably ery'throgemc) 
substance were concomittantly removed, d) all 
contained nucleases The purified toxins differed 
as follows a) streptococcal hyaluronic acid in 
large quantities was found only' in concentrates 
produced by methods 1 and 4, b) the proteins in 
concentrates by methods 2 and S varied in heat 
coagulability' Only 1 lot of the many prepared 
concentrated toxins contained a high titer of 
skin test doses (STD)/mg of total nitrogen or 
protein similar to those described by Stock, and 
Krejci, Stock, et al (1942) Inasmuch as more 
streptococcal protein/STD was found in the pres- 
ent purified toxins than previously reported by 
one of us, attempts were made to explain this 
difference by resolving the mixture via fractiona- 
tion, electrophoresis or ultracentnfugation These 
experiments met with limited success The signifi- 
cance of the difference in data from those previ- 
ously reported wull be discussed 


Toxic Component of Shigella paradysentena 
Chloe Tal* and Walther F Goebel Rocke- 
feller Inst for Med Research, New York City 
The component responsible for the toxicity of 
the somatic antigens of Shigella paradysentenae 
is resistant to a variety of enzymes It should be 
possible, therefore, to degrade these substances 
by enzymatic procedures wuthout impairing the 
toxic component itself The somatic antigen of 
Type Z Shigella paradysentenae is a lipocarbohy- 
drate-protein complex as are those of the other 
Flexner types Digestion of the Tv'pe Z antigen 
with pancreatm reduces the nitrogen content 
from 6 6-2 7% Subsequent treatment with acid 
formamide, and precipitation with alcohol, yields 
a product still ns toxic as the original matenal 
and containing 2 1% nitrogen and 1 2% phos- 
phorus This substance is antigenic and still 
shows an absorption band at 2550 A, as did the 
untreated antigenic complex Digestion of the 
former wnth intestinal alkaline phosphatase 
brings about a further loss of 10% of the total 
phosphorus and a loss of the absorption band, but 
there is no diminution in toxicity' Color tests for 
amino acids are now negative This material 
contains 22 3% glucosamine w hich agrees with 
the total nitrogen content, 2 1% of it is still fully' 
toxic and antigenic Extraction with chloroform- 
methyl alcohol removes all remaining lipid (5%) 
and 10% of the remaining phosphorus without 
diminishing toxicity It appears, therefore, that 
both the protein and the lipid components can 
be dissociated from the complex without impair- 
ing the toxic component The latter still uni- 
dentified remains in chemical combination with a 
non-toxic carbohy'drate from which it has not 
yet been separated 

Bole of spleen in hemolysin production Williait 
H Taliaferro and Lucy G Taliaferro * 
Dept of Baclenology and Parasitology, Univ of 
Chicago, Chicago, III 

Following a single intravenous injection of 
26 X 10’ sheep erythrocytes As into rabbits, 
serum hemolysins (determined photometrically') 
generally rose sharply around the 4th day , 
reached a peak from the 7th through the 10th day 
and then declined The titers of serums from 
such immunized rabbits and of splenic extracts, 
prepared by nuncing spleens in a Waring blendor 
with distilled water, showed 3 stages 1) For the 
first 4 days, splemc and serum titers were low and 
approximately the same 2) From the 6th to the 
8th day, splenic titers rose more slowly than 
serum titers S) From the 11th to the 18th day, 
splenic titers decreased rapidly while serum titers 
declined more slowly Splenectomy significantly 
depressed antibody formation when perfoimeu 
on the day of immunization through the 4th day , 
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w as sometimes effective v hen performed on the 
6th day, and was practically ineffective when 
performed on the 6th and Sth day The results 
indicate that, under the conditions of these ex- 
periments, most of the antibody is formed by the 
spleen and that active formation is limited to a 
comparatively short period 

Studies on allergic encephalomyelitis in dogs 
Lewis Thomas, F Y Paterson and Elizabeth 
Smithwhck: (introduced bj Jules Freund) Di- 
vision of Infectious Disease, Dept of Medicine, 
Tulane Univ School of Medicine, New Orleans, 
La 

Allergic encephalomyelitis has been produced 
in dogs following immunization wnth homologous 
brain plus adjuvants The disease occurs with 
less frequency than in monkeys or guinea pigs, 
and requires a greater number of injections over 
a longer period of time Following immunization 
of dogs with homologous brain, a complement- 
fixing antibody is demonstrable in the majority' 
of animals The antigen involved is demonstrable 
in the brains of other species, is not present in 
new born brain tissue, and is present m periph- 
eral nerve but absent in other organs It is ob- 
tainable from brain extracts following boiling 
and formalinization The antigen is soluble in 
acetone, alcohol, and ether It is abundantly- 
present in acetone e-xtracts of purified white 
matter lipids Its acti-vity is not diminished by 
saponification It is distinct from cholesterol and 
IS not precipitated by digitomn The actmty of 
the antigen is such that complement fixation oc- 
curs with quantities of 1 7 or less/cc Serum titers 
of immumzed dogs range from 1 32 to 1 512 The 
possible nature of the antigen and its role in al- 
lergic encephalomyelitis will be discussed 

Antigenic extinction principle in potency-testing 
rabies vaccines F W Trader* and I W 
McLean, Jr Research Labs , Parke Davis d, 
Co , Detroit, Mich 

The antigenic extinction prmciple consists of 
vacematmg groups of animals -with serial dilu- 
tions of the preparation to be assayed and then 
determining, mdirectlj' by serum assay's for the 
presence or absence of an arbitrary level of anti- 
body, the limiting dilution of the preparation 
contaming sufficient antigen to give the required 
antibody' response This procedure has been used 
in testing mfiuenza virus vacemes and the re- 
sults reported here demonstrate its applicability 
to rabies vaccines The tests are conducted m 
white Swnss nuce, are relatively economical and 
gi\e highh reproducible results It was found 
that 1) Indirect serum neutralization gives a 
more reliable and sensitive test than direct chal- 
lenge, but correlation between the 2 methods is 
good 2) The total amount of ‘brain tissue-virus* 


administered was the moat important variable, 
with number of injections, schedule of injections, 
volume or concentration administered in the vac- 
cination, time of bleeding (after 10 days), number 
of virus M L D 's utilized in the neutralization 
(10-1000), time allowed for neutralization (0 5- 
18 hours), and size of mice used in testing for 
neutralization (11-20 gm ) producing only minor 
variations in the antigenic titer The data ac- 
cumulated have resulted in a reliable test method 
for antigenicity of rabies vacemes either by' direct 
comparison w'lth a reference standard vaccine or 
by' setting an arbitrary' minimum level for the 
antigenic extinction titer when tested under 
standardized conditions 

Quantitative studies of complement fixation 
Complement-fixing potency of immune sera in 
relation to antibody nitrogen content A G 
OsLER, A L Wallace,* and M M Mayer 
Dept of Bacteriology, Johns Hopkins School of 
Hygiene and Public Health, Baltimore, Md 
Quantitative complement fixation studies -with 
crystalline bovine serum albumin and homologous 
rabbit antisera indicate that the extent of fixa- 
tion in terms of the number of 60% units of com- 
plement fixed IS not a direct linear function of 
the amount of antibody, but follows a sigmoid 
curve The use of a 50% fixation unit (C'Fso), 
based on absolute antibody weight or on serum 
dilution, 18 proposed as a means of characterizing 
the complement-fixing potency of an antiserum 
The number of C'Fio per Mgm of antibody N 
vanes with the length and mtensity of immuniza- 
tion but 18 not a function of the total antibody 
content 

Formation of neutralizing antibodies in monkeys 
after injection of poliomyelitis virus and ad- 
juvants Robert Ward, Dora Rader, Mur- 
ray M Lipton and Jules Freund Dept of 
Pediatrics, New York Umv Med Center and 
Public Health Research Inst of The City of 
New York, Inc , New York City 
Rhesus monkeys received 6 simultaneous in- 
tramuscular injections of monkey spinal cord 
contammg Lansmg poliomyelitis virus suspended 
in physiological saline (A), or emulsified in par- 
affin oil (R), or emulsified in paraffin oil contain- 
ing killed Myco butyricum (C) Five weeks later 
all animals received preparation A in the same 
manner At each of the 2 occasions, the monkeys 
were given 1 gra of infected cord Serum neutrali- 
zing antibodies were titrated m mice against 
about 20-50 lDjo units of virus The titers, 4 weeks 
after the first injection and 2 weeks after the 
second injection were several times higher in the 
groups receiving adjuvants (B and C) than in 
the group with virus alone ( 4) Some of the 
monkexs in group C wnth Myco butyricum died of 
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aUergic encephalomyelitis In another experiment 
in which monkeys were vaccmated with virus 
mcorporated m paraflSn oil and given a booster 
mjection of virus alone, similar results were ob- 
tamed Morgan and her associates (J Ilxper 
Med 85 131, 1947, Am J Hyg 45 379, 1947, 
J Immunol 62 301, 1949) found that repeated 
imi injections of Lansing virus in monkej'S re- 
sulted m high neutralizing antibody titers When 
Morgan injected subcutaneously 2 or 3 times a 
small amount of virus emulsified m paraffin oil 
with or without killed Myco tuberculosis, anti- 
body formation was scant 

Applications of protamine precipitation in puri- 
fication of certain viruses J Wabren, M L 
Weil,* S B Russ* and M Jeffries * Dept 
of Finis and Rickettsial Diseases, Army Med 
Dept Research and Graduate School, Washing- 
ton, D C 

^ The addition of protamine sulfate to virus in- 
fected tissue suspensions will cause an immediate 
flocculation of considerable tissue material and 
if the mixture is centrifuged at low speeds a clear 
supemate is separated from a tenacious sediment 
We have studied the behavior of n number of 
mammalian viruses in this reaction and thej ap- 
pear to fall into 2 groups, those which remain in 
the supernatant atid those Inch are precipitated 
m the sediment along mth tissue components 
Viruses m the protamine supernatant can be 
further purified by the removal of the excess 
protamine with heparin or Paritol In the case of 
Japanese encephalitis and encephalomj ocarditis 
viruses, we have followed protamine clarification 
with other procedures as ether extraction, en- 
zjmic digestion, ammonium sulfate precipitation 
or ultracentrifugation As the result of such 
treatment it is possible to obtain virus concen- 
trates which on the basis of nitrogen content, 
infectivity and electron micrography appear to 
be of high purity For example, preparations of 
encephalomyocarditis virus have been obtained 
with 10'*’ ® LDjo/gm of nitrogen In the case of 
those agents uhich are precipitated bj' protamine 
along with other tissue proteins, it has been 
found that resuspension of the sediments in high 
concentrations of sodium chloride will free the 
virus from the bulk of the precipitate It may 
then be subjected to any of the above procedures 

Inhibition of LA-peptidase by tuberculo-carbo- 
hydrates and its possible significance in the 
mechanism of the cytotoxic action of tubercu- 
lin Charles Weiss, Marial L Boyar* and 
Chariaitte H Scharf * Laboratories, Jewish 
Hospital, Philadelphia, Pa 

In order to throw light on the mechanism of 
the cytotoxic action of tuberculin, the properties 
of its components (proteins, lipids and carbohy- 


drates) have been mvestigated Weiss and Halh- 
day (Proc Soc Exper Biol <L Med 47 299, 1944) 
showed that a polysacchande prepared by S 
Raffel by the method of Heidelberger and Menzel 
from human tubercle bacilli mhibits BA-amidase 
(Cathepsm II) We now wish to record that a 
carbohydrate prepared by R J Anderson from 
human tubercle bacilli as well as a punfied tu- 
berculo carbohydrate, freed from lipids (N 
Choucroun, C R Acad Sci 226 1477, 1948) 
inhibits leucine amino-jieptidase from both nor- 
mal and tuberculous rabbit organ homogenates 
Other polysaccharides, such as one extracted from 
S marcescens by M J Shear and non-bactenal 
carbohydrates such as dextrose, sucrose and gly- 
cogen are inert in this respect LA-peptidase has 
its origin in the lymphoc 3 'tes and is widely dis- 
tributed in the bodj (J Fruton) This enzyme 
functions in the processes of cellular growth and 
autoljmis Since its activity is mhibited b}”- tuber 
culo-polj saccharides, we have a possible factor m 
the mechanism of the c 3 "totoxic action of tuber- 
culin 

Newcastle disease virus encephalitis in rhesus 
monkejs H A Wenner, A INIonlet, and 
R N Todd (introduced by Jules Freund) 
Hixon Memorial Laboratory, Untv of Kansas 
School of Medicine, Kansas City 
Newcastle disease virus (NDV) caused ence 
phalitis in rhesus monke 3 m The Manhattan and 
California strains of NDV (infected allantoic 
fluid) were inoculated in rhesus monkeys through 
intracerebral, intranasal, intradermal, and in- 
traneural portals Monke 3 s inoculated in the 
brain developed fever, gross tremors, ataxia, and 
occasionall 3 " weakness of extremities The Cali- 
fornia strain caused a more severe and prostrat- 
ing illness than did the Manhattan stram Clmical 
evidence of illness was not observed follownng 
other routes of inoculation The pathologic 
changes consisted of encephabtis, chorioiditis, 
meningitis and occasionally, myelitis NDV was 
detected m CNS, but not in blood or cerebro- 
spinal fluid obtained prior to or during the acute 
period of illness The California stram caused 
illness by bram-to-bram passage in monkeys 
Specific antibodies appeared in the serum of 
monkeys during convalescence NDV infected 
allantoic fluid, m addition to hemagglutinins, 
contamed a distinct complement-fixation antigen 
which reacted with an antibody in the serum of 
monkeys convalescent of NDV Serums obtained 
at various levels of convalescence following ND\ 
encephabtis were studied with the use of comple- 
ment-fixation and hemagglutinin-inhibition tests 
These tests complemented each other Comple- 
ment-fixing antibodies appeared about a J' ®®*" 
earlier (14th day) than hemagglutin-inhibitmg 


March 1950 


AMERICAN ASSOCIATION OF IMMUNOLOGISTS 


395 


antibodies (21st da^) Maximal antibody levels 
were reached usually b^ the 4th u eek 

Lethal effect in hypersensitive guinea pigs of 
non-precipitinogenic substance in tuberculins 
Janet McCahtek Woolley (introduced by R 
J DtJBOs) Rockefeller Inslilule for Med Re- 
search, Neio York City 

Fractions separated bj ammonium sulfate pre- 
cipitation from unheated culture filtrates of hu- 
man tubercle bacilli have been investigated for 
biological actmtj All fractions have skin po- 
tency for tuberculous animals in proportion to 
their protem content One fraction ( J „ J Exper 
Med 87 229, 1948) has a peculiar specific effect on 
guinea pigs sensitized vnth heat-killed tubercle 
bacilli in paraffin oil animals given intracutane- 
ously doses equivalent to 0 6 mg of protein 
develop sjouptoms of a generalized toxemia and 
die vnthin 8 to 48 hours Ten times the amount 
which would kill sensitized animals did not affect 


a normal guinea pig The substance responsible 
for this delayed toxic death is neither of the 2 
precipitinogenic proteins of the culture filtrate 
since fractions containing one or both antigens 
are inactive, nor is it the common polysaccharide 
of culture filtrates It is either identical or closely 
associated \nth the non-precipitinogenic protein 
of lo%\ sedimentation constant, about 1 0 S, previ- 
ously found in an Old Tuberculin (67-2, J Im- 
munology 43 85, 1942) Of 14 animals tested mth 
active preparations in doses equivalent to about 
0 5 mg of protein, all died or became very veak, 
but fractions not having the lethal substance 
even in 3 0 mg doses of protein affected none of 
10 animals tested Thus ue have a new phenom- 
enon of hjqiersensitivity in this type of animal, 
specifically elicited by a substance which is not a 
precipitinogenic protein and is actually concen- 
trated during the preparation of an Old Tuber- 
culin The substance must be part of a very ac- 
tive antigen in the bacterium 


ABSTRACTS RECEIVED TOO LATE FOR ALPHABETICAL 
INCLUSION IN SOCIETIES 


AMERICAN PHYSIOLOGICAL SOCIETY 

Ineffectiveness of estrogens in inducing steroid 
depression in Willia^i B Lanqan (introduced 
by Israel S KLeiner) Dept of Physiology and 
Pharmacology, A^eie York Med College, Flower 
and Fifth Avenue Hospitals, New York City 
It has been reported that estradiol does not 
mduce any signs of a depressed state in Rana 
pipiens (Lanqan, 1947) In order to determine 
whether or not the ineffectiveness of estradiol is 
characteristic of estrogens, a series of estrogens 
and non-estrogens was tested The substances to 
be tested were dissolved in sesame oil (except 
vhere otherwise noted) and introduced with a 
single intrapleuropentoneal injection in doses 
ranging from 1-10 mg Frogs were kept at tem- 
peratures ranging from 16 to 21° C The inhibition 
of the righting reflex was selected as the criterion 
of profound depression The following substances 
did not induce anj signs of depression hexestrol, 
benzestrol, diethj Istilbestrol, estradiol (aqueous), 
estradiol benzoate, estradiol dipropionate, es- 
trone, ethmjl estradiol, androstendione, dehy- 
droandrosterone acetate, pregnenolone (aqueous) 
The following steroids were very effective des- 
ox\ corticosterone acetate and progesterone A 
slight effect was observed for methil testosterone, 
testosterone (aqueous), testosterone propionate 
and ethin\ 1 testosterone The estrogens tested 
were not effective in producing a state of depres- 
sion Also several non-estrogemc steroids were 


not effective, whereas progesterone and desoxy- 
corticosterone were most effective 

Localization of frontal oculomotor cortex in the 
cat Robert B Livungston Institut de Phys- 
tologie, Ecole de Midcine, Geneva, Switzerland 
Electrical excitation of the sensori-motor cortex 
of 18 adult cats lightly anesthetized with sodium 
Amytal gave rise to responses which mcluded 
pupillary dilatation, retraction of the nictitating 
membrane, and conjugate or, more often, non- 
associated movements of the eyes However, the 
eje movement responses evoked from these su- 
perior and lateral surfaces of the frontal lobes 
were not sufficiently consistent in appearance or 
contiguous in topographical representation to 
suggest an oculomotor representation analogous 
to the frontal eye field of the primate On the 
medial surface of the frontal lobe, on the other 
hand, was defined an oval area, approximately 
2 5 to 3 cm in diameter, centered in front of and 
slightly dorsal to the genu of the corpus callosum, 
from which could be evoked responses strikingly 
similar to those obtained bj excitation of the 
frontal eye field of the monkej’’ Appropriate 
electrical stimulation applied to this medial cor- 
tex in a senes of more than 40 cats permitted the 
elicitation of the follownng responses pupillarj 
dilatation with retraction of the nictitating mem- 
brane, responses previouslj localized to this gen- 
eral region of the ci^'s cortex bj C N Woolsej 
(personal communication) , conjugate deviation of 
the e^es in the horizontal plane, generalh to the 
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side opposite the hemisphere stimulated, and 
movements of the eye lids Hess has recently 
elicited head turning as well as eye deviation by 
excitation of a posterior and inferior zone of this 
oculomotor area m the unanesthetized, freely 
moving cat (Helv Physiol & Pharmacol Acta 6 
731, 1948) Certain other effects, not directly 
related to the ocular responses, have cortical 
representation which overlaps this region These 
include grunting vocalization, coughing, gagging, 
increased gastro-intestinal activity and respira- 
tory responses 

Mode of action of dmitrophenol on O3 uptake of 
excised rat brain David B Tylek Dcpi of 
Evibryology, Carnegie Inst of Washington, Balit- 
more, Md 

If the O3 uptake of the brain in the presence of 
graded concentrations of dmitrophenol (DNP) is 
followed at half hour intervals for a period of 2 
hours (instead of the usual one hour) , 3 effects are 
seen 1) Low concentrations, up to 2 5 X 10“' m, 
that produce onlj^ augmentation of 0; uptake, 
2) Intermediate concentrations, SOX 10“' m to 
1 0 X 10“^ lu, that first augment and then depress, 
and S) High concentrations that produce only 
inhibition of 0. uptake With 5 0 X 10“' m the 
percentage augmentation is onlj slightly higher 
than that obtained v, ith 2 5 X 10”' m Hon ever, 
with the former concentration inhibition sets in 
at the end of the first hour, n hile with 2 6 X 10”' 
M no inhibition occurs These results suggest the 
possibility that DNP is not limited to onb one 
site or mode of action and that the accelerating 
and inhibitory actions of DNP are due to differ- 
ent mechanisms each requiring distinctly differ- 
ent threshold concentrations Under the condi- 
tions of these experiments (minced rat brain 
respiring in Ringer glucose phosphate media), 
the threshold concentration for the augmenta- 
tion phase of action is about 1 X 10”' ji, for the 
mhibitory phase it is 50-fold higher 

AMERICAN SOCIETY OF BIOLOGICAL 
CHEMISTS 

a-Acetolactic acid, an intermediate m acetyl- 
methylcarbinol formation Elliot Juni (intro- 
duced by L 0 Rrampitz) Dept of Microbi- 
ology, School of Medicine, Western Reserve Untv , 
Cleveland, Ohio 

It has been proposed (Federation Proc 6 301, 
1947) that the formation of acetylmethylcarbinol 
occurs according to the following scheme 
2CH,COCOOH CO3 -f CH,COH(COCH,)- 
COOH -> CHjCHOHCOCH, -f CO2 Cell-free 
extracts of Aerohacter aerogenes, Bacillus siiblilis, 
Staphylococcus aureus and Serratia marcescens 
have the ability to form acetylmethylcarbinol 
and carbon dioxide from pyruvic acid and can 
also decarboxylate a-acetolactic acid to acetyl- 


methylcarbinol A crude extract from Aerobacter 
aerogenes has been resolved into 2 components, 
1) acts on pyruvic acid to produce a-acetolactic 
acid and carbon dioxide, 2) decarboxjdates a- 
acetolactic acid but is without effect on pyruvic 
acid The former is dependent on cocarboxylase 
Both enzjTuatically formed and synthetic a-ace- 
tolactic acid form the osasone of diacetyl with 
phenplhydrazine nith the formation of one mole 
of CO2 per mole of a-acetolactic acid employed 
Analyses of both derivatives agree mth theory 
Melting points and mixed melting points are 
identical Under the conditions which the osasone 
from a-acetolactic acid is prepared, no osasone 
IS obtainable from acetylmethylcarbmol The en- 
zymatically synthesized a-acetolactic acid is de- 
carboxjlated nith aniline-citrate, and is also 
decarboxylated by the resolved enzyme com- 
ponent that decarboxydates symtbetic a-aceto 
lactic acid This latter component is specific for 
a-acetolactic acid and mil not act upon aceto- 
acetic acid or oxalacetic acid It also shows a 
specificity for one of the isomers of the racemic 
mixture of the s^ nthetic a-acetolactic acid Prep- 
arations from microorganisms which do not ordi- 
narily produce acety’lmethydcarbinol were found 
to be incapable of decarboxy lating a-acetolactic 
acid An enzymie preparation from pig heart 
capable of forming acetylmethydcarbmol from 
pyruvic acid has been obtained which can also 
decarboxydate o-acetolactic acid to acetylmethyl- 
carbinol 

Maximum rate of urea production from various 
ammo acids in the dog Henbt Kajun* and 
Philip Handler Dept of Biochemistry and 
Nutrition, Duke Univ School of Medicine, 
Durham, N C 

Dogs were given constant rate 1 v infusions of 
various ammo acids, and blood and urine urea N 
measured Total urea N formation was calculated 
as the sum of urea N excreted and urea N accumu- 
lated in body water The maximum rates obtained, 
corrected for urea N production of control dogs 
subjected to diuresis, are indicated in the table 


Maximum Urea Production, as mg N/kg/nun 


amino AOP I 

! 

VILEA 

PKODUC 

T30N 

j amino acid 

UltEA 

PEODDC 

TIa•^ 

L-cysteine 

0 05 

DL-leucme 

0 39 

L-methionine 

1 0 05 

1 L-histidine 

0 65 

L-glutarmc acid 

0 11 

1 glycine 

0 SO 

L-aspartic acid 

0 18 

L-asparagine 

0 80 

L-alamne j 

0 20 

‘Amigen’ 

1 8 

L-lysme 

0 20 

L-argimne 

1 1 9 

L-leucine 

0 24 

ij-glutamine 

2 8 

L-tyrosine 

1 

0 35 

1 

L-argimne plus 
'Anaigen' 

3 5 
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Direct analysis of tissue, as well as balance 
studies, indieated limited permeabilitj of eells to 
the dicarboxjdic ammo acids Liver samples from 
dogs infused with arginine shoved only traces 
of that ammo acid, but large quantities of a- 
ammo N Liver cells appeared to be freely perme- 
able to the other ammo acids, and the data are 
therefore a measure of the in vivo activity of the 
respective ‘deammases ’ No correlation vas ob- 
served between the in vivo rate of urea formation, 
and the in intro rate of deamination m the iso- 
lated systems which have been studied b} other 
workers The high rate of urea production from 
glutamine suggests the possibility of a special 
role for that ammo acid 

Synthesis of unusual quantities of pyridine nu- 
cleotides by human erythrocytes, in vitro 
Irwin G Leder,* W A pERLZvmio and 
Philip Handler Dept of Biochemistry and 
Nutrition, Duke Univ School of Medicine, Dur- 
ham, N C 

Incubation of washed human erythrocytes sus- 
pended m a Rmger-phosphate medium contain- 
ing glucose and 2% nicotmamide results m an 8- 
to 10-fold increase in their content of mateial 
which behaves like pjndine nucleotides m the 
fluorometnc assay The material is definitely not 
N-methylmcotmamide or mcotmamide nucleo- 
side It cannot be removed from the cells by 
washing, serves as a growth factor for H parain- 
fluenzae and is destroyed on mcubation with a 
rabbit brain DPNase preparation for 90 minutes 
It has not yet been established whether the ma- 
terial IS mononucleotide, DPN, TPN or a mixture 
thereof Liver slices and yeast suspensions be- 
have similarly although the extent of synthesis is 
not as great as that observed m red cells Both 
morgamc phosphate and glucose are essential m 
the medium and synthesis is completely inhibited 
by the usual glycolytic inhibitors, e g fluoride 
and lodoacetate The synthetic velocity is roughly 
constant for about 16 hours and maximum syn- 
thesis 18 achieved withm 20 hours The addition 
of ATP 18 without effect on either the velocity or 
the total amount of material formed Synthesis 
IS dependent on the concentration of mcotmamide 
and ceases below 0 1% vhere the rate is only 8% 
of that achieved m a medium contaimng 2% nico- 
tmanude The mcotmamide, therefore, serves 
both as precursor and as inhibitor of DPNase 

Metabolism of Desoxyribosides m Escherichia 
coll L A Manson* and J 0 Lampen Dept 
of Biological Chemistry , Washington Univ School 
of Medicine St Louis, Mo 

Previous work with extracts of animal tissues 
has shown that purine and pj rimidme desoxy ribo- 
sides undergo a phosphoroly tic cleavage identical 
with that demonstrated for the corresponding 


ribosides In these systems, however, the result- 
ing desoxyribose phosphate esters are not de- 
graded Washed, resting cells of E coli (A T C 
9723) vere incubated vith hypoxanthme desoxy- 
nboside or thymidine and acid-soluble desoxy- 
pentose determined at intervals In a phosphate 
or bicarbonate buffer (pH 7 0) the total desox-y- 
pentose disappears rapidly and the free nitroge- 
nous base can be recovered in the medium in 
about 80% of the theoretical quantity Hypoxan- 
thme, thymime, and D-2-desoxyribose are not 
metabolized under these conditions In the pres- 
ence of arsenate the disappearance of total desoxy- 
pentose is slower and free desoxyqientose appears 
m the medium It is concluded that, in the absence 
of arsenate, the nucleosides undergo phosphoroly- 
sis, yueldmg the free base and a desoxy'pentose 
phosphate The latter is then degraded by the 
cells In the presence of arsenate, both phosphorol- 
ysis and arsenoly'sis occur That portion of the 
nucleoside vhich undergoes arsenoly^sis yields free 
desoxywibose This cannot be degraded and is 
therefore recovered in the medium Cell-free ex- 
tracts of the organism were prepared by grinding 
the cells with alumina by McHwam’s procedure 
These extracts contain potent purine and pyTimi- 
dme nucleoside phosphorydases The 2 phosphoryl- 
ases appear to catalyze reversible reactions The 
extracts do not degrade the desoxy pentose phos- 
phate formed from hy^poxanthine desoxy riboside 
or thymidine Evidently the enzymes involved 
are either mactivated or are not extracted 

Studies on adhesion and syneresis m fibrin clots 
Peter R Morrison, Arthur L Seiler and 
James M Head (introduced by J W Wil- 
liams) Depts of Physiology and Zoology, Univ 
of Wisconsin, Madison 

Adhesion was measured as the force reqmred 
to separate a disc from the attached substrate 
A beam balance modified for automatic loading 
and kymographic recording of elongation and 
break with stress was used This was suitable for 
different substrates and although technically diffi- 
cult, interpretation was straightforward Alter- 
natively the pressure required to separate clot 
from an attached screen was measured This limits 
substrates but is easier and somewhat more pre- 
cise (average deviation = 5%) although conver- 
sion to absolute umts is difficult Adhesion values 
were surprisingly constant with changes in phy^si- 
cal chemical variables A 100-fold increase in 
either fibrinogen or thrombin increased adhesion 
by only 2^-fold Broad optima near phy-siological 
values were found for both pH and salt concentra- 
tion with only a 2-fold range for both pH (6 0-8 5) 
and lomc strength (0 10-0 90) Substrates tested 
m order of increasing adhesion vere silicone, 
petrolatum, octoil-S, glass, bakelite, collodion, 
cellophane, protein (heat -denatured fibrinogen). 
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koroseal, lucite, bakehte (sanded), alunnnum, 
stainless steel, and ‘tissue’ Syneresis, as compac- 
tion under pressure, i\as followed by measuring 
expressed fluid at short intervals using a microm- 
eter burette In contrast to adhesion, values 
were strikingly influenced by the conditions under 
which the clot was formed 

Migration of lysine across the cell wall of Strep- 
tococcus faecalts Victor A Najjar and Ern- 
est F Gale * Unit for Chemical Microbiology , 
School of Biochemistry , Cambridge, England 
Two factors influence the passage of ly'sine 
across the cell wall, — the phosphate ion and the 
amino acids in the medium Lvsine migration 
across the cell wall in either direction is markedly 
suppressed by the presence of phosphate ions in 
the outside medium No effect is exerted by 
chloride, sulfate and pyrophosphate ions The 
uptake of lysine is inhibited about 30% both at 
4° C and37° C Hoi\ever,outwardmigrationi8in- 
hibited 100% at 4° C and no inhibition occurs at 
37'’ C Lysine imgration into the cell is inhibited 
by the presence of various amino acids in the out- 
side medium The acidic amino acids show 60-75% 
inhibition and the basic 30-60% inhibition No 
inhibition occurs in the presence of neutral ammo 
acids When lysine is taken up by the streptococ- 
cus by incubation in a medium also containing 
the acidic or basic amino acids, Ijsine does not 
migrate to the outside upon reincubation in phos- 
phate but migrates freely in saline Alternatively , 
when lysine is taken up in the presence of the 
neutral ammo acids or from lysine solution alone, 
it migrates equally uell m phosphate or saline 
upon reincubation m these salts All migration 
experiments uere performed on the resting cell 
m media of pn 7 2 

Cerebrospinal fluid findings in brain tumors 
M Spiegel-Adolf and H T Wacis * Depts 
of Colloid Chemistry and Neurosurgery, Temple 
Univ , Philadelphia, Pa 

Valuable information m various pathologic con- 
ditions has been obtained through ultraspectro- 
photometrical studies of the cerebrospinal fluid 
(CSF), especially m combination i\ith chemical 
determination of the ascorbic acid and protein 
content (Federatton Proc 6-8 1947-9, (Science 109 
335, 1949, Am J Psych 109 697, 1948) Ultra- 
spectrophotometric studies have been extended 
to a group of 40 CSF’s m cases of tumor of the 
CNS In 30 of these cases, the ascorbic acid 
(Robinson-Stotz’s method) and the protein con- 
tent i\ ere determined simultaneously Twenty new 
controls of non-tumor cases have been added to 
the previously published 40 control cases Besides, 
m 14 cases corresponding brain tumor extracts 
(Arch Path 44 307, 1947) could be prepared and 


spectrographed The extinction coefficients (Em,) 
of the tumor CSF’s he for the most cases between 
2 0-4 6 while m the control cases the average 
values are 1 24 db 69 After correction especially 
for ascorbic acid, 77% of the CSF’s from tumor 
cases reach values above E = 8 Only 20% of the 
controls reach similar values after the same correc 
tion, while m about 60%, the E values are below 
0 4 There is a certain parallelism between the E 
values of CSF’s and those of the corresponding 
tumor extracts A comparison of the CSF findings 
with the clinical data (size and location of the 
tumor, intracranial pressure) seems to indicate 
that the high E values are not only due to meta- 
bolic processes in the tumors but also to destruc 
tion and/or impairment of the brain tissue 

Ultraspectrophotometncal studies of irradiated 
mouse tumors M Spiegel-Adolf and M E 
Sano * Dept of Colloid Chemistry and Tissue 
Culture, Temple Univ School of Medicine, Phila- 
delphia, Pa 

The effects of x-ray radiation upon spontaneous 
tumors of hybrid mice were studied by physical, 
chemical and histological methods In 40 tumor 
mice, the mammary carcinomas alone were ir- 
radiated with dosages varyung between 300-4800 
R The rest of the animal was shielded Control 
experiments show ed that mice in which a benign 
tumor w as irradiated as above, gained weight and 
apparently stayed in good health The irradiated 
tumors were extracted ns described before (Arch 
Path 41 307, 47) and the extracts ultrospectro 
graphed Ten non-irradiated mouse tumor extracts 
show average Emo values = 2 1128 ± 27 If the 
extinction values at Emo of the irradiated tumors 
are plotted against the dosage, a graph is obtained 
that reaches the minimum of the E values at 900 
R and returns after 1800 R to non-irradiated 
values Further irradiation seems to be without 
effect Gross pathology and histologic controls 
show comparable results The tumors become 
smaller, hemorrhagic, picnotic, necrotic After 
higher dosages new growth develops Only the 
tumors under direct irradiation show the above 
mentioned changes of extinction coefficient and 
histology Non -irradiated secondary tumors ap- 
parently remain unchanged In 3 cases the ir- 
radiated tumors practically disappeared after 
dosages of 900-1600 R New growths developing 
after 2 months did not respond to further irradia- 
tion of 1500 R Contrary to references in literature 
protracted irradiation did not increase the inci- 
dence of lung metastasis In an attempt to identify 
the substances causing the absorption at 260 mu 
with nucleic acids, the optical studies have been 
supplemented by microchemical N and P de- 
terminations 
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New nucleosidases in Lactobacillus pmtosus 
T P Wang (introduced by J 0 Lampen) Lcpl 
of Microhology, School of Medicine, Western 
Reserve Univ , Cleveland, Ohio 
New types of purine and pyrimidine nucleo- 
sidases have been demonstrated in Lactobacillus 
pentosiis 124-2 Cell-free extracts prepared by 
gnndmg cells of L pentosus nith glass show the 
follomng new reactions Adenosine -f phosphate 
— > adenine -f nbose-phosphate, cjtidme -f phos- 
phate cytosine -f nbose-phosphate, and \an- 
thosine -f phosphate -* xanthine + ribose-phos- 
phate The evidence for the direct phosphorolysis 
(or arsenolysis) of adenosine and cjtidine is 
1) one mole of reducing sugar was obtained per 
mole of nucleoside disappeanng, 2) the spectral 
changes dunng the process corresponded to the 
respective listed, 3) no adenosine or cytidine 
deaminases could be demonstrated in this extract, 
(This excludes the possibility that these nucleo- 
sides are first deaminated and then undergo phos- 
phorolysis ) 4) the free bases were identified as 
follows adenine as adenine picrate and cytosine 
by paper chromatographj The phosphorolysis 
of xanthosine was shown by the formation of re- 
ducing sugar and by the spectral changes which 
corresponded to the conversion to xanthosine to 
xanthine Under the same conditions no reducing 
sugar nas obtained with either xanthosine alone 
or xanthosine and heated extract Undine, guano- 
sine and inosme also undergo phosphorolysis or 
arsenolysis with this extract The relative rates 
are undine, cytidine > inosine > adenosine 
> guanosine > xanthosine Thus, phosphorolysis 
IS faster with the pj nuudine than with the punne 
nucleosides A comparison of the rate of cleavage 
of undine and cytine in phosphate, arsenate and 
tns - (hydroxymethyl - anunomethane buffers, pH 
7 5) indicates that these nucleosides are split by 


phosphorolysis or arsenolysis rather than by 
simple hydrolysis 

AMERICAN INSTITUTE OF NUTRITION 

Diminished ACTH production in rats on low pro- 
tein diets , explanation of relationship between 
dietary protein and renal hypertension Philip 
Handler and Frederick Bernheim Depts of 
Biochemistry and Nutrition and of Physiology 
and Pharmacology, Duke Univ School of Medi- 
cine, Durham, N C 

The systolic blood pressure of subtotally ne- 
phrectomized rats falls to normal levels after a 
few weeks on an 8% casein diet No single amino 
acid deficiency appears to be specifically responsi- 
ble The administration of 1 mg of ACTH 
promptly raises the blood pressure to the level 
maintained by rats receiving a 35% casein diet 
nhile ACTH is without effect on the pressure of 
the rats eating the high protein diet ACTH also 
raises the pressure of rats eating a Ion protem, 
salt free diet to the levels found in rats eating a 
high protem, salt free diet, but is \nthout influ- 
ence in the latter group Further, ACTH is with- 
out effect on the blood pressure of unoperated 
rats, regardless of diet To determine whether 
705-2-15-50 FP 5541 p 587 Take 2-16-3Cx Gal 2ix 
rats on Ion protein diets are actually ‘hjTio- 
pitmtary’ with respect to ACTH production, 0 2 
mg of epinephrine was given mtrapentoneally 
to both operated and unoperated rats on high and 
low protem diets The percentage fall m the circu- 
lating eosmophile count, 4 hours later, was meas- 
ured as an index of ACTH activity The fall m 
the low protem rats was less than half that ob- 
served m the high protem rats while both groups 
responded to ACTH itself It is concluded that 
the normotension of partially nephrectomized 
rats on low protem diets is, m large measure, the 
result of a diminished ACTH production 
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METABOLISM OUTFIT FOR THE DETERMINATION OF CALORIE PRODUC- 
TION AND BASAL METABOLIC RATE BY THE DOUGLAS METHOD, with Hal- 
dane-Henderson-Bailey Gas Analysis Apparatus This is the simplest of the satis- 
factory methods for the study of gaseous metabolism It is not limited to an obser\ ation of 
reduction in oxygen volume, but depends upon the collection and anal^ysis of a sample of 
expired air Outdoor air (0. content 20 99%, CO* content 0 03%) is inspired through a 
flutter valve and mask, or mouthpiece and nose clip, and returned on expiration through 
a second valve, tubing and three-n ay aluminum stopcock to a Douglas bag From the air 
so collected during a six-minute interval one or tno samples are taken over mercury in gas 
sampling tubes The bag is emptied through a meter and the volume, temperature and 
barometric pressure are noted The sample is analy^zed in a Haldane-Hcnderson-Bailej 
Gas Analysis Apparatus and its COi and Oi content determined From these data there 
may be calculated the hourly oxygen consumption, carbon dioxide production, total c ilonc 
production and respiratory quotient From these and the height, n eight, age and sex of the 
patient a comparison can be made mth the normal and the basal metabolic rate can be 
computed 

Sec T M Carpenter, Carnegie InsUlulton of Washington Puhlicalion SIG, 1915, p C7, 
Douglas, Journal of Physiology, 1911, XLII, Boothbv and Sandiford, “lAihoralory Slamtal 
of Basal Metabolic Rale Determinations", and T Carpenter, Carnegie /nsltlulion of 
Washington Publication No S03-A, 1934 

6412 MctabolUm Outfit for the Determination of Caloric IVodactlon and naaal Metabolic Ilatc bj thcl>oocla« 
Method a3abo\o desenbed consisting of Haldane llenderon Bai!c> Improved Model Anihji-' 
Apparatus, Gns Meter, Douglas Gas Bac 150 liter laocMa^k, Double Dougla' \ nhr Thre<' Tap 
of nluramum Bailcj Gas Sampling Bottle Thermometer range 10 to 50 C m \ nddx'r lubmc r!nmp 
and thermometer holder, complete with directions for as;>embhng and for u.e 44^ 43 
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TiMeffLfiw 

frWtion Mllecfor 

•'/ \ 

f“OR routine laboratory fractionation, wneVe' the finesse and ultimate- 
1 degree precision of the ITechnicw>$iutomatic drop-counting collector 
exceeds the requirement of . tn^dsk,^his1^e^ flow-rate collector is an 
efficient and economical instrument. Based^dn’^a sound rate-of-flow prin- 
ciple, the time-controlled mechanisrh'Will automatically collect any number 
of samples up to 200 any predetermined volume-per-sample up to 25cc. 


As each fraction is collected, the carnage automatically advances to repeat 
identical collections consecutively until the whole fractionation has been 
made When speed is essential, a tandem-collector (optional) can be 
hooked-in to double output The Technicon Flow-Rate Collector is completely 
automatic requires no attention during operation Set it for the given 
experiment and go away it will shut off automatically on completion of the 
fractionation Send the coupon below for details. 
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MODEL 3C STIMULATOR 


A GENERAL PURPOSE PHYSIOLOGICAL STIMULATOR 

The accuracy and versatility of this square-wave stimulator allow its use without monitor- 
ing in a wide variety of nerve, muscle and cortical stimulation problems hrccuicnej, 
duration and voltage of the stimulus are independent vanable and each is accuritc to 
better than 5% The stimulus has a vanable time delaj from the cathode-ra^ s\nchromz- 
mg pulse This stimulator gives smgle, groups or continuous!} repetitne pulses, and in 
combination wath a similar stimulator, gives two pulses whose separation, duration and 
voltage are all independent!} vanable 

Stimulating electrodes of vanous types arc available 
Grass Instrument Compan} also manufactures 

Preamplifiers — used e\tensi%el} in nene-muscle ph}siolog} in coiijiinctioii with com- 
mercial cathode-ray oscilloscopes having some amplification. 

Electroencephalographs — used chnicall} and in cvpenmcntal neurojihi siologi and 
pharmacolog} , 

Electrodes — scalp tape for recording the ECG Cortical elcctrwlo*; for rocordmc the 
ELG from e\po«ed brain in animals and humans, and depth electrodes for 'tiimil ifmg, 
recording and injecting fluids into the depths of the braim 

W nte us for full specifications on an} of the aboic 
Prompt delnen on most items 


MAKERS or ELECTROENCEPHALOGRAPHS AND 

electrophysiological instruments SINCE teas 
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; I^OCKLAND (species specific) STOCK DIETS? 



They have been intelligently formulated by lead- 
ing nutrition investigators under the ROCKLAND 

RESEARCH FUND 
Carefully selected 
ingredients to provide a high level of digestibility 
are used Mineral and vitamin ratios aie coi- 
rectly proportioned Greater vitality, constuu- 
tional vigor, superior growth response and high 
productive yield with 



available in 50 lb and 100 lb sacks 


kUkM FARMS 


RABBIT RATION RAT DIET (complete) 

GUINEA PIG DIET (C fortinec) RAT DIET (D free) 

MOUSE DIET MONKEY DIET 

are fully explained and illustrated in the publica- 
tion “A PRACTICAL GUIDE” by Harry G 

Herrlem of ROCK- 
LAND FARMS 
MILLING COMPANY (copies mailed on request) 


223 West Jackson Boulevard, Chicago 6 Illinois (millers and distributors) 


PREVENTION OE 
DETERIORATION ABSTRACTS 

published by the National Research Council 
[ (Prevention of Deterioration Center, Room 204) 

' 2101 Constitution Avenue, Washington 25, D C 

I arc offered for subscriplioii on a yearly basis 

I \bstracts are classified under the headmgs Biological agents, Electneal and elec- 

1 tronic equipment. Fungicides and other toxic compounds. Lacquers, paints, and 
\arnishes, Leather, Lubricants, Metals, Miscellaneous, Optical instruments and 
photographic equipment. Packaging and storage. Plastics, resms, rubbers, and 
waxes. Textiles and cordage, and Wood and paper One volume of approximately 
2000 loose-leaf pages is published each }'ear m monthly issues Subject and author 
^ indexes are compiled annuall}^ to cox er abstracts issued from July through June The 
1 xearlx rate of $50 00 includes two sturdy binders and index tabs 

\r\ -\D\ VNCE LIST, a monthl) bibliography of all reports receix^ed in this field, 
is ixaihble for $10 00 a year 
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for reproducible blood counts 
YANKEE PIPETTE SHAKERS 



NEW! 6 unit model A-2290/6 

Design of head insures that each pipette un- 
dergoes exactlj’- the same shaking action 
Each 540 00 


2 unit model A-2290 

Non at a reduced price 
Each 00 


Order from lour Surgical Supph Dealer 


Designed to meet all requirements for proper 
mixing of blood samples, and to give consist- 
entlj uniform blood cell counts With the 
Yankee Pipette Shaker, reproducible results 
are obtained in repeated tests using (he same 
sample of blood 

Shaking action is limited to one iiHne onh — 
the vertical, horizontal motion is practicalh 
eliminated Complete mixing is produced in 30 
seconds without hemoljzing the blood cells 
The shakers operate on 120 volts A.C onh 
Thej include a built-m adjustable timer Heads 
of the SIX unit and two unit models aie intci- 
changeable 



Clay- Adams Company, inc 

141 EAST 25th STREET NEW YORK 10 

Sk»wr»«m •li* •» 501 W*i» W**H*ft*« CHtCAGO 1 llU S 
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SerV^XL 

ANGLE CENTRIFUGES 

Ash for Bulletin TQ-91 
with complete data on all models 



\\ith safety design self-centering device 
and d\namical balance 13,000 rpm 
20,000 X G Cap 8 X SOcc or IScc tubes 
NEW T\PE SS 2 VACUUM CENTRIFUGE 
17 000 r F m 50 000 X G 
Cnparlty 16 X SOcc ti bcs 



STERLING AUTOMATIC 

AND 


HAND PIPETTES 


Dispense accurate^, at a set speed, pre 
dcteriniiied amount of 0 1 cc to 10 0 cc 
Dasj to Operate — Time Saving 



S^rValL 

Magnetic Stirrer 
Ask for Bulletin TQ-94 
Stirs 

• In open vessels 

• in closed systems 

• under pressure 

• under sterile 

conditions 


NEW 


Thermostatically Controlled 
Swingablo Heating Plate 


Novel, shock Resistant Glass- 
encased Stirring Elements 


NEW 


Manufacturer and Distributor 


IVAN SORVALL, Inc. 

210 FIFTH AVE -NEW YORK 10, N Y 


FULBRIGHT 

PROGRAMS 

for 

International 
Educational Exchange 


PROGRAMS FOR 1951-52 Awards are 
now available to United States citizens v ho 
wish to go abroad as visitmg lecturers or 
advanced research scholars Applications foi 
aivards must be submitted between June 15 
and October 15, 1950 As a result of the 
signmg of new agreements and the corre- 
spondmg establishment of new country pro- 
grams, appbcations may be submitted for 
any of the countnes listed below 


Austraba 

Belgium-Luxembourg 

Burma 

Egypt 

France 

Greece 

India 

Iran 


Italy 

Netherlands 
New Zealand 
Norway 
Phihppmes 
Turkey 

United Kmgdom 
and Colonies 


TRAVEL GRANTS FOR FOREIGN LEC- 
TURERS It is possible to secure travel 
grant assistance for specific foreign lectur- 
ers to come to the United States for the aca- 
demic year 1951-52 Availabihty of aivaids 
will depend upon the country If you are 
interested, ■write to the Conference Board 
Committee for information 


Address requests for information to 

EXECUTI'^TS SECRETARY 
Committee on International 
Exchange of Persons 
Conference Board of 
Associated Research Councils 
2101 Constitution Avenue 
Washington 25, D C 
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45 % greater capacity. . . at 



C EFFICIENCY slides, in single bonk drawers, are easily inserted 
or withdrawn 







gle LAB AID unit section, 
two I", two 2" and two 


C VISIBILITY single rows offer unobstructed visibility 

C COMPACTNESS requires only ninefeon inch square floor or desk 
space 

C FLEXIBILITY interchangeable drawers hie microslides, Iranspar 
encies, lantern slides, index cards 

O CONVERTIBILITY drawers quickly changed from spaced Filing to 
close packed storage, or rice versa 

O “SPRING-ACTION" flexible separators for spaced Filing 

C SAFETY slides can't be chipped in pulling out drawers safely 
stop prevents accidental full withdrawal all steel Fire resistant 
construction 

C SMOOTH OPERATION drawers won't jfiefc or worp slide freely 
on metal tracks 

O EASY STACKING interlocking units permit stable stacking to any 
convenient height 

O ALL-STEEL CONSTRUCTION welded sleet throughout great 
strength with minimum waste space 


drawers Unit for unit, ' 

1 

for space, LAB AID of 
unapproached flexibility 
d economy 

\ 


n ECONOMY storage cost per slide lowest ever! 



THE TECHNICON COMPANY 
215 E 149 Si , New York 51 N Y 

Send me porticulori of LAB AID filina syilm 

Nome 

Addrcu _ _ - - „ - 


City 


StD'e 
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Safeguarded constantly by scientific 
tests, Coca-Cola is famous for its punty 
and wbolesomeness. It’s famous, too, for 
the thnll of its taste and for the happy 
after-sense of complete refreshment it 
always brings. Get a Coca-Cola, and get 
the feel of refreshment. 
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ROCKLAND SIRAINS OF MICE 


The incidence of S ententidis in our col- 
onies has been consistently under 2% for 
several years 

Effective control measures as outlined by 
Slanetz* are routinely employed 

(Current price list and copies of our Pracbcal 
Guide mailed on request.) 

ROCKLAND FARMS 

New Ofy (Rockland County), New York 

•f/i Bact Vol 56, No 6, Dec ’48 


ARE ENTIRELY 

FREE OF 

SALMONELLA 


MICRO-CARD REPRINTS 

AMERICAN JOURNAL OF PHYSIOLOGY 
Volumes 1 through 5 Set of 65 cards $17 75 

PHYSIOLOGICAL REVIEWS 

Volumes 1 through 11 Set of 139 cards $37 50 

Micio-cards are standard 3\5 mcli size and contain 30 to 1 50 pages 
of complete te\t, sui-pnnted with title, page, and contents indicia The 
pages can be lead easil}^ through a reading machine or anj modem flat 
field binocular micioscope Orders should be sent direct to 

J. S. CANNER COMPANY 

909 Bojlston Street 
Boston 15, Massachusells 
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AAAS CLEVELAND MEETING 

DECEMBER 26-30, 1950 

The 117th Meeting of the Amencan Association for the Advancement of Science -mil 
be full-scale All 17 of the Association’s sections, and about 40 scientific societies, mil hold 
raoie than 200 sessions m the Public Auditonum and downtown hotels (Statler, Hollenden, 
Caitei, Allerton) of Cleveland The Anrnial Science Exposition, fillmg the arena of the Au- 
ditonum, mil be the largest and most diversified in the history of the Association 

A number of the progiams ^vlll be of particular mterest to those m the fields of medicine 
and expel imental biolog}" These aie 

Sections B, F — ^Physics, Zoology Scientific Implications of Nuclear Phenomena in the 
Field of Bioph 3 ^sics, part of a thiee-session symposium, afternoon, December 28 
Section C — Chemistry Tv o (of the 12) sessions on steroid hormones, program arranged by 
Hal G Johnson, Monsanto Chemical Co , morning and afternoon, December 28 
A thud session on medicmal chemistry, arranged by Herbert Carter, University of 
Illinois, evening, December 29, Chemists’ luncheon, December SO 
Section F — ^Zoology, jomtly with Amencan Society of Zoologists Symposium on Genetics 
and Behavioi , afternoon, December 29 

Subsection Nm — ^Medicme Four-session symposium on Biological Effects of Radiation, 
mornings and aftei noons, December 29, SO 

Subsection Nd — ^Dentistry Three sessions on the dental research of all branches of the 
Federal government, evening, December 29, morning and afternoon, December SO 
Subsection Np — Pharmacy, jomtiy with the Amencan Pharmaceutical Association, Scientific 
Section Foul sessions of papers, mornings and afternoons, December 28, 29 
Oak Ridge Institute of Nuclear Studies, jomtiy with Oak Ridge National Laboratory Tvo 
sessions, morning, afternoon, December 28 

Amencan Society of Parasitologists Paper-madmg sessions, December 27-29, inclusive, 
luncheon, demonstiations, afternoon, December 28 
Amencan Society of Protozoologists Paper-reading sessions, December 27, 28, inchtstve, 
luncheon, December 29 j t f o 

Amencan Society of Zoologists Symposium on Transition from Aquatic to Land Life, after- 
noon, December 27, demonstrations, afternoon, December 28, paper-readmg se^ions, 
December 28-30, inclusive, Zoologists’ dinner, Biologists’ smoker, evening, December 2 
Society of Systematic Zoology Symposium, evening, December 27 , breakfast meeting, ai er- 
noon business meetmg, December 29 

Amencan Microscopical Society Two sessions, morning and afternoon, December 29 
Biometnc Society, Eastern North Amencan Region Six paper-ieadmg sessions, Deccin e 
27-29, inclusive 

Society of Industnal Microbiologists Two sessions, afternoons, December 28, 29 
Amencan Dietetic Association Session, evening, December 29 n i os 

Alpha Epsilon Delta, Premedical Honor Society Annual Luncheon, December 


SPECIAL SESSIONS (INCOMPLETE) 

AAAS Presidential Address by Past President Ehan C Stakman, Reception, evening. 

Society of the Sigma Xi Annual Lecture, Ralph W Wyckoff The Macromolecular Textu c 
of Biological Materials, evening, December 27 , -nr 

Umted Chapters, Phi Beta Kappa Annual Address, Speaker, Detlev V , > 

December 29 

* 

Housmg Coupons for hotel reservations mil appear in 

August 25, and in The Scientific Monthly, begmmng mth the , P r _ Hotels 

Registrftion At the meeting Mam Registmtion at o he fac 

Statler and Hollenden, fees, $2 00 for members of 'ncral Program, In 

dents, S3 00 for nonmembers Advance Registrants m r remstration also in Scinicr 
first-cia^s mail, early in December-Coupons for advance rcgistration^JiH^ 

and »SJ/ For further information communicate mt -v- y y Washington 5, D C 

istratn e Secretary , AAAS, 1515 Massachusetts Avenue, ^ K 
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witli T Jnrper capacity comprcjsor Ccntnliigc 
specJs ano capacitici remain uncliangccl Liit 
mucli ]o^^ er controJJecJ temperaturer arc iio\v 
pojjililc For example, vitli iix 100 ml tiiLcr 
at 5000 r p m , tcmperaturci as lou as -15° 
C can kc maiiitaiiiccl vitli four 250 ml 
kettles at 2600 r p ni , -8° C vitk four 
25 ml tukes at 18,000 r p m , -5° C 

Here IS a scientikcall j Jesj^neJ rcsearck 
instrument definitely -u ortli in\ csti^atin^ 

AVrite for Jc5crjpti% C Bulletin RC, 1949 

IMTERIVATIOIVAL EQWPMBVT COl^IPAIW 

Boston 35 , Massachusetts 


Centrxfu^'ition under controlJed tempera- 
tures at or well kelow 0° C offers new po5si- 
kJities to tlie kiockemist Xke cancer program 
— virus investigations — poliomyelitis researcli 
— enzyme researck — low temperature soKent 
fractionation — all liave kenefited ky tlic use of 
tlus new researck tool Countless otker appli- 
cations are waiting tke guidance of tkc researck 
scientist 

Tkc International Portaklc Refrigerated 
Centrifuge, Model PR-1, is noss equipped 
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ventilate sinusitis? 




T 

_B_HE dark, dank breedmg ground of a clogged smus is ideal for organisms nut 
not for the patient Shrinkage of nasal mucosa opens an ain\a'v, permits drainage, relieves 
discomfort, and admits pemcillm for concentrated, localized activity This mat not\ he 
rapidh achieved for long periods tvithout the disadvantages of earlier epinephrine like 
decongestants To comhat infection and to provide comfort vath onh the slightest degree 
of restlessness or sleeplessness, mthout irritation, ciliarv interference, or secondary en 
gorgement, presenhe 


'Clopane Hydrochloricle'ivith Penicillin— G 


(CydopenJamlfw Hydrochloride Lilly) 

Complete literature on 'Clopane Uxlrocbloridc %\Tlb 
Penicillin — G available from ^oiir Lall^ medical Fcr\- 
ice reprc^ntali^ e or will be fon\ardcd upon request 
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AMERICAN ASSOCIATION OF IMMUNOLOGISTS 

Symposmm on Coxsache Group of Viruses^ 

Chav man Gilbert Dalldorf 

THE COXSACIOE VIRUSES 

Gilbert Dalldorf 

From ihe Division of Laboraiones and Research, New York State Department of Health 

ALBANY, NEB YORK 


It seems to be soundly established that 
what we have called the Coxsackie viruses are 
common infections of man The speakers that 
follow me wall discuss the tjqimg of vanous 
strains of Coxsackie viruses, their behavior m 
complement-fbation tests, then isolation under 
various cucumstances and somethmg of the na- 
ture of the human disease with which they have 
been associated (l) 

It wall be well to bear m ramd that we are sadly 
deficient m oui understandmg of the human 
disease and know nothing regardmg the lesions, 
if any, m man That is whj’' it seemed unwose to 
give the lams a descriptive name 

It may prove to be significant that the strams 
w'e have studied so far can be readilj classified 
m two gioups on the basis of the evjierimeutal 
disease (2) Tins ma}’^ easilj and definitely be 
done by histologic examination Group A in- 
cludes strams that induce lesions onlj of the 
skeletal muscles Group-B strains also cause le- 
sions in the brain, sometimes m the fat pads, heart 
and other organs We find the two kinds of 
Cox'sackie iirus differ m size and other respects 
In our work it has licen an idiantago to be able 
to distinguish lictween the two and I susjicct 
others will find it cqualh helpful 

So far these igents line IxTii found associated 
onU wath man, in human feces md throat w ish 
mgs, in sew ige ind m flies trajiiMid near liiiimn 
habitations Thej line not l>ocii found i- iiaturil 


mfections in othei ammals Thej’- have commonl}" 
been associated with epidemics of poliomyelitis 
or pohoinyehtis-hke disease The association of 
CoYsackie and pohomyehtis viruses deserves at 
tention and poses several interestmg questions 
Om experience in New York durmg the past 
3 years has been that Coxsackie varus may some- 
times be found m the feces of pohom 3 'ehtis pa- 
tients, sometimes alone, sometimes in combina- 
tion wath pohomjehtis varus The data we liavT 
indicate that infection has distinct epidemiologic 
patterns, is largely limited to the young (the 
age distribution is similar to that of pohom 3 e!itis 
some 3'ears ago), and is associated with S3'mptoms 
indistinguishable fiom tliose of polioni 3 'elitis At 
an 3 ’’ rate, we have not been able to distinguish 
between the S 3 miptoins and signs in the patients 
from whom we can and cannot isolate Cox«ackic 
or polionp elitis virus This nia 3 sirapl 3 mean 
that the Coxsackie viruses flourish dunng the 
summer niontlis and have little cliiiic.d effect, 
that the disease we see is due in large niea=urt 
or entireh to poliomvelitis varu« 

Others hive found Cov=ackic vinis js^ocidcd 
with outbreak'- of di^eiscs of a different kind 
It miv lie noted tint fir tlie=e report'- Invi 
been of group B vinn iiifediom Dr J'filhoiinn 
will dc'iiihe such m outhreik The oh-i n ilion- 
of Curiien ‘^Inw ind Melnirk have inudi in 
common Ye '-limild look for Cox- icku vini 
in revenl <h-<?ise' for thev --ei m to Ik i- 'x it' 1 
with diveree (Iniu d condition- 



( OMPLEIMENT-FIXATION TESTS WITH SOME OF THE VIRUSES 

IN THE COXSACKIE GROUPS 

JoRDi Casals and Peter K Olitski 
Fiom the Labo) atones of the Rockefeller Institute for Medical Research 

NEW YORK CITY 


LUiLi iNTLRtsT of the lATitei's concemetl 
po‘5sibilitics of laboiutorj’’ diagnosis of the viruses 
eoinpnsed in the gioup designated by Dall- 
doif (]) as Co\sackie AAdule othei members of 
the S 3 auposium will discuss vaiious methods of 
detection and identification of the viruses, this 
])re*enhition is limited to complement-fixation 
tests Foi the puiposes of the stud}' 4 labora- 
tor} htrauis oi viiuses of this gioup have been 
used type 1 (Dalldoif) (2, 3), type 2 (Dalldoif) 
(2, 3), Conn 5 (4) and 1135K (5) Other col- 
leagues of the Symposium will hold forth on 
the pioblem of the taxonomy of these agents 
vhethei they are distinct, independent viruses oi 
whethei they are strains of the same xurus It is, 
however, of considerable interest that the xnruses 
here employed have dissimilai piopeities in the 
experimental animal and that type 1 was isolated 
from the feces of a child inth a diagnosis of 
liaraljdic poliomyehtis, type 2 and Conn 6, from 
stools of patients considered ns cases of non- 
paialytic pohomj'ehtis, and 1135K, fiom the 
throat vaslungs of a patient havmg an acute, 
febrile, influenza-hke illness and whose chief com- 
plaint \ias abdonunal pain (6) Only the future 
\m11 tell vhethei one is dealing with a disease of 
])rotean manifestations, assuming a wide vanet}' 
of clinical svndromes oi vhethei the illnesses 
encountered, fiom vhich the Coxsackie xmaises 
haae been recovered, are different nosological 
entities ciused b}' different xaruses Fiom the 
results of the present investigations it would 
ippear that, conforming vath the designations 
cominonlv made by Dalldoif (1, 2), Cumen (6), 
"Melnick (4) and others, the use of the term ‘group 
of aaruses’ would at tins time lie preferable 
These facts are mentioned because thej' have 
bearing on the subject of complement fixation ns 

_ ' We arc grateful to Major L C Murphy, Y C , 
U S \.nn\ and Professor Italo Archetti of our 
lalioraton and to Drs G Dalldorf, E D Kil- 
hourne and R M Taj lor for their valuable 
coojie ration 


a test foi detection of specific antibody in the 
serum of individuals or for identification of a 
particular xaius An antigen used m such tests 
primarily a) should be free from any nonspecific 
reactions since so many agents, be they strains or 
different viruses, have already lieen recovered, 
b) should have a maximal titer, le should be 
powerful enough to detect the smallest quantity 
of specific antibodj', and c) should be piactic.il 
and simple, easy to adapt to ordmarj' laboratorj' 
equipment or field conditions and to available 
technical .assistance It is believed that such an 
antigen can readily be prepared, its preparation 
and the details of a complement-fivation test 
wath it has already been descrilicd (7) 

Several reports have appeared since then by 
others desciibing a diveisity of methods for 
performing this test wath Coxsackie viruses Thus 
Howitt and Benefield (8) have used unfrnction 
ated suspensions of infected, isolated muscle 
repeatedly frozen and thaw’ed Melmck and co 
workeis (4, 9) have devised antigens jirepared hj 
high-speed centrifugation and precipitation bj 
piotamme combmed wath a microtest performcc 
on Incite plates, the readings bemg plotted an 
the area under each cuiwe detei mined by means o 
a planimeter Recently Mamre, Sulkin ant 
Faimei (10) have described antigens made from 
suspensions of mfected mouse muscle either un 
centrifuged or as supernate fluid after centrifuga 
tion at 2500 ipni for 30 minutes 

The method adopted for the preparation o 
antigens now used m this laboratorj' for 
Coxsackie xaiuses, and the details of the p^ 
cedure of the test are those that have a ^ 
been apphed to neurotropic viruses in 
(11) The preparation of an antigen is ba 
successive extractions of mfected tissue '' 
acetone and ethyl ether, after drjung, t 
re.sidue is suspended m saline solution to a con 
tration of 3 1 with respect to the ongina n 
tissue weight The use of acetone-ether ex ra 
IS considered necessary since known Vi 
positive sera react wath normal, noncx 
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tissue, thereby giving nse to false positives 
Following extraction, however, nonspecific re- 
actions are ehminated m most mstances or they 
are reduced to such a degree that a practical 
specific test results (table 1) The tissue from 
which the antigen is made is obtamed from 
Swiss-W, infant mice vhich aie ethenzed to 
death Either the muscle can be stnpped off the 
bones, which is difficult, or the entire limb can be 
used which is a simpler method and jnelds as good 


readily prepared so that a one-waj^ test can be 
performed, i e a test to reveal antibody m 
1135K antiserum agamst antigens other than 
1135K The antiserum is then found to contain 
antibodj reactive agamst Conn 5 larus but not 
agamst types 1 and 2 In addition, types 1 and 2, 
and Conn 5 each appears to be antigemcalh 
specific (table 2, which shows a test with mouse 
antiserum) The relationship of 1135K iirus to 
that of Conn 5 is further discussed bj Dr 


Table 1 Reaction of human Wassermann-positive sera with acetone-ether extracted and 

NON-EXTRACTED ANTIGENS 


8EE0M 

1 

ANTli 

Acetonc-ethcr extracted 
Albany type 2 

DEN 

Nonextracted 
normal tissue 


SVLINE CONTROI. 

Serum dilution reciprocal j 

2 

4 

8 

16 
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2 

0 

0 
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4 
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0 

0 

0 
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4 

2 
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0 

0 
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0 

0 

0 

0 

0 
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2 

2 
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0 

0 
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0 
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0 

0 

0 

0 

4 

4 

2 

0 

0 

0 
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results Bram tissue, ovang probably to a low 
content of virus, does not produce effectne 
antigens 

By this method antigens can readily lie ob- 
tamed with type 1 and 2 fiom infected mice up to 

14 to 15 daj^ of age at the time of infection, best 
results, however, follow the injection with nrus 
of 6- to 7 -da 3 -old ammaE, for the tissue of such 
mice jaelds an antigen of higher titer which 
exhibits least anti-complementai \ effects In ad- 
dition, mice are injected intrapentoiiealh and 
infected tissue hariested on the third or fourth 
da-\ 

On the other hand, mice ire rclatnch less 
susceptible to the effects of either Conn i or 
1135K Mruses In these instances animals 1 2 
or 3 d i\ s old are needed, for older oiic« cither f nl 
to be iffccted or deicloii mild illness from which 
thei can rccoicr Vith the limb tis-ue of such 
mice an cffcctnc intiKcn cm l>c prejiired with 
Conn 5 urns Up to the pre-eiit time ind work 
)s --till 111 proiirCNs no usible mticen his Ikhii 
obt lineal with the 113oK mui- The ]mibibiht\ 

15 that 1 sufficicnth lirce imoiiiit of \ini- pe- 
nult weight of tisane he not Mt Mil -enin^ 1 
Antiserum icanist the Miae cm howm- 1" 


Table 2 A complement-fixation test with 

CoXSmXIE MRUS 


A^'TICE^ AXD TISSUE 

J 

opr - 

[ Conn S 

1 IIUK 

Type 1 limb 

1/G4 

0 

0 1 

n 

Type 3 limb 

0 

1/61 1 

0 ! 

0 

Conn 5 limb 

0 

0 1 

1/61 

1/01 

Conn 5 brain 

0 ! 


0 1 

0 

1135K limb 

0 

n ' 

0 

0 


Killiourne a mcmlxir of the ■'miiiio nim who 
first Lsolated the former actne igent 

Immune =era to lie u«ed is jio-itne i oiitio'- for 
testing antigens are iirojiired bi tin n p it<sl 
intrijieritoncil injections of 0 *) cc of pi liihi 
tion of sus]x>nsioie of mfiit* i limb ti e into 
50- to ()0-<l i\ -old mice The ino uliti" i- i < u 
peated 1 time- it S-ii ml' -\ d- n d u a 
are bled for s^niin coffi 1 1 in 7 O' H* E ' 
the let mjicton Ti ' o‘hi - . , 

ntio 1 of in it' id- bi- t' I I- ' ' ' ' 

te-t- hi\i iln idi b- i ' IJ 1 

o'Ti -- ,n cMi ii'b ' tl o 
t' 

t 'll s b - - f t' 
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as descnbed here, 60 sera were studied which 
were obtained fiom 28 human bemgs, several of 
whom were bled moie than once The mdividuals 
from whom specimens were secured fell mto 3 
groups 1) laboratory contacts, le those exposed 
during the course of handhng the viruses, £) 
patients with vanous illnesses now suspected as 
bemg of the Coxsackie types and 3) persons hav- 
mg no recollection of such illness or of contact 
with the virus Of the first group, viz laboratory 
contacts, there were 7, the serum of all was 
positive all reacted with type 1, 6 also agamst 
Conn 5, and 4 also against type 3 antigens As 
already stated no satisfactory antigen of the 
1135K agent is as yet available The results are 
mtei-estmg m view of the fact that the peiaonnel 


persons who had no historj'^ of dlness suspected as 
bemg the Coxsackie tj^ies nor known contact 
with the virus Of these the serum of only 3 could 
be collected for study none reacted with tppe 2, 
one with type 1 onlj'^, one with type 1 and Conn 5, 
and the third, with none of the 3 antigens In 
table 3 is shown a senes of selected 8 cases which 
are illustrative of the results obtamed with the 
aforementioned 3 groups of tests 
From the results of the present studies it 
appeal’s therefore that the complement-fixation 
test performed under controlled conditions offers 
a means for determinmg the presence of antibody 
m sera of man and experimental animals and for 
measurmg its relative amount The results were 
generally confirmed m later reports by others 


Table 3 Complement fixation with human sera Coxsackie-virus antigens 


NO 

1 

SEHTJU 

History 

1 

AOTIOEN 

Albany 
type 1 

Albany 
type 2 

Conn, 5 

Normal 

tissue 

1 

Laboratory contact with 3 strains 

1 4 

0 

1 32 

0 

2 

Laboratory contact nuth 3 strains 

1 16 

1 8 

1 16 

0 

3 

Laboratory contact with 3 strains 

1 16 

1 8 

1 16 

0 

4 

Clinical infection 





1 

a) before onset 

1 2 

0 

0 

0 


6) month after 

1 8 

0 

1 2 

0 

6 

Clinical infection 






a) day of onset 

1 2 

0 

0 

0 


h) 2 months after 

1 4 

0 

1 8 

0 


c) 1 year after 

1 2 

0 

1 2 

0 

6 

No contact or recognized infection 

1 4 

0 

0 

0 

7 

No contact or recognized infection 

1 8 

0 

1 8 

0 

8 

No contact or recognized infection 

1 0 

0 

0 

0 


of the laboratory ■was e-^osed to all of the 4 
■vnruses, and most active woik bemg earned on 
with type 1 The second group comprised pemons 
from a mde geographic distnbution Our thanks 
are due Dr E, jN'I Taylor for the specimens from 
Iceland, to Miss B F Howitt for the ones from 
Texas and to Dr F P Nagler for those from 
Pnnee Edwai-d Island, Canada Of the serum of 
18 indnnduals, 11 were tested with type 1, 2 and 
Conn 5 antigens one was positive -with all of 
them, 4 unth type 1 and Conn 5 only, 5 mth 
type 1 only and the eleventh was negative with 
all 3 Seien nere tested with type 1 and 2 anti- 
gens 5 V ere positii e with the former and all nega- 
tn e with the latter It is noteworthy that comple- 
ment-fixation antibody agamst type 1 nrus is 
genei-allj more commonly met with here than 
agamst the others The third group consisted of 


The pattern of antibody level m several neuro- 
tiopic virus infections runs along the following 
fines ^neutrahzmg antibody appears, ^ 
early after e’^posure to a virus, rapidly reac es a 
high level and then either remains on a higher or 
lower plateau for a considerable period 
perhaps for the life of the mdividual Wit g 
complement-fixmg antibody, however, the course 
IS often different Here, the antibody arises some- 
what later, reaches promptly its highest level an 
then, m a matter of months, slow ly dimmis i^ 
complete extmction Aether the same pattern 
of antibody production is followed by t e o 
sackie viruses cannot be detemuned at the presen 

tune , _ 

It will be observed that m certam instances 
which paired sera were available, the co>nP 
ment-fixmg antibody showed an increase 
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related with the coui-se of the infection, aftei the 
manner of a specific antibod}'^ lesponse At the 
same time several specimens exhibited positive 
reaction to more than one antigen In view of the 
specificity of the antigens as revealed by control 
tests with normal sera and prepared, known 
antisera, such reactions are considered to be 
essentially not cross reactions, but rathei spiecific 
responses to the antigens m question 
It IS clear, as shomi here and by the woik of 
others, that the Coxsackie viruses are widely 
distributed and that infection with them is not 
uncommon Many persons show positive reactions 
for serum antibody among whom are those who 
have no recollection of contact with the virus or 
of suspected illness Infection is, moreover, easily 
contracted as noted by the large mcidence of 
positive reactions m workers handhng the virus, 
several of whom have been unaffected by illness 
durmg this period of contact, although it is 
difficult to state this as cause and effect smce 


these persons maj'^ have been positive before they 
came m contact with the viruses {yvz Cumen (6) 
for several chmcally recogmzable laboratory m- 
fections) The situation m the case of Coxsackie 
viruses is one that has similarities with that of 
poliomjrehtis virus m which a laige percentage of 
apparently normal human bemgs sooner or later 
develop antibody 

Smce subclmical infections with the Coxsackie 
xoruses may be a common occurrence (2, 4, 8) and 
m view of the fact that such infecbon leaves its 
signature m antibody production, it is clear that 
an antibody test per se on a smgle sample of 
serum oi even on repeated samples is not a means 
for diagnosis, unless it can be shown by exami- 
nation of sera derivmg from early stages of a 
suspected illness and from later conimlescent 
penods that there has been a distmct rise m 
antibody which is correlated with the course of 
the disease 
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ISOLATION AND DIFFERENTIATION OF THE COXSACKIE 

GROUP OF VIRUSES 

Beatrice F Howtxt 

From the Commumcahle Disease Center^, Public Health Sermce, Federal Secuniy Agency 

ATLANTA, GEORGIA 


DiTHrNG THE PAST TEVR AND A HALF, material 
has been received either fiom sporadic cases 
or from groups of patients showmg ill-defined 
chnical pictures such as mild fevers, pohomyehtis- 
hke, encephahtis-hke, or influenza-hke S 3 m- 
dromes At first it vas thought (1) that these 
cases might have some relationship to Newcastle 
Disease of chickens but smce this virus was never 
isolated and as it was shown that the positive 
neutralization tests were due to a non-specific 
heat labile factor m the human sera, (2) this 
idea was abandoned Followmg the report by 
Dalldorf and Sickles, (3) on recovery of the Cov 
sackie group of viruses from human feces, (4, 5) 
all the available material on hand was moculated 
mto sucUmg mice Covsackie nmses were re- 
covered from the feces and nasopharyngeal wash- 
mgs of many of these patients Subsequently 
more specimens were examined from lanous 
sources, and strains have been recovered from 
105 mdividuals m 10 different states, Alabama, 
Colorado, Delaware, Flonda, Georgia, Louisiana, 
Oklahoma, South Dakota, Tennessee and Texas 

5IETHODS 

1) For Isolation of Yinises The fecal and oral 
specimens were prepared accordmg to a pre- 
nously described method (6) Twentj’' per cent 
suspensions of feces were made m distilled water 
and run m the angle centrifuge i hour at 13,000 
rpm m the cold room One thousand umts of 
pemcillm and 10 mg of streptomycin were added 
for each ml of the supernatant flmd and the rmx- 
tures uere left at room temperature for i hour 
before moculation of 3- to 4-daj -old mice Each 
animal received 0 01 ml mtracerebrallj , 0 03 ml 
mtramuscularl} and 0 03 ml mtrapentoneally 
of the treated feces The oral uaslimgs were 
treated m the same manner, except that the 
antibiotics were reduced to i the quantity 

If the nuce showed muscle paralj'sis or nere 

^ From the \ irus and Kickettsia Section, Mont- 
gomerj , AH 


prostrate after 3 or 4 days’ mcubation, thev were 
killed and the skeletal muscles removed Because 
a higher concentration of virus was found m the 
muscles, Seitz filtrates of the latter tissues were 
used for all future work 
2) Immune sera were produced by moculation 
of mice, gumea pigs, hamsters, rabbits or monkejs 
with either brain or the filtered muscle suspen- 
sions An effective serum was obtamed m about 
3 weeks by bi-weekly mtravenous mjections of 
rabbits with filtered mfected imce muscles 
5) Neutralization tests were performed accord- 
mg to the method m the TJ S Army laboratory 
Manual (7), except that the serum-virus mix- 
tures were mcubated for 20 mmutes at 37° C 
and held for 20 mmutes m the cold room before 
moculatmg 0 03 ml mtramuscularly mto 3- to 
4-day-old mice All sera were mactivated at 56° 
C for 30 mmutes before use Although the virus 
strains had ldm titers of between 10 * ‘ and 
10-< ‘, many undiluted sera gave suCh high pro- 
tection that a neutralization mdex often was not 
obtamed when only 2 or 3 dilutions of virus were 
used In tests reported as positive, however, the 
serum neutralized at least 1000 lBio dos^ o 
virus OccasionaUy, the tests were performed on 
different dilutions of sera against a constant 
amount of virus, usually 100 ldjo doses 
If) The methods used for the complement 
fixation tests have been recently descnbed (8) 
Filtered mice muscles were used for antigens mU 
the tests were performed accordmg to a m i 
fied Kolmer tecbmque with over-mght fixation 
m the cold 


VmUS ISOLATIONS 

rhe first 5 vinises that gave sjmptoi^ of 
iscle paralysis m sucUmg mice were isolated 
m human feces at monthly mterva rom 
tober 1948, to Januarj- 1949 After these ong- 
1 isolations of the Coxsackie x irus, a sxsteimtic 
dj nas made of all material remaimng_from 
I earher collections beginning mth 194/ and 
.tmumg through 1949 Tlus matenal liad Iiwn 
frozen at either -10° C or -60° C and in 
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m-iny inBtances the vuus remained ^^able aftei mgs, mouth vesicles, nasal swabs, saliva, sputum, 
storage for over 2 3 ^ears at the latter tempera- serum, whole blood, lung, cord and bram, but 

not spinal fluid that had been sent in at various 


Table 1 Summabt op isolations op Covsackie viruses from human sources* 


STATE 

OILAL WASHINGS 

FECES 

BLOOD 

1 

BRAIN OR CORD 

1 

SPINAL FLUID 

No 

tested 

No 

positiv e 

No 

tested 

No 

positive 

No 

tested 

No 

positive 

No 

tested 

No 

positive 1 

No 

tested 

No 

positive 

Ala 

34 

24 

16 


21 

11 

5 

3 

1 

1 


Colo 



2 




1 

0 



Del 

48 

7 

31 

9 





20 

0 

Fla 

4 

4 

6 

5 

4 






Ga 

11 

7 

13 

7 

2 






La 

6 

2 

5 

1 

1 


4 

3 



Okla 

1 

1 

4 

1 

1 

1 





S D 







1 




Tenn 

16 

5 

6 

1 

10 

8 

4 




Tex 

1 







1 



! 

Totals 

120 

\ 

50 

(41 6%) 

83 

31 

(37 3%) 

39 

26 

(66 6%) 

16 

10 

(62 5%) 

20 

0 

1 


* Includes 2 sputum specimens 


Table 2 Coxsackie virus isolations from fatal cases 


CASE 




LOCATION 

DATES OF 

1 

UATERIAL 

DIAGNOSIS 

TYPE OP VIRUS 

mm 





Onset 

Death 

TESTED 

ISOLATED 

1 

yrs 

56 

C 

III 

Ala 

1/31/49 

2/14/49 

Brain 

TB of lungs, Encepha- 

2 

2 

4 

W 

F 

Ala 

9/1/49 

9/15/49 

Spinal cord 

lomj elitis 

Poliomj elitis 

4* 

3 

2 

w 

M 

Ala 

9/3/49 

9/27/49 

Spinal cord 

Polio isolated 

Autopsy findings nega- 

4 

4 

5 

6 

j 

w 

jM 

Conn 

Gft 

12/49 

5/30/49 

2/6/50 

6/2/49 

Lung 

Serum 

tive 

Pneumonitis 

Encephalitis 

2 

6 

2 

c 

IM 

La 

? 

9/1/49 

Serum 

Poliom} elitis 

2* 

7 

34 

w 

III 

La 

8/3/49 

8/11/49 

Brain 

Poliomjmlitis or En- 

4‘ 

S 

12 

w 

jM 

La 

10/1/49 

10/18/49 

Bram 

eephalom} elitis 
Encephalitis ? 

5 

9 

20 

w 

P 

S D 

12/10/49 

12/17/49 

Brain 

Poliom} elitis 

4 

10 

3 

w 

III 

Tenn 

7/15/48 

7/25/48 

Nasal 

Encephalitis ? 
Encephalomj elopath} 

4' 

11 

34 

w 

U 

Tenn 

11/16/49 

11/23/49 

Bashing 
Brain 
Serum 
Brain stem 

Poliomv elitis 

4' 

4' 

2 

12 

? 


F 

Tex 

Xo infor- 
mation 


Brain stem 

Polioma elitis 

5 


' ^ irus of the same t\ pe isolated a second time from the same material 


Coxsackie xiruses hate been isolated from times from scattered localities in 10 difTerent 
human feces, nasopharvngeal or mouth vash- states Table 1 gi\ 0 ' a summan of 1 17 u-olations 
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md shows both the geogiaplucal distribution and 
the number obtained from the different kinds of 
specimens 

While it has been believed that the Covsackie 
mruses are associated with a benign type of in- 
fection, it is mterestmg to observe, as shoma in 
table 2, that the 3 have been recovered from the 
oral washmgs of one, the lung of one, the serum 
of 2 and the neiTous tissues of 9 fatal cases 


samples bad been kept frozen at —10° C and 
some were held for over a j'ear While 14 of the 
specimens were obtained dunng the first week 
of illness, one was taken in 9 and another m 13 
days after the onset The dates of onset were un- 
known for the other patients 
Specimens were received from a number of 
outbreaks wluch, although characterized by di- 
verse chmcal pictures, were all suspected of hav- 


TaBLE 3 Ol TBBEAKS ASSOCIATED WITH ISOLATIONS OF COXSACKIB VIK0S 






TOTAL 
NO OF 
CASES 

VIRUS ISOLATIONS FROM 

LOCATION ' 

i\EAR 

1 GEMRAtTYPE 
j Of CASE 

PREDOUINAKT 

SYMPTOMS 

Feces 

Mouth Garglmgi 

1 Blood 



! 


TESTEL 

No 

tested 

No 

positive 

No 

tested 

No 

positive 

No 

tested 

No 

positive 

TVilnungton, 

Del 

1017 

, PoliomA elitis- 
hkc 

1 

1 

Fever, headache, 
some muscle 
w eakness 

46 

31 

9 

36 

1 







12' 

6 



EnterpriK 

Ala 

1 

1 

Pohomielitis- 

hke 

3-5 day fever, 
headache, nau- 
sia, vomiting 

19 

6 

2 

5 

2 

7 

6 

SilTCl ' I'I'l* 

1 , 

1 

M)ld fever ! 

1 

3 -day fever, ' 

headache, no 

i ' ! 

neurological 

symptoms 

5 

4 

1 

6 

2 

1 



V I^IA ill' 

Tinw 1 

! 

1 

1048^ 

1 

Encephalitig- 
bke or ati pi- 
cal 81 n- 
dromes 

Varied symp- 
toms, head- 
ache, fever 

17 

1 

i 

1 

i 

3 

0 

i 

13 

3 

! 

s 

I 

1 

Munttiomen 
tla 1 

1 

1949 ’ 

Influenza-like 

Fever, aches, 

some mouth 
vesicles 

1 21 

1 

! 

21 

12 

9 

3 

Snainsboro, 

Ga ' 

1 

1949 

Generalized 

Febrile 

Fever, headache, 
vomiting, 
malaise 

14 

7 

2 

9 

5 

1 

1 


Contact nurses 


Siv of these 12 fatal cases were diagnosed as hav- 
mg pohomjelitis Poliomyelitis and Coxsackie 
nnises were recoiered simultaneously from the 
spinal cord of one of these patients They were 
obtained also from the feces of 2 other non-fatal 
cases It may be seen hkewase that the same type 
of \nrus was recoiered twice from 3 different 
materials (bram, nasal washings and serum) from 
the same patient 

Virus was obtamed from either the clotted 
blood or the serum of 26 patients All of the blood 


mg a viral origm The symptoms were usually 
those of a non-paralytic poliomyehtis or a mild 
3- to 5-day fever accompanied by headache and 
often muscle pains In one group of adults in- 
fluenza was suspected Because no influenza ^rus 
was isolated, the throat washings were tested for 
the CoAsackie strains with the results as shown m 

table 3 . r m 

The largest number of isolations has been trora 

matenal of patients becommg ill dunng Au^is ^ 
and September, although specimens ha\c been 
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positive fiom cases occuiriiig tliiougliout the 
year, especially in the spring Cumen, Shaiv and 
hlelnick (9) have lepoi-ted likemse that the nius 
has been more often lecovei'ed fiom the August 
and September specimens 

Differentiation into Serological Types Early m 
these studies it was observed that the antiserum 
from one strain of virus did not affoid piotection 
agamst several otheis When more ^^luses were 
isolated, it became apparent that tliej-^ belonged 
to serologicallj distinct t 3 'pes The presence of a 
multiphcitj'- of strains has been reported by both 
Dalldoif et al (3-5) and Melmck et al (10) 
Through the coui-tesy of Di G Dalldorf of the 
Division of Laboratories and Reseaich of the 


Table 4 Distribution of itrus types 


STATE 

TYPE n 

TYPE 2' 

TYPE 4 

TYPE 5 

1 

Ala 

1 

5 

IS 

9 

Colo 



2 


Del 

1 

6 

3 


Fla 




' 7 

Ga 


3 

6 

3 

La 


3 

1 

1 

OUa 


1 

2 


S D 



1 


Tenn 

1 

6 

6 

1 

Tex 




1 

Total no tvpes^ 

3 

23 

39 

21 


' Types 1 and 2 Sickles and Dalldorf 
* Each number represents an individual case 


New York State Department of Health, antisera 
were received foi the \nruses which he has desig- 
nated as types 1 , S and S of group A 

means of both the neutralization and the 
complement-fixation tests (S), it was found that 
certain of the strams isolated m tins laboratorj’- 
fell into types 1 and 3 but none so far into type 
S In addition 2 other iramunologicalli distmct 
MTuses ha\e been fomid that are tentativelj- 
called types 4 and 5 Table 4 shov s the geograplu- 
cal distnbiition according to states of the 86 
strams that ha\e been t\iied So far, type 4 has 
been found most frcquenth while types 2 and 6 
arc next in prc\aleiice Although there was a 
tendenc\ for a certain ti-pe to predommate m 
one irea or in a particular outbreak, ^•et often 
one or more other t\i)e^ might lx; present also 
T upc 5 «cems to lx; jirevilent in Flonda and in 
Mab im i 

Vll 4 of tlie =triinv were ‘^erologicalh distinct 


but had certain properties m common 1) Thej’' 
could be propagated only m suckhng mice or 
hamsters, did not mfect 14- to 21-day old mice, 
embryonated eggs, jmung chicks, babj^ giunea 
pigs, rabbits or monke 3 "s, including one 4 da 3 ^ 
old, 2) the 3 ’- all passed tlirough a Seitz filter and 
3) pioduced m 3 msitis but no neurological lesions 
m sueklmg rmce Virus could be found m the 
blood stieam, the biain, cord, lungs, liver, spleen, 
kidne 3 's and mtestmal contents of infected mice 
and was present m high concentration m the 
skeletal muscles Likewase the baby mice could 
be infected b 3 ^ various routes, mtracerebrally, 
mtraperitoneall 3 ’’, mtiamuscularty, subcutane- 
ously and mtranasally 

ISOLATION OF TYPE 4 VIRUS FROM 
NORMAL MICE 

Early m this study a question arose as to 
whether or not one or more of the Coxsackie 
strains might not be latent m normal mice 
In Ma 3 '- 1949, the filtered muscles of 4 normal 
3-da3’- old mice were moculated mto a group of 
5-da3'- old mice In 4 days the animals became 
paial 3 'zed and a second passage of filtered muscles 
to noimal suckling mice resulted m establish- 
ment of a Virus that was seiologically different 
from the other 2 stiams on hand and was later 
called type 4 

On renewmg the records, it was noticed that 
2 Coxsackie strains that were later proven to be 
type 4 ■were moculated on the same day as the 
no 1 normal mouse stiam and it also happened 
that at least 7 strams of virus that later proved 
to be type 4 had been isolated m the laboratory 
from human matenal durmg the precedmg 2 
months This was unknowm at that time 

The question now arose as to the ongm of this 
type 4 strain Was it a latent mouse virus in- 
actnated b 3 inoculation or was it origmalh of 
human origin but so easil 3 ^ passed m the labora- 
tor 3 that it could be picked up in normal mice on 
serial passage^ 

From the facts tliat antibodies for type 4 strain 
were found m hunum sera, tliat this xnrus could 
be obtained more tlian once from the same human 
tissues and could be found in mouth washings 
at weekl\ inter\als, it seemed probable tint the 
type 4 strim might haYC a human origin but 
could be acquired bi mice m the laboraton 
Although no nnLS was recoiered from the tissues 
of 3 pools of suckling mice tested at that time, 
YCt from later ex-penments it =eems higlih prob- 
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able that accidental infection can occur in the 
laboratorj" The same type Jf. virus has been iso- 
lated on 2 other occasions from the filtered mus- 
cles of normal imee that had been inoculated 
with filtered muscles of other normal rmce 

ANALYSIS OF TIEIJS ISOLATIONS 

Because of the above findings and because so 
manj viruses were bemg obtained, the isolations 
n ere analyzed according to the number of trans- 



Fig 1 Passages IN siiCE before muscle paralj'- 
sis occurred 


transfers m mice to recover 5 (3 9%) of the 
strains In each instance such symptoms as lack 
of growth, shght muscle weakness and ataxia 
were observed m the mice that warranted the 
transfer of the muscle filtrates to more anunals 
Besides these 126 isolations of the Coxsackie 
viruses, 200 other human specimens were mocu- 
lated mto baby mice without recovery of a virus 
One hundred and forty-six of the specimens were 
passed only once, while 44 were passed twice in 
mice, and 10 w ere given 3 passages without virus 
isolation Therefore, out of 326 attempted isola- 
tions, 126 (38 6%) were positive for the Coxsackie 
vnruses It seems probable that some of these 
recoveries were not obtamed from the human 
cases, but resulted from accidental transfer m 
the laboratory The authentic strains are most 
likely those that show definite muscle paralysis 
on the first passage, although many obtamed after 
2 mouse transfers may also be considered 

SEEOLOGICAL TESTS 

Both neutralization and complement-fixation 
tests have been done on groups of human sera, 


Table 5 Re'^ults of neutralization tests xgainst Coxsackie viruses 


A 

TESTS AGAINST mUS TYPES 

1 

Sera 

1 

I 

z 

4 

5 

No 1 

Positive 

No 

Positive 

No 

Positive 

No 

Positive 

Patients 

Normal 

43 

i 

19 

(44 1%) 

59 

4 

63 

(89 8%) 

4 

(100%) 

29 

14 

19 

(65 4%) 

10 

(71 4%) 

19 

14 

(73 6%) 


B 


Total number of paired sera tested 55 

Cases with negative acute phase sera but positive convalescent ^5 

Sera positive to 2 viruses 20 

Sera positive to the patient’s virus ^ 

Sera negative to the patient’s virus 5 

Sera positive to a heterologous virus 


fers made m suckhng mice before typical muscle 
paral} sis was observed Figure 1 shows the num- 
ber of isolations of each virus type obtamed after 
1, 2, 3 or 4 passages, respectively, m suckhng 
mice Of 126 isolations, only 28 (22^%) vmuses 
gave t^piical sjanptoms m mice after the first 
moculations, 56 (444%) were defimtelj’^ positive 
after a second transfer, 37 (29 2%) strains were 
obtained after a third passage, while it took 4 


many of them taken durmg the acute and con- 
valescent stages (8) As shown m table 5, of 55 
paued sera only 15 (27 2%) showed evidence of a 
rise m neutrahzmg antibodies between the early 
and late specimens Twenty-six (27 1 %) of 95 
sera tested neutrahzed more than one virus, al- 
though not all the specimens were tned against 
each of the 5 strains The sera of 26 (72 2%) 
lut of 36 patients from whom a virus uas iso- 
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lated contained antibodies for the homologous 
type of Coxsackie virus, while 6 sera failed to 
be neutralized by the homologous strain and 
4 were positive to a different type 
The results of the neutrahzation tests agamst 
each of the 4 strams of attus are given also m 
table 5 Of 17 normal sera tested agamst types 
8 and 4, only 4 were negative agamst the vumses 
employed 

DISCUSSION 

Although 126 isolations of the Coxsackie vi- 
ruses have been made fiom tissues or secretions of 
105 individuals, yet from the fact that the most 
prevalent type {type 4) has been recoveied from 
filtered muscles of normal suckhng mice, it seems 
quite likely that many of these isolations were 
due to dissemmation of the virus m the labora- 
tory This IS to be considered particularly prob- 
able, because on several occasions 2 different types 
of Coxsackie virus v ere obtamed either from the 
same or from different specimens from one m- 
dmdual These irregular findmgs have occurred 
at least 4 tunes 

In this study it has been of special mterest to 
have recovered the Coxsackie viruses {types 8, 
4 and 5) from the tissues or secretions of 12 dif- 
ferent fatal cases, 6 of which nere diagnosed as 
pohomyehtis Poliomyelitis virus was isolated 
from the spmal cord of one of these patients and 
also from the feces of 2 recovered cases Because 
of the lack of uniform symptoms, however, it is 
still a matter of conjecture whether or not the 
Coxsackie xnruses were responsible for the fatah- 
ties 

The isolation of the Coxsackie x'lruses from the 
blood stream of human cases is likewise of signifi- 
cance, not onlj'^ because it suggests a smiple 
method of recovenng virus, but also because the 
blood IS thus a potential source of xurus for blood 
suckmg X ectors hlelnick et al (10) have reported 
prenouslj on the recovery of the Coxsackie xurus 
from flies taken m nature Hon ever, because of 
the frequency of isolatmg the x irus from the oral 
passages, the exndence at present seems to indi- 
cate a person-to-person transmission 

Certain strains of the Coxsackie xaruses seem 
to predominate m particular outbreaks and m 
certain areas Vliere the infection seems to be 
mixed, the possibility of accidental contanmiation 
IS to be considered If one adheres to the follow- 
ing criteria, how oxer, one should be reasonably 


certam that the virus has come from the patient, 
1) typical muscle paralysis m the first mice mocu- 
lated with the origmal specimen, 8) ability to 
recover the same stram of virus more than once 
fiom the same material and S) presence of anti- 
bodies m the patient’s serum to the same stram 
of virus isolated from the patient, preferably 
with exndence of a rise m titer 

SUMMARY 

Strains of the Coxsackie group of xoruses have 
been isolated from the tissues or secretions of 105 
patients from 10 different states with multiple 
isolations from different kinds of specimens from 
6 separate mdmduals The widespread prevalence 
of this group of viruses is thus made apparent 
Four distmct serological types have been ob- 
tamed Two of them correspond to types 1 and 8 
of Dalldorf, the other 2, tentatively called types 
4 and 6, are antigemcally different, although 
givmg the same chmeal and pathological pictures 
m mice These viruses have been recovered from 
human blood, serum, bram, cord, mouth or 
nasopharyngeal washmgs, sahva, sputum, nasal 
swabs, mouth vesicles, and feces, xvith a pre- 
dommance of types 4, S aud 5, m order of 
frequency The viruses have been found m ma- 
terial from 12 fatal cases from 7 different states 
and have been recovered many times from the 
blood stream 

Neutralizmg antibodies for the Coxsackie 
xoruses have been found m the sera of both 
patients and normal mdixuduals Of 55 paired 
sera 15 (27 2%) showed an mcrease m antibody 
content between the acute and convalescent speci- 
mens, while 26 sera neutralized more than one 
type of virus Antibodies for the homologous 
stram of xonis were found m 26 (72 2%) of 36 
sera of patients from whom a xorus had been 
isolated One of the strams of Coxsackie virus 
has been recovered 3 tunes from muscle filtrates 
of normal sucklmg nnce inoculated wnth other 
normal mouse muscles and there is strong exu- 
dence to show that these xinises may spread 
accidentally in the laboratorx , thus accounting 
for some of the isolations To be assureil that a 
particular xorus has etiological significance, it 
should 1) produce txqiical muscle paralysis in 
suckling mice on the first inoculation, 2) should 
be recox cred a second time from the same material 
and S) should be neutralized bx the patient’s 
serum 
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DIVERSE MANIFESTATIONS OF INFECTION WITH A STRAIN 

OF COXSACKIE VIRUS 

ED’RaN D Kilboubne 

From the Hospital of The Roclejeller Institute for Medical Research 

NEW YORK CITY 


Since the original isolation by Dalldorf 
and Sickles (1) of new nruses pathogenic for 
suckling mice, the properties of the Coxsackie 
NTiHses have been extensively mvestigated How- 
ever, studies of the disease produced with these 
Noruses in man have been few, and largely Limited 
to consideration of patients suspected of polio- 
myehtis It is aheady evident that infection of 
the human with Coxsackie viruses may result m 
paraljdic disease (2), aseptic memngitis (3), epi- 
demic pleurodjTua (4) or undifferentiated fevei 
(4) The present report is concerned with a 
comprehensive study of the varied manifestations 
of infection uith a strain of Coxsackie virus in a 
small, circumsciibed outbreak unassociated mth 
paralj^is or menmgitis 

In early August 1948, 5 of 6 phjHicians resident 
at the Hospital of The Rockefeller Institute and 
2 non-resident physicians closely associated with 
the Hospital fell nctmi ivithm a 2-daj’ penod to 
an acute febrile illness Sporadic instances of 
illness also occurred concomitantly m other 
members of The Rockefeller Institute staff un- 
associated mth the Hospital Efforts to demon- 
strate serologic endence of infection with the 
nruses of influenza A, influenza B, and New- 
castle disease uere unsuccessful m the earlj" study 
of this influenza-hke epidemic Infectious mono- 
nucleosis, suspected because of the presence of 
TtjTncal Ijmphocytes m blood smears, i\as ex- 
cluded bj the absence of significant concentra- 
tions of sheep red blood cell agglutinins m 
com alescent sen of patients Attempts to recover 
a \ irus from blood and throat v ashmgs bj inocu- 
lation of chick embnos and 3-ueek old Swiss 
mice were fruitless 

The report, in 1949, bi Melnick, Shaw and 
Cumen (3) of the isolation m suckling mice of a 
Mills from aseptic memngitis patients m New 
Enghnd m the summer of 1948, prompted re- 
imc'tigation of Tlie Rockefeller Institute out- 
break bocau'c of it^ tcmponl coincidence wath the 
New England epidemic Xeutnhzation tests em- 


ploymg the Connecticut stiam (Conn 5) of viius 
(kmdly supphed by Dr J L Melmck) against 
the paired sera of 7 patients promptly defined the 
etiology of The Rockefeller Institute Alnesses 
Because these patients had presented no clmical 
evidences of paralysis or memngitis, as described 
m earher reports of Coxsackie virus infection, it 
seemed of importance to review the comprehen- 
sive clmical and laboratory data assembled on the 
5 hospitalized patients m order to aid in the 
dehneation of this newly recognized disease 

CLINICAL MANIFESTATIONS 

Withm the same 12-hoiir period, 6 of the 7 
patients studied experienced the onset of fevei 
In aU but one patient insidious prodromata of 
insomnia, malaise and migratory aches of low 
mtensity had occurred during the piecedmg 24 
to 48 hours 

Certam features of the disease encountered m 
3 or more of the 5 hospitalized patients are listed 
m table 1 The major complamt m all patients was 
pain of achmg character, usuall}^ descnbed as 
‘muscular ’ Pam mvolved the neck, eyes, back, 
head, legs and shoulders with greatest frequency 
Restlessness was also descnbed by all patients, 
and occurred chiefl}'- m the afebnle, prodromal 
penod It IS notable that 4 patients complamed 
of mUd pharjHgeal soreness, m 3 this sjTnptom 
appeared 48 hours after onset of fei er Fever and 
muscle tenderness were phj-sical signs common to 
all patients In 4 patients fever lasted less than 
24 hours The fifth patient suffered a febnle 
relapse on the sixlh daj^ of illness unassociatcd 
with the presence of bactenal pathogens m blood 
or throat cultures 

Except for the non-specific common complaints 
of pain and feier, there was httle clinical indi- 
cation tint the patients studied were Mctims of 
the came dicease Tlie di\ erse clinic il manifesta- 
tions of mfection are contrasted in t ible 2 It is 
apparent that cuch wadeh dnergent clinical 
entities as infectiouc mononucleocis, acute ap- 
ixnidicitis sinucitic, plcurodioua and influenza 
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were simulated by Coxsackre vims infection 
Despite the brevity and bemgnity of the symp- 
toms, the mtensity of the abdommal and ‘smus’ 
pam encountered was sufficient to instigate surgi- 
cal consultation, while the severity of the chest 
pam m patient H A suggested acute pleuritic or 


Table 1 Common charactehistics of disease 


ONSET 

GiADUAL 

Common com- 

Pam (5)’ neck, eyes, back, 

plaints 

head, legs, shoulders 
Restlessness (6) 

Mild sore throat (4) 

Nasal congestion (3) 

Common signs 

Fever (5) av = 102 4 (R) 
Muscle tenderness (5) 

Average fever 
duration 

30 hours 

Complications 

None 

Convalescence 

Protracted asthenia 


* Number of patients 


Despite the promptness of defervescence, con 
valescence m all patients was piotracted, S 3 Tnp 
toms of transient aches, lassitude, generalized 
weakness and easy fatigabihty persistmg for 1 to 
5 weeks Dunng the ensumg 22 months no 
sequelae of infection have become apparent 

LABORATORY DATA 

Routme unne analyses were negative, and 
none of the common pathogens was isolated from 
throat or blood cultures Hematologic findin gs of 
mterest are summanzed m table 3 Uneqmvocal 
leukopenia was evident m 2, and low normal 
total leukocjde counts were observed m 2 other 
patients Relative lymphocytosis was a feature of 
differential leukocyte coimts made dunng the 
acute illness and also one month later Large, 
atypical, 3 'oung l 3 Tnphocytes with deeply baso 
phihc cytoplasm and lobulated nuclei were noted 
m 2 acute phase smears, and m the 4 convalescent 
phase smears studied Eosmophilia occurrred m 
2 patients m early illness 


Table 2 Diverse clinical manifestations of infection 


PATIENT 

CHIEF SYMPTOMS 

CHIEF PHYSICAL SIGNS 

ILLNESS SIUULATED 

StVT ANTIBODl 
acdte/cov\ 

VQ.VS 

I50IATION 

EK 

Headache 

Splenomegaly 

Infectious mono- 
nucleosis 

<4/600 

0 

H K 

Abdommal pain 

Abdominal tenderness 

Appendicitis 

<10/62 

-f 

HE 

Backache 

Nasal obstruction 

Smus tenderness 

Nasal obstruction 

Sinusitis 

<10/390 

0 

HA 

Chest pain 

Splinting of chest 

Pleurod 3 Tiia 

<10/256 

0 

CS 

Chest pam 

Ocular myalgia 
Cough 

Pam on eye movement 

Influenza 

<10/427 

0 


pencardial disease, the latter behed by a normal 
electrocardiogram 

Ph 3 ^ical signs of disease were few Shght 
pharyngeal mjection and postenor pharyngeal 
lymphoid hyperplasia were noted in 3 patients 
Generahzed lymphadenopathy was not detected, 
but tender submaxillary l 3 Tnphadenopathy was 
found m patients with phar 3 Tigeal soreness, and 
m one patient a small, tender axillary node was 
discovered Splenomegaly of shght degree was 
discerned m 2 patients, one of whom complamed 
of tenderness of palpation m the nght h 3 T) 0 - 
chondrium and suprapubic region The latter 
complamt was not associated with unnary tract 
signs or s 3 mptoms Neurological exammation m 
all patients was negative although patient H E 
remarked transient paresthesia in the right axilla 


DIAGNOSTIC AND iMSnXNOLOGIC STUDIES 

Confronted with the problem of re-im estigat- 
g, 14 months after its occurrence, an epideimc 
om which no etiologic agent had been reco\ ere , 
le faetor of geographical propmqmty dictated 
,e choice of the Conn 5 stram of Covsackne 
rus for tnal neutralization tests mth patiente 
ra Tests were performed m 1- to 2 -da 3 -o 
mkefeller Institute white mice b 3 the mtra- 
ntoneal rejection of 0 03 cc of wrus-seruni 
ixtures contammg 50 median effectne osea 
smg death and parabms as the end pomtl o 
■us m the form of sahne suspensions of enscer- 
3d sucUing mouse carcasses Preliminary tess 

vhich 1 10 (final) dilutions of sera were u- 
monstrated no neutralizing antibod3 m an3 
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the 7 acute phase specimens, and complete protec- 
tion bj’’ all commlescent sera 

Attempts to recovei attus from the throat 
washmgs and blood of patients resulted m the 
isolation, on 2 occasions, of \nrus from the throat 
washing of patient H K This throat washing, 
taken m phosphate buffered sahne (pn 7 2) had 

Table 3 Compabative LBUKoerTE counts 


prETEREKTIAL LEDKOCYTB CODNTS' 


PATIENT 

TOTAL 

LEUKO- 

CYTE 

COUNTS 

(acute) 


Acute 

Convalescent 

P 

L 

C 

E 

M 

P 


< 

E 

m' 

EK 

2400 

14 

58 

16 

2 

10 

32 

34 

32 


2 

HK 

11,200 

52 

12 

22 

8 

3 






HE 

3400 

51 

38 


3 

8 

32 

47 

18 

3 

a 

HA 

6600 

56 

38 



7 

50 

20 

20 

4 

6 

CS 

5400 

34 

32 


30 

4 

35 

21 

37 

6 

1 


I p =. polj’morphonuclear leukocj'te L = 
Iymphocj^.e A L = atj'pical IjTnphocvte E «= 
eosinophile M = monocj^e 


5 stram, while complement fixation occurred m 
the presence of HK antiserum and the Conn 5 
virus (This and complement-fixation reactions 
subsequentlj'- mentioned were generously per- 
formed by Dr Jordi Casals ) 

Titration of neutrahzmg antibody m serum 
specimens was effected by mixmg senal d-fold 
dilutions of serum prexnously heated at 56°C for 
30 mmutes with a constant quantity of virus 
(i e 60 median effective doses) This method of 
titration was chosen because it should provide 
accurate measurement of antibody concentration 
m sera with high neutrahamg capacity Studies 
by Horsfall of the precision of neutralmng anti- 
body measurements with influenza A virus m the 
mouse (5, 6), and by Horsfall and Cumen of 
PVTM neutrahzmg antibodies m the same species 
(7) have demonstrated with both viruses an 
identical hnear relationship between the serum 
dilution end pomts and the quantity of virus 
employed Morgan (8) has shown the same rela- 
tionship usmg still another virus (W E E ) in the 
mouse moculated by either the mtrapentoneal or 


Table 4 Neutralizing autibopt titrations 


PATIEVT 

VIRUS 

TtTEE OF 
ACDTE SERUir 
1-3 days 

TITER or CONVALESCENT ANP LATE SERA 

mo 

1-2 mo 

8 mo 

14 mo 

1 

20-21 mo 

EK 

Conn 5 

O' 

>4096* 

600 

117 

144 

! 112 


HK 

1 

2560 

410 

115 

64 

131 

HK 

Conn 5 

0 


62 

1 


! 32 


HK 

0 


132 



16 

HE 

Conn 5 

0 


390 



32 

HA 

Conn 5 

0 

256 

256 


i 

128 

CS 

Conn 5 

0 


427 


1 

64 




Complement-Fixing Antibody Titers 


EK 

Conn 5 

0 


8 

4 

2 

2 

HA 

Conn 5 

0 

1 


2 





^ No antibodies demonstrable in I 10 dilution of serum ’ Reciprocal of serum dilution 


been stored m a sealed glass ampoule for 14 
montlis m a CO; cabinet prior to mtrapentoneal 
injection into a litter of one-da j -old mice Fne 
dal's later, tremors, ata'aaand generalized weak- 
ness were noted, and all mice were killed for 
passage On second passage, a 20 per cent broth 
suspension of exirenuties and brain tissue, m- 
jeeted intncerebralh and intnpentoneilh , initi- 
ated parah-sis as c.irl\ as the third dii Third 
pas!^agc b\ the intrapentoncal route ilone re- 
sulted in dcith or pirih^t b\ the ath dai of all 
lb mice moculitcil This Minis (HK) w is neutral- 
ized b\ specific immune =cnim ajrun-'t the Conn 


mtracerebral route In these si'stems the quantity 
of virus raa} be \aned as much as 7-fold without 
causmg a significant (i e 4-fold) change m the 
neutralization titer of a serum 

In table 4 the neutralizing antibod} titers of 
the 5 hospitalized patients maj be compared In 
men instance antibodi was undetectable in 
acute phase ^erum, but manifest m high titer m 
coniale^cenec In 2 instances {patients L K and 
// 4 ) when serum was obtained less than 2 weeL= 
ifter onset of illness, \er\ high antibodr concen- 
trations wore alreadi endent High concentra- 
tions of antibodr were still present m the sera of 









584 


FEDERATION PROCEEDINGS 


Volume 9 


all patients nearly 2 j’^ears after infection Senal 
antibody titrations in patient E K , using both 
the Conn 5 ^^rus and the HK virus homologous 
to the epidenuc, reaffirmed the antigemc simi- 
larity of the 2 strains, and piovide an mdication 
of the slow rate of declme of neutrahzmg antibody 
levels Conconutant senal detenmnations of com- 
plement-fixmg antibody are also lecorded m 
table 4 

Studies of the sera of 2 laboratory workers 
heavily exposed to infected htters and tissue 
suspensions were made 4 and 7 months, re- 
spectively, after imtial exposure No neutrahzmg 
antibodies were manifest m the serum of the 
worker ex'posed for the longer penod However, 
serum drawn from the other worker 4 months 
after his ongmal exposure to Conn 5 vuus was 
foimd to contam neutrahzmg antibody not mi- 


tially pi-esent Duimg the penod of exposure this 
person had experienced no chmcal illness 
This study of an outbreak of Coxsackie nrus 
infection has adduced certam facts worthy of 
emphasis Coxsackie viruses, currently identified 
with pohomyehtis-hke illness, may produce dis- 
ease with vudely divergent manifestations un- 
suggestive of poliomyelitis Convalescence may 
be slow, and abnormal differential leukocyte 
patterns may persist for 4 to 5 weeks Neutrahzmg 
antibody response is prompt, maximum serum 
titers appearmg 2 weeks or less after the onset of 
dlness, and high titers persist at least 21 months 
Inapparent infection may occur and lead to a 
sjiecffic antibody response The stabihty of the 
virus IS indicated by its repeated recover}’’ from 
a throat washmg stored at — 70°C for 14 months 
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DIFFERENTIATION. OF IMMUNOLOGICAL TYPES AMONG THE 

COXSACKIE VIRUSES^ 

Joseph L Melnick and Lisbeth IM Khatt 
From the Section of Preventive Medicine, Yale Unwersitij School of Medicine 

NEW HAVEN, CONNECTICUT 


Soon afteh the discovery of tlie Co\sackie 
group of loruses, it i\as clear that they existed 
m multiple immunological tj^ies (1,2) In fact, m 
new of the differences in tropisms for certam 
murme tissues which exist among the types 
(3, 4), it IS not unhkel}'’ that different viruses may 
now be mcluded m this group For the present, 
howcTCr, viruses whose capacity to produce overt 
disease m experimental animals is limited to 
infant mice and hamsters are bemg placed m the 
Coxsackie family It is recognized that m mice 
some tjfpes {group A) produce a disease which 
seems to mvolve onl}^ the skeletal muscles, 
whereas other tj^pes (group B) also mvolve addi- 
tional tissues, notably the bram In anj'- case, we 
shall deal here mth methods for classifymg strains 
of what are now considered to be the Coxsackie 
viruses mto distmct immunological types 
Tile classical methods of immunology have 
been employed noth cei-tam modifications ishich 
have had to be adapted to these viruses and their 
mfant hosts The methods mclude 1) cross 
protection tests m infant mice bom of vaccmated 
mothers, 8) production of pharjmgeal and m- 
testinal carriers of nrus m chimpanzees followmg 
its oral administration, and a study of homologous 
and heterologous imniumty m these animals, 
S) cross neutrahzation tests, and 4) cross comple- 
ment-fixation tests 

CROSS PROTECTION TESTS IN INFANT XHCE 

Tlio susceptibihtj of mice to Coxsackie xnnises 
is short -In ed, and m a matter of a fen dais after 
birth thej become iiatunllj resistant to the dis- 
ca'te Consequently , cross protection tests m 
nhich challenge nrus is inoculated into xacci- 
nited mice cannot be performed, because the 
tune required for an exiiected immunitx to de- 
xvlo]) Mould phcc the mice out of their sus- 
ceptible iieriod But b\ challenging infint mice 


’ tided In a grint from the National Founda- 
tion for Inf lilt lie Piralxsis, Lie 


withm 48 hours of birth from mothers vaccmated 
with different etiains of active virus, we have 
been able to use this procedure as a typmg 
method The vaccmated females which were bred 
had neutralizing antibody titers of about 1 1000 
against 100 id so of virus and complement-fixmg 
titers of about 1 64 agamst 8 units of antigen It 
was found that homologous immunity v'as present 
whether or not the baby mice were nursed by 
their own or bj’’ foster mothers followmg the 


t 

Table 1 Maternal transfer of type specific 
iiaiUNiTr 


CHAIXENCE VIK1J6 


BABIES BOSN OF UOTHEES VACONATED WITB 



Conn 5 

Ohio-l 

Teiras-l 

High Pomt 

Conn -5 

-f 

— 



JLM 

-f- 


— 

— 

NL 


— 

— 

- 

Ohio-1 

- 


- 

— 

Texas-1 

— ! 

— 

-f 

+ 

High Point 

— 

— 

-f 

+ 

NH 1943 



1 

+ 

Easton-2 





1 


NY-5 


— 

— 



4- indicates mice resistant to clialleuge 
inoculation 

— indicates mice susceptible to challenge 
inoculation 


challenge inoculation of 100 rojo do«es of \irus 
Hoiieier, m practicalK all in'^fances the mfint 
mice recened at least one feeding of colostrum 
from their own mother lieforc the inocuhtion of 
xurus Tlie results are shown in t iblc 1 

The immunitx was txqic specific ind w is com- 
pletely absent when mice were challciigeil with 
betcrotx'pic xiruscs Strains x\hicli fill mto the 
same antigenic ti-pc bx other tc^ts (neutralization 
and comjilcmcnt fixation) aho fall into the same 
ttyie m these cross protection tesfs T]ni« mice 


oSa 



586 


FEDERATION PROCEEDINGS 


Volume 9 


vaccinated with the High Point or Te\as-1 strain 
had babies immune to each of these strains and 
to the related NH Fly 1943 stram Also when 2 
strams (JLM, NL) related to Conn 5 were used 
for challenge, only mice from Conn -vaccinated 
mothers were protected And when 2 strams 
(Easton-2 and NY-5) related to Dalldorf’s type 
1 were used, none of the offsprmg from mothers 
vacemated with any of the 4 strains was protected 

HOMOLOGOUS AND HETEROLOGOUS IMMUNITY 
IN CHIMPANZEES 

In foUowmg the immune response m chimpan- 
zees which have no obvious signs of illness follow- 


few days after the exposure and contmuing for 3 
to 6 days Some, if not the bulk, of the lurus fed 
IS excreted within 3 to 5 days, and this is followed 
by new virus, ‘manufactured’ by the animal, for 
a period of 2 to 4 weeks Antibodies to the virus 
appear withm 2 weeks and mamtam then titer 
for many months 

Several weeks later, if the same stram is re fed 
to such a chimpanzee, then the vmis may be 
found m the stools for a penod of about 5 days, 
having passively traveled through the alimentary 
tract No true earner state occurs, and it has not 
been possible to isolate nrus from the blood or 
tliroat However, if the Texas (heterotypic) 
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SUBCUNICAU RESPONSE OF CHIMPANZEES TO FEEDING OF C VIRUS 

Fig 1 Demonstration of homottpic immunity and heterotypic susceptibility in the chimpaniec 


mg oral infection with Coxsackie virus, criteria 
other than climcal illness must be used The 
measure of infection is based on the development 
of a pharyngeal and mtestuml earner state (with 
iireima) and the accompanymg appearance of 
neutrahzmg antibodies m the serum The measure 
of imm unity is based on whether or not the 
carrier state can be agam produced by a challenge 
dose of MTus Similar studies m chimpanzees 
infected with pohomyehtis virus have recently 
been reported (5, 6) 

The pattern of the results obtamed (7) is shown 
in figure 1 If the Conn -5 stram is fed to a 
chimpanzee, the virus will appear m the blood 
for a few days foUowmg the feedmg Virus may 
be recoimred from the throat generally startmg a 


stram of vuus is now fed, then the chimpan^ 
appears to respond m the same manner as it did 
when the Conn nins was first fed, and a new 
antibody (Texas type) appears m the blood buc 
a chunpanzee is now immune to both t^s, b 
may stiU respond hke a new animal when led a 


third type (Ohio) _ 

With this method we havefound that theConn - 

5, Texas-1 and Ohio-1 stmms each 
distmct immunological tjTie and that the Hg 
Point stram is related to the Texas tjiie 


CROSS neutralization tests 
e-specific neutralizing antibod3 is one oj 
ost widely used reagents for idcntifj g 
and for the Coxsackie group of viru- 
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neutralization test works admirablj if adequate 
numbers of infant mice me available for the 
perfonnance of the tests Foi diagnostic purposes, 
usmg paiied sen, oi foi other quantitative anti- 
body measurements, lesults are most satisfactoiy 
w'hen a fixed quantitj’^ of am us is used mth vary- 
ing dilutions of senim Foi t 3 q)ing of strains, 
however, we prefer to use a constant amount of 
serum (usually undilute oi 1 5 mouse or monke}' 
immune seium) and deteirmne the titer of the 
stram m the presence of this semm In conformitj' 
wnth the procedure used for other vimses, the 
neutralization mde\ is the difference between the 
titer of the virus in the presence of the immune 
serum and that m the presence of normal serum 
Pre-heatmg of the semm at 56° C for 30 mmutes 


in New' Haven, Connecticut and AVinston-Salem, 
North Cai olina, and m the same j ear from sew age 
collected m Hartfoid, Connecticut Antibodies 
to this tjqic are also widespread, occurring m 
human sera collected on both the east and w'est 
coasts of the Umted States as w'ell as in Denmark 
and Sw'eden That the detection of these anti- 
bodies leflect prior infection wath specific types of 
nrus IS suggested b}' the presence of Texas tjqie 
antibodies and the absence of Conn type anti- 
bodies m the sera of over 50 mdividiials, both 
j'oung and old, h\ang in northern Alaska (7) 
Further information on the specificity of the 
neutralizmg antibodj' lesponse has been obtamed 
from an extensive study of the occurrence and 
development of antibodies m 6 patients w'ho 


Table 2 Cross neutralization of strains of Coxsackie virus 


VIRUS 

CONTROL IDm 

IMMUME SERUM LOO OF NEUTRALUATION INDEX 

Conn 

Ohio 

Texas 

HiJt 

Easton 

D / 

D 2 

D 3 

Conn -5 

10-6 7 

>4 7 

0 

0 

0 

0 

0 

0 

0 

W-S, NC 

io-< ’ 

>3 3 

0 

0 

0 

0 

0 

0 

0 

Ohio-1 

10-“’ 

0 

>4 2 

0 

0 

0 

0 

0 

0 

Texaa-1 

10-’ 0 

0 

0 

6 0 

5 0 

0 

0 

0 

0 

Hi Pt 

10-“ “ 

0 

0 

4 6 

5 0 

0 

0 

0 

0 

NH ’43 

10-’ ' 

0 

0 

6 0 

6 0 

0 

0 

0 

0 

Easton 2 

10-6 0 

0 

0 

0 

0 

5 

5 

0 

0 

T)-l 

10-6 0 

0 

0 

0 

0 

5 

6 

0 

0 

D-2 

10-“ 

0 

0 

0 

0 

0 

0 

>4 

0 

D-S 

10-“ 

0 

0 

0 

0 

0 

0 

0 

>4 

Nancy 

10-« 

0 

0 

0 

0 

0 

0 

0 

0 


has no measurable effect on the content of anti- 
bodies 

The results of table 2 mdicate that w'e can now 
recogmze at least 7 antigemc types (7) Of these, 
2 Conn -5 and Ohio — belong to group B and 5, 
to group A It IS notew'orthy that strains belonging 
to one tj'pemay be wadespi-ead in their occurrence 
For example, the group A Texas type, named 
from the fact that it was first isolated from flies 
trapped in Texas m 194S, has been recovered 
a) from human stools collected that j'ear and the 
ne\-t in Texas, b) from sewage collected m North 
Carehna m 194S, and c) from flies collected m 
New Haien m 1943 and stored on drj ice until 
1950 Furthermore, antibodies to this txqie ire 
widespnxid in the human population, occurring in 
sera collected in sei-eral areas in this country , in 
Euro])e and in northern \laska Group B tiqies 
nu\ iFo Oe widespread, as eiadcnced b\ the 
isolation of the Conn -5 tiye m 194S from jiatients 


contracted infections with one or another of the 
Coxsackie viruses w'hile workmg with them m the 
laboratorj' (7-9) From each patient a xinis was 
isolated durmg the acute phase of illness which 
was t 3 qied by following the reactions with specific 
h 3 q)enmmune ammal sera (see bottom three row s 
of table 3) Tlie data m table 3 also show that no 
patient before Ins illness had detectable antibodies 
to the strain subsequentl 3 isolated from lum or 
to the protot 3 'pe stram But soon after illness, 
there developed smiultaneousl 3 antibodies to the 
strain isolated from the patient and to the proto- 
tiTie stram to wluch it was related 

The reactions of the sera of the laboraton, 
patients with strains not related to the one iso- 
lated from each patient are instructive Onl 3 2 
of the G patients Inad an illness due to Tevos t 3 *pc 
infection, 3 'ct the other 4 must Ime liad a sub- 
clinical infection with this tiqin Tlic results with 
the serial samples of blood taken from patient 
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JLM starting seveial months befoie Ins illness 
emphasize this point on November 29, 1948, 
antibodies veie absent to both the Conn and 
Terns tjqies By Febiuaiy 21, 1949, antibodies 
to the Te\as type had appeared in titer of 1 100 


piototype By May 26, such antibodies were 
present 

Concerning antibodies to the Ohio tjqie, 2 
patients bad such antibodies before they became 
ill (to a heterologous ty]ie) Three of the remain 


Table 3 Antibody kesponse in six patients infected while working with Coxsackie viruses 


PATtXNT AND DATE 
or ONSET 

DATE OF SERUU 

SERUU TITER OBTAINED AGAINST 100 Wu OF VIRDS 

Virus stain used m neutralixation test 


JLMmi 

NLmi 

LMKpti 

FLmi 

GJmi 

Conn. 5 
fm 

Texas 

mi 

Ohio 

mi 


1/21/49 

0 






0 

0 

0 

2/14/49 

2/21/49 

50 






100 

100 

0 


3/25/49 

250 






100 


0 

JLM 

11/29/48 

1 

0 





0 

0 

100 

5/16/49 

2/21/49 


0 





0 

100 

10 


5/18/49 


0 





0 

100 

100 


6/26/49 


260 





100 

100 

1000 


6/12/49 


1250 





100 

100 

100 


10/20/49 







100 


100 

NL 

2/10/49 



0 




0 

0 

100 

6/21/49 

5/26/49 



1250 




100 

100 

100 


11/2/49 







1000 

100 

100 

LMK 

3/25/49 




0 



10 

10 

0 

10/20/49 

5/24/49 




0 



10 

1000 

0 


10/28/49 




100 



1000 

100 

100 


12/27/49 







100 


1000 

FL 

6/15/49 





0 


0 

0 

0 

7/16/49 

7/26/49 





100 


0 

1000 

0 

QJ 

6/15/49 






0 

0 

0 

0 


7/26/49 






250 

0 

100 

0 

\ 

Conn mouse 











10/20/49 

>100 

>100 

>100 

0 

0 

0 

1000 

0 

u 

Animal 

Texas mouse 










Immune 

10/22/49 

0 

0 

0 

0 

>100 

>100 

0 

1000 

u 


Ohio Rh 4332 











8/11/49 

0 

0 

0 

>100 

0 

0 

0 

0 



'Subscripts after vi indicate number of passages the virus had undergone in mice before it vas u 


in the neutralization tests 


and tins serum level was mamtamed m the next 
4 bleedmgs earned out m J\Iay, June and October 
of that jmar Tlie patient became ill (diagnosis 
compatible with epidemic pleurodjmia or my- 
algia) on May 16, 1949, at a time when he had 
no antibodies to his own stram or to the Conn 


ing 4 persons did not develop OhlO-t^^le anti- 
bodies durmg the penod studied, wherras a 
fourth, LMK, did at the time of illness The LJi A 
stram proved to belong to the Ohio tjTie 

It IS noteworthy that this ev-penence sen^w as 
an accidental but nevertheless clear example tlia 
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stmuis belonging to the Conn -5, Oluo, nnd Texas 
t 3 q)&s arc capable of pioducing disease in man 
At the time of JLM’s infection m ith the Conn 
type, Ins family Mas infected nitli 3 et anothei 
type His daughtei, Nancy aged 8, Mas ill Mith 2 
bouts of fever (maximum 103 5°), the first fiom 
May 14 to 16 and the second from May 27 to 28 

Table 4 Familx infection m ith tm'o types of 

CoXSACKIE VIRUS 


SERUM TITER OBTAINED AGAINST 100 IDio OF 
VIRUS 



JLM . 

mi^ 

Nancy- 

vti 

52f 

mi 

Conn 5 

mi 

Texas 

mt 

Ohio 

mi 

JLM^ 

2/21/49 

0 

0 

0 

0 

100 

10 

5/18/49 

0 

0 

0 

0 

100 

100 

5/26/49 

250 

1250 

250 

100 

100 

1000 

6/12/49 

1250 

1250 

250 

100 

100 

100 

Nancy^ 







3/23/49 

0 

0 

0 

0 

250 

0 

6/3/49 

0 

100 

50 

0 

250 

0 

SM 







6/3/49 

0 

0 

0 

0 

250 

0 

12/29/49 

0 

0| 

0 

0 

250 

0 

Conn 

>100 

0 

0 

1000 

0 

0 

Texas 

0 

0 

0 

0 

1000 

0 

Ohio 

0 

0 

0 

0 

0 

1000 

D-I 

0 

0 

0 

0 

0 

0 

D-2 


0 

' 0 

0 

0 

0 

D-S 


c 

1 ° 

0 

0 

0 


' Subscripts after vi indicate number of pas- 
sages the virus had undergone in mice before it 
Mas used in the neutralization tests 
' JLM liad fever from 5/18 to 5/23 
’ Nancy had fever from 5/14 to 5/16 and re- 
currence on 5/27 to 28 

Virus MTS isolated from fecal samples collected 
Mai 21 and June 5 Her strain belonged to a 
hitherto unknoMTi t^'l)e (7), shown lii the data m 
table 4 X inc\ ’s mother, Sj\I, m is a healthx 
earner of this strain is eiadenced bj’’ isolation of 
the \irus from hci stools collected on June 10 
HoMcier, unlike Nanci, she did not deielop 
neutnhzing intibodies to her omti xirus, noi to 
the Conn tt’jic mIiicIi Mas the causatne agent of 


liei husband’s illness Nancy developed antibodies 
to liei OM n virus, to hei mothei ’s vims, but not to 
liei fnthei’s virus BetM'een Maj”^ 18 and 26, hei 
fatbei developed antibodies not only to Ins xmais 
and to the Conn tjqie to mIucIi it Mas related, 
but also to the tj-pe M^hich infected the other 2 
membei's of the familj'^ The onlj^ I'eason for 
interpretmg lus illness as due to the Conn tj^e 
and not to Nanc 3 ’^’s type Mas the isolation of a 
Conn type xurus duiing his illness 

COMPLEMENT-FIXATION TESTS 

In determming the cioss I'eactions between 
strains by the complement-fixation test, the plate 
method of Fulton and Dumbell (10) has been 
emplo 3 'ed whereb 3 i complement and serum are 
varied with a constant amount of antigen Table 5 

Table 5 Cross reactions of Coxsackie viruses 

BY COMPLEMENT FIXATION 



ANTIGENS 

J 

w 

Conn S 

1 

Ohio-1 


p 

Texas-1 

100 

122 

0 

0 

0 

0 

Hi Pt 

51 

100 

15 

4 

0 

0 

Conn -5 

0 

10 

100 

0 

0 

0 

Ohio-1 

0 

0 

0 

100 

0 

0 

Dalldorf 1 

0 

0 

0 

0 

100 

0 

Dalldorf 8 

0 

0 

0 

0 

0 

100 

Dalldorf 3 

0 

0 

0 

0 

0 

0 


shows the exdent of the cross reactions betv een 7 
strams of Coxsackie nms The means for arnvmg 
at these figures are similar to those desenbed for 
influenza xurus (10) and Mill be desenbed in detail 
for Coxsackie lums, but for the present it mtU 
suffice to sa 3 ’' that ‘100’ indicates a complete cross 
and ‘0’ no crossing Mhatever It is emdent that 
the onl 3 extensile cross reaction occurs Irctneen 
strams High Point and Texas mIiicIi together 
form a t 3 Tie imniunologicall 3 distinct from the 
other 5 strams listed which m turn fall into 5 
distinct t 3 Ties 

In preparing complement-fixing antigens for 
use inth rcra from heterologous animal species, 
antigens hai e lieen rendered specific for Cov= k kie 
nruN 1)1 treatment intli protanune ^ulfate ic- 
cording to the method of V arren (11,12) Table 0 
«hoMs the re«ult« of prot imine treatment of 
mourc muscle antigen tested ig-uiwt immune 
Ncra of monke 3 ' inoculated with mou=e tissue It 
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IS seen that the nonspecific reactions of immune 
as well as of normal sera obtamed rath crude 
antigens (untreated) are eliminated when pro- 
tamme treatment is employed 
We have occasionally failed to make satis- 
factory antigens foi the low-titer types (Ohio, 
Conn , Dalldorf’s type 1) and have resorted to 
concentration by ultracentnfugation (7, 12) 
Numerous tests have been performed supportmg 
the logic of this procedme, and table 7 mdicates 


Table 6 Specificity of protamine-treated 
antigens 


MONKEV 

NO 

1 

1 

liOnJNE TO 

STATE OP 
IMUONT 1 
ZATIOW 1 

1 TITERS WTTR ANTIGENS 

Normal 
crude ! 

Normal 
+ pro- 
tamine 

Texas 

crude 

1 

Texas 
4- pro- 
tamine 

4198 

Texas 

Pre 

Qi 

0 

0 

0 


1 

1 

Post 

4 

0 

64 

16 

3955 

Texas 

Pre 

0 

0 

0 

0 

1 


Post 

16 

0 

64 

16 

4161 

Conn 

Pre 

16 

0 

16 

0 



Post 

16 

0 

16 

0 


iQ = <2 


Table 7 Titers of a single serum with antigen 
(Easton-2) concentrated in the 
ultbacentripugb 


NO OF TIUES ANTIGEN WAS CONCENTRATED 

TITER OP SERUM 

20 

40 

16 

24 

8 

3 

4 

<2 

With unconcentrated antigen I 

<2 


typical results when the titer of a smgle serum is 
determmed with various concentrations of a single 
batch of antigen 

The development of humoral complement-fixmg 
antibodies m human infections with the Ohio 
type of Coxsackie vuus has been studied (7, 12) * 
Table 8 mdicates the serum titers obtamed at 
various tunes after onset of illness m 6 patients 
Concentrated antigen was employed m the tests, 
which were earned out m tubes usmg the 50 per 

- All but one of these sera v ere obtained 
through the courtesy of Drs Albert B Sabm and 
Ale\ J Steigman who made their collections in 
Ohio m 1947 (13) Isolations of Co\sackie virus 
from the stools of 3 of their patients were made 
( 12 ) 


cent hemolytic endpoint Patient LMX lincl n 
proved laboratoiy infection with the Ohio ( 3 ^ 0 , 
and the same type had been isolated from Fed, 
Lm and Hux In the case of Ric and Fis no 
isolations were attempted, but it vould appear 
from the complement-fixation results that Rxe 
was mfected whereas Ru was not 


Table 8 Complement fixation in human 

DISEASE USING CONVALESCENT SERA WITH 

Ohio type of Coxsackie virus 



Table 9 Differentiation of Coxsackie 

AUBUSES BT FOUR METHODS 


VIRUS TYPE 

j 

VIRUS NEU 
TRAXUATON ; 

COMPLEMENT 

FIXATION 

pROTXcnaN 
OF INFANT 1 
MICE BORN ' 
OF VAC 
CINATEU ! 
MOTHERS , 

nflfUNUT 
IN CHIMPAH 
SEES TO RZ 
INFECTION 

Conn -5 ! 

X 

X 

X 

X 

Ohio-l V 

X 

X 

X 

X 

Texas-1 

X 

X 

X 

! X 

D-I 

X 

X 



T>-S 

X 

X 


1 

DS 

X 

X 



Nancy 

X 





X indicates that by the method employed, 
the type indicated has been proven different 
from each of the other types tested by that 
method A blank space indicates not done 

The temporal pattern of complement-fixing 
antibody obtamed with the Ohio t 3 T>e, hovever, 
is not necessarily the same as that experienced 
m infections vuth other types Patients mfected 
Muth the Easton, 1949, strain (belonging to Dall- 
dorf type 1) seemed to develop such antibodies 
much earher than those mfected with the Ohio 
type 

SUMALABY 

Immunological endence has been presented 
that the Coxsackie group of viruses exists m 
multiple antigemc ty^ies At least 7 types are 
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now lecogmzed The methods for identifjnng 
these types have been remewed m this papei 
They are those of classical immunology with some 
modification to fit the virus-host systems m- 
volved and mclude 1) cioss neutiahzation tests, 
2) cross complement-fixation tests, S) cross pro- 


tection tests m infant mice born of vaccmated 
mothers and 4) cross protection tests m chimpan- 
zees with subclimcal infections It can be seen 
from table 9 tliat each method juelds results m 
agreement with those obtamed by each of the 
other methods employed 
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TJTRITION -WOHKEHS ofttuiies, and T,Mth some 
justification, accuse physicians geneially of dis- 
regaiding nutritional factois m the development 
of disease and of failing to accept some nutiition 
mvestigators’ conclusions of widespread defi- 
ciencj diseases uithm the population Clinicians 
might revei’se this indictment and accuse nutn- 
tion y orkers of ofttimes ignormg y eU-estabhshed 
clinical facts and of sometunes exliibitmg a sur- 
prising Ignorance of some fundamental medical 
concepts 

It IS the wnter’s behef that the ph 5 'sician’s 
sometime lack of enthusiasm for properly es- 
tabhshed nutritional claims has been attiibu table 
m part to the disappomtment expenenced when 
at other times nutritional claims were enthusi- 
astically adopted, tested and found unsound 
Accoixlmglj , physicians have become cautious 
and even skeptical of all claims made bj'" nutn- 
tiomsts Because of such expenences, some clmi- 
cians are hkelj to regard nutrition workers as 
enthusiastic propagandists lackmg m a knowledge 
of chmeal medicme It well behooves us as nuta- 
tion y orkers, therefore, to appraise cntically the 
bases upon yhich ye make claims, statements, 
policy recommendations and so forth Otheryuse 
we lose the confidence of other physicians and 
become ineffective 

Several examples could be cited to illustrate 
the above type of error One such was the con- 
fusion of ordinary conjunctival thickenmg and 
pmgueculae with xerosis conjunctivae or Bitot’s 

'Presented in the Sjonposium on Nutritional 
Appraisal of Human Subjects, Atlantic City, April 
20, 1950 


spots The claims y ere made (1) that these thick- 
ened areas m the conjunctivae were due to chronic 
vitamin A deficiency, that 99 per cent of a low 
income population exhibited this condition and 
therefore “had microscopic ocular lesions charac- 
tenstic of avitammosis A ” In anothei study (2) 
it yas stated that “accordmg to the above cri- 
terion every'^ subject earned unresolved degenera- 
tive changes lasultaig from vitamin A deficiency', 
most of them of a moderate to severe char- 


ter ” 

The year foUowmg the appearance of these 
urns of a starthngly high mcidence of avita- 
mosis A, an expenenced ophthalmologist (3) 
imted out that “The ‘spots’, or pmgueculae, 
e Bubepithehal mfiltiations, the epithehum over 
em bemg unaffected, a condition different from 
rosis m which the changes are in the epithehum, 
d that such spots are not associated with low 
ites of xntamm A, as proved by blood tots 
irthermore, this ophthalmologist pointed out 
at these states represent common presenile or 

nile alterations ' ,, 

Grossly the Bitot spot is characteristically 
terally placed, although they may be both later- 
ly and medially The lesion is greyosh, dull, ana 
IS somewhat the appearance of menngue T i 
m contrast to the more elevated, 

,pearance of pmgueculae lOustrations of a 

tot’s spot may be found m Berliners mono- 

Epidenuologic mvestigations consistmg of si 
clLeous dietary studies, measurement o 
tamm A concentmtion .n the blood pl«m». 

iservations of the conjunctivae 

Jo ftrr, cflnarate areas m iNorti 
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Carolina (5, 6) The samples comprised approxi- 
mately 1000 persons each In neither study was 
a correlation found between the seventy or mci- 
dence of the conjunctival changes and the level 
of vitairun A m either the diet or plasma In a 
M^ell-designed therapeutic study which tested the 
effect of the daily administration to nurses of 
50,000 lu of vitarmn A over a penod of up to 2 
years, Robertson and Morgan (7) found that 
upon examination with the sht lamp it was 
not possible to determme which nurses were re- 
ceivmg vitamm A and winch were not and 
that m none of the subjects with conjunctival 
elevations at the beginning did therapy cause the 
elevations to disappear Therefore one would con- 
clude that the conjunctival thickemng is not 
caused by a deficiency of vitamm A ” A similar 
lack of influence of vita min A on the appearance 
of the thickemngs was noted by Borsook and 
Wiehl (8) 

In studies designed to produce avitammosis A 
in human subjects, neither of these conjunctival 
lesions has been observed The most extensive ex- 
perimental study of vitamm A depnvation m 
man is that of the Vitamm A Sub-Committee of 
the Medical Research Council (9) Despite the 
production bj^ dietaiy restriction of loweied caro- 
tene and vitamm A levels m the plasma and of 
abnormahties of dark adaptation, it was found 
that the various biomicroscopic changes observa- 
ble imtially m both the deficient and control 
groups did not varj with i itaimn A mtake No 
Bitot spots developed 

The abundant evidence v hicli has accumulated 
justifies the conclusion that the conjunctival 
changes which are conimonlj obsen^ed m our 
population are not related to amtammosis A nor 
do thev sen^e as useful measures of nutnture 
Bitot spots are len infrequentl} seen m the 
population of the United States VTien present 
thev Ilia'S at times indicate aiatammosis A but 
frequeiitlj are not eiidence of latanun A defi- 
cienci unless associated wath other significant 
findings (10) Extraiagant claims (11) concern- 
ing widespread aiatanimosis A based upon the 
preialence of these lesions m the population 
should be discarded 

M hat IS the status of the skm lesions w Inch 
ha\c been “xiid to signifi aiitammosis A? First, 
one must be certain of the definition of these 
lesions for confusion exists as to their cliarac- 
tenstic^ The workers who are most familiar with 
tlie«e le<ion<; are nncstigator^ with cxyicncnce m 
the Onent India or Afnca The dcscnptioin; of 
the le^ioii^ indicate that the\ ire Inqiarkeratotic 


papules occurrmg at the site of the hair foUicles 
and mitially, at least, over the extensor surfaces 
of the body Because of the plugging of the sweat 
glands, the skm is excessively dry The lesions 
aie not to be confused with the congenital condi- 
tion known as icthyosis a confusion which I 
have observed repeatedly to occur when enthusi- 
astic but mexpenenced persons undertake then- 
first nutrition surveys Sometimes pityriasis rubra 
pilans offers a differential problem (12) Further- 
more, these lesions have been confused with a less 
common condition known as Darier’s disease 
A more frequent and senous confusion seems to 
be that of hyperkeratosis foUicularis with the 
common abnormahty of skm te'rture known to 
dermatologists as keratosis pilans This condition 
would seem to be that which is sometimes referred 
to m the hterature as ‘permanent goose flesh’ 
It IS not mfrequent m children under 12 to 13 
years of age regardless of their nutntme These 
lesions tend to be less noticeable duimg the sum- 
mer months when there is increased moisture of 
the skm and most promment durmg the cold wm- 
ter months when the moisture of the skm is de- 
creased I have obseiwed these lesions m children 
who have had well-rounded diets plus supple- 
mentarj’- vitamm A for the first 8 years of their 
lives and who exhibited satisfactory levels of vit- 
mm A m the blood Krause and Pierce (13) found 
no significant difference m the blood levels of 
children with and without the condition These 
lesions are commonly seen m the Umted States 
They cannot be taken as emdence of a-ntammosis 
A As a matter of fact, m a too-little-known paper 
which reports on 207 cases of amtammosis A 
obsen-ed at Peiping Umon Medical College, 
Frazier and Hu (14) pomted out that “The cu- 
taneous eruption w as charactenstic of a itanim A 
deficienc}^ onli after the patient had attained 
sexual matuntj Before the age of puberty the 
onlj common abnormality of the skm (due to 
antammosis A-IVJD) was xerosis” These 
workers noted that of the 91 children under 15 
y ears of age and diagnosed as hamng ai itammosis 
A, only 4 exlubited the keratotic legions, and these 
4 were all in the 14- to 15-year age group 

It appears, then, that lack of familiantx w ith 
the skm lesions of ai itammosis A has mo's! hkeix 
led manx workers m Amenca erroneously to as- 
sign to this deficient all of the ‘nutmeg grater- 
like’ skm legions which the\ haxe oilmen cil Mo‘4 
certamh , the frequencx of occurrence of rough, 
drx skins xxath or without ‘permanent goo=e fle-h 
cannot be u=ed as the chief index of xit inim \ 
nutnture As a ni ittcr of fact, there is ippc-inng 
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an increasing body of endence relating skin 
lesions seemingly mdistinguisliable fiom the hy- 
perkeratosis of which we have been speaking to 
a lack of other dietary essentials, especially the 
B ntamins, and even unsatui-ated fatty acids 
(15) 

Recent studies show that chmcally manifest 
avitammosis A will be accompamed by serum 
levels of vitamin A of less than 50 ru per 100 cc 
and that the earhest phj^siologic mamfestation of 
this deficiency is the change m dark adaptation 
(9, 16) In my opmion, the onty manner m which 
one may arnve at reasonable estimates of the m- 
cidence of vitamm A deficiency within a popula- 
tion is by the combmed application of the chmcal, 
biochemical and physiologic studj'’ coupled mth 
observations on the thempeutic response of sub- 
jects judged deficient by these tests Dietar}'^ 
studies may give confirmatory mformation, but 
they wiU chiefly be of value m the description of 
the food habits 

The question of antaminosis A has been con- 
sideied in some detail to seive as an example of 
the sort of cntical appraisal of chmcal methods 
winch IS desirable at this time 

Similarly, expeiience until the sign of so-called 
‘corneal vascularization’ obsen able vnth the sht 
lamp as evidence for nboflann deficienc}’’ lias 
proved valueless for assessmg the nutritional level 
population groups in tins country Although cor- 
neal vascularization does occur in anbofiaiunosis 
(17), the occuiience of prominent vessels at the 
limbus, 01 indeed even of actual comeal mvasion, 
is not coil elated mth the estmiated nboflavm 
mtake m the diet noi w itli othei signs suggestive 
of iiboflainn deficiency (5, 6, 18) Further, these 
conditions aie not amenable to long-contmued 
therapi until large quantities of nboflavm (8) 
Lastlj’’, it maj be added that vascularization of 
the cornea occurs m aU tjqies of coineal mjurjq 
and, at least in experimental ammals, it may re- 
sult from a great xmrietj^ of dietary deficiencies 
(19-22) 

It IS to be concluded that this sign alone gives 
us no infoimation as to the prevalence of anbo- 
flaxnnosis witlun a population In indiindual cases, 
lion ei ei , it IS reasonable to emploj’^ tins sign as 
one of the several manifestations mcluded in the 
sjmdronie of anlmflainnosis This is to say that, 
as in all chmcal diagnosis, n e must not base our 
judgment upon the presence or absence of a 
smgle isolated non-specific sign 

Sebrell and Butler (23) demonstrated tliat 
fissurmg at the angles of the mouth occurs m an- 
boflannosis This sign also occurs m deficiencies 


of iron (24, 25), macm (26, 27) and vitamin A 
It IS often produced by illfittmg dentures (28), 
m which instance it is termed ‘pseudoanboflann- 
osis ’ It may occur in chrome illnesses, especially 
arthntis, and not respond to vigorous nutntional 
therapy Angular fissures are frequently observed 
to appear durmg periods of treatment mth cer- 
tam antibiotics At times we have observed cases 
m which the lesions seem to be allergic m ongin 
Responses of angular fissures to pantothemc acid 
(29) as well as pyiidoxun (30, 31) have been re- 
ported It IS apparent that mterpretation of the 
significance of this sign must be made mth con 
siderable knowledge of the mdimdual patient, and 
that a mere tabulation of the frequency with 
w'hich it occurs m a population does not prowde 
a rehable mdex of anboflannosis withm that 


population 

The biomicroscopic appearance of the lingual 
papillae has been recommended (32) and used in 
some studies as an mdicator of the macm nutn- 
ture The non-specificity of hugual changes is 
apparent from the variety of conditions which 
may result m glossitis For example Glossitis 
may’’ be associated with iron deficiency anemia 
and respond to therapy' with non alone (24, 25) 
It IS a frequently observed sign m sprue and re- 
sponds to fohe acid (33) The glossitis of perm 
Clous anemia, a disease characteristic of the older 
age group, lesponds more satisfactorily or per- 
manently' to vitamm Bi* than to fohe acid (34) 
The deficiency glossitis of pellagra responds to 
macm, but similar lesions may be amenable to 
therapy with riboflaAnn (17) Pantothemc acid 
(29) has been reported as efficacious in some 


itances 

Perhaps no othei area of the body is subject 
so gieat trauma as the mouth and tongue The 
aimg of plates and the chewung of tobacco are 
quent causes of glossitis and cheilosis (35) 
St-menopausal atrophy of raucous membranes 
ly be resistant to all forms of nutntional ther- 
y A legion of other non-nutntional lingual 
mges can be found m anv good tex-tbook of 
rmatology' or of oral diagnosis Among those 
)st frequently referred to us for ei afuation ha^ e 


,m the great xanety of conditions which 
the hngual mucosa, onh a few of " 
ve radicated here, it is apparent that 
groscopic study of the condition of the 
e cannot senre to assess the nincin n 

)atient or a population 

IS well knoivn that swollen, red, fnable, 
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bleeding gums are charactenstic of scun'^y It lias 
been proposed (36) that changes m the gmgivae 
serve as an mdex of vitainm C deficiency Such 
an mterpretation of these lesions would seem to 
receive support from studies on chrome ascorbic 
acid deficiency m the monkey (37) and from the 
mvestigations of Lmghoine and others (38) on 
RCAF personnel These mvestigations demon- 
strated that the recurrence of previously cor- 
rected gmgivitis was retarded somewhat by the 
daily dietary mtake of 75 mg of ascorbic acid m 
companson with subjects reeeivmg 25 or 10 mg 
of ascorbic acid Without attempting to discuss 
all of the imphcations of this particular study, 
suffice it to note that gmgivitis recurred (although 
more slowly) despite large mtakes of ascorbic 
acid Obviously there are causative factors other 
than vitamm C deficiency Hence, gmgmtis alone 
IS not a valid critenon of ascorbic acid deficiency 
withm the population The gums, like other oral 
structures, are subject to many vaneties of trauma 
and numerous gmgiTOl diseases are recognized 
by dentists and other oral diagnosticians It is 
regretted that the guidance of those piofession- 
ally tramed persons with the best backgrounds 
in oral pathologj’’ has seldom been sought by nu- 
trition mvestigators 

To summanze to this pomt I) biomicroscopic 
evammation is of vei'j limited value m assessmg 
nutritional level of incUviduals It v ould seem to 
be useless in nutntion surveys as a generallj’- 
applied procedure Its usefulness is hunted to the 
study either of indmdual cases of suspected an- 
boflavinosis or to obserrations of tissue changes 
which occur in controlled expenmental investi- 
g itions such as that of the Witamin C Sub-Com- 
mittee (39) S) A corollarj of tins conclusion is 
that estimates of the prevalence of nutntional 
deficiencies based upon this method should be 
discounted S) Chmeal signs of nutntional de- 
ficienc} are not specific and for them to haa e use- 
fulness in the detection of nutntional deficiencies 
within the population, thea must be interjireted 
in relation to the medical (and dietara^) liistoi^ , 
other phaaic.ll findings, lalioraton studies, and 
the results of therapeutic tests 4) The nutntion 
ina estigator must recognize the Imutations of his 
own training iiid background m clmical medicine, 
dciitistra , ophthalmologa and allied fields and 
work witli coiiipeteiit iiidia iduals aaho are truned 
III these disciplines Onla ha >-0 doing a\ ill he m ike 
the greatest contnbntion to our total knowledge 
iiid laoid repetition of «onic of the e\|)eii=iae 
iiii^f ikcs of the pa^-t 

Nniie of the ^icii' widela u<cd to ‘judge nufn- 


tional status’ appear to have been incorporated 
into surveys anthout clearly defined rationale 
For example, it has repeatedly been suggested 
that alterations m the texture, pigment or amount 
of hau, particularly m children, may be due to 
malnutntion, and these quahtative alterations 
have been listed m tables of chnical findings use- 
ful m the evaluation of nutritional status (40, 41) 
Hau changes are mdeed ofttimes noted in mal- 
nourished children (42, 43) By analog}'- to axpen- 
ence with animals, unkempt hair nught be 
considered as a manifestation of illness due to 
deficiency disease However, such changes m the 
human have not been linked -with any specific 
nutnent, and from the analogy wuth animals, one 
might predict that if alterations m hau texture 
and color be indeed evidences of malnutrition 
they could arise from a great vaiiety of deficien- 
cies Momentary reflection upon the problem 
mdicates that numerous non-nutntional factors 
related to the hygiene of the scalp and hair m- 
fluence hau te-H.ure 

The significance of some additional skm 
changes deserves mention Keratotic lesions have 
been discussed In Kwashiorkor a ‘crazj pave- 
ment’ dermatosis occurs (44) It would not be 
surprismg if some ummtiated enthusiastic worker 
reports a senes of patients wnth congenital ich- 
thyosis as havmg ‘subchnical Kwashiorkor’ 
Another skm lesion of some interest is petechiae 
These small, usually penfoUicular ‘spots’ are seen 
m early scurvjq where they are usually distributed 
over the dependent portions of the bod}'- or, in 
infants, in areas of trauma Petechiae resulting 
from other causes, however, hare similar distri- 
butions For example, patients with idiopathic 
or orthostatic purpura exhibit petechiae of similar 
distnbution to those seen in earl} adult semw}' 
despite high ascorbic acid leiels in the serum 
The} do not respond to massive therap} with 
xntamin C or numerous other therapeutic agents, 
nutritional and non-nutntional Petechiae are 
seen in toxic manifestations, allergic states and m 
blood discrasias In some of the latter, the} niai 
be associated with gingnitis to jiresent a more 
confusing diagnostic problem Pctechi leahooccur 
in a number of infectious diseases iiid ma\ be ceen 
in limited numbers in older jier-oii« with senile 
atropln of the skin Obijoush , eialiiatioii of 
this sign must be made in rel ition to other 
findings 

The skin lesions of pelLigra ire usuali\ s\-ni- 
mctncalh di-tniiuted o\er the e\j)ose 1 surf ices 
The raison for tin- is th it the jicll ignii i- jihoto- 
senspfao ( 4 j) and the =km ch inges ire i iinni- 
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festation of this It is apparent, therefore, that 
■\er\ similar lesions will be produced m other 
photosensitive states, such as lupus erythema- 
tosus, in extensive Autihgo followmg exposure to 
the sun, oidmarj'- sunburn, and so on 

So-called 'seborrheic dermatitis,’ particularly 
of the face, nasolabial angle, and ears ma}'' result 
from a deficienc}’’ of riboflarnn or niacm How- 
ever, indistmgmshable lesions occur not infre- 
quent!} in absence of deficienc}'- states 

Neurologic mamfestations of deficiency diseases 
mclude changes m the tendon reflexes and im- 
pairment of xnbrator}’' sense, both of which may 
result from peripheral neuntis Peiipheral neuntis 
may be a mamfestation of thiamine deficienc}^, 
due to permcious anemia, or have other etiologies 
Under well-controlled conditions, repeated ob- 
senmtions of these changes may provide some 
useful mformation regardmg the development of 
deficiency diseases (46), especially if these obser- 
X ations be coupled wnth therapeutic testmg How- 
ex er, the multiphcity of factors affectmg these 
two signs, together xvith the alterations which 
occur xvith advancmg age, and the failure of the 
response to thianime of the commonly occurrmg 
neurologic 'abnormahties’ (47) demonstrate the 
restncted value of such observations for the 
determmation of thiamme nutriture xvithm a 
population 

I w ould be the last to deny that physical signs 
are an essential part of nutrition surveys when 
the obserx'^ed signs are placed m proper relation- 
ship to knowm medical conditions which may 
result in these signs, along xvith well-conceived 
laborator}’^ studies and dietary and therapeutic 
mx estigations How'ever, xvithout such sound 
medical appraisal of the meamng of these signs, 
one should not make claims of the existence of 
widespread deficiency states based upon the 
physical findmgs alone 

Another word of caution concermng the exmlu- 
ation and comparabihty of physical signs is 
necessar}" This has to do xxith the subjectivity 
inherent in the chmcal examination m nutntion 
— a problem well discussed by Bean (48) who 
noted that considerable differences may occur m 
the frequenc} with which exammers record the 
presence of a given ph}xsical findmg wnthm a pop- 
ulation group The mterpretation or manner in 
which an exammer sees a condition or lesion 
depends, as Bean noted, xeiy much upon the 
phxsician’s owm conditioning For example, m 


studymg chedosis the clmicians who reported a 
xmry low mcidence were famihar with the angular 
stomatitis or cheilosis which was frequently seen 
m severely malnourished mdmduals They failed 
to record abnormahties of the bps which were 
noted by other observers 
In this relation, the followmg table from data 
from a study m which I haxm been mterested is 
pertinent Observers, whose mitial appraisals 
were all made under one experienced worker, 
recorded their chmcal judgment as to general 
nutritional status of portions of a population 
The ratmgs were undernourished, adequately 
nourished and obese The table presents the per- 
centage judged to be undernourished or obese by 
a giimn observer Great vanation is seen m the 
judgments of these chmcians Accordmgly, xve 
listed these data m approximately the order of 


Table 1 Physical findings by EXAinNER 

EXPRESSED AS PERCENTAGE OF TOTAL 
EXAiUNATIONS BY THE EXAMINER 


IIXAinNER 

OENTRAL KUTRirORE 

Under Obese 

R 

C 

26 9 

9 

6 

K 

S 

24 3 

12 

6 

E 

w 

11 4 

19 

8 

C 

w 

8 4 

16 

9 

w 

Me 

14 7 

27 

2 

R 

P 

3 1 

13 

8 


the wolght of the examiner It is apparent that 
the chmcian’s concept of normal bore a relation- 
ship to his oxxm weight, that is, the heavier physi- 
cian was mchned to judge fewer people over- 
weight and more people underweight than did the 
tliinner physicians 

Obviously, there is a large and ofttimes im- 
measurable subjective influence m appraisals of 
physical signs Tins must not be forgotten when 
one attempts to compare the frequency of occur- 
rence of given lesions m one study with those re 
ported for another It wmuld be of interest to haxa 
data which w ould test the constancy of the judg- 
ment of a smgle mvestigator over a penod of 
years I would predict that changes m the criteria 
employed by a given obserxmr would be found 

The author is indebted to The Rockef^ler 
Foundation, The Nutrition Foundation and c 
National Vitamin Foundation for support of c in 
leal studies and nutrition survej s upon the experi 
ence of which much of the present report is base 
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EVALUATION OF DIETARY SURVEY METHODS^ 

L A IMatnahd 
Fiom Cornell Umversiiy 

ITHACA, NEW YORK 


TThe advancement of the cause of nutntion 
depends upon a better understanding of body 
needs and of how these needs can be met through 
an appropnate food mtake Dietary suivej^ serve 
both of these objectives m a variety of ways 
They seiwe to chart food consumption patterns 
which can be studied m relation to economic and 
educational status, cultural backgrounds and food 
habits, available food supphes and othei factois 
They piovide the basis for more effective 
programs of nutrition education and for evaluat- 
mg the results On a national or regional basis, 
they furnish needed information for plannmg food 
production programs 

With respect to the topic of this symposium, 
they serve in the appraisal of the state of nutntion 
of mdividuals, farmhes and other groups, through 
a eompaiison of the data obtamed vnth some 
standard oi yardstick of adequacy They do not 
measure nutritional status directly Rathei they 
provide presumptive evidence, as well as yieldmg 
data which can assist m the mterpretation of the 
results of more direct measures In the past some 
workers have used the data from dietary surveys 
to draw conclusions regardmg nutritional status, 
and particulailj'^ the extent of malnutrition, far 
more broadly than the methods used and then- 
bases warranted On the other hand, otheis who 
are particularly impressed by the hnutations of 
the methods have expi-essed the view that surveys 
can have httle value m the appraisal of nutritional 
health Neither extreme newpomt is justifiable 
Sunoj-s can contribute greatly if they are 
properly conducted and the results interpreted 
with a full recogmtion of the hnutations mvolved 

Dietarj sun'^eys take manj different forms, 
both vith respect to the methods of obtainmg 
data on food and nutrient mtake, and to pro- 
cedures for evaluating their meamng with refer- 
ence to nutritional status The vanous procedures 
have recentlj been comprehensively and cnticall 3 ’^ 
renewed in a section of the report of the Com- 

1 Presented in the S 3 mposium on Nutritional 
Appraisal of Hiun-m Subjects, Atlantic Cit 3 , 
April 20, 1950 


mittee on Nutntion Surveys of the Food and 
Nutntion Boaid (1) This report should be care- 
fully read by anyone who is plannmg woik m the 
field The pi-esent talk deals with certam aspects 
which are particularly pertinent m the use of 
dietary surveys as an aid m appraismg nutntional 
status 

Whatever method of obtainmg food mtakes is 
used, some yardstick of adequacy is required to 
e-vuluate them The rehabihty of the 3 ^ard 8 tick is 
thus of basic importance At the present tune 
there are cei-tamly different concepts as to what 
constitutes malnutntion and, thus, as to what is 
an appropnate standard In this countr 3 q assum- 
mg that the foods are translated mto nutrients, 
it has become customary to use the Recom- 
mended Dietai^f Allowances A dnect comparison 
IS made where the mtakes are expi-essed as 
nutnents Othermse, sei-vmgs or other measures 
of the foods themselves are compared with a 
recommended dietar 3 ’’ pattern based on the Allow- 
ances It IS important, therefore, to recognize 
that these Allowances are higher than average 
needs, “to covei substantially all mdmdual -van- 
ations m the requirements of normal people” 
Parenthetically, the question arises as to what 
the word, normal, means Not all mdividuals 
who fail to meet the Allowances can be con- 
sidered to be malnourished Some have failed to 
recognize this pomt m mterpretmg mtake data 

Here also hes a hmitation of food or nutrient 
mtake data as measures of mdividual nutritional 
status One does not know whether a particular 
individual needs the full amounts specified or 
whether substantially lesser mtakes of some of 
the nutnents would suffice As an illustration, m 
a small sample in Canada, Pett found that nearly 
50 per cent of the adults were m calcium balance 
on an intake which was onl 3 " half the 1945 
Recommended Allowance and thus only 40 per 
cent of the present one (2) It ma 3 be considered 
that those ‘normal’ individuals who fulb meet the 
Allowances or more are adequateb nourished 
Certainly, also, there is a level below which 
madequac 3 can be assumed In between lies a 
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zone of uncertainty foi the individual i\hich 
further reseaich may i*aiio\v The Allowances 
provide no data for several nutnents now known 
to be essential It is possible that a diet may meet 
all the stated Allowances adequately j-nt fail to 
proiade all the nutntional requirements for 
health The Allowances are based to a large 
extent on the findmgs obtamed m biochenucal 
studies and m medical inspections for signs and 
symptoms of deficiencies, w'hich have been previ- 
ously discussed m this symposium Thus, the 
rehabihty of these findmgs must be consideied m 
usmg the Allow'ances as a yardstick The premous 
discussions have mdicated that these biocheimcal 
and medical measures are still subject to much 
uncertamty as regards their significance All of 
these considerations should rule out generaliza- 
tions regardmg the mcidence of malnutrition fiom 
dietary data alone, but they do mdicate the value 
of such data for the support and mterpretation of 
other measures 

It IS clear that mdiindual data are needed m 
any appraisal of the status of the mdividual 
Repeatedly it lias been shown that the food mtake 
of the fanuly may not be distnbuted among its 
members m proportion to mdividual needs What- 
ever method is used for the mdindual, the goal 
must be the actual food mtake Waste must be 
accounted for It is agreed that the most accurate 
method of arnvmg at the actual nutnent mtake 
IS a laboratory analj’sis of duplicate meals, to- 
gether with an analysis of the food not eaten, if 
any Tlie time, expense and special techmques 
involved hnut the use of this method to a com- 
paratively few mdinduals It is not practicable 
for use in dietary’’ survej^s m the broad sense 
Thus, the rehabihty of other methods of as- 
sessing mdmdual nutrient mtakes is a question 
of siiecial importance The most commonly used 
procedure is the calculation of the nutnents 
consumed bj use of food tables givmg aierage 
composition The question of the apphcability of 
these calculated i allies as a measure of the mtakes 
of mdmduals m specific dietarj situations is an 
important one Seieral recent studies, such as 
those reported and reiaewed b\ Ka«er and associ- 
ates (3), Branabi and associates (4), and others, 
ha\ e led ni in\ to conclude that calculated \ alues 
irc not sufticienth reliable to assess the adequaej 
of the diet of an mdmduil As is to be cx-pected, 
\-in itioiis are greater m the case of certain lata- 
min'< til 111 for other nutrients Obnoudv, tables 
gnmg ncrage tompo<ition cinnot accurafcK 


reflect the actual nutiient intake from the food 
supply consumed m specific situations Manj”- 
factors cause the composition of staple foods to 
deviate from average values Production, proc- 
essing and storage vanables are of particular 
importance for certam foods and m certam locah- 
ties Vanable losses m home preparation must be 
expected, even though they are accounted for on 
an average basis 

These facts should cause us to consider how 
the influences of the variables m current tables of 
average composition can be mmimized m futuie 
work, rathei than arbitrarily to rule out calcu- 
lated values for the mdmdual Advantage can 
frequently be taken of data for the composition 
of the local food supply at the season m question 
or of its nature as actually consumed, which ma}’- 
be more apphcable than the average data In a 
recent study by Hunter, et al (5), m Canada, m 
which the food composition data selected were 
those considered most hkely to apply to the 
conditions m question, reasonably good agree- 
ment was obtamed, with a few exceptions, be- 
tween calculated and analyzed values Tlie re- 
vised tables of composition, now m the process of 
pubhcation by the Bureau of Human Nutiition 
and Home Economics, will cei-tamly provide data 
which are more apphcable to the foods now' used 
and to specific situations as well 

Comparative studies of calculated and anal}'zed 
values should be continued with a fuller reedgm- 
tion of the possibihties of lessenmg the discrepan- 
cies previously reported Not all of the differences 
should be blamed on the limitations of the average 
data on composition Analj'zed values may be 
subject to errors m measuring the food actunll 3 ' 
consumed and also to errors m carrymg out the 
analjdical methods Unless the food intake data 
themselves represent reasonably well what was 
actually eaten by the mdmdual, nutnent calcula- 
tions not only are not worthwhile, but also maj 
lead to very erroneous conclusions Records con- 
sistmg of weights or measurss of food eaten 
provide a more accurate basis than those ex- 
pressed as semngs 

The discussion thus far has dealt with jiio- 
cedurcs which give the greatest promise of reha- 
bilitj' for appraising the nutntional status of the 
mdmdual and for the support of and correlation 
with biochemical and plnsical findings obtaineil 
with the same subjects Ob\ loudi it is impracti- 
cable to ure them for an\ large segment of the 
population and for the liroader jiiirpore tliu® 
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SCI \ ed The usefulness of famil}^ data foi periodi- 
cnlh a‘^sessing the food intakes, food habits and 
dictar\ trends of various segments of the popula- 
tion in relation to economic status, ingion, famil3’' 
size, food supphes available and othei factors is 
well established AVe are all aware of the large 
and important contiibutions which the Bureau of 
Human Nutrition and Home Economics are mak- 
ing along these hnes 

AAhth both farmlj and mdividual food records 
the question as to w hethei oi not the methods of 
collecting and evaluatmg the data can be 
shortened and still accomplish the purpose is of 
real importance in the mterest of studymg large 
groups The calculation of nutrient intakes, food 
bj”- food, IS a ver}’' time-consunung process The 
use of the so-called short method m which ceitam 
foods are grouped togethei greatl}'- lessens the 
work involved Several reports have mdicated 
close agreement between certain short methods 
and the conventional long one It has been showm, 
however, that short methods fall down where, m 
the diets undei study, the foods makmg up a 
given group are consumed m quite a different 
proportion from that assumed m the g;roupmg 
made An mtake of tuimp greens as the sole 
representative of the gieen, leafy and 3'ellow 
vegetable group should not be subjected to the 
same conversion factors as a weighed muxture of 
spmach, carrots, lettuce etc 

Tlie recordmg of food mtakes by servings is 
much simpler than by weight, and cooperation in 
obtammg records which can be considered rebable 
IS more readily obtained on this basis They are 
subject to more error, however, as a basis for 
calculatmg nutnent mtakes An3’’one who has 
w orked wnth data on food mtakes recorded by the 
subject knows that large errors must have been 
made b3'^ some mdmduals m keepmg the records, 
although the mean values ma3'’ be representative 
of the group as a whole The low mdividual 
records are of most concern, but one does not 
know' to what extent the3’’ represent merely 
omissions from the record rather than dietary 
madequacv Diet lustones are ver3 useful as a 
supplemental^' measure and as a means of obtam- 
mg a general picture of dietar3' habits, but the3 
hardl3' suffice m themselves to provide a quanti- 
tative picture of food and nutnent mtake Much 
depends on the skill and expenence of the inter- 
newer and the tune with each indnidual Diet 
histones can be taken so rapidl3' and poorl3 as to 
result m generalh erroneous rather than useful 
information Either m taking diet histones or in 


tabulatmg food mtake records, an increasingl3 
used method is to score the diet for adequacy in 
terms of specific food groups, viz two sen'ingc 
daily of frmts and vegetables high m C, one or 
more servmgs of frmts and vegetables high ui 
carotene, etc This S3'stem ma3' mvolve a mini 
mum of error for a diet followmg the conventional 
pattern on which the sconng is based Large 
enois are possible under other conditions, for 
there are man3' different food combinations which 
can provide an adequate diet 

Much has been w'ntten about the lelative 
usefulness of one-, 3 - and 7 -day records No 
generalizations seem worthwhile except to sax 
that a one-day record unaccompamed by an3 
other measure is likely to be meamngless for the 
individual Even a week’s record has hnntations 
Seasonal differences hax'e a large influence on the 
current pictm-e obtamed, paiiicularly m rural 
areas m certam parts of the country Nutntionnl 
status IS also a reflection of the previous as well 
as the current diet As pomted out by Smith (6) 
m discussmg his survey of maternal nutrition m 
Holland, “ nutntion, good or bad, is the sum 
of highly variable quantitative and chronological 
factors The results of any form of dietary 
inadequacy must vary m accordance with its 
extent m time ” 

The previous discussion is not mtended to 
imply that the shorter methods of collectmg and 
exialuatmg food data are not useful for various 
purposes There are several published reports 
which show their value ( 7 - 9 ) The studies by 
Burke and associates showmg the influence of 
nutrition durmg pregnanc3'’ on the condition of 
the infant at birth are an excellent example The 
reports of the surve3'’ made under the direction of 
Harvard workers m New York State following 
the war, to determine general nutritional status 
and dietar3' trends, illustrate how x'arious 
methods may be used to this end and critically 
discuss the hmitations of each ( 10 , 11 ) Irrespec- 
tix'e of time and cost considerations, the use of 
more detailed methods has disadvantages in that 
it raa3' hmit the cooperating subjects to a non- 
representative sample and also result in poor 
cooperation in the actual recording of data llTuIe 
contacts b3' the nutntiomsts with the subjects 
both before and durmg the study, in which its 
importance is explained, helps greatl3' in obtam- 
mg the desired cooperation, the3' also ma3' stimu- 
late the subjects to consume a lietter than usual 
diet 

Wliatex'er method of arnx'ing at food mtnkes is 
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emploj-Bd, the use of appropriate sampling 
methods to obtain a representative pictuie of the 
population under study is basic So also is the use 
of appropriate statistical methods m assessing the 
significance of the results These requirements 
have frequently not been met 

In this talk the limitations of various dietary 
sun'^ey methods have been stressed because it 
seems important that they be borne in mmd m 
inteipreting the conclusions from published 
results The discussion should indicate that there 
is a large background of knowledge and experience 
of which ad^ntage can and should be taken m 
making future surve 3 ^ more reliable and useful 
Otherwise, a waste of effort and funds wdl result 
and erroneous conclusions will be added to the 
hterature The effective mvestigator will be the 
one who fully understands the advantages and 
limitations of the various procedures, chooses the 
one best suited to his specific objective and 
mterprets his results accordmgly 
There should be penodic group conferences of 
workers m the field, such as the TJ S D A “Con- 
ference on Study of Food Intake,” held m October 
1948, and the one held at the Children’s Fund of 
hlichigan last November deahng with the evalu- 
ation of methods of studying the relation of 
nutrition to maternal and infant health Such 
conferences provide the opportunity for the criti- 
cal comparison of procedures and data They can 
also serve to promote jomt activities to test the 
correspondence of the data obtamed with a 
gnen procedure m the hands of different w'orkers 


The results of their dehberations and jomt ac- 
tivities should be published to enable others to 
take advantage of them By making use of past 
experience and by critical group examination of 
current activities, dietary surveys can continue to 
contribute largely to the advancement of nutri- 
tion Csrtamly, the methods have limitations but 
what other method concerned with nutritional 
status does not? 

With respect to the general topic of this sym- 
posium, it is clear that dietary records should 
accompany the appraisal of nutritional status by 
more direct methods, where possible Dietary 
data should help mterpret the nutritional signifi.- 
cance of the physical signs of deficiency, which 
are mostly non-specific They should also aid m 
clarifymg the meamng of various nutrient blood 
levels smce some of them are dnectly related to 
current dietaiy mtakes 

In the present situation there is a need for 
further coordinated studies m which the 3 meas- 
ures are used with the same subjects, m the mter- 
est of evaluating the significance and usefulness 
of the data of each Such studies should serve to 
establish more reliable cntena for evaluatmg 
nutritional status by each method Such con- 
tmumg research would promote what Dr Kmg, 
in a symposium on nutrition surveys m the 
Federation program 5 years ago, referred to as the 
most seriously needed study, namely, “to find, 
through long penods of time, the degree of 
correlation that exists between the health records 
of individuals and their dietary habits ” 
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STANDARDIZATION OF DEFINITIONS AND SYMBOLS IN 
RESPIRATORY PHYSIOLOGY 


C)n 4.PRIL 19, 1950, a group of physiologists 
met in Atlantic City to discuss the possibihty of 
establishing a S3stematic set of symbols for use 
in teaching and research pubhcations relating to 
respiratory physiology' The need for such a set 
of symbols is very great Dunng the last few 
\ ears, a number of mathematical generahzations 
hay e been developed to descnbe respirator 3 '’ pro- 
cessas and these generahzations now form the 
framen ork for research and instruction m respu-a- 
tory pln'siolog 3 ' in medical schools, chmcal labor- 
atones and mihtary estabhsliments thioughout 
the country Wliile there is general agreement 


hterature without sacnficmg flexibihty desued 
for development of new ideas and new equations 
The foUowmg defimtions and symbols represent 
the fi-uit of these discussions and they are pre- 
sented here with the hope that authors and edi- 
tors will use them as a reference source to aclueve 
umfonmt 3 ' and clanty in termmolog 3 ' in the field 
of respiratory physiology 

SUBDIVISIONS OF THE LUNG VOLUME 

The proposed defimtions of lung volume are 
shown diagrammatically m figure 1 The pnniary 
subdivisions of the lung volume shown at nght 
appty to all levels of respirator 3 ' effort and con- 



SPEaAL DIVISIONS FOR PRIMARY SUBDIVISIONS 

PULMONARY FUNCTION TESTS OF LUNG VOLUME 


Pig 1 Subdivisions of the Lung Volume 

■Ul gas volumes corrected to body' temperature, pressure and saturated with water vapor btps 
Dimensions to be specified in each publication (e g , liters, ml , cu in , etc ) See table 1 for compar- 
ison with the various terminologies now in the literature 


among ph3'siologists concemmg the important tarn no overlappmg volumes The ‘capacit 3 '’ teims 
rambles and equations, there has been no effort at left each include tw'o oi moie of the primary' 
to reach agreement on definitions and symbols subdivisions and are specially' convenient for 
for textbooks or for research pubhcations Stu- chmcal applications where gasometric measures 
dents trained with one set of sy'mbols aie bewil- are most simply made from the expnatory' posi 
dered br the multitude of different temimologies tion of the restmg patient 
m the current hterature Even exqierts in the Table 1 contams a comparison of the proposeil 
field find difficulty in deciphering the equations defimtions with vanous cuirent terminologa^^ 
published by them colleagues from other labora- The references have been taken from eight widely 
tones used textbooks or handbooks and provide a sani 

The discu'jsions at Atlantic City were con- pie of the dn erse defimtions now m the hterature 

cemed with tw o mam problems a) defimtion of It will be noted that use of the term ‘air’ to denote 
lung volumes and b) recommendation of a set of %olume is a\oided m the new terminology Tic 
symbols which would promde uniformity for the terms ‘complemental air’ and ‘supplemental air 

G02 






September 1950 


STANDARDIZATION OF TERMS 


603 


tire replaced by ‘mspiratoiy reseiTe volume’ and 
‘expiratory reseive volume’ which have func- 
tional meamngs and are therefore more easily 


Table 1 Subdivisions of the lung volume 

CoMPABISON OF PROPOSED TERmNOLOGY 
WITH PREVIOUS TERMINOLOGIES 


PROPOSED TERM 

PREVIOUS TERMS WITH 
REFERENCES 

I Inspiratory re- 

serve volume 

Complemental air (3, 4, 
7) 

Complementary air (5) 
Complemental air mi- 
nus tidal air ( 1 , 2 ) 
Inspiratory capacity mi- 
nus tidal volume ( 6 ) 

II Expiratory re- 

serve volume 

Supplemental air (4, 7) 
Reserve air (1, 2, 3, 5, 7, 
8 ) 

III Tidal volume 

Tidal air (All references 
except 6 ) 

IV Residual volume 

Residual air (1, 2, 4, 5,7, 
8 ) 

Residual capacity ( 6 ) 

V Vital capacity 

Vital capacity (All ref- 
erences) 

VI Inspiratory ca- 
pacity 

• Complemental air ( 1 , 2 ) 
Complemental^^ air ( 8 ) 

VII Functional resid- 
ual capacity 

■ Functional residual air 
(1, 2 , 7) 

Midcapacitj ( 1 , 4) 
Normal capacity (3) 


remembered The old contioierey as to whether 
‘complemeutal air’ should include tidal ‘air’ has 
been aioided by mtioducmg the term ‘mspirn- 
ton capaciti ’ to denote the sum of a restmg tidal 
^olume and the inspiratory resene ^olume 

A SET OF SYMBOLS FOR USE IN RESPIRATORY 
PHYSIOLOGY 

In desigmng a set of s\mbols for general use in 
rc'^piratOTA pliYsiologY it uas our iini to pronde 
a s\ ‘^tem itic method requiring as few sjiecial 
dcrimtions as pos^^ible The method of choice was 
to adopt single lirge capital letters to denote 
general re?pirator\ nrnbles such as jiresMire, 
Yolume concentritioii etc , and to niodih cich 
\arnblo with one or more small t\pe SMubols 
denoting location, moleciilir species or s])ccial 


Table 2 Symbols for respiratory 

PHYSIOLOGY 



SYMBOL 

DEFINITION DIMENSIONS AND 
CONDITIONS MUST BE SPECIFIED 

IN EACH PUBLICATION 

I General 

V 

Gas volume in general 

variables 


Pressure, temperature and 
percentage saturation wnth 
water vapor must be 
stated 


V 

Gas volume per unit time 


p 

Gas pressure in general 


F 

Fractional concentration in 
dry gas phase 


Q 

Volume flow of blood 


c 

Concentration in blood 
phase 


f 

Respiratory frequency — 

breaths per unit time 


R 

Respiratory exchange ratio 
in general (volume CO^ 
volume Oj) 


D 

Diffusing capacity in gen- 
eral (volume per unit time 
per umt pressure differ- 
ence) 

II Sjunbol 

I 

Inspired gas 

for the gas 

e 

Expired gas 

phase (small 

A 

Alveolar gas 

caps) 

T 

Tidal gas 


D 

Dead space gas 


B 

Barometric 

III Symbol 

b 

Blood in general 

for the blood 

a 

Arterial (exact location to 

phase 


be specified in each publi- 
cation) 


V 

Venous (exact location to 
be specified in each publi- 
cation) 


c 

Capillary (exact location to 
be specified in each publi- 
cation) 

IV Special 

X 

Dash above anj 83 mbol in- 

symbols and 


dicates a mean value 

ablirevia- 

X 

Dot above an 3 S 3 Tnbol in- 

lions 


dicates a time derivative 


S 

Subscript to denote the 
stead\ state 


STPD 

Standard temper iture, 

pressure, dr 3 (O^C , 7G0 
mm Ilg) 


I BTPS 

BodA temperafurc, pres- 

SM VLLCAl"^ 


1 sure, saturated %Mth water 


1 ATPD 

j Vmbient temperature, pres- 
J sure, dri 


ATPS 

A.mbient temperature, jircs- 


I sure, satnrated with water 
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T^le3 Respiratokt equations Enajiples of 

USE OF NEII TEK3IINOLOGT 


I Calculation of ova gen consumption or car- 
bon diovide production from analysis of 
volume and composition of expired gas ivhile 
breathing anA mixture of ovj’-gen and carbon 
dioxide in nitrogen or other neutral gas 

Vo. 


_ A^^J. ^^C02^ ^^COj^ 


0 ) 


Vcoo 


■ (1 - Flo, - FicoP 


(«) 


Table 3 — Continued 


III The relations betiveen alveolar ventilation 
and metabolism 


Va = 


VCQ. 
Fa 


Ra 


CO. 


Fa 


Vo. 


COi 


— (Pb Pah.o) 


Ra 






where 


COi 


Va ■= (Vt — VD)f 


rV The Bohr Equation for the respiratory dead 
space to any gas x 


Vd 




(Fe^ - Fa,) 
(Fi^ - Fa^) 


where all volumes are corrected to btps 


Aihere all volumes are corrected to stpd 
T he quotient of equations S and 1 yields the 
respiratory exchange ratio for the expired 
gas 


Re = 


Vcoi 

Voj 


V Fick’s Principle becomes 

Vo. = Qb(Cao„ - Cvq,) 


VI The ratio between alveolar ventilation and 
blood flow through the lungs (cardiac out- 
put) in the steady state 


- Fbco,) - Feo,( 1 - Fico,)] 


(S) 

For the special cose A\here carbon dioxide 
maj be considered negligible in the inspired 
gas, these equations reduce to simpler forms 
If measurements are made in the steady 
state then Re = Rs = metabolic respiratory 
quotient 


II Calculation of the pressure of oxygen in 
alveolar gas while breathing anj’’ mixture of 
0x3 gen mth neutral gas at any barometric 
pressure 






^■^co. 



(1 - Fio,) ~ 

Ra 


This equation is of special importance in 
determining equivalent altitudes and oxv- 
gen specifications for aircraft It is fre- 
quentl} called the ‘alveolar’ equation al- 
though it applies equall} to an3 part of ex- 
pired gas vhich has undergone respiratory 
exchange 


VII The diffusing capacity of the lungs to oxy- 
gen as calculated by the Bohr method 

n _ 

Pao,-Pco, 

where the mean oxygen pressure in capillar} 
blood (Pcq,) 18 calculated from graphical 
integration of the oxygen dissociation curve 


conditions The foUoAving conventions vere 
adopted for s3Tnbols denoting location and molec- 
ular species 

1 Locahzation m the gas phase is represented by 
a small capital letter immediately folloumg 
the prmcipal variable Thus pressure in alveo- 
lar gas IS represented by Pa 

2 Localization m the blood phase is represented 
b}^ a lower case letter immediately follomog 
the prmcipal a anable Thus pressure in the 
arterial blood is represented by Pa 

3 Molecular species is denoted b}' the full chenu- 
cal s3Tnbol to be printed m small capital letters 
unmediatel} following the pnncipal a anable 
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Tlius pressure of caiboii dioxide is represented 
by Pco 

4 TVben specification of both location and molec- 
ular species IS requiied then the first modi- 
fjnng letter will be used foi localization and 
the second for species Thus the pressuie of 
carbon dioxide in alveolar gas is represented 
by PAco, In this case, the chenucal symbol ap- 
pears as a subscript 

The full hst of symbols which weie discussed 
and approved by the group at Atlantic City is 
shown in table 2 Some of the commonly used 
respiratoiy equations aie repiesented m terms of 
the new symbols in table 3 

NOTES ON THE USB OF THE PEOPOSED SYJtBOLS 

It IS hoped that authors employing the pro- 
posed system of symbols will provide a list of 
defimtions similar to those of table 2 as an inte- 
gral part of each manusenpt We wish to empha- 
size that the symbols hsted m table 2 are sufficient 
onlj'^ to describe the prmcipal existing respiratory 
equations, samples of winch are illustrated m 
table 3 New symbols aie easily added to the hst 
Muthout altenng the method of symbohzation 
Foi example, it may be useful to consider separ- 
ately that part of the total pulmonary blood flow 
which 18 effective m the exchange of gases Suit- 
able subscripts for this purpose (e g Ql,, to de- 


note effective flow thiough lungs) should then be 
included in the hst 

No special difficulties aie anticipated m con- 
nection with pnnting of the proposed symbols 
However, the proposed notation is not adapted 
to the tjpewntei Tins is a disadvantage but, m 
our opimon, should not be a decidmg factoi m the 
choice of sjmibols Several sets of symbols have 
been devised which were 'tailor-made’ for the 
tjqiewnter but none of them provide a logical 
system which is easy to learn and adaptable to 
future developments m the field 


The followmg have agreed to follow the above 
termmology and system of notation wherever 
possible m their future teachmg and research 
pubhcations 

J H Comroe, University of Pennsylvania 
A Coumand, Columbia University 
J K W Ferguson, University of Toronto 
G F FiUey, Trudeau Foundation 
W S Fowler, University of Pennsylvania 
J S Gray, Northwestern University 
H F Helmholtz, Jr , Mayo Clinic 
A B Otis, University of Rochester 
J R Pappenheuner (Chairman), Harvard Uni- 
versity 

H Rahn, University of Rochester 
R L Riley, New York University 
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Although EC. no (CAFERGONE) ivas developed pumauly for the relief of 
the migiaine attack, it is uniformly effective and has a much wider range of 
usefulness in the lelief of headache of all othei types, especially typical and atypical 
histamimc cephalgia ” (Hansel 


For The First Time In Almost Two 
Thousand Years, chmcal tnals of an oral 
preparation mdicate that migraine and other 
vascular headaches can be aborted in 85-90% 
of cases 

Although the cause of migraine is sail un- 
known, the mechanism producave of head 
pam has been determmed''^ Today, it has 
been observed that the head pam m classical 
migrame and related disorders is produced 
through abnormal behavior of the cranial 
vascular system The affected artenes, prm- 
apally branches of the external caroads, be- 
come constricted m the early stage of the 
attack. Such vasoconstncaon results m pre- 
headache warnmg signs such as visual and 
other sensory disturbances Later m the attack, 
these artenes become relaxed and dilated At 
this point, agonizing headache begins Exag- 
gerated pulsations and thickening of the 
affeaed arterial walls cause stretchmg of and 



BEST RESULTS WITH TR£ATMENT 
IN STAGE 1 OR EARLY STAGE 2 


pressure upon adjacent pam-sensiave struc- 
tures Headaches of this type may last for a 
few minutes only or they may last for days 
Seizures are usually terminated by severe 
vominng 

As a result of recent research, these head- 
aches can be aborted for the great majonty of 
sufferers Attention has been centered on the 
del clopnient of an effective oral preparation 
to relieve vascular headaches Cafergone 
(100 mg caffeine and 1 mg ergotamine tar- 
trate per tablet) is the result of this rescareh 
Ergotamine tartnte (Gjnergen) has long 


been known as a potent vasoconstrictor'^ 
Caffeme, when admmistered orally, also acts 
as a vasoconstrictor'*’ Simultaneous admmi- 
straaon of ergotamme tartrate with caffeme m 
Cafergone tablets has the added advantage of 
reducing the usual dose of ergotamme neces- 
sary to abort these headaches 
These measures will abort vascular head- 
aches for 85-90% of sufferers ” * ® 

1 Give complete physical exammaaon 
mcludmg ancillary tests to rule out 
other condiaons mimiang migrame 

2 Advise the paaent to re-organize his 
acaviaes where possible 

3 Improve the general health of the 
paaent 

4 Give 2 Cafergone tablets at first sign 
of impendmg attack and, if necessar)> 
addiaonal 1 -tablet doses (up to 6) at 
half-hour mtervals 

Literature available on request, for further particulars 

on Dosage Adjustment and other points 
Reprints of recent reports 
Therapeutic brochures 

Cham QinicalCharacterisacsofVascularHeadaches ' 
BIBUOGRAPHY 

1 HANSEL F K. The Treatment of Headache with Panicu 
lar Reference to the Use of Caferwne (ereotaminc tartrate 
and caffeme) for the Relief of Attadcs Ann AUcrfiy 6 
155 161 (March April) 1949 

2 WOLFF H G Headache and Ocher Head Pam New York 
Oxford Univenitv Press 1948 pp 255 318 

3 BROCK S O SUlilVAN M and YOUNG D Effect of 
Non sedative Drugs and Ocher Measures in Migraine uith 
Special Reference to Ergotamine Tartrate, Am J M Sc 
188 253 260 (Aug ) 1934 

4 FRIEDMAN A P and BRENNER C Treatmenr of rhe 
Migraine Attack Am Pract. 2 467-470 (March) 1948 

5 SOLLMAI4N T A Manual of Pharmacology Pbila W B 
Saunders Company 1948 p 213 

6 HORTON B T RYAN, R. and REYNOLDS J L 
Clinical Observations on the Use of E.C 110 A Nets Agent 
for the Treatment of Headache Proc. Suff Meet, hlaso 
am 2a 105 108 (March 3) 1948 

7 KADISH A H Clinical Observations on the Use of E C 
110 m Various Types of Headaches Gen Praa CIm 6 
151 156 (April) 1949 


(Pharmaceuticals 

DmSION OF SANDOZ CHE.\nCAL WORKS INC 
6S CHARLTON STREET NEW lORK 14 NEW \ORK 
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limited to this field In the apphcations 
listOT above, its synchromzing and con- 
trolling circuits determine automatically 
the sequential operation of associated 
devices such as stimulus, cathode-ray 
sweep, stroboscopic flash, film advance 
shutter openmg, etc ' 

Frarne Advance Control by manual 
^itch or external circuit giving smgle 
frame ad\ ance or repetitive frame advances 
at rates from l/mm to 4/Bec 

^ntinuously Moving Film Speeds 

luelve fixed speeds from 0 26 to 1000 
mm /sec ± 0 5%, aU m convement di- 
:raible numbers (1000, 500, 250 etc) 
rum attains full speed and comes to a 
20 milliseconds (about 20 mm 
of film at maximum speed), thus avoidmg 
film wastage The duration of film 


A COMPLETELY AUTOMATIC 
UNIVERSAL OPTICAL RECORDER 

FOR PHOTOGRAPHING 
MOTION STROBOSCOPICALLY 
CELL OR PLANT GROWTH 
CATHODE-RAY 

and/or 

MOVING LIGHT BEAM 


KYMOGRAPH CAMERA MODEL C4-A 
Application Although designed on- 

TWOVtll-rr Tl-.-X 1 1 P, “ * 


eiqiosure can be controlled mtemally up to 
Vz sec. and externally for longer tunes 

Recording Materials: 35 mm film or 
paperj preferably unperforated for oscillo- 
graphic work, thus giving 60% more 
image area for fidl frame exposures 

Optical System i 60 ram WoUensak f-2 
lens m self-cocking Synchro-shutter Pnsm 
allows viewmg image without loss of film, 
and recording by moving hght beam from 
the side (such as a mechanical mj ograph) 
simultaneously vith conventional photo- 
graphic recording from the front lens 

Magazines 200 ft capacity Indepen- 
dently removable vitn automatically 
closmg gates, allowing take-up magazine 
to be removed for developmg partial 
spools without exposure of reraaimng film 

Mounting Fihn may be run vertically 
or horizontally by using quickly mter- 
changeable mount. 


WRITE FOR FULL INFORMATION, PRICES AND DELIVERY 


MAKERS OF ELECTROENCEPHALOGRAPHS AND 
ELECTROPHYSlOLOGlCAL INSTRUMENTS SINCE 1S35 




AHT CO SPECIFICATION 

METABOLISM OUTFIT 



METABOLISM OUTFIT FOR THE DETERMINATION OF CALORIE PRODUC- 
TION AND BASAL METABOLIC RATE BY THE DOUGLAS METHOD, with Hal- 
dane-Henderson-Bailey Gas Analysis Apparatus This is the simplest of the satis- 
factory methods for the study of gaseous metabolism It is not limited to an observation of 
reduction in ovygen volume, but depends upon the collection and analysis of a sample of 
expired air Outdoor air (O 2 content 20 99%, CO 2 content 0 03%) is inspired through a 
flutter valve and mask, or mouthpiece and nose clip, and returned on expiration through 
a second valve, tubing and three-way aluminum stopcock to a Douglas bag From the air 
so collected during a six-minute interval one or tv o samples are taken over mercury in gas 
sampling tubes The bag is emptied through a meter and the volume, temperature and 
barometric pressure are noted The sample is analyzed in a Haldane-Hencferson-Baile}'' 
Gas Analj'sis Apparatus and its COi and Oj content determined From these data there 
may be calculated the hourly oxygen consumption, carbon dioxide production, total calorie 
production and respiratory quotient From these and the height, weight, age and sex of the 
patient a comparison can be made with the normal and the basal metabolic rate can be 
computed 

See T M Carpenter, Carnegie Instiliitxon of Washington Publication 216, 1915, p 67, 
Douglas, Journal of Physiology, 1911, XLII, Boothby and Sandiford, “Laboratory Manual 
of Basal Metabolic Rale Determinations’’ , and T M Carpenter, Carnegie Institution of 
Washington Publication No SOS-A, 1924 

Gl 12 Mclnboltsm OutOt for the Determination of Calorie Prodnctlon and Basal Metabolic Rate by the Douglas 
Method, ns abo^’e described conaiating of Holdane-Hendcrson Bailej Improved Model Gas Anal^is 
Apparatus Gas Meter, Douglas Gas Bag 160 liter Face Mask, Double Douglas Val\e, Three ^vay Tap 
ra aluminum Bailey Gas Sampling Bottle, Thermometer range 10 to 60 C in i°, rubber tubing, clamp 
and thermometer holder complete mth directions for assembling and for use 448 45 
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December lasQ 


FEDER \TIO\ PROCEEDINGS 


1 


FEDERATION 

PROCEEDINGS 

Published by the 

FEDERATION OF AMERICAN SOCIETIES 
FOR EXPERIMENTAL BIOLOGY 

COMPOSED OP 

7 he A mencan Physiological Society 
American Society of Biological Chemists 
American Society for Pharmacology and Experimental Therapeutics 
The A mencan Society for Experimental Pathology 
American Institute of Nutrition 
7 he A mencan Association of Immunologists 


Editonal Board 

Jules Frexjnd H\rvetB Haag Joseph H Roe 

R W Gerard Sidney C Madden Elmer H Stotz 

Mil TON O Lee, Managing Editor 
2101 Con'sfitulion Ave , Washington, D C 

1<EDLRATI0N Proceedinor IS published quarterly by the Federation of American 
Societies for Experimental Biology The March issue consists of the Program (Part 
II) of the Annual Meeting of the Federation, and the Abstracts (Part I) of the papers 
presented at the scientific sessions Both parts include an author index The abstracts 
are arranged alphabetically according to the first author and segregated as to Socie- 
ties The June and September issues contain symposia and other special papers pre- 
sented at Federation meetings as selected by the Editorial Board The December 
issue contains the membership list and other matters pertinent to the Constituent 
Societies of the Federation 

Price Schedule 

The subscription price is 50 ($5 25 foreign) payable in advance Single issues 
may be purchased, if ordered in advance, at the following prices No 1 (Part I, 
March, Abstracts), $3 00, No ] (Part II, March, Program), 75i, Nos 2 and 3 (June 
and September), $1 50 an issue No 4 (December), $2^ an issue Subscriptions and 
orders should be sent to the Federation of American Societies for Experimental 
Biology, 2101 Constitution Ave , Wastungton 25, D C 


Entered ae second-class matter March 10, 1942, at the Post Office at Baltimore, Maryland, under the Act 

of August 24, 1912 

Copyright 1050 by the Federation of American Societies for Experimental 
Biology All rights reserved 

Made tn the UntUd Stales of Amenca 


11 


FEDFRATION PROCEEDINGS 


Volume 9 


mass demonstrarton In the auditorium 



The auxiliary Scopicon dark chamber “round table” 
affords superb facility for small-group study 
Here the projected image is cast upon a platen 
■within a lighttight chamber, with separate light- 
excluding viewing hoods for each observer Any 
number up to ten may share in conference, which 
can be conducted in a normally lighted room A 
pointer at each port permits any observer to indi- 
cate areas of interest to all the others for discussion 



The 64,000 lumen intensity of the 
Scopicon high-pressure mercury 
lamp permits auditorium demon- 
stration of tissue sections even 
under oil-immersed microscope 
objectives In projected images six 
feet or more across, every detail of 
the cellular structure stands out 
clearly, due to the pinpoint char- 
acter of the 1 mm square (approx I 
focal spot employed The Scopicon 
light IS steady and flickerless 
Its brilliant white color exhibits 
biological stains to the greatest 
advantage May we send you the 
brochure describing this versatile 
instrument^ 



micr opr o j ec tion 
photomierography 




FEDERATION NOTICE 


To facilitate the pubhcation of an accurate and up-to-date Membership List 
m the Decembei issue of Federation Proceedings, it is lequested that any 
member whose entry in the December 1960 issue is incorrect furnish the Secre- 
taiy of his society ivith the folloivmg data, m duphcate, on 3" \ 5" cards 
Name, Degree (highest), Maihng Address (street address, city, zone, state), 
Present Position (title and department oi branch) , Society membei’sliip and 
year of election to membership in that society If you are retired, give only 
degree (s), home address, and society membership (s) ivith yeai(s) If you aie 
officially earned on the rolls of your society as a retiied or honoiaiy member, 
please so mdicate 

Names and addresses of the Society Secretaries aie as follows 

The American Physiological Society — Di M 0 Lee, Executive Secretary, 
2101 Constitution Ave , Washington, D C 

American Society of Biological Chemists — Dr E H Stotz, University of 
Eochester School of Medicine and Dentistry, Rochester 7, N Y 

American Society for Pharmacology and Experimental Therapeutics — Dr 
Harvey B Haag, Medical College of Virgmia, Dept of Pharmacology, Rich- 
mond 19, Va 

The American Society foi Experimental Pathology — Dr Sidney C Madden, 
Brookhaven National Laboiatoiy, Upton, L I, N Y 

American Institute of Nutrition — Di J H Roe, George Washington Univer- 
sitj”^ School of Medicme, Washington 5, D C 

The American Association of Immunologists — Dr Jules Freund, Public Health 
Research Institute of the City of New York, Inc, Foot of East 15th St, 
Nev York City 


At any future tune when you msh a correction made, please notify youi 
Society Secretarj'- by supplymg all required information as above Youi 
Secretary, m turn, mil foiuard the information to the Federation Secretary 
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Only an Infernotionol Cenfrifuge can offer you such 
a v/ide range of interchangeable accessories No 
other Centrifuge is so adaptable to your requirements 
present and future 

Only genuine International heads, metal shields, 
trunnion rings, cups, and rubber cushions can give 
you peak performance from your International Cen- 
trifuge Fifty years of engineering experience insure 
safety, reliability and smooth operation Each acces- 
sory IS stamped with the monogram and 

each individual piece is test run under overload for 
your protection 

Illustrated here are a few of the accessories for the 
International Sue 2 Send us the serial number of 
your Centrifuge and we will glodly send you a 
descriptive Bulletin listing all of the accessories usable 
on your machine 
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Published by Clay-Adams Co ,Inc 

141 EAST 25TH STREET NEW YORK 10 N Y 
Showrooms also at 308 Weft 

IaoahiI 

Washington St , Chicago 8, Illinois 



Animal-tested Polyethylene Tubing 
Simplifies Intravenous Therapy Procedures 


Greater comfort to the patient, plus elimination 
of repeated venipuncture and dangerous tissue 
reactions, is now assured m mtravenous ther- 
apy by usmg Clay-Adams animal-tested poly- 
ethylene tuhmg 

When usmg polyethylene tuhmg, which is 
soft, phable and chemically mert, there is no 
danger of vem puncture and the patient’s arm 
need not be immobilized Hence patient dis- 
comfort IS minimized 

Need for repeated vempunctures is also ehm- 
mated Polyethylene tuhmg may be left m the 
vem and seals readdy at the touch of a match 
flame Should the need for additional infusions 
arise, the heat seal is cut off and additional 
fluids mtroduced without further puncture 

Polyethylene tubmg is mtroduced mto a vem 
via the lumen of a needle Once inserted, the 
needle is withdrawn and the tubmg fastened m 
place with a strip of adhesive tape Because 
Clay-Adams polyethylene tubmg is animal 
tested to ehmmate tissue reaction, it has been 







left m place as an m-dwelhng catheter for as 
long as two weeks 

Polyethylene tubmg is also flndmg wide ac- 
ceptance m all procedures where m-dwelhng 
catheters and cannulas are called for or would 
be advantageous, such as caudal and spmal 
analgesia, dramage tubes, and a variety of ex- 
perimental work 

Clay-Adams animal-tested polyethylene tuh- 
mg comes m twenty-three tube sizes, different 
sized Luer-Lok couplers for couphng tubmg to 
S5U'mge are also available 


Medichromes Available for Most Medical Specialties 



Regardless of your specialty, chances are that 
Clay-Adams probably has a Medichrome senes 
to cover your field of mterest. To mention only 
a few of the more than forty senes avadable, 
there are Medichromes covermgvanous aspects 
•of the foUowmg specialties clmical pathology, 


surgery, dermatology, gynecology, ophthalmol- 
ogy, urology, pediatncs Subjects are covered 
from nursmg as well as medical phases 

Medichromes are prepared from ongmal 
normal and pathological specimens, nucroscopic 
and gross, under the gmdance of a recognized 
authonty m each field 


SPECIAL LITERATURE AVAILABLE 

Detailed descriptions on the following may be ob- 
tained from Clay Adams on request by number 


Rust Inhibiting Germicide (503) 

Polyethylene Tubing & Accessories „ (447 B) 

Kahn Trigger Cannula Outfit (466) 

Medichromes - (339 MU 
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SeWValL 

ANGLE CENTRIFUGES 

Ask for Bulletin TQ-121 
unth complete data on all models 



With safety design self-centenng device 
and dynamical balance 13,000 r p m 
20,000 X G Cap 8 X 50cc or 16cc tubes 
NEIV TYPE SS-2 VACUUM CENTRIFUGE 
37 000 r pjn 50 000 X G 
Capacity 16 X BOcc tabes 



STERLING AUTOMATIC 

AND 

HAND PIPETTES 

Dispense accurately, at a set speed, pre- 
determined amount of 0 1 cc to 10 0 cc 
Easj' to Operate — Time Saving 

SerValL 
Magnetic Stirrer 
Ask for Bulletin TQ-124 
Stirs 

• in open vessels 

• In closed systems 

• under pressure 

• under sterile 
conditions 



NP*VAf Thermostatically Controlled 

Swingable Heating Plate 

Novel, shook Resistant Glass- NFIA/ 
encased Stirring Elements 


Manufacturers and Distributors 

IVAN SORVALL, Inc. 

210 FIFTH AVE -NEW YORK 10, N Y 


FEDERATION 

PLACEMENT 

SERVICE 

THE FEDERATION PLACEMENT 
SER^T^CE t\ill begin the folloivmg service 
to heads of departments oi laboi atones in 
umversities, foundations, industry and gov- 
ernment agencies tiammg and/oi employing 
biologists m the fields of the Fedeiated So- 
cieties, suppl3Tng 

1 Quai tei lists of available pei-sonnel 

2 Semi-annual hsts of position openings 

3 Annual hsts of available fellowships 

and exchange positions 

This null supplant the pieiaous monthlj'’ cn- 
culation of apphcants alone 

The Placement Semce makes no recommen- 
dations as to eithei positions oi candidates, 
sei\ang onlj^ as an information agency At 
the annual Spimg Meeting of the Federation 
mtei\aew8 between employers and candi- 
dates aie aiianged 

Forms for the registration of applicants, positions, 
fellowships and exchanges are available upon 
request from 

PLACEMENT SERVICE 
Fedeiation of Amencan Societies 
foi Ex^ienmental Biology 
2101 Constitution Avenue 
Washington 25, D C 
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DO YOU KNOW? 


THE BOOKLET I 'A PRACTICAL GUIDE’ 

on the Care of Small Animals for Medical Research by 
• HARRY G HERRLEIN 

contains such illustrated subjects on Mice, Rats, Guinea 
.Pigs and Rabbits as— 


Copies of this valuable book- 
let will be mailed upon re- 
quest with our compliments 
without any obligation 

ROCKLAND 

FARMS 

New City (Rodtland County). New York 


HOUSIHG-CAGES-FEEDING AND WATERING EQUIPMENT 

VERMIN, PARASITE and BACTERIA CONTROL 

BEDDING-NUTRITION-BREEDING 

Reprints of SALMONELLA CONTROL METHODS with 

COLONIES of MICE and RATS 

COMPLETE MINERAL and VITAMIN BREAKDOWN of ROCK- 
LAND STOCK DIETS 

A MODIFIED MINDLIN and BUTLER METHOD for DETERMI- 
NATION of ASCORBIC ACID in FEEDS 
and many other important subjects pertaining to small 
animal care 


GOVERNMENT REGISTRATION OF SCIENTIFIC PERSONNEL 

Within the next few months, approximately 150,000 American scientists will be asked 
to participate in one of the most comprehensive registrations of scientific personnel yet 
attempted by the Government Final plans have been completed for this operation by the 
National Scientific Register, sponsored by the National Secunty Resources Board Ihe 
registration viU be accomplished by means of questionnaires mth the direct assistance of 
the pnncipal professional and scientific soaeties, and viU include qualified scientists in the 
fields of the biological sciences The National Research Council has assumed the responsi- 
bility of conductmg the registration of biological scientists, among others 

Provision has been made for such a register m legislation creating the National Science 
Foundation Hove%er, because of the international situation early m 1950, the NSRB 
decided that this important function could not be dela 3 'ed longer, and that some interim 
action should be taken pending the creating of the NSF 

Ihe project is a loluntan'- one with the scientists themselves cooperating with the 
Go\ernment The National Scientific Register at present does not envision a large-scale 
placement function Its purpose is to pro\nde urgenth needed information on the countn-’s 
supph of technological personnel, recorded in such a manner that the s\stem wall lend itself 
to whatc\er t\-pe of placement or distnbution program might be required m the future 
The National Scientific Register project has been gnen a high prionti ba the NSRB in 
Mcw of the critical role plaaed bv American science in the last war, and in recognition of 
the fact that American securit\ and supremacy in a future war will depend to an important 
degree on the total utilization of scientific and technological skills For thi': reason, tl is con- 
sidered important that c'ur\ scientist tiho is circularized in the current registration return his 
questionnaire as qitickh us possible 
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HOIU 

For Rapid 
Determination 
of SODIUM 
and POTASSIUM 



' f /a 



BARCLAY ^iame pAotometefi 


Provides operating simplicity with variable sensitivity and a high 
order of accuracy Distinctive in appearance, all metal case in gray 
hammertone Distinctive in performance, acclaimed by laboratories 
throughout the country 

For additionai informafion write for Bulletin 550 


|barclay~ instruments 


GENERAL SCIENTIFIC EQUIPMENT CO. 

HAMDEN 14, CONNECTICUT 


Di n iiifirr 1 030 
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ROCKLAND MONKEY DIET contains cocoanui (copra) 
meal to provide palatabihty to insure immediate 
response It analyses better than 28% crude pro- 
tein, highly desirable tor monkey nutrition. 

ROCKLAND RABBIT RATION will maintain a pH of the 
intestinal content under 70 A pH of 7 0 or under 
will NOT favor the development of coccidia 
oocysts The crude protein of ROCKLAND 
RABBIT RATION is about 99% digestible 

Rats raised and maintained on ROCKLAND (D free) 
RAT DIET are suitable for D assay and satisfactor- 
ily deplete in 21 days 

ROCKLAND GUINEA PIG DIET is the only dated pre- 
pared feed fortified to provide adequate C re- 
quirements 

ALL ROCKLAND STOCK DIETS were and still are being 
further explored under the ROCKLAND RE- 
SEARCH FUND at Columbia University 

Your local dealer will stock ROCKLAND 
DIETS for you 


ARCADY FARMS 


MILLING COMPANY 


223 West Jackson Boulevard • Chicago 6, Illinois (millers and distnbutors) 


MICRO-CARD REPRINTS 

AMERICAN JOURNAL OF PHYSIOLOGY 
Volumes 1 through 5 Set of 65 cards §17 75 

PHYSIOLOGICAL HEBREWS 

Volumes 1 through 11 Set of 139 cards $37 50 

IMjcio-cards are standard 3x5 mch size and contain 30 to 150 pages 
of complete text, sur-prmted with title, page, and contents indicia The 
pages can be lead easily through a reading machine or any modem flat 
field bmocular microscope Orders should be sent direct to 

J. S. CANNER COMPANY 

909 Boylston Street 
Boston 15, Massachusetts 
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A brochure describing 
Ihe Aulolechnlcon Is 
oval/oble on request 



7hm Hum, lying at rail mertijr steeping In a 
raaganf. Is surrounJad by a “skin" of rola- 
tlyoly inocHve soluHen fermenHen Is slew, 
wncerlain 
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"AUTOTICHNICON" fltOCESSING 
The tissue moves about In the fluid, as It 
revolves In Ihe carrier basket Fresh surfaces 
are constantly being presented for peneira* 
Hon by a reagent which Is, Itself, In a state 
of genHe agitation through the tonstant ro- 
tation of the basket 


acfiire displacemeni" that does it 


Not only does the Autotechnicon relieve the laboratory 
staff of the tedious task of processing tissues "by hand/’ 
but it also completes the chosen technique foster, more 
thoroughly, more uniformly, more dependably The Auto- 
technicon IS versatile ... it fixes, dehydrates, washes, 
stains . . . delivers beautifully finished tissues ready for 
diagnosis. 

And because it needs no human intervention, it knows no 
"working day." To-day’s tissues, processed overnight 
by your own technique, will be waiting for you in the 
morning. 



automatic tissue processing 
by any histologic technique 


'fHE TECHNICON COMPANY 
215 EAST 149th STREET • NEW YORK 51, N.Y. 



ELI LILLY AND COMPANY announces 


Nipm niLiETriiN (insulin, lilly) 


and thereby marks another 


improvement in diabetes management 


Clinical evidence indicates that single daily injections of NPH In- 
sulin provide an efficiently timed Insulin effect which closely paral- 
lels average requirements over a twenty-four-hour period This new 
preparation of Insulm ehmmates, m most mstances, occasion for 
mixed injections of Insulm and Protamme Zmc Insulm In severe 
and comphcated cases, supplementary doses of Insuhn may be 
utilized, if mdicated 



Detailed information and liteiatiire pertaining to NPH Iletin {Insulin, Lilly) 
are personally supplied by your Lilly medical service representative 
or may be obtained by writing to 

ELI LILLY AND COMPANY Indianapolis 6, Indiana, USA 
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THIRTY-FIFTH ANNUAL MEETING 
CLEVELAND, OHIO 
April 29-May 3, 1951 


The 1951 Convention of the Federated Societies 
Mill be held in Cleveland, Ohio, April 29 to May 
3 The scientific sessions of the si'? constituent 
Societies -mil begin at 9 00 a m , Monday, April 
30, in the Public Auditorium and will continue 
through Thursday afternoon. May 3 

Saturday and Sunday, April 28 and 29, will be 
devoted to meetings of the Society Councils, the 
Federation Executive Committee and other com- 
mittees The Federation Joint Session will be 
Mondaj' evening, April 30, in the Music Hall of 
the Auditorium 

Please note that the Federation scientific sessions 
have been advanced by one day, beginning on Monday 
rather than Tuesday as in previous years 

REGISTRATION INFORMATION 

Registration mil open at 9 00 am, Sunday, 
Apnl 29, m the Main Lobby of the Public Audi- 
torium and mil remain open until 10 00 p m 
R egistration desks mil be open from 8 00 a m 
to 5 00 p M , Monday, Tuesdaj^ Wednesday, and 
Thursday Since the scientific sessions begin at 
9 00 A M on Mondaj", members are urged to 
complete registration on Sunda}' if possible Mem- 
bers of the constituent Societies, guests, and other 
biologists and physicians who msh to attend the 
meetings ma 3 register The official badge issued 
at the registration desk must be vorn to secure 
admission to the scientific sessions and other 
activities of the Convention There mil be a 
separate registration desk for ladies and non- 
professional guests Programs, abstracts and 
tickets for various special functions mil be on 
Sale near the registration desk 

HEADQUARTERS HOTELS 

Hotel Slatler American Physiological Societj , 
Mnencan Societj for Pharmacolog)’' and Experi- 
mental Therapeutics, American Societj for Ex- 
perimental Pathologj 

Hotel Cleveland American Societi of Biological 
Chemists, American Institute of Nutrition, Amer- 
ican Association of Immunologists 

Information on hotels and rates and the forms 
lor making resenmtions mil be distnbuted to 
members b^ the Societj' Secretaries 


EXHIBITS 

Industnal Scientific Exhibits as well as Member 
and Institutional Exhibits mil all be located on 
the Mam Arena Floor of the Public Auditorium 
Exhibits inspection penods mil be as follows 
Sunda}", April 29, 2 00 p m -8 00 p m , Monday, 
Tuesday and Wednesdaj’’, April 30, May 1 and 2, 
8 00am -5 00pm, Thursday, May 3, 8 00 A m - 
1 00 p M The exhibits are officiallj^ closed Thurs- 
da3'' at 1 00 p M ^ 

Due to the great interest which our members 
and guests have shown and expressed m the ex- 
hibits sections since their inauguration at the 
1947 meeting, the Exhibits Committee for the 1951 
meeting has given much thought to the screening 
and selection of exhibitors so as to pro'vide ex- 
hibits of diversified interest for all our members 
and guests 

Three manufacturers of soft drinks and cig- 
arettes mil provide lounges on the Arena Floor 
for the convenience of all visitors and mil serve 
complimentnr 3 ^ refreshments 

PLACEMENT SERWtCE 

An office of the Placement Service of the Fed- 
eration mil be located in the South Hall one 
flight down from the Arena Floor Applicants for 
positions should nrite to the Federation Place- 
ment Service, 2101 Constitution Avenue, Washing- 
ton 25, D C , for application forms to lie returned 
not later than April 15, 1951 Applicants who have 
previou 8 l 3 filed forms with the Service are re- 
quested to notif 3 the office and to send additional 
data not later than April 15, 1951 The application 
forms, comprising a rdsunid of education, training, 
experience, publications and t 3 pe of position de- 
sired, mil be on file at the Placement Service office 

Agencies seeking personnel should write (o the 
Federation Placement Service for emplovers’ reg- 
istration cards on which to describe the jiositions 
and to record the Cleveland addresses The cards 
should be returned to the rederilion office not 
later than 4.pril 15, 1951 Emplovers who h ive pro 
vioush filed cards should notifv the office of their 
Cleveland address not later than \pril 15 

MOTION PICTLRES 

Motion pictures wall be shown at one «cv'-ion 
to be scheduled m the program The title iiid ib 


607 


GOS 


FEDERATION PROCEEDINGS 


Volume 9 


Btract of the film must be submitted to the Society 
Secretaries Onlj 16-mm safety film can be shown , 
equipment for sound projection will be available 

DINNEBS AND LUNCHEONS 

There wull be ample facilities for holding group 
breakfasts, luncheons and dinners It is advan- 
tageous to schedule all of these through the Feder- 


ation Secretarj ’s office Members and groups 
desiring to schedule these functions should make 
their plans early and inform the Federation Secre- 
tarj of their requirements before March 15, 1951 
Specifications should include attendance evpected, 
desirable time and alternatives, conflicts to be 
avoided, and screen and lantern reqmrements for 
the discussion session following the meal 



FEDERATION OF AMERICAN SOCIETIES FOR 
EXPERIMENTAL BIOLOGY 

EXECUTIVE COMMITTEE, 1950-1951 


D B Dill, R W Gerard, Amencan Physiological Society 
H B Vickery’, E H Stotz, Amencan Society of Biological Chemists 
Carl F Schmidt, H B Haag, Amencan Society for Pharmacology and 

Experimental Therapeutics 

James F Rinehart, Sidney C Madden, Amencan Society for Experimental Pathology 
W H Griftith, J H Roe, Amencan Institute of Nutntion 
Geoffeey Edsall, Jules Freund, Amencan Association of Immunologists 
Geoffrey Edsall, Chairman, Boston Umv School of Medicine, Boston, Mass 

C G King, Ex-Chairman 

M 0 Lee, Federation Secretary, 2101 Constitution Ave , Washmgton, D C 


STANDING COMMITTEES 

Promotron of Biological Research A C Ivr, 
Chairman, K F Meter, Ephraim Shorr 
Secretaries Committee Jules Freund, Chairman, 
Immunologj'', R W Gerard, Physiologic 
E H Stotz, Biochemistry, H B Haaq, 
Pharmacology, S C Madden, Pathology, 
J H Roe, Nutrition 

Federation Finance Committee C G King, Chair- 
man, S C Madden, W 0 Fenn, Geoffret 
Edsall, ex officio 

FORMER EXECUTIVE COMAHTTEES 
Philadelphia, Dec 28-31, 1913 

S J Meltzer, Chairman and A J Carlson, 
Secretary, The Phj siological Society A B Macal- 
LUM md P A Shaffer, The Biochemical Society 
T Soi lmann and J Auer, The Pharmacological 
Society 

St Louis, Dec 27-30, 1914 

G Lusk, Chairman, and P A Shaffer, Secre- 
tary, The Biochemical Societj T Sollmann and 
T VuER, The Pharmacological Societj R M 
Pevrce and G H Whipple, The Pathological 
Soclet^ W B Cannon and A J Carlson, The 
Pin siological Societj 

Boston, Dec 26-29, 1915 

Tormd SoLLiiANN, Chairman, and John Auer, 
Sccrctani, The Pharmacological SocicIa Tufo- 
n^LD Smith and Pei ton Rou*;, The Pathological 
Socieli B Cannon and C 11 Greenf, The 
Plnsiolopcil SocictA 11 ALTFR JoNE*? and P A 
SiiAii-iR, The Biochemical SocictA 


New York, Dec 27-30, 1916 

Simon Flexner, Chairman, and Petton Rous, 
Secretary, The Pathological Society W B Can- 
non and C W Greene, The Physiological So- 
ciety Walter Jones and Stanley R Benedict, 
The Biochemical Society Reid Hunt and J 
Auer, The Pharmacological Society 

Mlnneapolis-Rochesler, Dec 27-29, 1917 

Frederic S Lee, Chairman, and Charles W 
Greene, Secretary, The Physiological Society 
Carl L Alsberg, and Stanley R Benedict, 
The Biochemical Society Reid Hunt and L G 
Rountree, The Pharmacological Society Lud- 
vig Hektoen and Howard T Iaarsner, The 
Pathological Society 

Baltimore, April 24-26, 1918 

Carl L Alsberg, Chairman, and Stanley R 
Benedict, Secretary, The Biochemical Societj 
Reid Hunt and E D Broaa n. The Pharmacologi- 
cal Societj H Gideon Wells and Houard T 
Karsner, The Pathological SocictA Fredfric S 
Lee and Charles W Greene, The PLa siological 
Societj 

Cincinnati, Dec 29-31, 1919 

A S Loeaeniiart, Chairman, and E D 
Broun, Secretary, The Pharmacological SocietA 
G MacCalllm and IIoaa ard T Karsnlr, 
The Pathological SocictA 11 arren P Lombard 
and Charles 11 Grefnf, The Pin siological '^o- 
cietA Stanlfa R Bfnfdict and 1 ictor C 
Myers, The Biochemical SocictA 
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Chicago, Dec 28-30, 1920 

William H Pabk, Chairman and Howabd T 
Karsner, Secretary, The Pathological Society 
Warrev P Lombard and Celajiles W Greene, 
The Ph} Biological Society Stanley R Benedict 
and Victor C Myers, The Biochemical Society 
A S Loevenhart and Edgar D Bhoy™, The 
Pharmacological Society 

New Haven, Dec 28-30, 1921 

J J Macleod, Chairman, and Charles W 
Greene, Secretary, The Physiological Society 
D D Van Slyke and Victor G Meyers, The 
Biochemical Society G W Edmunds and Edgar 
D Brown, The Pharmacological Society F G 
Novt and Wade H Brown, The Pathological 
Society 

Toronto, Dec 27-29, 1922 

D D Van Slyke, Chairman, and Victor C 
Myers, Secretary, The Biochemical Society G W 
Edmunds and Edgar D Brown, The Pharmaco- 
logical Society Homard T ICarsner and Wade 
H Brown, The Pathological Society J J R 
Macleod and Charles W Greene, The Physio- 
logical Society 

St Louis, Dec 27-29, 1923 

C W Edmunds, Chairman, and Edgar D 
Bromn, Secretary, The Pharmacological Society 
E L Opib and Wade H Brown, The Pathological 
Societv A J Carlson and Charles W Greene, 
The Phjsiological Society Philip A Shaffer 
and Victor C Myers, The Biochemical Society 

Washington, Dec 29-31, 1924 

Alfred S Warthin, Chairman, and E B 
ICrumbhaar, Secretary, The Pathological Society 
A J Carlson and Walter J Meek, The Physio- 
logical Society P A Shaffer and D Wright 
Wilson, The Biochemical Society John Auer 
and E D Brown, The Pharmacological Society 

Cleveland, Dec 28-30, 1926 

A J Carlson, C/iairman, and Walter J Meek, 
Secretary, The Physiological Society^ H C Sher- 
man and D Wright Wilson, The Biochemical 
Society John Auer and E D Broivn, The Phar- 
macological Society George H Whipple and E 
B Krumbhaar, The Pathological Society 

Rochester, N Y , April 14-16, 1927 

E C Kendall, Chairman, and F C Koch, 
Secretary, The Biochemical Society John Auer 
and E D Bhoivn, The Pharmacological Society 


W H Brown and E B Krumbhaar, The Patho 
logical Society J Erlanger and W J Meek, 
The Physiological Society 

Ann Arbor, April 12-14, 1928 

Carl Voegtlin, Chairman, and E D Brorn, 
Secretary, The Pharmacological Society David 
Marine and Carl V Weller, The Pathological 
Society Joseph Erlanger and Walter J Meek, 
The Phy'siological Society E V McCollum and 
D Wright Wilson, The Biochemical Society 

Boston, Ang 19-24, 1929 

{The Xlllth International 
Physiological Congress) 

Edward B Krumbhaar, Chairman, and Carl 
V Weller, Secretary, The Pathological Society 
Joseph Erlanger and Walter J Meek, The 
Physiological Society E V McCollum and D 
Wright Wilson, The Biochemical Society Carl 
Voegtlin and E D Brown, The Pharmacologi- 
cal Society 

Chicago, March 26-29, 1930 

Walter J Meek, Chairman, and Alfred C 
Rbdfield, Secretary, The Physiological Society 
W R, Bloor and Howard B Lewis, The Bio- 
chemical Society Carl Voegtlin and E D 
Brown, The Pharmacological Society William 
F Petersen and Carl V Weller, The Patho- 
logical Society 

Montreal, April 8-11, 1931 

W R. Bloor, Chairman, and H B Lewis, 
Secretary, The Biochemical Society George B 
Wallace and E D Brown, The Pharmacological 
Society Frederick L Gates and C Philup 
Miller, The Pathological Society Walter J 
Meek and Arno S Luckhardt, The Physiological 
Society 

Philadelphia, April 27-30, 1932 

George B Wallace, C/iairman, and V E Hen- 
derson, Secretary, The Pharmacological Society 
Samuel R Haythorn and C Phillip Miller, 
The Pathological Society Walter J Meek and 
Arno B Luckhardt, The Physiological Society 
H C Bradley and Howard B Lebus, The Bio 
chemical Society 

Cincinnati, April 10-12, 1933 

Peyton Rous, Chairman, and C PhilUp 
Miller, Secretary, The Pathological , 

Arno B Luckhardt and Frank C Mann, 
Physiological Society^ H C Bradley 
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Hovsabd B Lews, The Biochemical Society 
Wsi deB MacNider and V E Henderson, The 
Pharmacological Society 

New York, March 28-31, 1934 

Arno B Leckhardt, Chairman, Prank. C 
Mann, Secretary, and Alexander Forbes, Treas- 
urer, The Physiological Society W M Clark 
and H A Mattill, The Biochemical Society 
W deB MacNider and V E PLbndbrson, The 
Pharmacological Society Carl V Weller and 
C Phillip Miller, The Pathological Society 

Detroit, April 10-13, 1936 

W M Clark, Chairman, H A Mattill, Secre- 
tary, and C H Fiske, Treasurer, The Biochemical 
Society Charles W Greene and Frank C 
Mann, The Physiological Society R A Hatcher 
and E M K Geiung, The Pharmacological So- 
ciety S Burt Wolbach and Shields Warren, 
The Pathological Society 

Washington, March 26-28, 1936 

V E Henderson, Chairman, E M K Geiung, 
Secretary, and C M Gruber, Treasurer, The 
Pharmacological Society Frank C Mann and 
Andrew C Ivt, The Physiological Society H 
B Leris and H A Mattill, The Biochemical 
Society Oskar Klotz and Shields Warren, 
The Pathological Society 

Memphis, April 21-24, 1937 

Alphonse R Dochez, Chairman, and Shields 
Warren, The Pathological Society Frank C 
Mann and Andrer C Ivt, The Physiological 
Society Horard B Lerts and H A Mattill, 
The Biochemical Society V E Henderson and 
E M K Geiung, The Pharmacological Society 
D B Hooker, Secretary 

Baltimore, March 36-April 2, 1938 

Wit It KM T Porter, Honorary President, Wal- 
ter E Ga-RREi, Chairman, and Andrer C I\t, 
The Physiological Societi Glenn E Cullen and 
H V Mattill, The Biochemical Society Arthur 
L TyriyniidG Philip Grabfield, The Pharma- 
cological Society C Phillip ^Miller and Paul 
11 Cannon, The Pathological Society D R 
lIooKVR, Secretary 

Toronto, April 26-29, 1939 

Gllnn E Cm 1 1 s. Chairman, indCiiARiEsG 
King The Biochemical Socioti \nTHLRL Tatlm 
md G Pimip Grarfuld, The Pharmacological 
Sooicty C Piiii I n Mil LLR and Pall R Cannon, 


The Pathological Society Walter E Garret 
and ANDRByy C Ivy, The Physiological Society 
D R Hooker, Secretary 

New Orleans, March 13-16, 1940 

E M K Geiung, Chairman, and G Philip 
Grab FIELD, The Pharmacological Society Ern- 
est W Goodpasture and Paul R Cannon, The 
Pathological Society Andrew C Ivt and Philip 
Bard, The Physiological Society Wiluam C 
Rose and Charles G King, The Biochemical 
Society D R Hooker, Secretary 

Chicago, April 15-19, 1941 

Shields Warren, Chairman, and H P Smith, 
The Pathological Society Thorne M Carpenter 
and L A Maynard, The Institute of Nutrition 
Andrew C Ivy and Phiup Bard, The Physio- 
logical Society Wiluam C Rose and Charles G 
Kino, The Biochemical Society E M K Gbil- 
INQ and G Philip Grab field, The Pharmacologi- 
cal Society D R Hooker, Secretary 

Boston, March Sl-Aprll 4, 1942 

Albert G Hogan, Chairman, and Arthur H 
Smith, The Institute of Nutrition Pmup Bard 
and Carl J Wiggbrs, The Physiological Society’’ 
Rudolph J Anderson and Arnold K Balls, 
The Biochemical Society E M K Geiung and 
R N Bieter, The Pharmacological Society 
Jesse L Bollman and H P Smith, The Patho 
logical Society’ Shields Warren, Ex-Chairman 
D R Hooker, Secretary 

1943, 1944, 1946 The meetings scheduled for 
Cleveland were cancelled because of war 
conditions 

Phiup Bard, Chairman, and Wallace 0 Fenn, 
The Physiological Society’ E A Doist and 
Arnold K Balls, The Biochemical Society E 
K Marshall, Jr and Ratniond N Bieter, The 
Pharmacological Society Balduin Luck£, and 
H P SyiiTH, The Pathological Society Leon nud 
A Maynard and Arthur H Smith, Tlie Institute 
of Nutntion Jacqufs J Bronfenbrenner and 
Arthur F Coca, The Association of Immunolo- 
gists D R Hooker, Secretary 

Atlantic City, March 11-16, 1946 

Philip Byno, Chairman, V yLLycE 0 Fenn, 
The Physiological Society V Baird Hastings 
and Vrnold K ByLLS, The Biochcniic d Society 
Eriiin E Xflson and RyYyiOND X Biftlr, The 
Pharmacological Society ByiniiN htcKf and H 
P SyiiTH, The Pathological Society Viltiim C 
Rosf and H E CyuTEn, The Institute of Xutn- 



612 


FEDERATION PROCEEDINGS 


Volume 9 


tion Jacques J BKONFENBREN^EK and Arthur 
F Coca, The Association of Immunologists D R 
Hooker, Secretary 

Chicago, May 18-22, 1947 

A Baird Hastings, Chairman, and Otto A 
Besset, The Biochemical Society Maurice H 
Servers and Harvet B Haag, The Pharmaco- 
logical Society Paue R Cannon and Frieda S 
Robscheit-Robbins, The Pathological Society 
Aathur H Smith and H E Carter, The In- 
stitute of Nutrition Michael Hbidelberger 
and Arthur F Coca, The Association of Immu- 
nologists Wallace O Fenn and Maurice B 
Visscher, The Physiological Society William 
H Chambers, Secretary 

Atlantic City, March 15-19, 1948 

Maurice H Seevers, Chairman, and Harvey 
B Haag, The Pharmacological Society Douglas 
H Sprunt and Frieda S Robscheit-Robbins, 
The Pathological Society R M Bethkb and H 
E Carter, The Institute of Nutntion Lloyd D 
Felton and Arthur F Coca, The Association of 
Immunologists Wallace 0 Fenn and Maurice 
B Visscher, The Phy^siological Society Hans T 


Clarke and Otto A Bessby, The Biochemical 
Society William H Chambers, Secretary 

Detroit, April 18-22, 1949 

H P SmTH, Chairman, and Frieda S Rob- 
scheit-Robbins, The Pathological Society E 
M Nelson and J H Rob, The Institute of Nu- 
trition Michael Hbidelberger and Jules 
Freund, The Association of Immunologists 
Maurice B Visscher and D B Dili^ The Phys- 
iological Society Hans T Clarke and Otto A 
Bessey, The Biochemical Society Carl A Drag- 
STEDT and Harvey B Haag, The Pharmacological 
Society M O Lee, Federation Secretary 

Atlantic City, April 17-21, 1960 

C G King, Chairman, and J H Roe, The 
Institute of Nutntion Thomas Francis, Jr , 
and Jules Freund, The Association of Immunol- 
ogists Carl J Wiggers and D B Dill, The 
Physiology^ Society Carl F Cori and Richard 
W Jackson, The Biocheimstry Society Carl F 
Schmidt and H B Haag, The Pharmacology 
Society John G Kidd and Sidney C Madden, 
The Pathology Society M 0 Lee, Federation 
Secretary 
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BY-LAWS 

Adopted at the Washington Meeting, 1936, and 
amended at the Boston Meeting, 1942 

1 The Presidents and Secretaries of the Con- 
stituent Societies, the Chairman of the Executive 
Committee of the preceding ymar and the Federa- 
tion Secretary^ shall form the Executive Com- 
mittee of the Federation 

2 The Chairmanship of the Executive Com- 
mittee shall be held in turn by the Presidents of 
the Constituent Societies, who shall succeed one 
another annually in the order of seniority of the 
Societies 

3 The Executive Committee shall appoint an- 
nually from the membership of the Federation a 
Secretary -Treasurer, to be known as the Federa- 
tion Secretary 

4 The Federation Secretary^ shall (a) Keep the 
minutes of the Executive Committee and distrib- 
ute copies to the Secretaries of the Constituent 
Societies (b) Make arrangements for the Annual 
^Meeting with the Local Committee, with the ap- 
proval of the Executive Committee (c) Print in 
convenient combined form and distribute to the 
membership of the Federation the programs of 
the Constituent Societies as received from their 
respective Secretaries (d) Undertake such other 
duties to be decided upon from time to time by the 


Executive Committee, as do not conflict mth the 
complete autonomy of the Constituent Societies 

5 The Executive Committee shall control all 
momes in the hands of the Federation Secretary, 
who shall make an annual report to the Executive 
Committee for audit and approval The expenses 
of the Federation Secretary, as authorized by the 
Executive Comimttee, shall be the first charge 
on such monies and if insufflcient for the purpose 
the Executive Committee shall prorate such ex- 
penses to the Constituent Societies of the Federa 
tion in proportion to their respective member- 
ships 

The Executive Committee may appropriate 
Federation monies annually for the uses of Local 
Committees and for the uses of other authorized 
Committees but in the latter cases an audit of 
expenditures shall be made and approved before 
such committees are discharged 

6 The Executive Committee shall determine 
the place of the Annual Meeting, and the time 
shall be determined by the Local Committee, 
preferably mthin the period of March fifteenth to 
May' first 

7 The Local Committee nt the place of meeting 
of the Federation shall charge such foe for rcgis 
tration as may be approved by the Executive 
Committee The monies thus collected shall be 
used to defray the expenses of the Local Com- 
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imttee and the remainder, after such expenses 
have been met , shall be turned over to the Federa- 
tion Secretarv 

8 The Executive Committee shall consider 
measures of advantage to the Federation as a 
whole Any Constituent Society may refer similar 
measures to the Executive Committee No action, 
however, shall be taken bj^ the Executive Com- 
mittee unless specificallj^ authorized by all the 
Constituent Societies 

9 The Chairman of the Executive Committee 
may appoint committees when the purposes of 
such committees have been approved by all the 
Constituent Societies of the Federation Such 
committees shall be appointed for a term of one 
jear, but may be continued and their members 
reappointed Such committees shall report in 
writing to the Executive Committee, vhich shall 
in turn report thereon to the Constituent Societies 
either for information or recommendation The 
Secretaries of the Constituent Societies shall re- 
port the recommendations of their respective 
Societies to the Executive Committee for final 
action 

10 All individuals iihose names appear on the 
program bj invitation or introduction and those 
registering from anj recognized biological labora- 
tory may be enrolled as Associate Members of the 
Federation for that Annual Meeting Such Associ- 
ate Members may enjoj’’ all the privileges of the 
Annual hleeting except that of voting 

11 No person maj'- present orallj’^ more than one 
paper during all of the scientific sessions of the 


Constituent Societies at the time of the Annual 
Meeting except upon invitation of the Executive 
Committee or a Council Papers must be sub- 
mitted to the Secretary of the Society of which the 
proposer is a member The proposer may request 
transfer to another program, but this may only be 
done mth the consent of the Secretary of the 
Society concerned Any Secretary who regards any 
paper submitted to him as better suited to the 
program of another Society may arrange this 
transfer mth the Secretar 3 f of the Society con- 
cerned, if it be possible Such transfer shall be 
indicated on the program 

12 Abstracts not to exceed two hundred and 
fifty vords in length, of papers approved for 
presentation at all of the scientific sessions of all 
the Constituent Societies at the Annual Meeting, 
shall receive publication in the Federation Pro- 
ceedings 

13 A Control Committee, consisting of at least 
one representative of each Constituent Society 
as designated by the several Councils, shall have 
editorial control over the Federation Proceedings 
which shall be financed as reqmred bj' an annual 
assessment of all the members of each Constituent 
Society 

14 The Control Committee shall have power to 
choose certain additional papers presented at the 
Annual Meetings and from other sources, includ- 
ing material heretofore published in the Federa- 
tion Yearbook, for publication in the Federation 
Proceedings 


PROPOSED FEDERATION CONSTITUTION AND BY-LAWS 


To the Members of the Constituent Societies 

The Federation Executive Committee in 1948 
appointed a committee (IV H Chambers, M O 
Lee and the Societi Secretaries) to prepare a draft 
of a Constitution and a revision of the Bj-Laws 
of the Federation The draft was submitted pre- 
vious to the 1950 Spring meeting to the Executive 
Committee, which made various changes and sub- 
mitted it as a proposed Constitution and Bj- 
Laws to the constituent Societies for their con- 
sideration The Executive Conmiittee then voted 
to publish the proposed Constitution and Bj- 
Laws, wath further changes suggested bi the So- 
cieties, 111 Federation Proceedings, so that the mem- 


bers of each Societj could examine it before their 
Society takes action 

In the draft below , certain provisions are given 
in an alternative form ns the result of suggestions 
that have not jet had consideration bj the whole 
Executive Committee At the coming 1951 Federa- 
tion meeting these and other suggestions will be 
considered bj the Federation Executive Commit- 
tee and a final form of the proposed Constitution 
and Bj-Laws mai be referred to the Socictiea 
for their action as to adoption 

Suggestions for changes or additions arc solic- 
ited and maj be sent to the Secretnrj of lour So- 
ciety or to the Federation Seerctarj, 


CONSTITUTION 


knxicLB I Xante 

The 11 ime of tins organization is the FEObKx- 
TIOX Ol VmLUK \N SotlLTIlS FOR ExPbRIMl NTXL 
Bioi orx 


Vrticif II Purpose 

( Mternatirc I) The purposes of the I edcrition 
arc to bring together iniestig itors in the liio 
logical ind medical sciences in the fields retire 
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sented by its constituent Societies and to dis- 
seminate information on the results of biological 
and medical research through publications and 
scientific meetings 

{^Alternative S) The objects of the Federation 
are to bring together investigators in the bio- 
logical and medical sciences in the fields repre- 
sented by the member Societies, to disseminate 
information on the results of biological research 
through publications and scientific meetings, and 
to serve such other purposes as may be approved 
by the member Societies 

[Alternative S is proposed in order to permit the 
continuation of such Federation activities as 
the Placement Service ] 

Abticle III Membership 

Sectiok 1 The constituent members of the 
Federation are The Amencan Physiological So- 
ciety, Inc , Amencan Society of Biological Chem- 
ists, Inc , Amencan Society for Pharmacologj’- 
and Experimental Therapeutics, Inc , The Amer- 
ican Society for Experimental Pathology, Inc , 
American Institute of Nutrition, Inc , The Amer- 
ican Association of Immunologists 

Section 2 Other Societies in the field of e\- 
penmental biological science, whose purposes are 
consonant with those of the Federation, may upon 
application for membership be admitted, but only 
by the unanimous consent of the Societies that 
are members of the Federation at the time of such 
application 

Any constituent Societj' may withdraw from 
membership in the Federation one year following 
written notification to each of the other constit- 
uent Societies of its intention to discontinue 
membership 

Article IV Management 

{Alternative 1) The general management of the 
Federation shall be vested in a Federation Coun- 
cil consisting of the President and Secretary of 
each constituent Society and the Chairman of the 
Federation Council for the preceding year 

The Chairmanship of the Federation Council 
shall be held in turn by the Presidents of the con- 
stituent Societies, who shall succeed one another 
annually in the order of seniority of the Societies 
m the Federation 

{Alternative S) The general management of the 
Federation shall be vested in a Federation Council 
•consisting of a Chairman and the President and 
Secretary of each member Society 

Each Society, in its turn as determined bj sen- 
iority m the Federation shall furnish for a one- 
year term the Federation Council Chairman, who 
shall have been the President of that Society dur- 
ing the preceding tear 


[The intent of Alternative S is to insure that the 
Chairman of the Federation Council shall have 
served at least one year as a member of the Coun- 
cil previous to becoming its Chairman ] 

Arttclb V Amendments 

Amendments to the Constitution may be en- 
tertained only when presented by a constituent 
Society Any constituent Society may propose 
amendments to the Constitution to the Federa- 
tion Council at any annual meeting If the pro- 
posed amendment is approved by a majority of the 
members of the Federation Council, it shall be 
published in the Federation Proceedings and re- 
ferred to the constituent Societies for ratification 
at the next annual meeting The proposed amend- 
ment shall be adopted if it is ratified by all of the 
constituent Societies within a period of two years 
after its publication 

{Altemalive 1) By-laws may be adopted, 
amended or repealed at any annual meeting by the 
approval of all of the constituent Societies 

{Alternative 2) By-laws may be adopted, 
amended or repealed at any annual meeting by the 
approval of a majonty of the constituent So- 
cieties 

BY-LAWS 

Article I The Federation Council 

Section 1 The Federation Council shall con- 
sider matters affecting the Federation as a whole 
and matters referred to it by any constituent 
Society 

Section 2 The Federation Council shall ap- 
point annually from the membership of the con- 
stituent Societies a Secretary-Treasurer, to be 
known as the Federation Secretary, who may pre- 
sent matters to the Federation Council for decision 
at its executive sessions or by mail, but who shall 
not be entitled to vote The Federation Secretary 
shall be compensated as an employee of the Fed- 
eration 

Section 3 The Federation Council shall con- 
trol all monies of the Federation It shall deter- 
mine the annual Federation assessment per mem- 
ber of the constituent Societies The assessment 
shall be applied to the total membership of each 
Society as of July 1 of each j ear and shall be due 
the Federation on that date The Federation Coun- 
cil shall set the subscription rates of Federation 
publications after considering the recommenda- 
tions of the Managing Editor, and shall set the 
fees of the Placement Service The Federation 
Council may appropnate Federation monies or 
the use of its authorized committees and for other 

purposes of the Federation , ,i j 

Section 4 The Federation Council shall ae- 
termme the time and place of the Annual Meeting 
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upon recommendation of the Federation Secre- 
tary The suggested time shall be during the 
second, third or fourth -week of April 

Section 5 Method of Voting Questions and 
motions, except those pertaining to Article III, 
and Article V of the Constitution, put to the Fed- 
eration Council shall be decided by one of the 
following three methods 

(a) By majority vote of the members of the 
Federation Council present The presence of nine 
members representing four or more Societies shall 
constitute a quorum 

(b) By vote by Societies, whereby the two rep- 
resentatives of each Society shall cast a single 
ballot on behalf of their Societjq and a unanimous 
vote shall be necessarj' for approval 

(c) By vote of Societies, whereby the matter 
shall be referred to the Societies for decision In 
such case the vote of each Society shall be reported 
to the Federation Council and recorded Approval 
bj all of the member Societies shall be necessarj' 
for action bj, the Federation Council 

The method presenbed under (a) of this sec- 
tion shall be followed on all questions in execu- 
tive session or by mail ballot, unless the two rep- 
resentatives of aiij Society jointly request that 
method (b) or (c) of this section be followed If 
requests hi the representatives of two or more 
Societies differ as to whether method (b) or (c) 
shall be used, the method proscribed in (c) shall 
be followed 

( iUcrnahvc Omit the words “or bj mail ballot” 
in the last paragraph of Section 5 and add the 
following ns a new paragraph at the end of Sec- 
tion 5 ) 

iMattcrs referred to the Federation Council for 
aote bi mail ballot shall require unanimous ap- 
prov d if there has been no opportumtj for dis- 
cussion, if such opportuniti has been provided 
cither in a Council session or bi mail, a majonti 
Note shall prevail unless nlternato method (&) or 
(cl of voting IS requested In cither case a mail 
\otc shall require at least nine replies 

Section G In the absence of the Chairman of the 
Federation Council at ana meeting, the Pnst- 
Cli iirman sh ill preside In the absence of the 
President ind/or Secret ar^ of a Societa , that 
Soeicti nii\ uitlionzc a designated alternate to 
represent it {Altcniaiuc) Change “Past Chair- 
niaii” in Section 6 to “prospect iie Chairman ” 

VnTicLE II Federation Secretary 

The Fcdcrition Secretin shall act as Score 
tin to the Peder ition Council ind be responsible 
for all Peder ition records, he shall ict as Treas- 
urer of the Peder ition and shall submit to the 
Pedcration Council not I Ucr th in 1 ebruari of 
each \cir financi il btUements for the prcMous 
cilcndir rear audited In i reimt ible firm of 


certified public accountants, he shall be respon- 
sible for making the arrangements for the Annual 
Meeting of the Federation, he shall act as manag- 
ing editor of the publications of the Federation 
and be responsible for their business management 
and for carrjnng out the editorial policies, he shall 
supervise the Federation Placement Service and 
make an annual report on its activity to the Fed- 
eration Council , he shall perform such other duties 
as may be prescribed by the Federation Council 
and which do not conflict with the constitution 
and by-laws of the constituent Societies 

Article III Committees and Representatives 

Section 1 The Chairman of the Federation 
Council shall appoint members of Standing Com- 
mittees (except the Secretaries Comnuttee), rep- 
resentatives of the Federation to other organiza- 
tions, and members of such other committees as 
may be designated by the Federation Council 
Members of the committees shall be appointed 
for specific terms and may be reappointed Com- 
mittees shall report in wanting through their Chair- 
men to the Federation Council, wluch shall in 
turn report thereon to the constituent Societies 
for their information, recommendation or action 
Any committee using authorized funds of the 
Federation for its purposes shall have an audit of 
Its expenditures made and approved before it is 
discharged 

Section 2 A Secretaries Committee composed 
of the Secretaries of the constituent Societies and 
the Federation Secret an shall be a standing Com- 
mittee of the Federation This coniniittec shall 
meet at the call of the Federation Secretarv and 
shall be responsible for arranging the progr im of 
the annual meeting, for setting, upon the recom- 
mendation of the Federation Secretan , the regis- 
tration fees for the annual meeting, and for such 
other duties ns the Federation Council niai desig- 
nate 

{AltcrnaUre 1) The Chairman of the Secretaries 
Committee shall be the Secretan of the Socielj 
whose President is the Chairman of the Federa- 
tion Council 

( Uternative 2) The Ch urm in of the Secretaries 
Committee shall be the Secretan of the Societi 
which furnishes the Ch iirni in of the Federation 
Council 

Vrticil D Meetings 

SicTiox 1 The Federation shill hold an Vn- 
imnl Meeting for the present ition of ji ipcrs at 
the scientific sessions of the constituent 'tociotic'- 
and the general sessions of the Fcdcr itioii and for 
the transiction of business b\ the Fcdcrition 
Council 

SicTiox 2 \o jicrson in i\ jirc^cnt oralli more 
than one jiajier during ill of the scientific st^sions 
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of the constituent Societies at the Annual Meeting, 
except upon invitation of the Chairman of the 
Federation Council or the Council of a Society 
The oral presentation of any paper shall be by the 
first-named author except bj' permission of the 
Secretary of the Society concerned {Allemaiive) 
Omit the preceding sentence Each Society may 
make such additional restrictions on its program 
as It desires 

Section 3 Papers to be read at the annual meet- 
ing of the Federation must be submitted to the 
Secretary of a Society of which the proposer of the 
paper is a member A member of a constituent 
Society may invite non-members to appear as co- 
authors of a paper with him, or he ma> propose a 
paper by non-member authors whom he intro 
duces 

Section 4 Each Society shall have responsibil- 
itj' for selecting and arranging its scientific pro- 
gram provided the general regulations of the Fed- 
eration are followed 

The authors of a paper may request its transfer 
to the program of another Society, but this may 
be done onlj’’ with the consent of the Secretaries 
of the two Societies concerned Secretaries on their 
own initiative may transfer papers from the pro- 
gram of one Society to that of another All trans- 
fers of papers shall be mdicated m the program 

Section 5 The abstracts of papers read at the 
scientific sessions of all of the constituent Societies 
at the annual meeting shall be published in Fed- 
eration Proceedings Abstracts shall not exceed 
275 words in total length, inclusive of titles, au- 
thors’ names, laboratory and place of origin 

\bticle V Pubhcaltons 

Section 1 The official publications of the Fed- 
eration shall be the Federation Proceedings and 
such other publications as the Federation Council 
may authorize Federation Proceedings shall be 
owned and published quarterly by the Federation 
under the supervision of th meanaging editor and 


the Secretaries Committee The March issue shall 
consist of Part I, containing the abstracts of papers 
presented or read by title at the Annual Meeting 
and Part II, the Program of the Annual Meeting 
The June and September issues shall contain the 
papers from the Joint Session and Symposia, and 
other special papers as may be selected bj'^ the 
Secretaries Committee The December issue shall 
contain the annual membership list and matters 
of interest to the constituent Societies 

Article VI Placement Service 

The Federation shall maintain a Placement 
Service, under the supervision of the Federation 
Secretary, the function of w hich shall be to assist 
in the placing of professional biologists in suitable 
positions with umversities, hospitals, research 
foundations, industrial research and other or- 
gamzations seekmg such personnel 

PLACEMENT SERVICE 

The Federation maintains a service to act as a 
medium of communication between persons seek- 
ing positions for teaching or research and institu- 
tions that wish to fill vacancies in these sciences 

The service does not undertake to recommend 
or to pass judgment upon applicants It aims 
merely to serve as a clearing-house for such infor- 
mation as above stated and to bring into touch 
with one another candidates for positions and 
emploj'ers 

Individuals, whether members of the Federa- 
tion or not, universities, other institutions and 
orgamzations desiring to avail themselves of the 
Service may receive such information as is avail- 
able By action of the Executive Committee in 
1947, a registration fee of one dollar is required 
of each applicant for a position 

All communications should be addressed to 
Federation Placement Service, 2101 Constitution 
Ave , Washington 25, D C 
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OFFICERS, 1960-1961 

President — H C Bazett* (April to July, 1960) 
D B Dill, Medical Division, Army Chemical 
Center, Md 

President-Elect— D B Dill (April to July, 
1950) Office vacant since July 1950 

Past-President — Carl J Wiggebs, Western Re- 
serve University, Cleveland, Ohio 

Council — H C Bazett* (April to Jul 3 ', 1950), 
D B Dill, C J Wiggebs, R W Gebard (1953), 
Secretary-Treasurer, E M Landis (1951), F A 
Hitchcock (1952), E F Adolph (1953) 

Executive Secretary — ^M 0 Lee, 2101 Constitu- 
tion Ave , Washington, D C 

Members of Joint Finance Committee (with Fed- 
eration ) — W O Fenn, D B Dill 

Board of Publication Trustees — ^W 0 Fenn, 
Chairman (1952), Frank C Mann (1951), R F 
Pitts (1953) 

Representative on the Division of Biology and 
Agriculture, National Research Council — Maurice 
B VisscHER (1952) 

Representative on the Division of Medical Sci- 
ences, National Research Council — ^Hallowbll 
Davis (1953) 

Representatives on the Council of the American 
Association for the Advancement of Science — J H 
Bodine, (1952), Leigh Chadwick (1952) 
Historian — ^Walter J Meek 
Contributing Editor to Scientific Monthly — John 
Field II 

PAST OFFICERS 

Organization Meeting, December SO, 1887 

S Weir Mitchell, President 
H N Martin, Secretary 

1888 H P Bov DITCH, President, H N Martin, 
Secret arj -Treasurer, J G Curtis, H C Wood, 
H Slv all. Councilors 1889 S Weir Mitchell, 
President, H N Martin, Secretary -Treasurer, 
H P Bow ditch, J G Curtis, H C Woods, 
Councilors 1890 S Weir Mitchell, President, 
II N Martin, Secret arj -Treasurer, H P Bow- 
DiTCH, J G Curtis, H H Donaldson, Counci- 
lors 1891 H P Bow DITCH, President, H N 
Martin, Sccretar\ -Treasurer, R H Chittenden, 
J G Curtis, H N Donaldson, Councilors 
1892 H P Bow DITCH, President , H X Mkrtin, 
Sccretar\ -Treasurer, R H Chittenden, J G 
Ci RTis, W H How ELI , Councilors 1893 H P 
Row DITCH, President , W P Lombard, Sccretar\ - 
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Treasurer, R H Chittenden, J G Curtis, 
W H Howell, Councilors 1894 H P Bow ditch. 
President, W P Lombard, Secretary-Treasurer 
R H Chittenden, W H Howell, J W War- 
ren, Councilors 1896 H P Bow DITCH, President, 
F S Lee, Secretarj’^-Treasurer, R H Chitten- 
den, W H Howell, W P Lombard, Councilors 
1896 R H Chittenden, President, F S Lee, 
Secretary -Treasurer, H P Bow'ditch, W H 
Howell, J W Warren, Councilors 1897 R H. 
Chittenden, President, F S Lee, Secretary- 
Treasurer, H P Bowditch, W H Howell, 
W P Lombard, Councilors 1898 R H Chitten- 
den, President, F S Lee, Secretary -Treasurer, 
H P Bowditch, W H Howell, W P Lombard, 
Councilors 1899 R H Chittenden, President, 
F S Lee, Secretary -Treasurer , W H Howell, 
W P Lombard, W T Porter, Councilors 1900 
R H Chittenden, President, F S Lee, Secre- 
tarj’'-Treasurer, W H Howell, W P Lombard, 
W T Porter, Councilors 1901 R H Chitten- 
den, President, F S Lee, Secretary-Treasurer, 
W H Howell, W P Lombard, W T Porter, 
Councilors 1902 R H Chittenden, President, 
F S Lee, Secretary-Treasurer, W H Howell, 
W P Lombard, W T Porter, Councilors 1903 
R H Chittenden, President, F S Lee, Secre- 
tarj-^-Treasurer , W H Howell, W P Lombard, 
W T Porter, Councilors 1904 R H Chitten- 
den, President, W T Porter, Secretarj -Treas- 
urer, F S Lee, W P Lombard, W H Howeil, 
Councilors 1906 W H How ell. President, L B 
Mendel, Secretarj', W B Cannon, Treasurer, 
R H Chittenden, S J Meltzer, Councilors 
1906 W H Howtell, President, L B Mendel, 
Secretarj', W B Cannon, Treasurer, A B 
Macallum, S j Meltzer, Councilors 1907 W 
H How ell. President, L B Mendel, Secretarj', 
W B Cannon, Treasurer, J J Abei , G Lusk, 
Councilors 1908 W H How ell. President , R 
Hunt, Secretarj, W B Cannon, Treasurer, 
J J Abel, G Lusk, Councilors 1909 W H 
Howeil, President, R Hunt, Secretarj, W B 
Cannon, Treasurer, A J Carison, W P Lom- 
bard, Councilors 1910 M H How ell. President, 
V J Carlson, Secret ar^ , W B Cannon, Treas- 
urer, J Erlanger, r S Lee, Councilors 1911 
S J Meltzer, President , \. I Caru«on, Sccrc- 
tarA , W B Cannon, Tre isurer, I ERiANriR,r 
S Lee, Councilors 1912 S T Mi i tzer, Proeident , 
1 J Cari SON, Secret ar\ , \\ B Cannon Treas 
urcr, J Lblancer, F S Lfi , Councilors 1913 
S J Meltzer, President , \ 1 Carlson '^ccre- 
larA , J Ebi ANGi R Trei'Urer, B B Cannon, 
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F S Lee, Councilors 1914 W B Cannon, Presi- 
dent, A J Caklson, Secretary, J Ehlangeb, 
Treasurer, F S Lee, S J Meltzer, CouncilorB 
1916 W B Cannon, President, C W Gbeenb, 
Secretary, J Erlangbb, Treasurer, W E Gar- 
bet, W H HotvELE, J J R Macleod, W J 
Meek, Councilors 1916 W B Cannon, President, 
C W Gbeene, Secretarj', J Eblanger, Treas- 
urer, W E Gaehet,W H Howell, j J R Mac- 
XEOD, W J Meek, Councilors 1917 F S Lee, 
President, C W Greene, Secretary, J Erlan- 
GER, Treasurer, W B Cannon, W H Howell, 
J J R Macleou, W j Meek, Councilors 1918 
F S Lee, President, C W Greene, Secretary, J 
Eelangeb, Treasurer, W B Cannon, W H 
Howell, J J R Macleod, W J Meek, Coun- 
cilors 1919 W P Lombard, President, C W 
Greene, Secretary, J Eelangeb, Treasurer, W 
B Cannon, Y Henderson, J J R Macleod, 
W J Meek, Councilors 1920 W P Lombard, 
President, C W Greene, Secretary, J Eblan- 
ger, Treasurer, W B Cannon,! J R Macleod, 
Y" Henderson, C J Wiqgers, Councilors 1921 
J J R Macleod, President, C W Greene, 
Secretary, J Eelangeb, Treasurer, J A E 
Eysteb, Y Henderson, C J Wiqgers, A J 
Carlson, Councilors 1M2 J J R Macleod, 
President, C W Greene, Secretary, J Eb- 
langer, Treasurer, Y Henderson, C J Wia- 
GERs, A J Carlson, J A E Etster, Coun- 
cilors 1923 A J Carlson, President, C W 
Greene, Secretary, J Erlanqbr, Treasurer, C 
J WiGGERs, A B Luckhardt, j a E Etster, 
J R Murlin, Councilors 1924 A J Carlson, 
President, W J Meek, Secretary , C K Drinker, 
Treasurer, A B LtrcKHARDT, J A E Etster, 
J R Murlin, W E Garret, Councilors 1926 
A J Carlson, President, W J Meek, Secretary , 
C K Drinker, Treasurer, J A E Etster,! R 
Murlin, W E Garret, Joseph Erlanger, Coun- 
cilors 1926 ! Erlanger, President, W ! Meek 
Secretary, A Forbes, Treasurer, ! R Murlin, 
W E Garret, A B Luckhardt, C ! Wigqers, 
Councilors 1927 ! Eblanger, President, W ! 
Meek, Secretary, A Forbes, Treasurer, W E 
Garret, A B Luckhardt, C ! Wigqers, R 
Gesell, Councilors 1928 ! Erlangbb, President, 
W ! Meek, Secretary, A Forbes, Treasurer, A 
B Luckhardt, C ! Wiggebs, R Gesell, A ! 
Carlson, Councilors 1929 W ! Meek, President, 
Alfred C Redfield, Secretary, A Forbes, 
Treasurer, C J Wiggebs, B Gesell, A ! 
Carlson, ! R Murlin, Councilors 1930 W ! 
TvIeek, President , Arno B Luckhardt, Secretary , 
A Forbes, Treasurer, R Gesell, A ! Carlson, 

! R Murlin, E G Martin, Councilors 1931 
W J Meek, President, Amo B Luckhardt, 
Secretarj', Alexander Forbes, Treasurer, A ! 
Carlson, ! R Murlin, E G Martin, John 


Tait, Councilors 1932 Arno B Luckhardt, 
President, Frank C Mann, Secretar} , Alet- 
ANDBR Forbes, Treasurer, E G Martin, W ! 
Meek, ! R Murlin, John Tait, Councilors 1933 
Arno B Luckhardt, President, Frank C Mann, 
Secretary, Alexander Forbes, Treasurer, Her 
BERT S Gasser, Ernest G Martin, W J Meek, 
John Tait, Councilors 1934 Charles W Greene, 
President, Frank C Mann, Secretary, Alex- 
ander Forbes, Treasurer, Herbert S Gasser, 
Arno B Luckhardt, W J Meek, John Tait, 
Councilors 1936 Frank C Mann, President, 
Andrew C Ivy, Secretary, Alexander Forbes, 
Treasurer, Charles H Best, Herbert S Gas- 
ser, Arno B Luckhardt, W J Meek, Counci- 
lors 1936 Frank C Mann, President, 4ndrei\ C 
IvT, Secretary, Wallace 0 Fenn, Treasurer, 
Charles H Best, Philip Bard, Herbert S 
Gasser, Arno B Luckhardt, Councilors 1937 
Walter E Garret, President, Andrew C Ivt, 
Secretary, Wallace 0 Fenn, Treasurer, Charles 
H Best, Philip Bard, Herbert S Gasser, 
ArnoB Luckhardt, Councilors 1938 William T 
Porter, Honorary President, Walter E Garret, 
President, Andrew C Ivt, Secretary , Wallace 0 
Fenn, Treasurer, Arno B Luckhardt, Charles 
H Best, Philip Bard, Herbert S Gasser, 
Councilors 1939 Andrew C Ivt, President, 
Philip Bard, Secretary, Wallace 0 Fenn, 
Treasurer, Charles H Best, Herbert S Gas- 
ser, Arno B Luckhardt, Maurice B Visscher, 
Councilors 1940 Andrew C Ivy, President, 
Philip Bard, Secretary, Carl J Wiggers, Treas 
urer, Charles H Best, Herbert S Gasser, 
Arno B Luckhardt, Maurice B Visscher, 
Councilors 1941 Philip Bard, President, Carl J 
Wiggebs, Secretary, Hallowell Davis, Treas 
urer, Charles H Best, Arno B Luckhardt, 
Maurice B Visscher, Hiram E Essex, Counci- 
lors 1942, 1943, 1944, 1946 Philip Bard, President, 
Wallace 0 Fenn, Secretary, Hallowell Davis, 
Treasurer, Charles H Best, Maurice B Vis- 
BCHBB, Hiram E Essex, W F Hamilton, Counci 
lors 1946 Wallace 0 Fenn, President, Maurice 
B Visscher, Secretary, D B Dill, Treasurer, 
Charles H Best, Hiram E Essex, W F Hamil- 
ton, H C Bazett, Councilors 1947 Wallace 0 
Fenn, President, Maurice B Visscher, Secre- 

taocD B Dill, Treasurer, Eugene M Landis, 
Hiram E Essex, W F Hamilton, H C Bazett, 
Councilors 1948 Maurice B Visscher, President, 
Carl J Wiggers, President-Elect, Wallace 0 
Fenn, Past-President, W F Hamilton, H C 
Bazett, Eugene M Landis, D B Dill, Couna- 
lors 1949 Carl J Wiggebs, President, H C 
Bazett, President-Elect, Maurice B Visscher, 
Past-President, Eduard F Adolph, Eugene M 
Landis, D B Dill, R W Gerard, Councilors 
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CONSTITUTION 

I 

1 This Societj shall be named “The American 
Phisiolooical Society, Incorpohatep ” 

2 The Society is instituted to promote the ad- 
vance of Physiologj" and to facilitate personal 
intercourse between American Phj^siologists 

II 

1 The Society shall consist of members and 
honorary members 

2 Anj person v ho has conducted and published 
meritorious original researches in Ph 3 'siology and 
vho 18 a resident of North America shall be eligible 
for membership in the Society 

3 Members vlio have been relieved bj’- the 
Council of the pajunent of the annual assessment 
shall retain all the rights of members 

4 Distinguished men of science vho have con- 
tributed to the advance of Phj^siology shall be 
eligible for election as honorarj' members of the 
Society Honorarj’' members shall paj' no member- 
ship fee They shall have the right of attending 
the meetings of the Society, and of taking part in 
its scientific discussions, but thej’’ shall have no 
vote 

III 

1 The management of the Societj’’ shall be 
vested in a Council consisting of a President- 
Elect, President, Past-President for the previous 
jear, and four other members The President- 
Elect and one member of the Council shall be 
chosen bj' ballot at the Spring meeting The 
President-Elect shall automaticallj’' assume the 
duties of President at the adjournment of the an- 
nual meeting following his or her election The 
four additional members shall be elected for terms 
of four 3 ears and shall not be eligible to succeed 
themseh’^es except those vho have served for two 
jcars or less in filling interim vacancies A 
person who has once been President shall not 
be eligible for re election ns President-Elect The 
Council shall select from among its ow n members a 
Secret arj -Treasurer of the Societj and Council 
It shill also have the power to appoint and to 
compensate an Executn c Secretari of the Socictx , 
who shall not be a xoting member of the Council 
but shall assist it in carrMiig on the functions 
of the Societj , including the receipt and dis- 
bursement of funds under the direction of the 
Council If the annual meeting is not hold all the 
members of the Council shall continue in office 
until their successors ire chosen in the prescribed 
manner in succeasioii 

2 The Council sh ill define the respcctn e duties 
of the President Secret ar\ -Treasurer and Execu- 
tn c Secret in 


3 If a member of the Council be elected Presi- 
dent-Elect, the vacancj^ on the Council shall be 
filled b 3 election of the same meeting, the electee 
to serve the unexpired term The Council shall 
have the power to fill all interim vacancies that 
maj occur in its membership or in anj" Committee 
or board of the Societj^ except those for iiliich 
other provisions have been made 

IV 

1 At least a fortnight before a meeting of the 
Society the Executive Secretarj^ shall send to each 
member a notice of the place and time of each 
meetmg, and shall make such other announce- 
ments as the Council shall direct 

2 The member assessment shall be determined 
by the Council and shall be due in advance at the 
time of the annual meeting No allocation or dis- 
bursement of funds of the Society shall be made 
except upon prior approval of the Council Appro- 
priations shall be made bj’^ the Council for the con- 
duct of the necessary and appropriate business of 
the Society 

3 Anj’^ member whose assessment is two years 
in arrears shall cease to be a member of the So- 
ciety, unless at the next Spring meeting he shall 
be reinstated by special vote of the Societj^ and 
it shall be th^duty of the Secretary -Treasurer to 
notify the said delinquent of his right to appeal 
at the said meeting 

4 Any member who has retired because of ill- 
ness or age may, upon application to the Council, 
be relieved from pajunent of the annual assess- 
ment 

V 

1 A meeting of the Society for transacting 
business, the election of officers and members, 
and presenting communications shall be held in 
the Spring, except in the case of national emergen- 
cies or other exceptional circumstances, when the 
Council maj’’ decide on postponement The time 
and place of such meetings shall be determined bj^ 
the Council in consultation wutli the Executive 
Committee of the Federation of American So- 
cieties for Experimental Biologj 

2 A Fall meeting of the Societj maj be held at 
a time and place determined bi the Council for 
presenting communications and transacting am 
business except the election of officers and mem- 
bers Special meetings ma3 be held at such times 
and places as the Council ma\ determine 

VI 

1 Proposed amendments to the Constitution 
must be brought up at one meeting for prelimin ir\ 
discussion and approial b\ i majoritv lotc and 
cannot be adopted except b\ a two-thirds 3otc it 
a business session at the next Spring meeting 
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Notice of such changes shall he sent to all members 
at least tv.o weeks prior to the meeting at which 
they are scheduled for adoption 

2 At all business meetings of the Society 
twentj -five members shall form a quorum 

3 By-laws for the conduct of the Society may 
be adopted, altered, or repealed at any business 
meeting by two-thirds vote of the ballots cast 

VII 

1 The Council may, from the names of the 
candidates proposed m writing by at least two 
members of the Society, nominate candidates for 
election to membership The names of the candi- 
dates so nominated and a statement of their quali- 
fications for membership signed by their proposers 
shall be available for inspection during the busi- 
ness sessions of the Society at which their election 
18 considered The candidates may be balloted 
for at any session of the same meeting and a ma- 
jority vote shall elect If a Spring meeting is not 
held, the Society shall elect candidates to member- 
ship at the next Spring meeting 

2 Honorary members shall be proposed by the 
Council, and shall be elected 63’’ a majorit3’’ ballot 
of the members present at the Spring meeting of 
the Society 

VIII e 

1 If a majorit}' of the Council shall decide that 
the interests of the Society reqmre the expulsion 
of a member, the Secretary-Treasurer shall send a 
notice of this decision to each member at least two 
weeks before the next annual meeting At this 
meeting the Secretary-Treasurer shall on behalf of 
the Council, propose the expulsion, and if two- 
thirds of the members present vote for it, the 
member shall be expelled, and his assessment for 
the current 3^ear shall be returned to lum, and he 
shall cease to be a member of the Societ3^ 

IX 

1 The official organs of the Societs'- shall be the 
Awmcan Journal of PhyBiology, the J ovmal of 
Applied Physiology , Physiological Reviews and such 
other publications as the Society shall establish 
These the Societ3’' shall owm and the3'’ shall be 
managed according to the provisions of Article X 

X 

1 The President of the Societ3 shall appoint, 
in consultation with the Council and subject to 


the approval of the Society, three members of the 
Society to serve as members of a Board of Publica 
tion Trustees 

2 The initial appointments shall be for one, tw o 
and three 3^ears Thereafter, each member shall be 
appointed for three 3'earB, and shall be eligible for 
one immediate reappomtment He may be subse- 
quently reappointed, but only after the lapse of 
at least one year betw'een reappointments 

3 The Board of Publication Trustees shall be 
vested with full power of the Societ3" to control 
and manage, both editonally and financially, all 
of the publications owned in whole or m part bi 
the Society, to appoint editorial boards, to ap 
point and compensate a Managing Editor , and to 
control all publication funds, none of w'hich, how- 
ever, may be diverted from support of publications 
of the Society except by consent of the Council 

4 The Board of Publication Trustees shall 
make a full report to the Council at each annual 
meeting of the financial condition and publication 
poliC3' of the Journals or other publications 

BY-LAWS 

1 All papers read before the Society shall be 
limited to a length of ten minutes No person mai 
orally present more than one paper In case of 
jomt authorship the name of the individual who 
will orally present the paper shall stand first 

2 Abstracts in duplicate, not to exceed two 
hundred and fift3’' words m length, of all papers 
to be presented at the annual meeting of the 
Society shall be required by the Secretary for 
publication in the Federation Proceedings, in ac- 
cordance with rules approved by the Council 

3 The Council shall upon the request of 
twenty-five members call a regional meeting of the 
Societ3'' at any tune and place, for the reading of 
papers and the promotion of personal intercourse 
Such a request shall be made in writing at least six 
weeks before the proposed date of meeting Such 
meeting shall be held in accordance with the Con- 
stitution and B3'-laws of the Society, and if the 
regular officers of the Societv cannot be present the 
President shall appoint a committee from among 
the petitioners to conduct the meeting The Com 
mittee through a Secretary chosen by them shall 
forward an account of the scientific proceedings 
of the meeting to the official Secretary of the 
Societ3 for insertion in the minutes 

4 No general business of the Societi shall be 
transacted at such regional meetings 
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President— H B Vickery, Connecticut Agri- 
cultural Experiment Station, New Haven 
(1950-51) 

Vice President— Y du Viqneatjd, Cornell Um- 
versit}^ Medical College, Nei\ York City (1950-51) 

Secretary— Fi H Stotz, University of Rochester 
School of Medicine and Dentistry, Rochester 
N y (1950-51) 

Treasurer — E A Evans, Universitj’’ of Chicago, 
Chicago, Rl (1946-51) 

Council — B Vickery, V nu Viqneaud, E 
H Stotz, E A Evans, Jr , H T Clarke (1949- 
52), C F CoRi (1950-53), J M Luck (1947-48, 
1948-51), Councilors 

Standing Committees 

Editorial Board — R J Anderson (1931 , Manag- 
ing Editor, 1935-42, 1942 — ), R M Archibald 
(1948-53), E G Ball (1950-55), H E Carter 
(1950-55), W M Clark (1938), H T Clarke 
(1937), C F CoRi (1941), E A Doisy (1938), 
V DU ViGNEAUD (1948-53), J S Fruton (1948-53), 
W H Griffith (1949-54), A B Hastings (1941), 
H B Lewis (1938), H S Loring (1950-55), E V 
McCollum (1933), S Moore (1950-55), S Ochoa 
(1950-55), E E Snell (1949-54), W M Sperry 
(1949-54), E L Tatum (1948-53) , H B Vickery 
(1941), H G Wood (1949-54) 

Editorial Committee — H A Matttll (1947-53, 
C/iairnian, March 3, 1948) , W R Bloor (1947-53), 
R K Cannan (1949-55), J T Edsall* (1948-51), 
C G King (1947-53), J M Luck (1949-55) , A N 
Richards (1945-51), P A Shaffer (1945-51), D 
W Wilson (1949-55) 

Nominating Committee — H E Carter (1949-50, 
1950-51, Chairman and Secretary), K Bloch (1950- 
51), H Borsook (1950-51), H J Deuel (1950-51), 
J T Edsali (1950-51), D M Greenberg (1949- 
50, 1950-51), H B Leims (1949-50, 1950-51), J B 
Si MNER (1950-51), H G Wood (1949-50, 1950-51) 

Special Committees 

Armed Forces Committee, 1950-51 (March 14, 
1946) — W H Griffith, C/i(itnnan, 0 A Bessel, 
C G King 

Biochemical \ omcnclatiirc, 1950-51 (4.pril 15, 
— H B \ icK'L,n\ , Chairman, P M Nelson, 
II T Vlmquist (\mencan Institute of Kutntion), 
GVln L I HJEM ( Vmenc in Institute of Nutrition) 

* Elected to fill unexpired term 1945-1951 of 
\ du\ipneaud, resigned Januan , 194S 


Clinical Chemistry, 1950-51 (March 11, 1946) — 
W M Sperry, Chairman, H T Clarke, R N 
Harger, R M Hill, J Reinhold, H Sobotka, 
W A Wolff 

Codify Administrative and Business Organization 
of the Society, 1950-51 (March 14, 1948) — E A 
Evans, Jr (ex officio Treasurer), Chairman, 0 A 
Bessey, R W Jackson 

Finance Committee, 1950-51 (reappointed March 
13,1942) — E A Evans Jr (ex officio Treasurer), 
Chairman, H B Vickery (ex officio President), 
E H Stotz (ex officio Secretary) 

Professional Training of Biochemists, 1950-51 
(November 29, 1945) — C A Elvehjem, Chairman, 
W M Clark, E A Doisy, V du Vigneaud, H 
B Lewis 

Historian — P A Shaffer (1946 — ) 

Legal Counselor — Lloyd N Scott (1950-51) 

Representatives to Other Organizations 

American Association for the Advancement of 
Science (April 18, 1941) — W D Armstrong (1949- 
51), D Burk (1949-51) 

American Documentation Institute (1937) — A 
Seidell (January 1, 1950-53) 

International Committee for Biochemistry (1949) 
— A B Hastings (1950-51) 

National Research Council — ^W M Clark, Di- 
vision of Biology and Agnculture (1948-51), W C 
Stadie, Division of Medical Sciences (1948-51) 

PAST OFFICERS 

1907 Russell H Chittenden, President, J J 
Abel, Vice-President, W J Gies, Secretarj", L 
B Mendel, Treasurer, W Jones, W Koch, J 
Marshall, T B Osborne, Councilors 1908 
John J Abel, President , Otto Folin , Vice-Presi- 
dent, Wm j Gies, Secretar} , L B Mendel, 
Treasurer, A B Macallum, A P Mathem s, 
F G Noit, Councilors 1909 Otto Folin, Presi- 
dent, T B Osborne, Vice-President, Wm J 
Gies, Secretary, L B Mendel, Treasurer, J J 
Abel, P A Lei ex e, G Lusk, Councilors 1910 
Thomas B Osborne, President, L B Mendel, 
Vice-President, 4. N Richards, Secretary , 
Walter Jones, Treasurer, A B Macallum, 4 
P Matuems, V C Vaughan, Councilors 1911 
Laf alette B Mendel, President, \ B Macal- 
lum, Vice-President, 4 N Richards, Secretan , 
Walter Jones, Treasurer, Wm J Gib's, V S 
Loeaenhart, P a Shaffer, Councilors 1912 
Archibald B Macallum President, G Ll=k, 
Vice-President, A X Richards, Secret ar\ , 
Walter Jones, Treasurer, H P Vrmsbl, L B 
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]^IE^DEL, H G Wells, Councilors 1913 Akchi- 
BA.LD B AIacallem, President, G Lusk, Vice- 
President, P A Shaffer, Secretary , D D Van 
Sltke, Treasurer, H P Armsbt, L B Mendel, 
H G Wells, Councilors 1914 Graham Lusk, 
President, C L ‘^lsbehg, Vice-President, P A 
Shaffer, Secretary, D D Van Sltke, Treasurer, 
J J Abel, A B AIacallum, T B Osborne, 
Councilors 1916 Walter Jones, President, C 
L Alsberg, Vice-President, P A Shaffer, 
Secretary, D D Van Sltke, Treasurer, Otto 
Folin, G Lusk, L B Mendbll, Councilors 1916 
Walter Jones, President, F P Underhill, 
Vice-President, S R Benedict, Secretary, D D 
Van Sltke, Treasurer, Otto Folin, A B Macal- 
LUM, P A Shaffer, Councilors 1917 Carl L 
Alsberg, President, A P Mathews, Vice- 
President, S R Benedict, Secretary, H C 
Brad LET, Treasurer, L J Henderson, P A 
Shaffer, F P Underhill, Councilors 1918 
Carl L Alsberg, President, A P Mathew, 
Vice-President, S R Benedict, Secretary, H C 
Brad LET, Treasurer, W J Gies, Andrew Hun- 
ter, E V McCollum, Councilors 1919 Stan- 
let R Benedict, President, D D Van Sltke, 
Vice-President, V C Mters, Secretarj , H C 
Bbadlet, Treasurer, Andrew Hunter, E V 
McCollum, L B Mendell, Councilors 1920 
Stanlet R Benedict, President, D D Van 
Sltke, Vice-President, V C Mters, Secretary, 
H C Bradlet, Treasurer, Otto Folin, Walter 
Jones, L B Mendel, Councilors 1921 Donald 
D Van Sltke, President, P A Shaffer, Vice- 
President, V C Mtkrs, Secretary, H C Brad- 
let, Treasurer, S R Benedict, Otto Folin, 
Walter Jones, Councilors 1922 Donald D 
Van Sltke, President, P A Shaffer, Vice- 
President, V C Mters) Secretary, W R Bloor, 
Treasurer, S R Benedict, H C Bradlet, A P 
Mathews, Councilors 1923 Philip A Shaffer, 
President, H C Sherman, Vice-President, V C 
Mters, Secretary, W R. Bloor, Treasurer, H 
C Bradlet, Andher Hunter, A P Mathews, 
Councilors 1924 Philip A Shaffer, President, 
Henrt C Sherman, Vice-President, D Wright 
Wilson, Secretary,' Walter R Bloor, Treasurer, 
Otto Folin, Andrew Hunter, Victor C Mters, 
Councilors 1926 Henrt C Sherman, President, 
Edward C Kendall, Vice-President, D Wright 
Wilson, Secretary, Walter R Bloor, Treasurer, 
Otto Folin, Lafatettb B Mendel, Philip A 
Shaffer, Councilors 1926 Edward C Kendall, 
President , Elaier V McCollum, Vice-President, 
Freb C Koch, Secretai^^, Glenn E Cullen 
Treasurer, J B Collip, Edrard A Doist, 
Albert P Mathews, Councilors 1927 E V 
McCollum, President, W R Bloor, Vice-Presi- 
dent. D Wright Wilson, Secretary, G E Cul- 
len, Treasurer, E A Doist, F C Koch, D D 


Van Sltke, Councilors 1928 E V McCollum 
President, W R Bloor, Vice-President, D 
Wright Wilson, Secretary, G E Cullen, Treas- 
urer, Wm M Clark, F C Koch, D D Van 
Sltke, Councilors 1929 W R Bloor, President, 
H C Bradlet, Vice-President, H B Leris, 
Secretary, G^ E Cullen, Treasurer, W M 
Clark, C L A Sceimidt, P A Shaffer, Coun- 
cilors 1930 W R Bloor, President, H C 
Bradlet, Vice-President, H B Lbrts, Secretary, 
G E Cullen, Treasurer, W M Clark, P A 
Shaffer, D W Wilson, Councilors 1931 H C 
Bradlet, President, W M Clark, Vice Presi- 
dent, H B Leivis, Secretary, C H Fiske, 
Treasurer, W C Rose, P A Shaffer, D W 
Wilson, Councdors 1932 H C Bradlet, Presi- 
dent, W M Clark, Vice-President, H B Lerus, 
Secretary, C H Fiske, Treasurer, P E Hore, 
W C Robb, D W Wilson, Councilors 1933 
W M Clark, President , H B Lerus, Vice-Presi- 
dent, H A Mattill, Secretarj, C H Fiske, 
Treasurer, H C Bradley, P E Howe, W C 
Rose, Councilors 1934 W M Clark, President, 
H B Lewis, Vice-President, H A Mattild, 
Secretarj, C H Fiske, Treasurer, H C Brad- 
ley, E A Doist, P E Howe, Councilors 1936 
H B Lewis, President, G E Cullen, Vice- 
President, H A Mattill, Secretarj , C H 
Fiske, Treasurer, H C Bradley, J B Collip, 
E A Doist, Councilors 1936 H B Leris, 
President, G E Cullen, Vice-President, H A 
Mattill, Secretary, A B Hastings, Treasurer, 

J B Comp, E A Doist, W C Rose, Coun- 
cilors 1937 G E Cullen, President, W C 
Rose, Vice-President, H A Mattill, Secretarj^ 

A B HASTINGS, Treasurer, B A Doist, H B 
Lewis, H B Vickery, Councilors 1938 G E 
Cullen, President, W C Rose, Vice President, 
Charles G King, Secretary, A B Hastings, 
Treasurer, H B Lerts, H A Mattill, H B 
Vickery, Councilors 1939 W C Rose, Presi- 
dent, R J Anderson, Vice-President, Charles 
G King, Secretary, A B Hastings, Treasurer, 

H B Leris, H A Mattill, G E Cullen, 
Councilors 1940 William C Rose, President, 
Rudolph J Anderson, Vice-President, Charles 
G IUng, Secretary, A B Hastings, Treasurer, 

H A Mattill, Glenn E Cullen, E A Doisi, 
Councilors 1941 R J Anderson, President, 

E A Doist, Vice-President, A K Balls, Secre- 
tary, W C Stadib, Treasurer, H B Leris, W 
C Rose, Councilors 1942 R J Anderson, 
President, E A Doist, Vice-President, A K 
Balls, Secretarj , W C Stadib, Treasurer, V 
C Rose, C A King, H T Clarke, Councilors 
1943 E A Doisi, President, A B Hastings, 
Vice-President, A K Balls, Secretarj , W C 
Stadib, Treasurer, W C Rose, H T Clarke, 

R J Anderson, Councilors 1944 E A Doisi, 
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President, A B Hastings, Vice-President, A K 
Balls, Secretary, W C Stadie, Treasurer, R J 
Anderson, H T Clarke, V de Vignbaitd, 
Councilors 1946 A B Hastings, President, 
H T Clarke, Vice-President, A K Balls, 
Secretary, W C Stadie, Treasurer, R J Ander- 
son, C F CoRi, V DE ViGNEAED, Councilors 
1946 A B Hastings, President, H T Clarke 
Vice-President, Otto A Bessbt, Secretary, E 
A Evans, Jr , Treasurer , V de Vigneaed, C F 
CoRi, A K Balls, Councilors 1947 Hans T 
Clarke, President, Carl F Cori, Vice-President, 
Otto A Besset, Secretary, E A Evans, Jr 
Treasurer, A K Balls, A Baird Hastings, J 
ISIerray Leck, Councilors 1948 Hans T Clarke, 
President, Carl F Cori, Vice-President, Otto 
A Bessey, Secretary, E A Evans, Jb , Treas- 
urer, A K Balls, A Baird Hastings, J Merray 
Leck, Councilors 1949 Carl F Cori, President, 
H B Vickery, Vice-President, R W Jackson, 
Secretary, E A Evans, Jr , Treasurer, R W 
Jackson, J M Leck, H B Vickery, Councilors 

CONSTITUTION 

From the Articles of Incorporation 

1 The name of the proposed corporation is 
“American Society of Biological CHEjnsTS, 
Incorporated ” 

2 The purposes for which this corporation is 
formed are to further the evtension of biochemical 
knowledge and to facilitate personal intercourse 
between American investigators in biological 
chemistry 

BY-LAWS 

Article I Mcr/ihership 

Section 1 Bhgibilily for Membership Quali- 
fied investigators who have conducted and pub- 
lished meritonous original investigations in bio- 
logical chemistry shall be eligible for membership 
in the Societj 

Section 2 A^onnnatjoii Nominations for mem- 
bership shall be made and seconded bj members of 
the Socicti on blanks furnished bi the Secretarj 
Nominations shall be submitted to the Council 
who shall determine chgibilitj and make recom- 
mendation to the Socicti at a regular meeting 

SicTiON 3 Election to Membership A A nominee 
for membership mai be loted for bi ballot at ani 
meeting of the Soclet^ after the Council has re- 
ported its findings on his cligibiliti The eligible 
candidate shall be reported bj the Council ns 
“eligible” or as “eligible and indorsed ” B A 
majonti of the ballots cast shall elect 

SiarriON 4 Forfeiture k Am member who maa 
grant the use of his name for (a) the ada crtiscment 
of i ])atcnt medicine, a propnetara food prepara- 
tion or ina other commercial article of doubtful 


value to the public or possibly harmful to the pub- 
lic health, or (b) who may concede its use for the 
purpose of encouraging the sale of individual 
samples (of any such product) that he has not e\- 
amined, shall forfeit his membership 

B The Council shall have authority to an- 
nounce forfeiture of membership, proanded that 
the copy of the charges, together wuth a written 
notice of a hearing thereon by the Council at a 
place and tune specified in such notice, shall have 
been delivered to the member charged with violat- 
ing the preceding section either personally or 
mailed to him at his last known address at least 
thirty days before the date of such hearing 

Section 5 Expulsion Upon the recommenda- 
tion of the Council any member maj’’ be expelled by 
a majority vote of the total membership at a meet- 
ing of the Society, provided that a copy of the 
charges against him, together with a written notice 
of a heanng thereon by the Council at a place 
and time specified in such notice shall have been 
delivered to hun personally or mailed to him at his 
last known address at least thirty daj’S before the 
date of such heanng 
• 

Article II Meetings and Quorum 

Section 1 Annual The annual meeting of the 
Society shall be held on the date fixed by the Cer- 
tificate of Incorporation 

Section 2 Special A special meeting may be 
called at an}-^ time by the President, or in case of 
his absence or disabilit}’-, by the Vice-President, 
and must be called at the request of a majontj of 
the Council or fifteen members of the Society A 
notice specifying the purpose of such meeting shall 
be mailed to each member at least ten dajs previ- 
ous thereto The Council shall select the places at 
which meetings shall be held 

Section 3 Quorum Fifteen members shall con- 
stitute a quorum at all meetings of the Societj , 
but in absence of a quorum any number shall be 
sufficient to adjourn to a fixed date 

Article III Officials 

Section 1 Officers The officers shall be a Presi- 
dent, a Vice-President, a Secretarj , and a Treas- 
urer, who shall be elected annuallj bj themembers 
of the Societj 

Section 2 Council V The Officers so elected and 
three additional members, one of whom shall be 
elected at each annual meeting of the Societx to 
sen e a three j ear term, shall constitute the Board 
of Directors of the corporation and shall be known 
as “The Council ” (IMien this precision is first 
put into effect three members will need to be 
elected for a one, a two and a three xear penod ) 
B Not wo memliers of the Council mai lie from 
the same institution and none of the officers so 
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elected shall be eligible for re-election for more 
than tuo 3 ears except the Secretarj'' and Treas- 
urer, who shall be eligible for re-election for five 
3 ears The three additional members of the Coun- 
cil shall be ineligible for re-election (until after 
the lapse of one 3"ear) 

Section 3 Duties of Officers The powers and 
duties of the officers elected b3^ the Societ3^ shall be 
such as usually devolve upon their respective 
positions 

Section 4 Assistant Treasurer A The Council 
ma3^ from tune to tune appoint a trust company, 
or some member of the Societ3% to serve during the 
pleasure of the Council as Assistant Treasurer, 
and to act as depositary of the investments and 
income of the “Christian A Herter Memorial 
Fund” and of such other funds as the Society may 
from time to tune commit to its or his charge 

B The Assistant Treasurer shall have and exer- 
cise the following poi\ers and duties, viz , the 
custody and safe-keeping of securities and cash 
belonging to the “Christian A Herter Fund” and 
the collection of income and other mone3's due to 
the Fund, with pover to receipt for the same and 
to endorse for deposit all checks payable to the 
Society or the Treasurer, or to the Journal of Bio- 
logical Chemistry for income or other mone3's 
due to the Fund, the investment or reinvestment 
of the capital of the Fund, subject to the approval 
of the Council, the disbursement of principal 
under the direction of the Council and the dis- 
bursement of income under the direction of the 
Editorial Board of the Journal of Biological Chem- 
ist:^ , such disbursement to be made under a reso- 
lution of the Council or Board, or with the ap- 
proval of two members of either the Council or 
Board, as the case may be The Assistant Treas- 
urer shall keep books of account and render state- 
ments, annuall3'- or oftener upon the request of the 
Council or Board setting forth the condition of the 
Fund and the receipts and disbursements since the 
date of the preceding statement 

Article W The Council 

Section 1 Powers The general management 
of the Societ3 dunng the intervals betiiecn meet- 
mgs shall be vested in the Council, m hich shall reg- 
ularl3’’ perform the ordinary duties of an executive 
committee and possess all the powers conferred 
upon the Board of Directors of a membership 
corporation b3' the Membership Corporation Law 
of the State of Nev York 

Section 2 Reports The Council shall report to 
the Societ3 as promptl3 as possible its findings 
on the eligibilit3^ of candidates for membership, 
and on all charges of a violation of these By-Laws 

Section 3 Journal of Biological Chemistry The 
Council shall have power to appoint the persons 
to act as proxies for the Societ3 at all meetings of 


the stockholders of the “Journal of Biological 
Chemistry” (a corporation) of which all the stock 
IS owned b3^ the Societ3’', ^^^d also to designate the 
persons to be elected as Directors of such corpora- 
tion 

Section 4 Herter Fund It shall be the duty of 
the Council to see that the “Christian A Herter 
Memonal Fund” is administered in accordance 
with the terms of the Trust Agreement, Dated 
May 16 , 1911 , executed by the Journal of Biological 
Chemistry and the donors of said Fund 

Article V Nominating Committee 

Section 1 Membership A The Nominating 
Comimttee shall consist of nine members from nine 
different institutions elected at each annual meet- 
ing to serve for the ensuing 3^ear Members who 
have served on the Nominating Committee for 
two consecutive years shall be ineligible for re- 
election until after the lapse of one 3'ear 

B The member of the Nominating Committee 
who IS elected to the Comimttee 63’' the largest 
number of votes shall become Chairman and Secre- 
tary of the Committee 

Section 2 Nomination of Officials A The Nomi- 
nating Committee shall make at least one nomina- 
tion for each of the four offices and for each of the 
three additional positions in the Council to be 
filled by vote of the members 

B The nominations b3 the Nominating Com- 
mittee must be transmitted to the Secretnr3’’ at 
least one month before the annual meeting at 
which they are to be considered 

C The Secretary shall send to every membei, 
at least two weeks before the annual meeting, two 
copies of the list of nominees presented to him b3' 
the Nominating Committee and at the same time 
shall notify all the members that the3 may vote 
by proxy 

D At the opemng of the first executive session 
of the ensuing annual meeting the Secretary shall 
formall3 present the regular nominations for the 
Nominating Committee 

E Additional nominations for the offices and 
for membership in the Council ma3 be made by 
an3 member at the opening of the first executive 
session of any annual meeting 

F Nominations for membership on the Nomi- 
nating Comimttee shall be made bj or for indi- 
vidual members, either in person or b3 prox3 , and 
not otherwTse, at the opening of the first executive 
session of an3^ annual meeting 

Section 3 Election of Officials A The Secretary 
shall receive and present to the tellers, appointed 
b3 the President to take charge of the election, all 
signed ballots forwarded b3 absent members 
When such ballots are presented to the tellers the 
Secretar3 shall announce the names of the mem- 
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here voting bj prow , and he shall record ( lie saiiie 
names in the minutes of the meeting 

B All elective officials shall be selected 1)\ 
ballot at the close of the first executive session of 
each annual meeting 

C A majonti of the votes cast sh ill be ncces- 
sar}^ to elect an official 

D Elective officials shall take oflice on Inh Isl 
follomng the annual meeting 

Section 4 Filling of Vacancies \ The Nomi- 
nating Committee shall fill all vacancies in clectix’c 
positions except such ns nini occur it a meeting 
of the Societ} 

B The President of the Society shall fill all 
vacancies in appointive positions 

Article VI Financial 

Section 1 Dues Annual assessments shall be 
determined bi majoritj vote at the annual meet- 
ings, upon the recommendation of the Council, 
and shall be due January 15th in each year Mem- 
bers vho have reached the age of 65 3 'ears, or vho 
have become incapacitated, maj% hx’’ vote of the 
Council, be exempted from the pajunent of dues 
Section 2 Expenditures No expenditures from 
the general funds of the Society except those re- 
quired in the performance of the ordinarj official 
duties shall be made except vote of the Societj 
or the Council, but this section shall not applj to 
expenditures from the “Christian A Herter Me- 
morial Fund ” 

Section 3 Privileges of ]\Icmhership Begin with 
Payment of Dues Candidates for membership, if 
elected, shall not be entitled to anj of the privi- 
leges of membership, before thej’’ paj the dues of 
the fiscal x ear succeeding their election 

Section 4 Penally for Non-Payment of Dues A 
Members in arrears for dues for a period of three 
consecutive xears shall thereupon forfeit their 
membership 

B Delinquent members max be reinstated bj 
the Council provided all indebtedness to the So- 
cictx is liquidated 

Section 5 Herter Fund The “Christian A 
Herter Memorial Fund” shall be held and invested 
separatclx from the general funds of the Societj 
iiid the income thereof shall be expended under 
the direction of the Editorial Board exclusixmlx 
for the niamtenancc and support of the Journal of 
Biological Chcniistrx, subject to the superxasion 
iiid control of the Editorial Committee in accord- 
ince xxith the terms of the Trust Agreement men- 
tioned in Articli IA , Sicriox 4, and the proxi- 
Mons of Anrici e MI of the Bx -Laxxs 

VnTici 1 All Journal of Biological Chetiiislrg 

'4i cTioN 1 } ditorial Committee There shall be 
in 1 ditonal Committee consisting of nine mem- 
bers of the %cictx xxho shall he nominated bx the 


Noniiiiiil ing Coniinitlcr and elected h^' the Societx 
ill tlioHunie iniiiiiier is oflieers The nine members 
first elected shall dix'ide tlumselves hx lot into 
three (lasses of three in each class, to serve for 
two, four, and six xeais respectivelx , and there- 
after three ineinhcrs shall be elected at each alter- 
iiiitc iiiiiiiat meeting of the Societj' to succeed the 
niemhers of the outgoing class and to serve for a 
term of six x ears Members of the Committee shall 
be eligible to re election 

SiCTiON 2 Powers of Com mi llee The Committee 
shall hax'c power to elect an Editorial Board and 
shall liax-e final authoritx in matters pertaining to 
the general policx' of the Journal 

Section 3 Editorial Board The members of the 
Board shall hold office until their successors are 
elected and shall appoint a Managing Editor from 
among their own number xxho shall have direct 
responsibilitx and authontv for the active edi- 
torial conduct of the Journal, and who shall have 
discretionary power in arranging the details as to 
the conduct of the Journal The expenditures of 
the income of the “Christian A Herter Memorial 
Fund” shall be under the direction of the Board, 
and the approval of anx' two members of the Board 
shall be a sufficient w arrant to authorize pajTxients 
from such income 

Article VIII Papers on Scientific Subjects 

Section 1 Presentation of Papers The Secre- 
tarj shall request each member who signifies his 
intention of reading a paper at anj session to 
specilj' the length of time xxhich its presentation 
XX ill require The time thus specified shall be 
printed on the official program, and the presiding 
officer shall have no authoritj to extend it unless a 
majoritj of the members present signifj their 
wish to the contrarx In the absence of anx specifi- 
cation of time required not more than ten minutes 
shall be allotted for the reading of anx one paper 
Section 2 Number of Papers No member shall 
be permitted to present more than one paper, 
either alone or in collaboration, until everx mem- 
ber shall have had the oiqiortunitx of presenting 
one paper 

Article IX Corporate Seal 

Section 1 The eorporate seal of the corporation 
shall he a circle surrounded bx the words, “ Axirni- 
exx Societx of Bioiocrai Cufxiists,” and in- 
cluding the xxord, “Ixconi orated ” 

Articif X Amendments 

Sfctiox 1 Amendments These Bx -Laws after 
haxing been approx cd bx the Council and adopted 
hx the Societx at its first mnual meeting shill 
not be amend(Hl except is hereinafter prox ided 
''Fcrriox 2 \fannrr of Presentation Proposed 
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amendments to the B 3 -Lan s must be sent to the 
Secretarj’^ at least one month before the date of the 
meeting at which thej are to be considered and 
must be indorsed in writing by at least three 
members 

Sbction 3 Notice of Intended Amendments 
Secretary shall give ever}" member notice of pro- 
posed amendments at least two weeks before the 
meeting at which thej" are to be considered and 
shall notify all members that they may vote b} 
proxy 

Section 4 Adoption of Amendments A The 
Secretary shall receive and present to the tellers 


appointed bj the President all signed ballots for- 
warded by absent members When such ballots are 
presented to the tellers, the Secretary shall an- 
nounce the names of members voting by proxy, 
and he shall record the same names in the minutes 
of the meetmg 

B Votes upon amendments shall be cast at the 
openmg of the second executive session of the 
meetmg at which they are considered 

C Affirmative votes from three-fifths of the 
members voting shall be required for the adoption 
of an amendment 
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President— CxRh F Schiudt, University of 
Pennsj'lvania School of Medicine, Philadelphia 
Fice-Presidenl— McKeen Cattell, Cornell 
University Medical College, Ne'^ York Citj’’ 

Secretary— B-A hvey B H\ag, Medical College 
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Treasurer— K K Chen , Lilly Research Labora- 
tories, Indianapolis, Ind 

Counctl— Carl F Schmidt, McKeen Cattell, 
Habi^et B Haag, K K Chen and Lours S 
Goodman, Thomas C Butler, Arthur C De 
Graff, Councilors 

Membership Committee — Robert P Walton 
(1950), John C Krantz, Jr (1951) J H Comrob, 
Jr (1952) 

Nominating Committee — Otto ICr^ter, Chair- 
man, W T Salter, Walton Van Winkle, Jr , 
\lfred Gilman, M H Seevbrs 
F isionan— W illiam deB MacNider 
Committee on International Pharmacological Con- 
gress — M L Tainter, Chairman, Otto ICrater, 
H B Van Dyke 

Representatives to the Council of the American 
issociation for the Advancement of Science — 
A.RNOLD D Welch, Harvey B Haag 

PAST OFFICERS 

1909 J J Abel, President, Reid Hunt, Secre- 
tarj , A S Loevenhart, Treasurer, S J Melt- 
ZER, T Sollman-n, C W Edmunds, A C Cram- 
ford, Councilors 1910 J J Abel, President, 
Reid Hunt, Secretarj , A S Loey^enhart, 
Treasurer, A C Crawford, G B Wallace, 
Councilors 1911 J J Abel, President, Reid 
Hunt, Secretarj , 1 S LoEiTiNnART, Treasurer, 
G B Wyllyce, W deB MacNider, Councilors 
1912 J J Abel, President , J Auer, Secretan , 
V S Loeyemiart, Treasurer, G B Wyllacf, 
Reid Hunt, Councilors 1913 T Sollmann, 
President, J Vuer, Secretan , A S LoEYrnNHART, 
Treasurer, J J Abel, W deB MycNider, 
Councilors 1914 T Soliyiann, President, J 
VuER, Secret ar\ , W deB M ycNider, Treasurer, 
T 1 Vbel, V S Loey-enhyrt, Councilors 1916 
T SoLLYiYNN, President, J Vuer, Secretan , W 
dlB MycNidfr, Treasurer, Vorth Hale, D E 
Tyckcon, Councilors 1916 Reid Hi^nt, Presi- 
dent, J Vuer, Secret arY , V deB MycNidfr, 
Treasurer, A D Hirschfflder, G B Roth, 
Councilors 1917 Rfid Hint, President, L G 
Royyntrff Secretan, W nrB MycNider, 


Treasurer, J Auer, Carl Voegtlin, Councilors 
1918 Reid Hunt, President , E D Broyvn, Secre- 
tary, W deB MacNider, Treasurer, Hugh 
McGuigan, Carl Voegtlin, Councilors 1919 
A S Loevenhart, President, E D Broyvn, 
Secretary, W deB MacNider, Treasurer, Reid 
Hunt, E K Marshall, Jr , Councilors 1920 
A S Loevenhart, President, E D Broyytv, 
Secretary, W deB MacNider, Treasurer, D E 
Jackson, E K Marshall, Jr , Councilors 1921 
C W Edmunds, President, E D Broyvn, Secre- 
tarj', Hugh McGuigan, Treasurer, John Auer, 
J P Hanzlik, Councilors 1922 C W Edmunds, 
President, E D Broyy'n, Secretary, Hugh Mc- 
Guigan, Treasurer, J P Hanzlik, H G Bar- 
bour, Councilors 1923 C W Edmunds, Presi- 
dent, E D Broyvn, Secretarj', Hugh McGuigan, 
Treasurer, J P Hanzlik, H G Barbour, Coun- 
cilors 1924 John Auer, President, E D Broyvn, 
Secretary, A L Tatum, Treasurer, J P Hanzlik, 
H G Barbour, Councilors 1926 John Auer, 
President, E D Broyy'n, Secretarj', A L Tatum, 
Treasurer, H G Barbour, W dbB MacNider, 
Councilors 1926 John Auer, President, E D 
Broyvn, Secretary, A L Tatum, Treasurer, H G 
Barbour, W deB IMacNider, Councilors 1927 
Carl Voegtlin, President, E D Broyvn, Secre- 
tarj', A L Tatum, Treasurer, V E Henderson, 
C W Edmunds, Councilors 1928 Carl Voegt- 
lin, President, E D Broyyn, Secretarj', A L 
Tytum, Treasurer, V E Henderson, C W Ed- 
munds, Councilors 1929 Carl Voegtlin, Presi- 
dent, E D Broyyn, Secretarj', 0 H Plant, 
Treasurer, V E Henderson, C W Edmunds, 
Councilors 1930 George B Wallace, President , 
E D Broyyn, Secretarj', O H Plant, Treasurer, 
H G Barbour, C hi Gruber, Councilors 1931 
George B Wallace, President, Velyten E 
Henderson, SecretarY , 0 H Plynt, Treasurer, 
Paui D Layison, Williayi deB MacNider, 
Councilors 1932 Wyi deB MacNider, President , 
A N Richards, Vice-President, V E Hender- 
son, Secretarj , O H Plynt, Treasurer, G B 
Roth, A L Tatlyi, Councilors 1933 Wm deB 
MycNider, President , V L Tytum, Vice-Presi- 
dent, V E Henderson, Secretarj , O H Plynt, 
Treasurer, C M Grlber, G B Roth, 
Councilors 1934 R A Hytcher, President, 1 
L Tytcyi 1 ice President , E M K Ceiling, 
SecretarY, O H Plynt, Treasurer, Vji deB 
MycNidfr R L Stehlf, Councilors 1935 V 
E HrNDERcoN, President, O H Plynt, lice 
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President, E I\I K Ceiling, Secretary , C M 
Gruber, Treasurer, Floyd de Eds, M S Doolei, 
Councilors 1936 V E Henderson, President, 
O H Plant, Vice-President, E IM K Geiling, 
Secretarj , C M Gruber, Treasurer, C W Ed- 
MLNDS, G B Wallace, Councilors 1937 A L 
Tatum, President, E M K Geiuno, Vice-Presi- 
dent, G P Grabfibld, Secretary, C M Gruber, 
Treasurer, V E Henderson, M H Seevers, 
Councilors 1938 A L Tatum, President, E M 
K Geiling, Vice-President, G P Grab field, 
Secretarj , C M Gruber, Treasurer, E K 
IMarshall, Jr , C F Schmidt, Councilors 1939 
O H Plant, President, E M K Geiling, Vice- 
President, G P Grabfield, Secretarj^, E E 
Nelson, Treasurer, A L Tatum, C A Drag- 
STEDT, Councilors 1940 E M K Geiling, Presi- 
dent, C F SemnDT, Vice-President, G Philip 
Grabfield, Secretary, E E Nelson, Treasurer, 
B H Robbins, C H Thienes, Councilors 1941 
E M K Geiling, President, C F Schhudt, Vice- 
President, Raymond N Bieter, Secretarj'-, E E 
Nelson, Treasurer, E G Gross, R G Suhth, 
Councilors 1942 E K Marshall, Jr , President, 
Carl A, Draostedt, Vice-President, Rayjiond 
N Bieter, Secretary, E E Nelson, Treasurer, 
McK Cattell, R G Smith, Councilors 1943 
E K Marshall, Jr , President, Carl A Drag- 
stedt Vice-President, Raymond N Bieter, 
becreta^^ , E E Nelson, Treasurer, McK Cat- 
pel, R G Smith, Councilors 1944, 1946 E E 
Nelson, President, C M Gruber, Vice-Presi- 
dent, R N Bieter, Secretary, McKeen Cattell, 
Treasurer, Harry Beckman, Nathan B Eddi, 
Councilors 1946 Maurice H Seevers, President, 
H B Van Dyke, Vice-President, Harvei B 
Haag, Secretary, McKeen Cattell, Treasurer, 
Hamilton H Anderson, John C Krantz, Jr , 
Councilors 1947 Maurice H Seevers, President, 
Carl A Dragstedt, Vice-President, Harvey B 
Haag, Secretary, K K Chen, Treasurer, Haahl- 
TON H Anderson, John C Krantz, Jr , Coun- 
cilors 1948 Carl A Dragstedt, President , H B 
Van D-yke, Vice-President, Harvey B Haag, 
Secretarj , K K Chen, Treasurer, Arthur C 
DeGraff, Robert A Woodbury, Gorden A 
Alles, Councilors 1949 Carl F Schmidt, Presi- 
dent, J C Krantz, Jr , Vice-President, Harvei 
B Haag, Secretarj , K K Chen, Treasurer, 
Thomas C Butler, Arthur C DeGraff, Rob- 
ert A Woodbury, Councilors 

CONSTITUTION 

Article I N'ame 

The name of this organization shall be the 
“American Society for Pharmacology and En- 

PERIMENTAL THERAPEUTICS, INCORPORATED ” 


Article II Objects 

The purpose of this Societj' shall be to promote 
these branches of science and to facilitate personal 
intercourse betv een investigators v ho are activeh 
engaged in research in these fields 

Article III Membership 

Section 1 Anj' person vho has conducted and 
published a meritorious investigation in pharma- 
cology or evpenmental therapeutics, and nho is an 
active investigator in one of these fields, shall be 
eligible to membership, subject to the conditions 
of the other sections of Article III 

Section2 a Candidates for membership to this 
Societj' shall be proposed bj' tv o members vho arc 
not members of the Council The names, so pro 
posed shall be sent to the Secretary at least three 
months prior to the Annual Meeting 

B The Membership Conmiittee shall investi- 
gate the qualifications of the candidates and report 
to the Council 

C Candidates reported upon bj' the Member- 
ship Committee to the Council maj be recom- 
mended for admission bj the Council only pro 
vided thej' have been approved bv four-fifths of 
the combined membership of the Membership 
Committee and the Council 

D The names of the candidates recommended 
for admission bj' the Council shall be posted bj' 
the Seeretarj not later than the daj preceding the 
election for members 

E The election of members shall be by indi 
vidual ballot, one opposing vote in everj eight 
cast shall be sufficient to exclude a candidate from 
membership 

Section 3 Forfeiture of Membership 

A Any member v hose assessment is three j ears 
in arrears shall cease to be a member of the Soci- 
ety, unless he shall be reinstated bj a special vote 
of the Council, and it shall be the dutj of the 
Treasurer to inform the Secretan that he mai 
notify the said delinquent of his right to appeal to 
the Council 

B If the Council shall decide that it is for the 
best interests of the Societj that a member be 
expelled, the member shall be notified and given 
an opportunity of a hearing before the Council 
Upon the recommendation of the Council the 
member then maj be expelled bj a three fourths 
vote of those present at a regular meeting of the 
Society 

Section 4 Honorary Members 

A Distinguished men of science who have con- 
tributed to the advance of pharmacologj or ex- 
perimental therapeutics shall be eligible for elec- 
tion ns honorary members of the Societi 

B Nominations for honoran members shall 
take the same course as nominations for ordinarj 
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members (Art III, Sec 2) , but their election shall 
require the unanimous vote of the members pres- 
ent at the election 

C Honorarj’’ members shall paj no membership 
fee The} shall have the right to attend all meet- 
ings of the Society, and to take part in its discus- 
sions, but they shall have no vote 

D The conditions for continuation of member- 
ship shall be the same for honorary as for ordinar} 
members (Art III, Sec 3), except that forfeiture 
for arrears of fees does not apply to honorai} 
members 

Article IA'’ Officers and Elections 

Section 1 Officers and Committees 
A The management of the Societ} shall be 
vested in a Council of seven officers consisting of 
a President, President-Elect, Secretary, Treasurer 
of the Society, and three Councilors-at-Large 
B The President-Elect, Secretar} , Treasurer 
and one Councilor-at-Large shall be elected at 
each annual meeting The Secretary and Treasurer 
may succeed themselves The President-Elect 
shall assume the duties of President at the ad- 
journment of the next annual meeting following 
Ills election No person vho has served as Presi- 
dent IS eligible for re-election as President-Elect 
C The three Councilors-at -Large shall serve 
for a period of three } ears, and shall not be eligible 
for immediate re-election 

D There shall be a Membership Committee, 
consisting of three members No tuo members 
shall be from the same institution The election 
of the Membership Committee shall be held an- 
nualh at the time vhen the election of officers 
occurs At the first meeting of the Societ} under 
this constitution, one member shall be elected to 
serve on the Committee for three }ears, one for 
tvo ^cnrs, and one for one a ear, and subsequenth 
one member shall be elected each a ear to serve for 
a period of three a ears 

E There shall be a Nominating Committee of 
fiae members No laao members shall be from the 
same institution Members of the Nominating 
Committee shall serve for one a ear Thea are 
eligible for re election, but shall not hold member- 
ship in the Committee for more than faao consecu- 
tia e a cars 

F No person niaa hold dual membership on 
the Council, Membership or Nominating Com- 
mit tecs 

G Members of the Noniin itiiig Committee are 
not eligible to nominition for other office 

SicTiox 2 \omtnatwn of Offiictah and Com- 
mitteemen 

V The Noniiniting Comniittec shall mike at 
least one iiomiiiatioii for each offiee and for the 
jiocitioii on (he Menilicrship Coiiinnttee to be filled 
ba a ote of the members The iiomin itions ^o m ule 


shall be tTansmitted to the Secretary and by him 
in turn to the members, at least one month before 
the annual meeting 

B Nominations for membership on the Nomi- 
nating Committee shall be made by individual 
members at the time of the annual election The 
five nominees who receive the highest numbers of 
votes shall be declared elected The Nominating 
Committee shall select its own Chairman who 
shall serve as Secretar} to the Committee 

Section 3 Election of Officials and Committeemen 

A At the opening of the first executive session 
of the annual meeting the Secretary shall give to 
each member present a printed ballot showing the 
nominations of the Nominating Committee After 
accepting additional nominations from individual 
members present a complete list of nominees shall 
be posted A preliminary vote shall then be taken 
and the tellers, appointed by the President to 
conduct the election, shall post immediately a 
final list showing the tv o nominees for each office 
receiving the highest number of votes At the close 
of the first session, a final vote shall be taken A 
majoritv of votes cast shall be necessan to a 
choice 

B Such vacancies as ma} occur in the offices 
and in the various committees in the interval 
between annual meetings shall be filled b} a ma- 
joritv vote of the Council 

Article V Meetings 

Section 1 The annual meeting of the Societ} 
shall be held at a time and place determined b} 
the Council in consultation with the Executive 
Committee of the Federation of American So- 
cieties for Experimental Biolog} 

Section 2 Special meetings mai be held at 
such times and places as the Council mai 
determine 

Section 3 At least four m eeks before the annual 
meeting the Secretar} shall send to each member 
a notice of the time and place of such meeting and 
shall make such announcements as the Council 
mai direct 

Article VI Financial 

Section 1 The annual assessment shall be de- 
termined bi majoriti xote at the annual Spring 
meeting upon the recommendation of the Council, 
and shall be due at the close of each such meeting 

Section 2 BcnoikI the ordinar\ expenditures 
required b\ the routine Imsiness of the Societ \ 
no monei shall be disbursed sa\c In the au(horit\ 
of the Council or Societx 

Siction 3 The treasurer shall make in iiinu il 
report to the Societ \ 

Si ction 4 Ml imblicatioii funds shill be kejit 
in a separate account subject to the control of 
the Board of Publications Trustees exeejit tint 
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none of these funds may be diverted from the 
support of publications of the Society eveept by 
consent of the Council or the Society A financial 
report shall be made b}'' the Board at each 
annual meeting 

Abticle VII Quorum 

Ten members shall constitute a quorum for the 
transaction of business 

Article VIII By-Laws 

Bj -Laws shall be adopted, altered or repealed 
at any meeting by two-thirds vote of the ballots 
cast 

Vrticle IX Amendments 

Section 1 Intended amendments to the Con- 
stitution shall be sent to the Secretarj at least 
one month before the date of the meeting at which 
thev are to be considered, and must be indorsed 
in writing by at least three members 

Section 2 The Secretar}" shall give all members 
due notice of proposed amendments 

Section 3 A four -fifths vote of the members 
present shall be reqmred for the adoption of an 
amendment 

Reticle X Official Publications 

Section 1 The President of the Society shall 
appoint, in consultation with the Council, and 
subject to the approval of the Society, three mem- 
bers of the Society to serve as members of a Board 
of Pubbcations Trustees, these members shall 
elect a Managing Editor for each of the official 
journals of the Societj , and each Managing Editor, 
during the term of his service, shall act as an 
additional voting member of the Board of Publica- 
tions Trustees and shall participate in all the 
activities of the Board except that of election of 
managmg editors of the journals of the Society 
Section 2 The members of the Board of Publi- 
cations Trustees, hereinafter termed “The 
Board,” shall each serve for a term of three years, 
shall be subject to reappointment, and may hold 
office concurrently m the Society At the first 
appomtment, however, one member shall be ap- 
pointed for three j'ears, one member for two years, 
and one member for one year, in order that in the 
future, appointments may be made annually m 
rotation The Board shall meet at least once an- 
nually (a quorum shall consist of three members) 
and shall report directly to the Society 

Section 3 The special functions of The Board 
shall be to consider and to mvestigate thoroughly 
all matters pertammg to the fiscal and editorial 
policies of the journals which may come to the 


Society or to its Council, to the Managmg Editors, 
and to the members of The Board The Board 
shall (1) administer the finances of the journals, 
(2) establish the publication policies of the 
journals, and (3) elect a Managing Editor for 
each of the journals of the Society (as described 
in Sec 1) 

Section 4 The Managmg Editor of each journal 
shall nominate to The Board, members of the 
Society acceptable to him as Associate Editors 
In the event that the Society should develop an 
International Journal, foreign Associate Editors 
who are not members of the Society are eligible 
for nommation and appointment to the Editorial 
Board of said Journal From those nominated. 
The Board shall elect, for each journal. Associate 
Editors m such number as they shall consider 
adequate to fulfill the duties of that Editorial 
Board The Managing Editor and each Associate 
Editor shall serve for three years, subject to 
reappointment, and ma 3 hold office concurrently 
in the Societj’’ In the choice of The Boards of 
Editors, The Board is charged wuth the responsi 
bility of obtaimng editors with expert knowledge 
m the several fields of pharmacological research 
and with evidenced abilitj’^ for critical and gram- 
matical expression 

Section 6 The Boards of Editors of the journals 
shall meet on call of the respective Managing 
Editor, if possible just pnor to or during the 
regular meetings of the Society, and may make 
recommendations to The Board concerning the 
improvement of the pubhcation policies of the 
journals 

BY-LAWS 

1 Papers to be read shall be submitted by the 
members of the Society to the Secretary, who, with 
the President, shall be empowered to arrange the 
program No person may orally present more than 
one paper In case of joint authorship, the name 
of the individual who will orally present the paper 
shall stand first Papers not read shall appear on 
the program as read by title 

2 An abstract of a paper to be read before the 
Society shall be sent to the Secretary with the 
title As early as possible after each meeting, the 
Secretary shall edit and publish the Proceedings 
of the Society together with abstracts in a publics 
tion authorized by the Society 

3 All applications for membership shall be 
accompanied by a copy of as manj reprints as 
possible of the published work of the applicant 

4 Any member who has been an active member 
for thirty jmars, or w'ho has retired for disabiliD 
or age, may upon notification to the Treasurer 
relieved from pajunent of dues 
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Broohhaven National Laboratory, Upton, Long 
Island, N Y 

Councilors—D Murray Angevine (1949-51), 
Russell L Holaian (1950-52), James F Rine- 
hart, F S Robscheit-Robbins, Sidney C Mad- 
den 

Representative on the Division of Medical Sciences 
of the National Research Council — John G Kidd 
(1949-52) 

Representatives on the Council of the American 
Association for the Advancement of Science — Mal- 
colm H Soule (1949-^52), E B ICrusibhaar 
(1949-52) 

Representatives on the Eh Lilly Award Committee 
(jointly with the Society of Amencan Bacteri- 
ologists) — For nominations Paul R Cannon 
(1951) For award Peyton Rous (1951) 

Representative on the Committee for the Place- 
ment Service— D ovgdab H Sprunt 

PAST OFFICERS 

1914 R IM Pearce, President, John F Ander- 
son, Vice-President, G H Whipple, Secretary- 
Treasurer, Harvey Cushing, David Marine, 
Councilors 1916 Theobald Smith, President, 
G H Whipple, Vice-President, Peyton Rous, 
Secretarj -Treasurer, David Marine, R M 
Pearce, Councilors 1916 Simon Flexner, Presi- 
dent, Leo Loeb, Vice-President, Peyton Rous, 
Secret arj -Treasurer, Daiud Marine, R M 
Pearce, Councilors 1917 Ludihg Hektoen, 
President , Leo Loeb, ^'^ce-Presldent, Hod ard T 
Karsner, Secretarj -Treasurer, Paul A Lerts, 
L G Rountree, Councilors 1918 H Gideon 
Weils, President, W G hlAcCALLUM, Vice-Presi- 
dent , Hon ARD T Karsner, Secretarj -Treasurer, 
L G Rorntree, Luditg Hektoen, Councilors 
1919 Vi G J^IacCalllm, President, William 
II Park, A ice-Prcsident, Howard T ICarsner, 
Secretari -Treasurer, Luditg Hektoen, E L 
Opie, Councilors 1920 A\ iluam H Park, Presi- 
dent, F G Is oat, Vice-President, HorardT 
Karsner, Secret ar\ -Treasurer, E L Opie, Wade 
H Brorn, Councilors 1921 F G Koatt, Presi- 
dent , Hoaa ard T Karsner, A ice-Prcsident, AA^ade 
H Broaan, Secret an -Treasurer, Paul A. Lewis 


A R Dochez, Councilors 1922 Howard T 
Karsner, President, Eugene L Opie, Vice- 
President, Wade H Broavn, Secretarj -Treasurer, 
A R Dochez, George H Whipple, Councilors 
1923 Eugene L Opie, President, Aldred S War 
THIN, Ahce-President , Wade H Broavn, Secretary- 
Treasurer, George H Whipple, H Gideon 
Wells, Councilors 1924 Aldred S Warthin, 
President, George H Whipple, Vice-President, 
EdrardB Krumbhaar, Secretary-Treasurer, H 
Gideon Wells, Frederick L Gates, Councilors 

1926 George H Whipple, President, Wade H 
Broato, Ahce-President, Edav ARD B Krumbhaar, 
SecretarA'-Treasurer, Frederick L Gates, David 
Marine, Councilors 1926 Wade H Broaati, Presi- 
dent, Daahd Marine, Vice-President, Edward 
B Krumbhaar, Secretarj-^-Treasurer, Frederick 
L Gates, William F Petersen, Councilors 

1927 David hlARiNE, President , Edward B Krum- 
bhaar, Vice-President, Carl V Weller, Secre- 
tary-Treasurer, William F Petersen, Fred- 
erick L Gates, Councilors 1928 Edward B 
Krumbhaar, President, Willi aji F Petersen, 
Vice-President, Carl V Weller, Secretary- 
Treasurer, Frederick L Gates, Samuel R, Hay- 
thorn, Councilors 1929 William F Petersen, 
President, Frederick L Gates, Vice-President, 
Carl V Weller, Secretarj’'-Trea8urer, Samuel R 
Haythorn, Peyton Rous, Councilors 1930 Fred- 
erick L Gates, President, Samuel R Hat thorn, 
Vice-President, C Phillip Miller, Secretary- 
Treasurer, Peyton Rous, Carl V Weller, Coun- 
cilors 1931 Samuel R Haithorn, President, 
Peyton Rous, Vice-President, C Phillip Mil- 
ler, Secretarj’’ -Treasurer, Carl V Weller, S 
Burt Wolbach, Councilors 1932 Peyton Rous, 
President, Carl V Weller, Vice-President, C 
Phillip Miller, Secretarj -Treasurer, S Burt 
Wolbach, Oskar Klotz, Councilors 1933 Carl 
V Weller, President, S Burt Wolbach, Vice- 
President, C Phillip Miller, Secretarj -Treas- 
urer, Oskar Klotz, Alphonse R Dochez, Coun- 
cilors 1934 S Burt Wolbach, President, Oskar 
Klotz, Vice-President, Shields Warren, Secre- 
tarj -Treasurer, C Phillip Miller, Alphonse 
R Dochez, Councilors 1936 Oskar Klotz, Presi- 
dent, Alphonse R Dochez, Vice-President, 
Shields Warren, Secretarj -Treasurer, Morton 
McCutcheon, C Phillip Miller, Councilors 
1936 Alphonse R Dochez, President, C Phillip 
Miller, Vice President, Shields W arren, Secre- 
tari -Treasurer, Morton McCdtcheon, Ernest 
B Goodpasture, Councilors 1937 C Philup 
Miller President, Morton McCltcheon, 1 ice- 
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President , Paul R Cannon, Secrctar 3 ’--Treasuier, 
Ernest W Goodpasture, Shields Warren, 
Councilors 1938 IMorton McCutcheon, Presi- 
dent, Ernest W Goodpasture, Vice-President, 
Paul R Cannon, Secretarj^-Trensurer, Shields 
Warren, Jesse L Bollhian, Councilors 1939 
Ernest W Goodpasture, President, Shields 
Warren, Vice-President, Paul R Cannon, 
Secretarj^ -Treasurer, Jesse L Bollman, Balduin 
Luck^;, Councilors 1940 Shields Warren, Presi- 
dent, Jesse L Bollman, Vice-President, H P 
SiHTH, Secretarj' -Treasurer, Balduin Luck£., 
Paul R Cannon, Councilors 1941 Jesse L 
Bollman, President, Balduin Luck£, Vice-Presi- 
dent, H P Smith, Secretarj'-Treaaurer, Paul 
R Cannon, Douglas H Sprunt, Councilors 
1942, 1943, 1944, 1946 Balduin LuckI:, Presi- 
dent, Paui R Cannon, Vice-President, H 
P Smith, Secretary-Treasurer, Douglas H 
Sprunt, Frieda S Robscheit-Robbins, Coun- 
cilors 1946 Paul R Cannon, President, Doug- 
las H Sprunt, Vice-President, Frieda S 
Robscheit-Robbins, Secretarj^-Treasurer, H P 
Sjhth, John G Kidd, Councilors 1947 Douglas 
n Sprunt, President, H P Suhth, Vice-Presi- 
dent, Frieda S Robscheit-Robbins, Secretarj- 
Treasurer, James F Rinehart, John G Iudd, 
Councilors 1948 H P Smith, President, John G 
Kidd Vice President, Frieda S Robscheit-Rob- 
BiN-. Secretary-Treasurer, James F Rinehart, 
SiDNEi C Madden, Councilors 1949 John G 
Kidd, President James F Rinehart, Vice-Presi- 
dent, Sidnei C Madden, Secretarj^-Treasurer, 
F s Robscheit Robbins, D Murrat Angevin e. 
Councilors 

CONSTITUTION 
\rtici e I Name 

The Society shall be named “The American 
Society for Experimental Pathology ” 

Article II Object 

The object of this Societj is to bring the produc- 
tne investigators in pathologj , norking essen- 
tialh bt experimental methods, in closer affilia- 
tion mth the v orkers in the other fields of 
experimental medicine 

Article III Tune and Place of Meeting 

The Societj shall meet at the same time and 
place as the Federation of American Societies for 
Expenmental Biology, which comprises at present 
the American Phj Biological Societj , the American 
Society of Biological Chemists, the American So- 
cieti for Pharmacologj and Experimental Thera- 
peutics, the American Societj for Expenmental 
Pathologj , the American Institute of Nutrition 
and the American Association of Immunologists 


Article IV Membership 

Section 1 Any American investigator who, 
through the use of experimental methods, has, 
wnthin three j^ears prior to his candidacy, con- 
tributed meritonous w ork in pathologj , is eligible 
to membership 

Section 2 It shall be the policy of the Societj to 
restrict its membership to as small numbers as is 
compatible with the maintenance of an active 
existence 

Section 3 There shall be two classes of mem- 
bers active and honorarj members 

Active members Candidates for active member- 
ship shall be nominated at or before an annual 
meeting bj^ tw o members of the Society The nomi- 
nators shall present to the Secretarj m wiating 
evidence of the candidate’s qualifications for 
membership Nominations approved by the Coun 
cil shall be presented to the Society for election 
at the next annual meeting following nomination 
For election a favorable ballot bj^ a majoritj of 
the members present is necessarj^ 

Honorary members These may be elected from 
the active list or from the group of distinguished 
investigators at home or abroad who have con- 
tributed to the knowledge of pathologj" by experi- 
mental study Thej" shall be elected onlj" bj the 
unanimous vote of the members present at time 
of nomination 

Section 4 Active members shall paj such 
annual dues as are determined upon, from jear to 
jear, bj" the Council Honorarj" members shall 
paj no dues, are not eligible to office, and have 
no vote in the business affairs of the Societj , but 
thej shall have all the privileges of the active 
members in the scientific proceedings 

Section 5 Upon failure of an active member to 
paj dues for tw"o j"ears, notice shall be given to 
the member bj" the Secretary At the end of the 
third j"ear, if dues are still unpaid, such failure 
constitutes forfeiture of membership 

Section 6 A motion for expulsion of a member 
must be thoroughly investigated by the Council, 
at this investigation the accused shall be afforded 
a hearing or maj be represented bj a member 
Expulsion can be accomplished onlj" after a unani- 
mous vote by the Council in favor of expulsion, 
sustained by a four-fifths vote of the members 
present at the meeting 

Article V Officers 

The management of the Society shall lie vested 
in a Council of five members, consisting of i 
President, a Vice-President, a Secretarj -Treas 
urer, and two other members who shall be nomi- 
natod bj the Council and elected by the Societi 
Officers are elected in a majontj vote and remain 
in office until Julj 1 following the Federation 
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Meeting Vacancies shall be filled by the Council 
for the unexpired term 

The President and ^6ce-President shall hold 
office for one year and are ineligible for re-election 
during the following year The Secretary-Treas- 
urer IS eligible for re-election Councilors shall 
hold office for two years and are elected on alter- 
nate years At the first election one Councilor shall 
be elected for a short term of one 3 ^ear 

Abticle VI Quorum 

Section 1 Three constitute a quorum of the 
Council The Council decides b 3 ’^ a majority vote 

Section 2 A quorum of the Society for transac- 
tion of business shall be one-fourth of the total 
membership In all questions brought before the 
Society a majonty vote of those present shall 
decide, except as elsevhere provided for 

Ahttcle VII Annual Meeting 

Section 1 Papers shall be limited to ten nun- 
utes However, on motion and inth unanimous 
consent, the time ma^ be prolonged by a period 
not exceeding five minutes The Council may make 
provision for longer papers on suitable occasions 

Section 2 The subjects of papers must be 
confined to experimental work in patholog 3 ’’ In 
doubtful cases a liberal interpretation b 3 ’- the 
President and Secretary ma 3 " prevail The Council 
nia3" invite, however, presentations dealing with 
an 3 subject which it considers of considerable 
interest to the Societ\ 


Article VIII Change of Constitution 

A motion concerning a change of the Constitu- 
tion must be presented to the Council in writing 
by three members, and must be communicated to 
the members b 3 ’- the Secretary at least four weeks 
before the annual meeting At this meeting such a 
change may be established when accepted by a 
four-fifths vote of the members present 

BY-LAWS 

1 There must be in each 3 ’-ear at least one meet- 
ing of the Council, which shall take place not later 
than the evening before the annual meeting 

2 At the end of the first session of the annual 
meeting the Secretar 3 ’- shall read the report of the 
Council This report shall include (1) names of 
persons recommended for membership, (2) nomi- 
nations for offices, (3) matters of general interest 
The Secretar 3 ' shall exhibit m a conspicuous place 
the names of candidates for membership recom- 
mended b 3 the Council, together with the evidence 
of the qualifications of the candidates 

3 The election of officers and of new members, 
changes in the Constitution, etc , shall be voted 
upon at the end of the first session 

4 Changes in the By-Laws ma 3 be determined 
by a majont 3 vote of those present 

6 In the 3 ear that a new Secretar 3 ’'-Treasurer 
18 elected the incoming Council Member elected 
that 3 ear, or another member of the Council, 
shall become Assistant Secretar 3 ’^-Treasurer for 
the duration of the term of the Secretar 3 -Treas- 
urer 



AMERICAN INSTITUTE OF NUTRITION, INC 

Founded April 11, 1933, Incorporated November 16, 1934 
Member of Federation 1940 


OFFICERS, 1960-1961 

President — W H Griffith, University of Texas 
Medical School, Galveston 

Vice-President — C M McCat, Cornell Uni- 
versity, Ithaca, N Y 

Secretary — J H Roe, George Washington Uni- 
versity School of Medicine, Washington, D C 
Treasurer — N B Guebeant, Pennsylvania 
State College, State College, Pa 
Council — E N Todhunteb, A H Smith, W 
C Russell, W H Griffith, C M McCat, 
J H Roe, N B Guerbant 

Nominating Committee — ^W J Darby, Chairman, 
O A Bessel, A G Hogan, L A Maynard, 
A- H. Smith 

Committee on Registry of Nutritional Pathology — 
R E Johnson, Chairman, 0 A Bessey, P L 
Philups, W H Sebrell 

Representatives on Committee on Biochemical No- 
menclature Ooint with American Society of Biologi- 
cal Chemists) — H J Almquist, C A Elvehjem 

PAST-OFFICERS 

1933 L B Mendel, President, H C Sherman, 
Vice-President, J R Murlin, Secretarj’’ -Treas- 
urer, E F DuBois, M S Rose, Councilors 1934 
J R Mueun, President, E F DuBois, Vice- 
President, IciE G Mact, Secretary, W M 
Boothbt, Treasurer, A H Smith, Agnes Fat 
Morgan, R M Bethke, Councilors 1936 J R 
Mueun, President, E F DuBois, Vice-Presi- 
dent, IciE G Mact, Secretary, G R Cowqill, 
Treasurer, A H Sjuth, R M Bethke, L A 
Maynard, Councilors 1936 E F DuBois, Presi- 
dent, Mart Swartz Rose, Vice-President, G R 
Con GILL, Treasurer, Icie G Mact, Secretary, 
R M Bethke, L A Maynard, C A Elvehjem, 
Councilors 1937 Marl S Rose, President, E V 
McCollum, Vice-President, G R Cowgill, 
Treasurer, Icie G Mact, Secretary, L A May- 
nard, C A Elvehjem, P E Howe, Councilors 
1938 E V McCollum, President, T M Carpen- 
ter, Ihce-President, G R Cowgill, Treasurer, 
L A Matn'ard, Secretary, C A Elvehjem, P 
E Howe, Helen S Mitchell, Councilors 1939 
H C Sherman, President, T M Carpenter, 
Vice-President, G R Cowgill, Treasurer, L A 
Maynard, Secretary, P E Howe, Helen S 
Mitchell, A H Sjhth, Councilors 1940 Thorne 
M Carpenter, President, A G Hogan, Vice- 
President, L A Maynard, Secretary, W H 
Sebrell, Jr , Treasurer, Helen S Mitchell, 


Arthur H Sshth, Lydia J Roberts, Councilors 
1941 A G Hogan, President, L A Maynard, 
Vice-President, Arthur H Smith, Secretary, 
W H Sebrell, Jr , Treasurer, T H Jukes, 
Lydia J Roberts, H B Lewis, Councilors 1942 
L A Maynard, President, H B Lewis, Vice 
President, Arthur H Smith, Secretary, W H 
Sebrell, Jr , Treasurer, Lydia J Roberts, 
Genevieve Stearns, T H Jukes, Councilors 
1943 H B Lewis, President, Icie G Macy-Hoob- 
LEB, Vice-President, Arthur H Sshth, Secretary, 
Lydia J Roberts, Genevieve Stearns, T H 
Jukes, Councilors 1944 Icie G Macy-Hoobler, 
President, Wm C Rose, Vice-President, Arthur 
H Smith, Secretary, E M Nelson, Treasurer, 
Genevieve Stearns, T H Jukes and C A 
Elvehjem, Councilors 1946 Wm C Rose, Presi- 
dent, Arthur H Smith, Vice-President, H E 
Carter, Secretary, E M Nelson, Treasurer, 
T H Jukes, C A Elvehjem, D W Woolley, 
Councilors 1946 Arthur H Smith, President, 
R M Bethke, Vice-President, H E Carter, 
Secretary, E M Nelson, Treasurer, C A El- 
vehjem, D W Woolley, H J Almquist, Coun- 
cilors 1947 R M Bethke, President, E M 
Nelson, Vice-President, H E Carter, Secre- 
tary, N R Elus, Treasurer, D W Woollei,H 
J Almquist, A D Holmes, Councilors 1948 
E M Nelson, President, C G King, Vice-Presi 
dent, J H Rob, Secretarj^ N R Elus, Treas- 
urer, H J Almquist, A D Holmes, E N Tod- 
hunteb, Councilors 1949 C G ICing, President, 
W H Griffith, Vice-President, J H Roe, 
Secretary, N R Ellis, Treasurer, A D Hoi mbs, 
E N Todhunter, a H Sahth 

CONSTITUTION 

1 The name of the proposed society is the 
“American Institute of Nutrition ” 

2 The purposes of the society are to further the 
extension of the knowledge of nutrition and to 
facilitate personal contact between investigators 
m nutrition and closely related fields of interest 

3 The management of the American Institute of 
Nutrition shall be vested in a council consisting 
of the President, Vice-President, Secretary, Treas- 
urer and three additional members 

BY-LAWS 

Article I Membership 

Section 1 Eligibility for membership Membere 
Qualified investigators who have indepcndcnth 
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conducted and published merit onous original in- 
vestigations in some phase of the chemistry or 
physiology of nutrition and nho have shown a 
professional interest m nutrition for at least 5 
years shall be eligible for membership in the 
Society 

Section 2 Nomination Nominations for mem- 
bership shall be made and seconded by members 
of the Society on blanks furnished by the Secre- 
tary Nonunations shall be submitted to the Coun- 
cil who shall determine eligibility and make 
recommendation to the Society at a regular meet- 
ing 

Section 3 Election to membership A A nomi- 
nee for membership may be voted for by ballot at 
any meeting of the Society after the Council has 
reported its findings on his eligibibty B A ma- 
jority of the ballots cast shall elect 

Section 4 Forfeiture If a majority of the 
Council after due notice to the member in question 
and opportunity for a hearing, shall decide that 
the interests of the Society reqmre the expulsion 
of a member, the Secretarj' shall send a notice of 
this decision to each member at least two weeks 
before the next annual meeting At this meeting 
the Secretary shall, on behalf of the Council, 
propose the expulsion, and if two-thirds of the 
members present vote for it, the member shall 
be expelled, his assessment for the current year 
shall be returned to him, and he shall cease to be 
a member of the Society 

Abticle II Meetings and Quorum 

Section 1 Annual The annual meeting of the 
Society shall be held on the date fixed by the 
Certificate of Incorporation 

Section 2 Special A special meeting maj be 
called at any time by the President, or in case of 
his absence or disabilitj , bj the Vice-President, 
and must be called at the request in iinting of a 
majority of the Council or fifti members of the 
Societx Notice specifxung the purpose of such 
meeting shall be mailed to each member at least 
ten dai s prenous thereto The Council shall select 
the places at nhich meetings shall be held 

Sfction 3 Quorum Thirtx members shall con- 
stitute a quorum at all meetings of the Societx , 
but in the absence of a quorum anx number shall 
shall be sufficient to adjourn to a fixed date 

Article III Officials 

Section 1 Oiftcers The officers shall be a 
President, and a Mce President xvho shall be 
elected annuallx , and a Secrctarx and Treasurer, 
each of whom shall be elected to serxe for a term 
of three xears These officers shall be elected bx 
the members of the Societx Their terms of office 
‘-hall commence on Julx 1 of the x ear in xxhich tliex 
ire elected 


Section 2 Council The officers so selected and 
three additional members, one of whom shall be 
elected at each annual meeting to serve a term of 
three years, shall constitute a Board of Trustees 
and shall be known as “The Council ” (ViTien 
this provision is first put into effect one member 
shall be elected for 1 year, one for 2 years and the 
third for 3 years ) 

Section 3 Duties of Officers The powers and 
duties of the officers elected by the Society shall 
be such as usually devolve upon their respective 
positions 

Article IV The Council 

Section 1 Powers The general management of 
the Society during the intervals between meetings 
shall be vested m the Council, which shall regu- 
larly perform the ordinary duties of an executive 
committee and possess all the powers conferred 
upon the Board of Trustees of an educational 
institution chartered by the Education Depart- 
ment of the University of the State of New York 
A permanent charter was issued to the American 
Institute of Nutrition under date of November 16, 
1934 

Section 2 Reports The Council shall report to 
the Society its findings on the eligibility of candi- 
dates for membership, and on all charges of a 
violation of these By-Laws 

Article V Nominating Committee 

Section 1 Membership A The Nominating 
Committee shall consist of five members appointed 
for the coming year b 3 f the retiring President 
Members who have served on the Nominating 
Committee for two consecutive years shall be in- 
eligible for reappointment until after a lapse of 
one x'ear B The President shall designate one 
member to be Chairman of the Nominating 
Committee 

Section 2 Nomination of Officials A The 
Nominating Committee shall make at least one 
nomination for each of the four offices, for each of 
the additional positions on the Council to be filled 
bx vote of the members and for eich of the posi- 
tions on the Editorial Board to be xacated at the 
time of the annual meeting Anx member of the 
Institute max submit nominations to the Nomi- 
nating Committee for its consideration along 
xnth those nominations made bx the members of 
the Nominating Committee B The nominations 
bx the Nominating Committee shall be trans- 
mitted to the Secrctarx at least six weeks before 
the annual meeting at xxhich thex arc to lie con- 
sidered C The Secrctarx shall send to ex crx mem- 
ber, It least txxo xxeeks before the annual meeting 
a printed ballot containing the list of nominees 
ind space for such additional names as the mem- 
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ber •mshes to propose, and at the same time shall 
notifj' the members that they may vote by mail, 
returning to the Secretary the marked ballot in 
the envelope provided, at such a time and place 
as the Secretary mav designate, or the ballot may 
be delivered to the Secretary at the beginning of 
the business session at which the elections are to 
take place 

Section 3 Election of officials A At the begin- 
mng of the business session the Secretary shall 
present to the tellers, appointed by the President, 
the ballots submitted by the members and the 
ballots shall be counted forthwith B A majorit 3 '' 
of votes cast shall be necessarj' to elect an official 

Section 4 Filling of Vacancies A The Nomi- 
nating Committee shall fill all vacancies in elective 
positions except such as mav occur at a meeting 
of the Societj'' B The President of the Society 
shall fill all vacancies in appointive positions 

Article VI Financial 

Section 1 Dues The dues shall be the annual 
cost of subscription to The Journal of Nutrition 
for members plus an annual assessment which 
shall be determined bj" majority vote at the 
annual meetings, upon reconuxiendation of the 
Council, and shall be due uithin a month after 
the annual meeting A member on attaining the 
age of 65 ma\ elect to be relieved from all financial 
obligations to the Institute including subscription 
to The Journal of Nutrition 

Section 2 Expendiluics No expenditures from 
the geneial funds of the Societj except those re- 
quired in the performance of the ordinary official 
duties shall be made except bj vote of the Society 
or the Council 

Section 3 Penally for non-payincnl of dues 
A Members in arrears for dues for tno consecutixe 
jears shall forfeit their membership B Delin- 
quent members mai be reinstated bj"^ the Council 
provided all indebtedness to the Societ}"^ is liqui- 
dated 

Article \ II The Journal of Nutrition 

S£( tion 1 The 4merican Institute of Nutrition 
designates The Journal of Nutrition ns its official 
organ of publication 

Section 2 In accordance vith the expressed 
wish of the Wistar Institute of Anatomj’^ and 


Biology, owner and publisher of The Journal of 
Nutrition, the American Institute of Nutrition 
shall nominate members of the Editorial Board 
for its official organ A The editorial management 
of The Journal of Nutrition shall be vested in an 
Editorial Board consisting of an Editor and twelve 
Board Members B The Editor shall be chosen by 
the Editorial Board to serve a term of five years 
beginning July 1 of the year in which he is chosen, 
and shall be eligible for reelection The Editor shall 
have the power to designate one of the Board 
Members to serve as his assistant, and such an 
appointee shall be called Associate Editor C 
Three members of the Institute shall be nommnted 
by the Nominating Committee for membership 
on the Editorial Board each year to serve a term 
of four jmars, replacing three retinng members 
and taking office May 1 of the j^ear in which they 
are elected In the event of a vacancy in the mem- 
bership of the Editorial Board occurnng through 
death or other reason, the Nominating Comrmttee, 
for each such vacancy to be filled shall make an 
additional nomination In this event the nominees 
elected who receive the greatest number of votes 
shall serve the longest term of vacancies to be 
filled D Retiring members of the Editorial Board 
shall not be eligible for renomination until one 
year after their retirement 

Article VIII Papers on Scientific Subjects 

Section 1 The Secretary shall be authorized to 
arrange programs for the scientific sessions at the 
annual meetings 

Article IX Changes in Constitution and 
By-Laws 

Section 1 Proposed changes in the Constitu- 
tion and Bj'-Laws must be sent in writing to the 
Secretary at least one month before the date of 
the meeting at which they are to be considered, 
and must be signed bv at least three members 
The Secretary'^ shall send a printed copy of any 
proposed change to each member at least two 
wmeks before the next meeting and shall notify 
all members that they may vote by' proxy 

Section 2 If at this meeting two-l birds of the 
votes cast shall favor the proposed change, it 
shall be made 
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Founded June 19, 1913, ilfm&er of Federaiwn 19^ 


OFFICERS, 1950-1961 

Prestrfeni— G eoffbet Edsael, Boston Univer- 
sity School of Medicine, Boston, Mass 

Honorary President — Arthur F Coca, Oradell, 
N J 

Vice-President— CouuM MacLeod, New York 
University College of Medicine, New York Citv 
Secrelanj-Treasurer—dvi^r^B Freund, Public 
Health Research Institute, New A'’ork City 
Council — ^Thomas Francis, Jr , John F 
Enders, Thomas P IMagill, Michael Heidel- 
BERGER, Geoffrey Edsall, Coun M MacLeod, 
Jules Freund 

PAST OFFICERS 

Presidents— 1913 Gerald B Webb 1916 James 
W Jobbing 1916 Richard Weil 1917 John A 
Kolmer 1918 William H Park 1919 Hans 
Zinsser 1920 Rufus I Cole 1921 Frederick 
P Gay 1922 George W McCoy 1923 H Gid- 
eon Wells 1924 Frederick G Nova 1926 Wil- 
fred H Manbaring 1926 Ludihg Hektoen 
1927 Karl Landsteiner 1928 Eugene L Opie 
1929 OsBALD T Aiery 1930 Stanhope Bayne- 
JoNES 1931 Ai PHONSE R DocuEZ 1932 Augustus 
B Wadsborth 1933 Thomas M Rivers 1934 
Francis G Biake 1936 Warfield T Longcope 
1936 Sanford B Hooker 1937 Carl TenBroeck 
1938 Donald T Fraser 1939 George P Berry 
1940 Paul R Cannon 1941 Karl F Meyer 
1942-1946 Jacques J Bronfenbrenner 1946- 
1947 Micuaei Heidelberger 1947 Lloid D 
Fflton 1948 i\IicHAEL Heidelberger 1949 
Thomas Francis, Jr 

Vice-Presidents — 1913-1916 George W Ross 
1916 Georgf P Sanborn 1916 John \ Kolmer 
1947 Michvei Heidelberger 1948 Lloyd D 
Feiton 1949 hlicHAFi Heidelberger 
Sccrelarij — 1913-1918 M artin J Sinott 
1 rmsurcr — 1913-1918 II ii lard J Stone 
Secretary Treasurer — 1918-1947 \rthir F 

Coca 1948-1949 Julfs Frelnd 

CONSTITUTION 

( Is rci iscd, 1949) 

Vrtici f I Name 

This association sli ill be cillcd Tni Imericvn 
\. s--oci vnoN OF Immunoi onsTf 

Vrtici r II Object 

The purpo^o of the Vssociation shill be to id- 
\ance knoBledce of ininiunologA and related disci- 


plines, and to facilitate interchange of ideas and 
information among investigators in the vanous 
fields 

Article HI Members 

Section 1 The Association shall consist of ac- 
tive members, members emeriti and honorary- 
members 

Section 2 Any qualified person engaged in the 
study of problems related to the purpose of the 
Association may apply for active membership 
Candidates for active membership shall be nom- 
inated by two members of the Association on 
blanks furnished by the Secretary Applications 
must be accompanied by letters of recommenda- 
tion of tlie sponsors, a curriculum vitae, and a 
list of repnnts of publications The Council shall 
determine eligibibty and post a list of candidates 
at the annual meeting The membership shall elect 
ncB members b} majority vote 

Section 3 Failure to pay dues for three succes- 
sive jears shall annul membership The Council 
maj reinstate a member if an acceptable e\plana- 
tion IS submitted and all indebtedness to the Asso- 
ciation IS liquidated Pajment of such indebted- 
ness mai be Bnived by unanimous vote of the 
Council if circumstances justify such action 
Section 4 If a tBo-thirds majority of the Coun- 
cil decides that the best interests of tho Associa- 
tion require the expulsion of a member, the Secre- 
tary shall notify the affected member in writing 
of the charges The Council shall alloB a reason- 
able time for the presentation of his defense be- 
fore acting Upon recommendation of a tivo- 
thirds majoritA of the Council, the SecretarA shall 
send a notice of the decision to each actiAc member 
at least sin Bceks before the next annual meeting 
At this meeting the Secretary shall, on behalf 
of the Council, propose the expulsion, and on a 
tAAo-thirds vote of the members present, the mem- 
ber shall be expelled, his assessment for the cur- 
rent year shall bo returned, and ho shall cense to 
be a memlier of the Vssociation 

Sfctiox 5 An actn c member of the Association 
for tAAcntA A ears upon retirement because of age 
or disibilitA niaA elect to accept the status of 
member emeritus Vs such he sh ill ret iiii Anting 
prn lieges but shall be relicAcd of all financuil ob 
ligations to the Vesoci ition and shall not rccciAc 
the Journal AAithoiit pmnciil 

‘fiction 0 The Council maA nominate for 
hoiiorir\ membership persons of cxiraordinar\ 
ichiCAcment in the field of endeaAor of this V'^'-o- 
ciation Llcction to honor ua menibcr'-hq) ill 
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follow the same procedure as that for election for 
office in the Association, and the Secretary, on 
order of the Council, shall place nominations for 
honorary membership on the annual ballot 

Article IV Officers 

Section 1 The Association shall be governed 
by a Council, which shall consist of the Officers 
of the Association and five Councilors, one of 
whom shall be the Editor-in-Chief of the Journal 
of Immunology 

Section 2 The Officers of the Association shall 
be a President, a Vice President, a Secretary, and 
a Treasurer The duties of the two latter may be 
performed by one or two individuals as determined 
by vote of the Association (See By-Law jff 7 ) 

Section 3 The President, the Vice President, 
the Secretary, and the Treasurer shall be elected 
at the regular annual meeting of the Association 
to serve for one year Only the Secretary and the 
Treasurer are eligible to serve for successive 
terms in their respective offices The term of office 
shall begin the day after the end of the annual 
meeting 

Section 4 One Councilor shall be elected each 
year to serve for a term of four years He may how- 
ever serve in any other elective office immediately 
after expiration of his term as Councilor 

Section 5 The President shall appoint a Nomi- 
nating Committee of three (or more) members 
not currently serving on the Council of the Asso- 
ciation and shall designate the Chairman The 
Committee shall submit nonunations for the offices 
of President, Vice President, Secretary, Treasurer, 
and Councilor They may nominate the member 
currently serving as Vice President for the office of 
President, and the Councilor who is serving ius 
fourth year for the office of Vice President They 
shall submit the names of three members of the 
Association as candidates for the office of Coun- 
cilor for a four -year term The Nominating Com- 
mittee shall confer at least three months before 
the annual meeting and shall transmit its nom- 
inations, over the signatures of the majority of 
the Committee, to the Secretary at least two 
months before the annual meeting Other names 
may be added to the ballot upon petition of at 
least twenty-five members of the Association to 
the Secretary at least two months before the 
annual meeting The Secretar 3 ^ shall send to each 
member of the Association, at least six weeks be- 
fore the annual meeting, a ballot containing the 
list of all such nonunees 

Section 6 The members of the Association shall 
vote on the nominations by secret ballot by mail 
All ballots must be in the hands of the Secretarj 
one week before the annual meeting At the time 
of the annual meeting the Secretarj shall present 
all the valid sealed ballots received bv him to the 


tellers appointed by the President A plurality of 
votes shall be sufficient for election 

Section 7 The Vice President shall substitute 
for the President when necessary If both the Presi- 
dent and Vice President are unable to serve, the 
senior Councilor shall temporanly assume the 
duties of President Should a vacancy occur m the 
office of Secretary or Treasurer, or Councilor, the 
Council by a majority vote shall appoint a mem- 
ber to fill the unevpired term until the following 
election In the event of a vacancy in the Council, 
the members shall in the following election choose 
two Councilors from among six nominees whose 
names shall be selected by the Nominating Com 
mittee and included on the ballot as above More 
over, in this event the terms of the four Councilors 
shall be adjusted so as to provide an orderly pro 
gression within the general sense of the Constitu 
tion 

Article V Meetings 

Section 1 A regular meeting of the Association 
shall be held annually at such time and place as 
the Council shall determine Regular meetings 
shall be open to all members of the Association 
The members present at the annual meeting of 
the Association shall constitute a quorum 
Section 2 A meetmg of the Council shall be 
held prior to the annual busmess meetmg of the 
Association A quorum of the Council for this 
meeting shall be five 

Section 3 In case of equal division of votes, 
the President shall cast the decisive ballot 
Section 4 Minutes of the annual meeting of the 
Council and of the annual business meetmg of the 
Association shall be published in the form of a 
news-letter and be distributed only to members 
of the Association The annual report of the Treas 
urer shall be included in this news-letter 

Article VI Business 

Section 1 The fiscal year of the Association 
shall begin March first 

Section 2 Annual dues, upon recommendation 
of the Council, shall be determined by a majontv 
vote at the annual meeting of the Association 

Article VII Publication 

Section 1 The Journal of Immunologj , which 
IS the property and official organ of this Associa 
tion, shall be administered for the Association bj 
an Editorial Board 

Section 2 An Editor-in-Chicf shall be elected 
from the membership by a majonty vote of the 
Council to serve for four years His term of office 
shall be subject to renewal He shall appoint mtb 
the consent of the Council an Editonal Board 
of four to BIX members to serve for four jears 
The Editor-in-Chief and the members of the Edi- 
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tonal Board shall be responsible for the editorial 
conduct of the Journal 

Section 3 The Editor-in-Chief shall, with the 
consent of the Council, appoint from the active 
members Associate Editors as needed These As- 
sociate Editors are to be chosen because of their 
abilit}"^ in specialized fields 

Section 4 The Editor-in-Chief shall make a 
report of his stewardship of the Journal at the 
annual meeting and in this report shall su mm arize 
the editorial situation and all matters dealing with 
finances He shall submit to the Council state- 
ments relating to the number of manuscripts re- 
ceived, rejected, accepted, and published during 
the year, changes in editorial personnel of editors, 
a complete summary of circulation and of finances 
and of any other information which the Editorial 
Board may feel to be pertinent or which may be 
required by the Council 

Aeticle VIII Amendments 

Section 1 Proposed changes in the Constitu- 
tion shall be submitted by at least five members 
in v riting through the Secretary to the President 
The President shall then appomt a committee of 
at least three members which shall communicate 
its recommendations to the President for consid- 
eration by the Council The Council shall then ad- 
vise the Secretary to submit the recommendations 
of the committee to the membership of the Asso- 
ciation for approval with the annual ballot A 
change m the Constitution shall require a two- 
thirds majoritj of the votes cast by the members 
at the annual meeting and shall require confirma- 
tion by a majority in a mail vote in which at least 
50% shall have participated 

Section 2 As an alternative procedure a pro- 
posed change in the Constitution may be sub- 
mitted directlj to the Council by petition of one- 
tenth of the total active membership Under this 
circumstance the Council is required to arrange 
for a vote by the members as heretofore described 
Section 3 Proposed changes in Bj-Lans may 
be adopted b} two-thirds vote of members present 
at the annual meeting 

BY-LAWS 

1 The Past Presidents shall have the right of at- 
tending, TV ithout \ otc , the meetings of the Council 


2 The President may appoint a Past President 
or a Past Councilor as pro tempore Councilor at 
any stated meeting of the Council at which a 
quorum is not present 

3 The Council may transact and vote by mail 
on such business as cannot be conveniently trans- 
acted at meetings 

4 The Secretary shall arrange the program for 
the scientific meetings, with the advice of the 
other officers of the Association Any member m 
good standing shall have the right to submit a 
paper The privilege of presentation may be ex- 
tended to non-members upon recommendation of 
active members Papers intended for presentation 
at the meetmgs shall conform to the standards of 
the Journal of Immunology In case of doubt, the 
Secretary shall have the right to submit papers to 
the scrutiny of three or more members of the 
Editorial Board of the Journal of Immunology 
whose decision shall be final 

6 Each member who sigmfies his intention of 
reading a paper at any session may specify the 
length of tune which its presentation shall re- 
qmre In the absence of any specification of time 
required not more than ten minutes shall be al- 
lotted for the reading of any one paper The time 
allotted shall be printed on the official program, 
and the presiding officer shall have no authority 
to extend it unless a majonty of the members 
present signify their wish to the contrary 

6 If by force of circumstances it should be im- 
possible to hold the annual meeting, the election 
of Officers and Council may be earned out entirely 
by mail 

7 The offices of Secretary and Treasurer are 
combined and shall be held by one person 

S Official or invited addresses presented at the 
annual meeting shall be given immediate priority 
in publication, unless the Editor-in-Chief shall 
be othermse instructed bj majoritj’’ vote of the 
Council 

9 Dues are payable on or before Januarj 1st 
and subscnptions to the Journal will be lapsed if 
not paid b^ this date 

10 If the Editor-in-Chief is unable to attend the 
stated meeting of the Council, he maj designate 
an alternate from the membership of the Editorial 
Board 




ALPHABETICAL LIST OF MEMBERS OF THE SIX SOCIETIES 

(1) The Amencan Physiological Society 

(2) Amencan Society of Biological Chemists 

(3) The Amencan Society for Pharmacology and Expenmental Therapeutics 

(4) The American Society for Expenmental Pathology 

(5) The Amencan Institute of Nutntion 

(6) The Amencan Association of Immunologists 

Number and year in parentheses following each name indicate Society affiliation and year of election 

R signifies retired status 


HONORARY MEMBERS 

Adrian, E D Cambridge University, Dept of 
Physiology, Cambridge, England (1, 1946) 
Bremer, Frederick, M D 115 Boulevard de Water- 
loo, Brussels, Belgium Prof of Pathology, Untv 
of Brussels, Dir of Lab of General Pathology, 
Pres of College des Medecins de V Agglomerstion 
de Bruxelloise (1, 1950) 

Chopra, R N , M D , Sc D School of Tropical 
Medicine, Calcutta, India Director, Professor 
of Pharmacology (3, 1938) 

Coca, Arthur F , A M , M D Pearl River, N Y (6, 
1916) 

Dale, H H, OM, QBE, MD, FRCP, 
F R S The Wellcome Trust, 28 Portman Sq , 
Malet St , London, W 1, England (3, 1926) 
Hektoen, Ludvig, M D 629 S Wood St , Chicago, 
111 President, Chicago Tumor Institute (6, 
1919) 

Hess, Walter Rudolf, M D Univ of Zurich, Phj'si- 
ological Inst , Zunch, Svatzerland Dir , Swiss 
Physiological Inst (1, 1950) 

Hill, Archibald Vivian, CH,OBE,ScD,LL 
D , F R S 16 Bl8hops^^ ood Rd , London N 6, 
England Foulerton Research Prof of Royal 
Society, Univ College, London (1, 1950) 

Houssay, Bernardo A IM D Viamonte 2790, 
Buenos Aires, Argentina Director and Professor 
of Physiology (1, 1942) 

Lapicque, L The Sorbonne, Laboratory' of Phys- 
iology, Pans, France (1, 1946) 

Liljestrand, Gornan, M D Caroline Inst , Stock- 
holm, Sveden Prof of Pharmacology (1, 1950) 
Loeni, Otto, M D 155 E 93rd St , New York 
Clt^ 28 Research Professor in Pharmacology 
N Y U College of Med (3, 1941) 

McCoy, George Walter, AID Louisiana State 
Unncrsitv Aledical School, New Orleans 
Director, Department of Public Health (6, 1016) 
Noiv Frederick G , M D , Sc D 721 Forest 
Aae , Vnn Arbor, Mich Dean Emeritus and 
Professor Emeritus of Bacteriology, Lnitcrsily 
of Michigan Medical School (6, 1920) 


Orbeli, L A Academy of Sciences of the USSR, 
Moscow, USSR (1, 1946) 

Sherrington, Sir Charles S , Sc D , M D “Broom- 
side,” Valley Road, Ipswich, England, Former 
Wayneficte Professor of Physiology, Oxford Uni- 
versity Former President of the Royal Society 
(1, 1904) 

MEMBERS 

Abbot, Lynn D P , Jr Ph D Med College of Vir- 
gima, Richmond 19 Assoc Prof of Biochemistry 
(2, 1948) 

Abramson, David I , M D Univ of Illinois, Dept 
of Medicine, Chicago 12 Asst Clin Prof 
Attending Physician, Hines Veterans Hospital 
(1, 1937) 

Abramson, Harold A , M D Mt Smai Hospital, 
New York City' Chief, Allergy Clinic, Asst 
Prof of Physiology, Columbia Univ College of 
Physicians and Surgeons (1, 1930 , 2, 1934) 

Abreu, Benedict E , Ph D , AI D Pitman-Moore 
Co , Indianapolis, Ind Pharmacologist, Research 
Dept (3, 1941) 

Acheson, George H , M D Univ of Cincinnati 
College of Aledicine, Cincinnati, Ohio Prof 
of Pharmacology (1, 1942, 3, 1945) 

Adams, Georgian, MA, DSc US Dept of 
Agriculture, W^ashington 25, D C Sr Exper 
Station Admin (5, 1946) 

Adams, John M , AI D Unn of California, 405 
Hilgard Vve , Los Angeles 24 Prof of Pediatrics 
(4, 1947) 

Adams, Mildred, Ph D Agricultural Research 
Center, Bureau of Human Nutntion and Home 
Economics, Belts\ille, Md Biochemist, Food 
and Xiitrition (2, 1934) 

Adams, R Charles, CM, MD Maio Clinic, 
Rochester Minn l^ioc Prof of incslhesiology 
Mayo Foundation, Consultant Mai/o Clinic Sec- 
tion on Ancsihesta (3, 1142) 

Adams, W Llovd, M D , Ph D 1300 I irst Natl 
Bank Bldg , Lexington C Ky Praclictno Oph 
thalmolooisl (3, ]142) 

Adams, W right R , M D Unu of Cliicago Dept 
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of Medicine, Chicago 37, Rl Assoc Prof of 
Medicine (1, 1946) 

Addison, WilliamH ,M D Univ of Pennsylvania, 
Philadelphia Prof Emeritus of Histology and 
Embryology (IR, 1928) 

Ades, Harlow 'Whiting, Ph D Bo\ 734, Emory 
Univ , Ga (1, 1945) 

Adler, Harry F , Ph D , M D School of Avia- 
tion Medicine, Randolph A F B , Te\ Dtr 
Med Sciences Div (1, 1943) 

Adolph, Edward Frederick, Ph D , Univ of Roches- 
ter School of Medicine and Dentistry, Rochester, 
N Y Prof of Physiology (1, 1921) 

Adolph, William H , Ph D 25 Maple St , New 
Haven, Conn Prof of Biocheimslrii , Pevping 
Union Med College, Peiping, China (2, 1946, 
5, 1934) 

Ahlquist, Raymond P , Ph D Med College of 
Georgia, Augusta Prof and Chairman of Dept 
of Pharmacology (3, 1945) 

Albanese, Anthony A , Ph D St Luke’s Con- 
valescent Hospital, Nutntion Research Lab , 
King St , Greenwich, Conn Chief of Nutrilional 
Research (2, 1944) 

Albaum, Harry G , Ph D Brooklyn College, Bed- 
ford Ave and Ave H, Brooklyn, N Y Asst 
Prof of Biology (2, 1947) 

Albert, A, PhD, MD Majo Foundation, 
Rochester, Minn Research Assoc (1, 1947) 
Albritton, Errett C , M D George Washington 
Univ Med School, 1339 H St , N W , Washing- 
ton, D C Prof and Head of Dept of Physiology 
(1, 1933) 

Alden, Roland H , Ph D Univ of Tennessee, 
College of Medicine, Memphis 3 Prof and 
Head, Dept of Microscopic Anatomy (1, 1949) 
Alexander, Robert S , Ph D Western Reserve 
Univ School of Medicine, 2109 Adelbert 
Rd , Cleveland, Ohio Instr in Physiology (1, 
1946) 

Algire, Glenn H , M D Natl Cancer Inst , 
Bethesda, Md Sr Surgeon, USPHS (4, 1945) 
iVlIan, Frank N , M D Lahey Clinic, 605 Common- 
wealth Ave , Boston, Mass Exec Dir of the 
Med Dept (4, 1930) 

Allen, Charles Robert, Ph D , M D Univ of 
Texas School of Medicine, Galveston Assoc 
Prof of Anesthesiology (1, 1943) 

Allen, Frank W , Ph D Univ of California, 1557 
Life Science Building, Berkeley Assoc Prof 
(2, 1947) 

Allen, Fredenck M , M D 1031 Fifth Ave , New 
York City Prof of Medicine, Polyclinic Med 
School and Hospital (IR, 1924, 4, prior to 
1920) 

Allen, J Garrott, M D Univ of Chicago, Univ 
Clinics, Chicago, Rl Instr in Surgery (1, 
1943) 

Allen, Lane, Ph D , M D Med College of Georgia, 


Univ Place, Augusta Assoc Prof of Anatomy 
(1, 1939) 

Allen, Shannon C , Ph D U S A F School of Avi- 
ation Medicine, Randolph A F B , Tex Chief, 
Applied Human Biology Branch (1, 1945) 
Allen, Thomas H , Ph D Columbia Univ College 
of Physieians and Surgeons, Dept of Physiol- 
ogy, 630 W 168th St , New York City 32 Asst 
Prof of Physiology (1, 1947) 

Allen, Willard E , M D Washington Univ School 
of Medicine, 630 S Kingshighway, St Louis, 
Mo Prof of Obstetrics and Gynecology (1, 1934) 
Allen, William F , PhD Univ of Oregon Med 
School, Portland Prof Emeritus of Anatomy 
(IR, 1929) 

Alles, Gordon A , Ph D 770 S Arroyo Parkway, 
Pasadena, Calif Lecturer in Pharmacology, Univ 
of California Med School, ccnd Research Assoc tn 
Biology, California Inst of Technology (1, 1932, 
3, 1941) 

Ailing, Eric L , M D Univ of Rochester School of 
Medicine and Dentistry, Rochester 7, N Y 
Assoc in Radiology (4, 1947) 

Allison, James B , Ph D Rutgers Univ , New 
Brunswick, N J Prof of Physiology and Bio 
chemistry. Dir of Bureau of Biological Research 
(2, 1946 , 5, 1949) 

Almquist, Herman J , Ph D The Grange Co , 
Modesto, Calif Dir of Research and Vice Pres 
(2, 1937, 5, 1937) 

Altland, Paul D , Ph D Natl Insts of Health, 
Bethesda, Md Physiologist (1, 1960) 
Altschnl, Aaron M , Ph D Southern Regional 
Research Lab , USD A, 2100 R E Lee Blvd , 
New Orleans, 19, La Head, Protein and Carlo 
hydrate Div (2, 1949) 

Alvarez, Walter C , M D Mayo Clinic, Rochester, 
Minn Prof of Medicine, Mayo Foundation 
(IR, 1917, 3R, 1921) 

Alvlng, Alf Sven, M D Billings Hospital, Univ 
of Chicago, 950 E 69th St , Chicago, Rl Assoc 
Prof of Medicine (1, 1939) 

Amberg, Samuel, M D Mayo Clinic, Rochester, 
Minn Assoc Prof Emeritus of Pediatrics, Mayo 
Foundation (IR, 1903 , 2, 1906 , 3R, 1909) 
Amberson, William R , Ph D Univ of Maryland 
School of Medicine, Baltimore Prof of Physi- 
ology (1, 1924) 

Ambrose, Anthony M , Ph D Western Regiona 
Research Lab , 800 Buchanan St , Albany, Calif 
Pharmacologist, U S Dept of Agriculture, Phar 
macology Resegrch Lab (3, 1937) 

Ames, Stanley E , Ph D Distillation Products, 
Inc , Div of Eastman Kodak Co , Rochester , 

N Y Sr Research Chemist (2, 1948) 

Amoss, Harold L,MD,DPH,ScD 68 
field Drive, Greenwich, Conn (4, 1922, 6, WIG 
Andersch, Marie A , Ph D Univ Hospital, Balti- 
more, Md Biochemist, Instr m Medicine, Univ 
of Maryland (2, 1940) 
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Andersen, Dorothy H , M D Babies Hospital, 
Broadway and 167 th St , New York City Asst 
Prof of Pathology, Columbia Univ (4, 1935) 
Anderson, Carl E , Ph D Univ of North Carolina, 
School of Medicine, Dept of Biological Chem- 
istry and Nutrition, Chapel Hill Assoc Prof 
of Biochemistry (2, 1950) 

Anderson, Evelyn, MD PhD Natl Insts of 
Hea'th, Bethesda 14, Md (1, 1934) 

Anderson, Hamilton H , M S , M D Pharmacol- 
ogj’^Lab , Univ of California Med School, San 
Francisco Prof and Chairman of Div , until 
June 1961, Office of the Dean, American Univer- 
sity of Beirut, Lebanon (3, 1931) 

Anderson, Oscar Daniel, Ph D Cornell Univ , 
Dept of Psychology, Ithaca, N Y (1, 1939) 
inderson, Hubert S , Ph D Univ of South Da- 
kota School of Medicine, Vermillion Prof of 
Physiology (1, 1948) 

Anderson, Rudolph J , Ph D Sterling Lab , Yale 
Univ , New Haven, Conn Prof of Chemistry 
(2, 1915) 

Anderson, TV A D , M A , M D Marquette Univ 
School of Medicine, Milwaukee, Wis Prof of 
Pathology (4, 1941) 

Anderson, ‘William E , M A Eastern State Farm- 
ers’ Exchange, Westbrook Farm, Rockville, 
Conn Biochemist (2, 1931 , 5, 1933) 

Andervont, H B , Sc D Natl Cancer Inst , Be- 
thesda, Md Biologist, USPHS (4, 1939) 
Andrews, James C , Ph D Univ of North Caro- 
lina, Chapel Hill Prof of Biological Chemistry 
and Nutrition (2, 1925) 

Andrus, E Cowles, M D 24 E Eager St , Balti- 
more 2, Md Asst Visiting Physician, Assoc 
Prof of Medicine, Johns Hopkins Univ (1, 1925) 
Anfinsen, Christian B , Jr , Ph D Natl Heart 
Inst , Bethesda 14, Md Chief, Section of Cellular 
Physiology (2, 1946) 

Angerer, Clifford, Ph D Ohio State Univ , Co- 
lumbus Assoc Prof of Physiology (1, 1943) 
Angevlne, D Murray, M D Univ of Wisconsin 
Med School, Madison Prof of Pathology (4, 
1940) 

Anker, H S , M D , Ph D Univ of Chicago, Dept 
of Biochemistry , 947 E 5Sth St , Chicago 37, 
HI Research Assoc and Asst Prof (2, 1949) 
Annegers, John H , Ph D , M D Northwestern 
Univ Med School, Dept of Physiology , 313 E 
Chicago Ave , Chicago 11, HI Asst Prof of 
Physiology (1, 1949) 

Ansbachcr, Stefan, D Sc P O Box 731, Marion, 
Ind (2, 1939) 

Anslow, '\i\ Parker, Jr , Ph D New York Unn 
College of Medicine, 477 First Axe , New York 
Citx 16 4sst Prof of Physiology (2, 194S) 
Anson, Mortimer L , Ph D Tliomas J Lipton, 
Inc , 1500 Hudson St Hoboken, N J Dir of 
Chemical Research (2, 1937) 

Apperh, Frank L. D Sc , MD Med Col- 


lege of Virginia, Richmond Prof of Pathology 
(4, 1936) 

Archibald, Reginald M , Ph D , M D Rockefeller 
Inst for Med Research, 66th St and York Ave, 
New York City 21 Member, Physician to Hos- 
pital (2, 1947) 

Arkin, Aaron, M D , Ph D Suite 2006, 25 E Wash- 
ington St , Chicago, HI Rush Prof of Medicine, 
Univ of Illinois, Prof and Chairman of Dept of 
Medicine, Cook County Grad School (1, 1914, 
3, 1919) 

Armstrong, Harry G, M D "Headquarters US 
Air Force Washington, 25, D C Surgeon Gen- 
eral (1, 1948) 

Armstrong, Philip B , M D Syracuse Univ Col- 
lege of Medicine, Syracuse 10, N Y Prof of 
Anatomy (1, 1945) 

Armstrong, W D , M D , Ph D Umv of Minne- 
sota, 17 Med Sciences Bldg , Minneapolis 
Prof and Head of Physiological Chemistry (2, 
1938) 

Arnold, Aaron, Ph D Sterling-Winthrop Research 
Inst , Rensselaer, N Y Head of Nutritional Re- 
search Lab (5, 1947) 

Arnold, Lloyd, A M , M D 1538 E 57th St , Chi- 
cago, HI (4, 1930, 6, 1925) 

Amow, L Earle, Ph D , M D Sharp & Dohme, 
Med Research Div , Glenplden, Pa Dtr of 
Research (2, 1940) 

Aronson, Joseph D , M D Univ of Pennsylvania, 
Phipps Inst , Philadelphia 4 Prof of Bacteriol- 
ogy (4, 1927 , 6, 1925) 

Artom, Camillo, M D Wake Forest College, Bon- 
man Gray School of Medicine, Winston-Salem, 
N C Prof of Biochemistry (2, 1944) 

Ascham, Leah, Ph D Kansas State College, Man- 
hattan Prof in School of Home Economics (5, 
1935) 

Asenjo, Conrado F , Ph D School of Medicine, 
Univ of Puerto Rico, San Juan 22 Assoc 
Prof of Biochemistry and Nutrition (2, 1944) 

Ashburn, Llewellyn L , M D U S Marine Hospi- 
tal, Baltimore 11, Did Sr Surgeon, U S 
Public Health Service (4, 1947) 

Ashby, Winifred M , Ph D 305 lOth St , N E 
Washington, D C Sr Scientist, Federal Security 
Agency (G, 1923) 

Ashman, Richard, Ph D Louisiana State Unn 
School of Medicine, New Orleans Prof of 
Physiology (1, 1925) 

Astwood, Edwin Bennct, DI D , Ph D Pratt Diag- 
nostic Hospital, 30 Bennct St , Boston, "Mass 
Research Prof of Medicine, Tufts Med School 
(I, 1939) 

Atkin, Lawrence, Ph D The Flcischmann Labs , 
SIO Grand Concourse, New York Citx 51 Asst 
to Dtr of Research (2, 1940, 5, 1940) 

Aub, Joseph C, MD Massachusetts General 
Hospital Fruit St , Boston 14 Prof of Re- 
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search Medicine, Harvard Med School (1, 1919, 
5, 1933) 

Austin, J Harold, M D College of Physicians of 
Philadelphia, 19 S 22nd St , Philadelphia 3, 
Pa Prof Emeritus, Research Medicine, Univ 
of Pennsylvania (2, 1922) 

Avery, O T , M D , Sc D Hoods Hill Rd , Nash- 
ville, Tenn Meinber Emeritus, Rockefeller Inst 
for Med Research (4, 1921, 6R, 1920) 

Aviado, Domingo M , Jr , M D Univ of Pennsyl- 
vania Med School, Dept of Pharmacology, 
Philadelphia Associate (3, 1950) 

Axelrod, A E , Ph D Western Pennsylvania Hos- 
pital, Pittsburgh, Pa Research Biochemist, Re- 
search Prof , Dept of Chemistry, Univ of Pitts- 
burgh (2, 1950 , 5, 1949) 

Axelrod, Bernard, Ph D Western Regional Re- 
search Lab , SOO Buchanan St , Albany, Calif 
Assoc Chemist, Enzyme Research Div (2, 1948) 
Axtmayer, Joseph H , Ph D Univ of Puerto 
Rico, Rio Piedras Prof of Chemistry (5, 1936) 
Bach, L M N , Ph D Tulane Univ School of 
Medicine, Nen Orleans, La Prof of Physiology 
(1, 1948) 

Bachem, Albert, Ph D Umv of Illinois College 
of Medicine, Chicago 12 Prof of Biophysics 
(1, 1933) 

Bachman, Carl, MD Univ of Pennsylvania 
School of Medicine, 3400 Spruce St Philadel- 
phia 4 Prof and Dir of Obstetrics and Gyne- 
cology (2, 1941) 

Bachmann, George, M D Emory Univ School of 
Medicine, Emori University, Ga Piof Emeritus 
of Physiology (IR, 1912) 

Bachrach, William H , M D , Ph D Umv of 
Southern California School of Medicine, Dept 
of Phj siologj , Los Angeles 7 Research Assoc 
(1, 1949) 

Baer, Erich, Ph D Banting Inst , Banting and 
Best Dept of Med Research, 100 College St , 
Toronto, Ont , Canada Aesoc Prof (2, 1942) 
Baemstein, Harry D , Ph D Natl Insts of 
Health, Bethesda, Md Sr Biochemist (2, 1934) 
Baetjer, Anna M , D Sc Johns Hopkins School of 
Hi giene and Public Health, 615 N Wolfe St , 
Baltimore 5, Md Asst Prof of Environmental 
Medicine (1, 1929) 

Baez, Silvio, hi D 525 E 68th St , Neiv York 
City 32 Research Assoc (1, 1950) 

Bahrs, Alice M , Ph D 2735 Orchard St , Corvallis, 
Ore (1, 1933) 

Bailey, Cameron Vernon, C hi , M D New York 
Univ and Hospital 303 E 20th St , New York 
City Clin Prof of Medicine (2, 1920,5R, 1933) 
Bailey, Orville T , hi D Harvard Umv hied 
School, 25 Shattuck St , Boston 15, Mass Asst 
Prof of Pathology (4, 1939) 

Bailey, Percival, hi D , Ph D Umv of Illinois 


College of Medicme, 1853 W Polk St , Chicago 
12, 111 Prof of Neurology and Neurosurgery 
a. 1941) 

Baitsell, George Alfred, PhD Yale Univ, Os- 
born Zoological Lab , 165 Prospect St , New 
Haven, Conn Prof of Biology (1, 1915) 

Baker, A B , M D Umv of hlinnesota Hospital, 
19 billiard Hall, Minneapolis Dir and Prof of 
Neurology and Neuropathology (4, 1940) 

Baker, Edgar E , Ph D Boston Univ School of 
Medicine, 80 E Concord St , Boston 18, Mass 
Assoc Prof of Microbiology (6, 1950) 

Baker, James A , D V M , Ph D Cornell Umv 
New York State Veterinary College, Ithaca 
Prof of Bacteriology (4, 1947) 

Baker, Roger D , M D Med bollege of Alabama, 
Birmingham 5 Prof of Pathology (4, 1939) 
Baldes, Edward J , Ph D 427 Fifth Ave , S W , 
Rochester, hlinn Asst Prof of Physics, Mayo 
Foundation, Umv of Minnesota Grad School 
(1, 1930) 

Baldwin, Francis Marsh, Ph D Umv of Southern 
California, Los Angeles Prof of Zoology and 
Dir of Exper Marine Biology (1, 1919) 

Bale, William P , Ph D Umv of Rochester School 
of hledicine and Dentistry, Rochester, N Y 
Prof of Radiation Biology (1, 1943) 

Ball, Eric G , Ph D Harvard Med School, 25 
Shattuck St , Boston 15, hlass Prof of Bio- 
logical Chemistry (2, 1934) 

Ball, Howard A , M D 233 A St , San Diego, 
Calif Pathologist, Paradise Valley and Palomar 
Memorial Hospitals (4, 1947) 

Balls, Arnold Kent, Ph D Enzyme Research Lab , 
U S Bureau of Agricultural and Industnal 
Chemistry", Western Regional Research Lab , 
800 Buchanan St , Albany" 6, Calif Head Chem 
ist (2, 1932) 

Bang, Frederik B , hi D Johns Hopkins Hospi- 
tal, Baltimore, hid Assoc Prof in Medicine 
(4, 1947) 

Banus, Mano Garcia, D Sc Bright Meadous, 
Chestertov\"n, hid (1, 1927) 

Bard, Philip, Ph D , Johns Hopkins Umv School 
of Medicine, 710 N Washmgton St , Baltimore, 
Md Prof and Dir of Dept of Physiology (L 
1929) 

Barger, A Clifford, M D Harvard Med School, 
Dept of Physiology, 25 Shattuck St, Boston 
15, Mass Associate (1, 1950) 

Barker, H A, PhD Umv of California, ^8 
Life Sciences Bldg , Berkeley 4 Prof of Plant 
Biochemistry (2, 1946) 

Barker, S B , Ph D State Umv of Iona College 
of Medicine, Iona City" Assoc Prof of y** 


logy (1, 1938) , 

■low, O W , hi D , Ph JD 3 Warwick Rd , 

Winchester, N H (3, 1944) 

■nes, B O , Ph D Bov 967, Station Hospital, 
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KAAP, Kingman, Ariz Prof of Health Educa- 
tion, Umv of Denver (1, 1932) 

Barnes, LaVerne A , Ph D Naval Med Research 
Inst , Natl Naval Med Center, Bethesda 14, 
Md Head, Bacteriology Facility (6, 1931) 
Barnes, Richard Henry, Ph D Sharp & Dohme, 
Glenolden, Pa Assi Dir of Research (2, 1941, 
5, 1944) 

Barnes, Thomas C , D Sc Hahnemann Med Col- 
lege and Hosp of Philadelphia, Philadelphia, 
Pa Assoc Prof of Pharmacology, Eleclroen- 
cephalographer of Hahnemann Hospital (1, 1942, 
3, 194S) 

Barnum, Cyrus P , Jr , Ph D Univ of Mmnesota, 
210 Millard Hall, Minneapolis 14 Assoc Prof 
of Physiological Chemistry (2, 1946) 

Barott, Herbert G , E E U S Dept of Agricul- 
ture, Natl Agricultural Research Center, Belts- 
ville, Md Biophysicist, Animal Nutrition Div , 
Bur of Animal Industry (6R, 1938) 

Barron, Donald H , Ph D Yale Univ School of 
^Medicine, Nen Haven, Conn Assoc Prof of 
Physiology (1, 1943) 

Barron, E S Guzman, M D Univ of Chicago, 
Dept of Medicine, Chicago 37, HI Assoc 
Pi of of Biochemistry (2, 1931) 

Bartlett, Paul D , Ph D Edsel B Ford Inst for 
^led Research, Henry Ford Hospital, Detroit 
2, Mich Sr Assoc in Biochemistry (2, 1950) 
Bartley, S Howard, Ph D P 0 Bov 763, East 
Lansing, Mich (1, 1935) 

Bass, Allan D , M D Umv of Sj racuse School of 
Medicine, Sj racuse, N Y Prof of Pharmacology 
(3, 1944) 

Batchelder, Esther L , Ph D S Devon Rd , Silver 
Spring, Md Head of Food and Nutrition Div , 
Bureau of Human Nulrilion and Home Eco- 
nomics (5, 1933) 

Bateman, John B , Ph D Physical and Chemical 
Div , Camp Detrick, Frederick, iSId (1, 1945) 
Bates, Robert W , Ph D E R Squibb and Sons, 
Biological Labs , Nen Brunswick, N J Head 
of Endocrine Deiclopmcnl Dept (2, 1936) 
Batson, Herbert C , Ph D A.rnij Med Center, 
\MDR A GS, Washington, D C Scientific 
Dir , Dept of Biological Products (6, 1949) 
Batterman, Robert C , IM D New York Univ - 
Bellc\ ue Med Center, 477 First Vve , New 
lork Clt^ 4‘sst Prof of Medicine (3, 1941) 
Bauer, J H , M D Rockefeller Foundation, 20 
Rue de la Baume, Pans, (S'') France (4, 1935) 
Bauer, Balter, M D Massachusetts General Hos- 
Iiital, Boston Issoc Prof and Tutor in Medi- 
cine, Harvard Med School (1, 1929) 

Bauernfeind, J C , Ph D IIofTniann-LaRochc, 
liic , >>utle\ 10, N I Chief of \ppltcd Eutn- 
tion (5, 1947) 

Bauman, Louis, MD Columbia Preslnterian 
Med Center, ISO Fort Bashington 4a e New 


York City 32 Asst Prof of Clin Medicine 
(retired), Columbia Univ (2, 1912) 

Baumann, Carl A , Ph D Umv of Wisconsin, 
Biochemistry Dept , Madison Prof of Biochem- 
istry (2, 1938, 5, 1938) 

Baumann, Eiml J , Ph D 7 Church Lane, Scars- 
dale, N Y Chemist, Montefiore Hospital (2, 
1922) 

Baumberger, J Percy, Sc D Stanford Umv , 
Physiology' Dept , Stanford Umv , Calif Prof 
of Physiology (1, 1921) 

Baxter, James H , M D Natl Insts of Health, 
Natl Heart Inst , Bethesda, Md (3, 1948) 
Bayne- Jones, Stanhope, M A , M D New York 
Hospital, Cornell Med Center, 525 E 6Sth St , 
New York City 21 Pres , Joint Admin Board 
(4, 1927, 6, 1917) 

Beach, Eliot F , Ph D Metropolitan Life In- 
surance Co , 1 Madison Ave , New York City 
10 Research Biochemist (2, 1941 , 5, 1942) 

Beadle, Buell W , Ph D 606-A, Essex Circle, 
U S N O T S , China Lake, Calif (2, 1947) 
Bean, John W , Ph D , M D Umv of Michigan, 
Ann Arbor Prof of Physiology (1, 1932) 

Beard, Howard H , Ph D Terrell’s Labs of 
Clin Medicine, IMcd Arts Bldg Rra 24, Fort 
Worth, Tev Biochemist (2, 1928) 

Beard, Joseph W , M D Duke Hospital, Durham, 
N C Prof of Surgery, Assoc Prof of Virol- 
ogy (4, 1938, 6, 1940) 

Beatty, Clarissa H , Ph D Umv of Oregon Med 
School, Portland Research Felloxo (1, 1949) 
Beazell, James Myler, Ph D , M D 104 S IMiclii- 
gan Ave , Chicago, 111 Instr in Physiology and 
Pharmacology, N orthwestern Univ School of Med- 
icine (1, 1939) 

Beck, Claude S , M D Lakeside Hospital, Cleve- 
land, Ohio Prof of N curosurgery , IFcstcm Rc- 
scrie Univ , Assoc Surgeon, LaJ esidc Hospital 
(4, 1930) 

Beck, Lyle V , Ph D 5609 Roose\ elt St , Bethesda, 
Md (1, 1941) 

Becker, R Frederick, M S , Ph D Daniel Baugh 
Inst of Anatomy , 307 S 11th St , Philadelphia, 
Pa (1, 1949) 

Beckman, Harry, M D Marquette Lnn School of 
IMedicine, lAilwaukcc, IVis Dir of Dept of 
Pharmacology (3, 1937) 

Beecher, Henry K , M D Massachusetts General 
Hospital, Boston {ncslhcltsl-in Chief, Dorr 
Prof of Research in Anesthesia, Huriard Ifrd 
School (3, 1940) 

Beerstecher, Ernest, Jr , Ph D Uni\ of Texas, 
Biochemical Inst , \ustin Research \«soc (2, 
1950) 

Behnke, Albert R , M S , M D Com \ u ] or 
Gcr , Force Med Officer \PO 403, Po=t 
master X Y Capl , MC ( S\ (1 lOp,) 

Behre, Jeanette Allen, I’h D Columbia Lnn 
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College of Physicians and Surgeons, Dept of 
Biochemistr}', 630 W 168th St , New York City 
32 Associate (2, 1925) 

Behrens, Otto K , Ph D Lillj Research Labs , 
Ell Lilly and Co , Indianapolis 6, Ind Jfead, 
Immuno-Chemical Research (2, 1949) 
Behrmann, Vivian G , Ph D Wayne TJniv , De- 
troit, Mich Insir , Grad School, Res Physiol- 
ogist Henry Ford Hospital (1, 1948) 

Belding, David L , M D Boston Univ School of 
Medicine, Boston, Mass Prof Emeritus of Bac- 
teriology and Exper Pathology (4, 1927) 

Belding, Harwood S , Ph D QMC Climatic Re- 
search Lab , Lawrence, Mass Director (1, 1946) 
Belkin, Morns, Ph D Natl Cancer Inst , Be- 
thesda 14, Md Sr Pharmacologist (3, 1949) 

Bell, E T , M D 110 Anatomj Bldg , Univ of 
Minnesota, Minneapolis Prof Emeritus of Pa- 
thology (4, 1931) 

Bender, M B , M D New York Univ College of 
Medicine, New York City Assoc Prof ofNeurol- 
ogy and Head of Lab of Exper Medicine (1, 1947) 
Bendich, Aaron, Ph D Sloan-Kettenng Inst for 
Cancer Research, 444 E 68th St , New York 
City 21 Assoc , Protein-Chemistry (2, 1950) 
Benditt, Earl P , M D Univ of Chicago Clinics, 
Dept of Pathology, Chicago 37, Rl Asst Prof 
(4, 1947) 

Benedict, Francis G , Ph D , M D Machiasport, 
Maine (IR, 1904 , 2R, 1906) 

Benham, Olive Ray, B S Connecticut State Dept 
of Health, Bureau of Labs , Hartford Chief 
Serologist (6, 1944) 

Bennett, A Lawrence, Ph D , M D Univ of Ne- 
braska College of Medicine, Omaha Prof of 
Physiology and Pharmacology (1, 1941) 

Bennett, Granville A , M D Univ of Illinois 
College of Medicine, 1863 W Polk St , Chicago 
Prof of Patholgy (4, 1931) 

Bennett, Henry S , M D Univ of Washington 
School of Medicine, Seattle Dept of Anatomy 
(1, 1946) 

Bennett, Leslie L , M D Univ of California, 
Berkeley 4 Asst Prof of Physiology (1, 1945) 
Bennett, Mary Adelia, Ph D Lankenau Hospital 
Research Inst , 7701 Burholme St Fox Chase, 
Philadelphia 11, Pa Assoc Membership, Research 
Btochemis (2, 1941) 

Benson, Clara C , Ph D 160 Dorset St , West, 
Port Hope, Ontario, Canada Prof Eihenlus of 
Food Chemistry, Umv of Toronto (2, 1906) 
Benton, Joseph G , Ph D , M D New York Univ 
College of Medicine, 477 First Ave , New York 
City 16 Fellow in Medicine, Research Assoc 
in Physical Medicine (3, 1949) 

Benzinger, Theodore, M D , D Sc Naval Med 
Research Inst , Bethesda 14, Md (1, 1950) 

Berg, Benjamin N , M D Columbia Unu College 


of Physicians and Surgeons, 630 W 168th St , 
New York City 32 Assoc tn Pathology (4, 192$) 
Berg, Clarence P , Ph D State Umv of Iona, 
Dept of Biochemistry, Chemistry Bldg , Iowa 
City Prof of Biockemislry (2,1933,5, 1936) 
Berg, William N , Ph D 225 W 106th St , Nei\ 
York City Biochemist (2, 1906) 

Bergeim, Olaf, Ph D Umv of Blinois College of 
Medicme, 1853 W Polk St , Chicago 12 Prof 
of Biochemistry (1, 1916, 2, 1914) 

Berger, F M , M D 7B-2 Redfield Village, Me 
tuchen, N J Dir , Research and Development 
(3, 1949) 

Bergmann, Werner, Ph D Yale Umv , Sterling 
Chemistry Lab , New Haven, Conn Prof of 
Chemistry (2, 1934) 

Berkson, Joseph, M D , D Sc Mayo Climc, 
Rochester, Minn (1, 1933) 

Berliner, Robert W , M D 229 E 79th St , New 
York City 21 Asst Prof of Medicine, Columbia 
Umv (1, 1950) 

Bernard, Richard, Ph D Laval Umv , Dept of 
Biology, Blvd de I’Entente, Quebec, Canada 
Asst Prof of Physiology (1, 1947) 

Bemheim, Frederick, Ph D Box 3109, Duke 
Umv Med School, Durham, N C Prof of 
Pharmacology (2, 1933, 3, 1935) 

Bernthal, Theodore G , M S , M D Med College 
of the State of South Carolina, Dept of Phyai 
ology. Charleston 16 Prof of Physiology (L 
1932) 

Berry, George Packer, M D Harvard Med 
School, Boston 15, Mass Dean and Prof of Bac 
tenology (6, 1934) 

Berryman, George H , Ph D , M D 521 Castleton 
Ave , Staten Island, N Y USPHS Marine 
Hospital (1, 1949) 

Bessey, Otto A , Ph D Umv of Rlinois College 
of Medicine, 1853 W Polk St, Chicago 12 
Prof and Head of Dept of Biological Chemistry 
(2, 1938, 5, 1943) 

Best, Charles H , M D , D Sc Umv of Toronto, 
Toronto, Ontano, Canada Dir of Banting and 
Best Dept of Med Research and Dept of Physi- 
ology {h m2 , 2, im) 

Bethell, Frank H , M D 409 Lenawee Drive, Ann 
Arbor, Mich Prof of Internal Medicine and 
Asst Dir of the Thomas Henry Simpson Me- 
morial Inst (4, 1936) 

Bethke, Roland M , Ph D Ohio Agricultural Lx- 
per Station, Wooster In Charge of Nulriiional 
Investigations (2, 1928 , 5, 1933) 

Beufner, R, MD, PhD 5380 Magnolia St , 
Philadelphia 44, Pa Prof of Pharmacology 
Hahnemann Med College (IR, 1924 , 3, W2 ) 
Beyer, Karl H , Ph D , M D Sharp A Dohmc, 
Inc Med Research Div , Glenolden, 
of Pharmacological Research (1, 1942, 3, 1944) 
Bickford, Reginald G, MD Mavo Clinic, Sec- 
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tion on Phj^siology, Rochester, Mmn Head of 
Lab of Neurophysiology and Electroencephalog- 
raphy (1. 1949) 

Bier, Otto, M D Institute Biologico, Cai\a Postal 
119A, Sao Paulo, Brazil Head, Immunological 
Dept (6, 1947) 

Bierman, Howard R , M D , Umv of Cali- 
fornia School of Medicine, San Francisco 22 
Assoc Clin Prof of Exper Oncology (3, 1950) 
Bieter, Raymond N , M D , Ph D Univ of Minne- 
sota, Minneapohs Prof and Head of Dept of 
Pharmacology (3, 1930) 

Bills, Charles E , Ph D 3421 Stnngtown Rd 
EvansviUe 11, Ind Independent Investigator 
(2, 1928, 5, 1936) 

Bmg, Franklin C , Ph D 30 W Washington St , 
Chicago, Bl Consultant (2, 1931, 5, 1934) 

Bing, Richard J , M D Johns Hopkins Hospital, 
Dept of Surgery, Baltimore 5, Md Assoc Prof 
of ilfedictne and Surgery (1, 1942) 

Binkley, Francis, Ph D Univ of Utah School of 
Medicine, Salt Lake Citj" Assoc Prof of Path- 
ology (2, 1947) 

Binkley, Stephen Bennett, Ph D Umv of Ulmois 
College of Medicine, 1853 W Polk St , Chicago 
Assoc Prof of Biochemistry (2, 1941) 

Bird, Herbert R , Ph D Bureau of Anunal Indus- 
try, Agricultural Research Center, Beltsville, 
Md Sr Biochemist (5, 1947) 

Bird, Orson D , Ph D Parke, Davis and Co , 
Research Labs , Detroit 32, Mich Research 
Biochemist (2, 1947) 

Bird, Robert M , M D 214 E 70th St , New York 
Citj’’ 21 Instr in Medicine, Cornell Univ Med 
College, Physician to Out Patients, New York 
Hospital (1, 1950) 

Birren, James E , Ph D 400C Fordleigh Rd , Balti- 
more 15, Md Psychologist, Natl Heart Inst , 
USPHS (1, 1950) 

Bisbey, Bertha, Ph D Umv of hlissouri, Gwymn 
Hall, Columbia Prof of Nutrition (5, 1933) 
BischofT, Fritz E , Ph D Cottage Hospital, Santa 
Barbara, Calif Dir of Research (2, 1928 , 5, 
1933) 

Bishop, George H , Ph D Washington Umv Med 
School, Euclid and Kingshighi\a\ , St Louis, 
Mo Prof of Biophysics (1, 1923) 

Biskind, Gerson R , M D 450 Sutter St , San 
Francisco, Calif Pathologist, Ml Zion Hospital, 
Clin Instr in Pathology, Umv of California 
Med School (4, 1944) 

Black, Alex, PhD Pennsjhania State College, 
Dept of Animal Nutrition, State College Prof 
of inimal Xutntion (5, 1947) 

Black, Edgar C , Ph D Unn of British Columbia, 
Dept of Pha siologa , A^'ancoua or, B C , Canada 
(1. W43) 

Black, Simon, Ph D Uni\ of Chicago, Chicago 


37, 111 Asst Prof of Biochemistry , Dept of 
Medicine (2, 1948) 

Blair, Edgar A , Ph D Med Field Service School, 
Fort Sam Houston, Te\ Lt Col (1, 1936) 

Blair, Henry A , Ph D Univ of Rochester School 
of Medicine and Dentistry, Rochester, N Y,. 
Prof of Physiology and Dir of Dept of Radiation 
Biology (1, 1934) 

Blake, Francis G , M D , Sc D Yale Univ School 
of Medicine, New Haven, Conn Sterling Prof 
of Medicine (4, prior to 1920, 6, 1921) 

Blake, William D , MJD Yale Univ School of 
Medicme, Lab of Physiology, New Haven, 
Conn Instructor (1, 1960) 

Blanchard, Ernest W , Ph D Schieffelin and Co , 
30 Cooper Sq New York City 3 Dir of Re- 
search (1, 1946) 

Blankenhom, M A , MJD Univ of Cincinnati, 
Cincinnati, Ohio Prof of Medicine (4, 1932) 
Blatherwlck, Norman R , Ph D Metropobtan 
Life Insurance Co , 1 Madison Ave , New York 
City Dir of Biochemical Lab (1, 1916, 2, 1915, 
6, 1934) 

Blau, Nathan F , Ph D Veterans Admin Hos- 
pital, 401 S Holyoke Ave , Wichita 8, Kan 
Research Biochemist (2, 1928) 

Blish, Morris J , Ph D Internatl Minerals and 
Chemical Corp , Box G, Rossford, Ohio Re- 
search Dtr (2, 1944) 

Bliss, Alfred, Ph D Tufts College Med School, 
Boston, Mass Assoc Prof of Physiology (1, 

mi) 

Bliss, Chester Ittner, Ph D Conn Agricultural 
E\per Station, P 0 Bo\ 1106, New Haven 
Biometncian, Lecturer in Biometry, Yale Univ, 
(3, 1944 

Bliss, Eleanor A , Sc D Johns Hopkins Hospitalr 
Dept of Preventive Medicine, 615 N Wolfe St , 
Baltimore, Md Assoc in Preventive Medicine^ 
Johns Hophns Umv School of Medicine (6, 1931) 
Bloch, Konrad, PhJD Umv of Chicago, Dept of 
Biochenustry-, Chicago 37, 111 Professor (2, 
1944) 

Block, Richard J , Ph D 15 Cooper Rd , Scarsdale, 
N Y Dir Of Research, C M Armstrong Co , 
Assoc Dept of Physiology and Biochemistry, 
New Yorl Med College, Flower and Fifth Ave 
Hospital (2,1934,5,1933) 

Block, Walter D , Pli D 813 E McCrcight Ave , 
Springfield, Ohio, (2, 1942) 

Blood, Frank R , Ph D Vanderbilt Univ , Dept 
of Biochemistry, Nash\illc 4, Tcnn Professor 
(1, 1950) 

Bloom, William, D 1419 E 5Gth St , Chicago, 
111 Prof of Anatomy, Umv of Chicago (4, 
1930) 

Bloomfield, A L , M D Stanford Unn Hospital, 
San Francisco, Calif Prof of Medicine (3, 
1927, 4, 1927) 
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Bloor, W R , Ph D Univ of Rochester School 
of Medicine and Dentistr 3 ", Rochester 20, N Y 
Pro/ of Biochemistry (IB, 1915, 2, 1910) 

Blum, Harold F , Ph D Princeton Univ , Dept 
of Biologj , Princeton, N J Physiologist, Natl 
Canctr Inst , and Visiting Lecturer (1, 1928) 
Blumberg, Harold, Sc D Endo Products, Inc , 
SI— 10 101st St , Richmond Hill 18, N Y Head 
of Biological Labs (5, 1942) 

Blumenstock, Julius, M D Veterans Admin Hos- 
pital, Sheridan, Wj o (1,1925) 
lilumgart, Herrmann L , M D Beth Israel Hospi- 
tal, 330 Brookline A.ve , Boston, Mass Physi- 
cian in Chief, Prof of Medicine, Harvard Med 
School (1, 1927) 

Blunt, Katharine, Ph D 38 Glenwood Ave , New 
London, Conn Pres Emeritus, Connecticut Col- 
lege for Women (2, 1921) 

Bobb, J Richard R , M D Temple Univ Med 
School , Dept of Pharmacolog}^, Philadelphia, 
Pa isst Prof (1, 1949) 

Bock, Joseph C , Ph D 2324 N 46th St , Mil- 
w aukee 10, Wis Prof Emeritus of Biochemistry, 
Marquette Univ Med School, Biochemist, Mil- 
waukee County Hospital (2, 1916) 

Bodansky, Aaron, Ph D Hospital for Joint Dis- 
eases, 1919 Madison Ave , Nen York Cit}’’ 
Biological Chemist (2, 1926) 

Bodansky, Oscar, Ph D , M D Memorial Hospi- 
tal Cancer Center, 444 E 6Sth St , New York 
Citj' 21 Chief, Clin Biochemistry , Assoc Prof 
of Clin Pharmacology, Cornell Med College 
(2, 1937,3, 1942) 

Bodian, David, Ph D , M D Johns Hopkins Univ , 
1901 E Madison St , Baltimore, Md Assoc Prof 
of Epidemiology (6, 1949) 

Bodine, Joseph Hall, Ph D State Univ of Iowa, 
Ion a Cityr Prof and Head of Dept of Zoloogy 
(1, 1925) 

Boell, Edgar J , Ph D Yale Univ , Osborn Zoolog- 
ical Lab , New Haven, Conn Ross G Harrison 
Prof of Exper Zoology (1, 1942) 

Boettiger, Edward G , Ph D Univ of Connec- 
ticut, Box U-42, Stores Asst Prof of Zoology 
(1, 1950) 

Boger, William P , M D Univ of Pennsylvania 
Hospital, Rm 715, Pepper Lab , Philadelphia 
Instr in Medicine (3, 1948) 

Bogert, L Jean, Ph D Hotel Claremont, Berke- 
lej , Cahf (2, 1917) 

Bogert, Marston Taylor, Sc D 1158 Fifth Ave , 
New York Citj' 29 Prof Emeritus of Organic 
Chemistry, Columbia Univ , Scientific Consult- 
ant to Elans Research and Development Corp 
(2, 1925) 

Bohr, Dand F , M D Univ of jMichigan, Phjsi- 
olog\ Lab , Ann Arbor Assoc Prof (1, 1949) 
Bolliger, Adolph, Ph D Univ of Sj dne} , Gordon 


Craig Research Lab^ Sydne}'^, Australia Dir of 
Research (2, 1928) 

Bollman, J L , M D Mayo Clinic, Rochester, 
Mum Chairman of Div of Exper Medicine, 
Prof of Physiology, Mayo Foundation (4, 1927) 
Bond, Gleim C , Ph D , M D The Upjohn Co , 
Research Lab , Kalamazoo, Mich Asst Dept 
Head of Bacteriology Research (6, 1939) 

Bondi, Amedeo Hahnemann Med College, Phila- 
delphia, Pa Prof and Head of Dept of Bac- 
teriology (6, 1948) 

Bonner, David M , Ph D Yale Univ , Osborn 
Botanical Lab , New Haven, Conn Assoc Prof 
and Research Assoc (2, 1948) 

Bonnycastle, Desmond D , MD , PhD Yale 
Univ School of Medicme, New Haven, Conn 
Asst Prof of Pharmacology (3, 1947) 

Bonsnes, Roy W , Ph D Cornell Univ Med Col- 
lege, 1300 York Ave , New York City 21 Assoc 
Prof of Biochemistry in Obstetrics (2, 1947) 
Booher, Lela E , Ph D General Mills, Inc , 1081 
21st Ave , S E , Minneapolis, Minn Chief 
Nutritionist and Dir of Nutrition Lab (2, 1933, 
5, 1933) 

Booker, Walter M , Ph D Howard Univ School 
of Medicine, Washington, D C Assoc Prof of 
Pharmacology (1, 1948 , 3, 1948) 

Boor, Alden K , Ph D Camp Detrick, Basic Sci- 
ence Div , Frederick, Md (2, 1931) 

Boothby, Walter M , M A , M D Univ of Malaya, 
Dept of Phjsiologj , Singapore Visiting Prof , 
Chief Emeritus, Clin Metabolism Sect , Mayo 
Clinic (IR, 1915, 2, 1920, 3R, 1923 , 4R, 1924) 
Bordley, James, HI, M D Mary Imogene Bassett 
Hospital, Cooperstown, N Y (1, 1938) 

Borek, Ernest, Ph D College of the City^ of New 
York, Convent Ave and 140th St , New York 
Citj'^ Asst Prof , Research Assoc in Biochemistry, 
Columbia Univ (2, 1947) 

Borison, Herbert Leon, M S , Ph D Univ of 
Utah, College of Medicine, Dept of Pharma' 
cologj , Salt Lake City Instructor (1, 1950) 
Boroff, Daniel A , M A , AI S % L J Kuhne, 502 
Rugby Rd , Brooklyn, N Y (6, 1947) 

Borsook, Henry, M D , Ph D California Inst of 
Technology , Pasadena 4 Prof of Biochem- 
istry (2, 1931) 

Bosshardt, David K , Ph D Sharp & Dohmc, Med 
Research Div , Glenolden, Pa Research Bio 
chemist (5, 1947) 

Bostick, Warren L , M D Univ of California 
Med School, Dept of Pathology , San Francisco 
22 Asst Prof (4, 1949) 

Bosworth, Alfred Willson, A M , M D R F D 4, 
Circlevillc, Ohio Consulting Chemist (2, 1936, 
5R, 1935) 

Bott, Phyllis A , Ph D Woman’s Med College of 
Pennsylvania, Henry Ave and Abbotsford Rd , 
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Philadelphia Prof and Chairman of Dept of 
Physiological Chemistry (2, 1938) 

Boucher, Robert V , Ph D 303 Freer Labs , State 
College, Pa Prof of Aguculliiral and Biological 
Chemrstry (5, 1945) 

Bouman, H D , M D Umv of Wisconsin Med 
School, Madison Prof of Physical Medicine (1, 
1943) 

Bourne, Wesley, M D , M Sc McGill Univ , Mon- 
treal, Quebec, Canada Prof and Chairman, 
Dept of Anesthesiology (3, 1936) 

Bourque, Joseph E , M D , Ph D Univ of Illi- 
nois College of Medicine, Dept of Phj siologj , 
1853 W Polk St , Chicago 12 Asst Pi of (1, 
1949) 

Bourquin, Helen, Ph D 1331 N Tejon St , Colo- 
rado Springs, Colo (1, 1925) 

Bowen,'Williani 3 , Ph D USPHS, Inst of E\per 
Biologj'^ Medicine, Bethesda 14, Md Si Asst 
Scientist (1, 1948) 

Bowman, Donald E , Ph D 6956 Warwick Rd , 
Indianapolis, Ind Assoc Prof of Biochemistry, 
Indiana Univ School of Medicine (2, 1944) 
Bowman, Katherine L , B A 20 Plaza St , Brook- 
Ijm 17, N Y Research Fellow in Allergy, Jewish 
Hospital, Brooklyn (6, 1946) 

Boxer, George E ,Ph D 318 Temple PI , Westfield, 
N J fSr Chemist, Research and Development 
Div , Merck & Co , Inc (2, 1946) 

Boyd, Eldon M , M A , M D Queen’s Univ , King- 
ston, Ontario, Canada Prof and Head of Dept 
of Pharmacology (3, 1941) 

Boyd, Linn J , M D Nev York Med College and 
Flouer & Fifth Ave Hospitals, 1 E 105th St , 
Nev York City 29 Prof of Pharmacology, Dti 
of Medicine (3, 1950) 

Boyd, M John, Ph D Hahnemann Med College, 
235 N 15th St , Philadelphia 2, Pa Prof of 
Biol Chemistry (2, 1947) 

Boyd, T E , Ph D 9 Wain orth Ave , Scarsdale, 
N Y Assoc Dir of Research, A all Found for 
Infantile Paralysis, 120 Broadway, 'Vew 1 ork 
City 5 (1, 1924) 

Bojd, William C , Ph D U S Naval IMcd Re- 
search Unit #3, % kmencan Enibassv , Cairo, 
Egypt (6,1933) 

Boyden, Allan A Rutgers Univ , Xen Brunswick, 
X J Prof of Zoology (G, 1948) 

Boyden, Edward A , Ph D Umv of Minnesota, 
Minneapolis 14 Prof and Chairman of Dept 
of Anatomy (1, 1929) 

Boyer, Paul D , Ph D Umv of Minnesota College 
of Vgriculture, Div of Biochemistrv , St Paul 
1 Issoc Prof (2, 1944) 

Boyle, Paul E, DMD Univ of Pennsvlvania 
School of Dcntistrv, 40th and Spruce Sts, 
Philadelphia 4 Prof of Oral PaiholoQti (4, 1939) 
Boziccvich, John, M V ISPIIS, Xatl Insts of 


Health, Bethesda, Md Head, Subsection of Im- 
munology, Trop Diseases Div (6, 1948) 

Bozler, Emil, Ph D Ohio State Univ , Columbus 
Prof of Physiology (1, 1932) 

Bradbury, James T , Sc D Umv of Louisville 
School of Medicine, 101 W Chestnut St , Louis- 
ville 2, Ky (1, 1941) 

Bradley, Harold C , Ph D 2639 Durant Ave , 
Berkeley^ Calif (1, 1911, 2, 1908) 

Bradley, Stanley E , M D Columbia Univ College 
of Physicians and Surgeons, 630 W 168th St , 
New' York City 32 Assoc Prof of Medicine (1, 
1947) 

Bradley, William B , Ph D American Inst of 
Baking, 1046 Elmw ood Ave , Wilmette, 111 Dir 
of Labs (1, 1939) 

Bragdon, Joseph Henry, M D Natl Insts of 
Health, Exper Biology' and Medicine Inst , 
Pathology' Lab , Bethesda 14, Md Surgeon 
(R) USPHS (4, 1950) 

Branch, E Arnold G , M D Lancaster Hospital, 
St John, New Brunsw'ick, Canada Dir of Labs 
(4, 1929) 

Brand, Erwin, Ph D Columbia Univ College of 
Physicians and Surgeons, 630 W 168th St , 
New York City 32 Assoc Prof of Biological 
Chemistry (2, 1929) 

Brandes, W W , M D Roosevelt Hospital, W 
69th St , New York City (4, 1931) 

Branham, Sara E, PhD, MD, Natl Insts 
of Health, Bethesda, Md Sr Bacteriologist (6, 
1926) 

Branion, Hugh Douglas, Ph D Ontario Agricul- 
tural College, Guelph, Canada Prof and Head 
of Dept of Animal Nutrition (5, 1933) 
Brassfield, Charles R , Ph D Univ of Michigan, 
Ann Arbor Assoc Prof of Physiology (1, 1937) 
Bratton, Andrew Calvin, Jr , M D , Ph D Parke 
Davis and Co , Research Labs , Detroit 32, 
Mich Dir of Pharmacological Research (3, 1941) 
Brauer, Ralph W , Ph D Louisiana State Univ 
School of Medicine, N'ew Orleans Asst Prof of 
Pharmacology (3, 1948) 

Braun, Herbert A , Ph D Fed Security Agency , 
Food and Drug Admin , Washington, D C 
Pharmacologist (3, 1941) 

Brazier, Mary A B , Ph D hlassachuselts General 
Hospital, Electroencephalographic Lab , Boston 
14 Research Assoc in Neuropathology , Harvard 
Med School (I, 1947) 

Brecher, George, M D Natl Insts of Health, 
Pathology and Pharmacologv Lab , Bethesda 
14, Md (4, 1949) 

Brecher, Gerhard A , :M D , Ph D Western Rc- 
serve Umv Med School, Dept of Plivsiology, 
Cleveland 6, Ohio Sr Instructor (1,1949) 
Breedis, Charles, AID Umv of Pennsylvania 
School of Medicine, Philadelphia Instr in Pa- 
ihologg (4, 1948) 
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Brewer, Carl R , Ph D Camp Detrick, Frederick, 
Aid Chief, Bacterial Nutrition Branch, Biological 
Div , Chemical Corps (2, 1948) 

Brewer, John H , Ph D Hynson Weatcott and 
Dunning, Baltimore, Md Dir of Biological Re- 
search (6, 1948) 

Brewer, Nathan R , Ph D Univ of Chicago, Chi- 
cago, III Lecturer in Physiology (1, 1948) 
Bridge, Edward M , M D Univ of Buffalo School 
of hledicine, 24 High St , Buffalo 9, N Y Prof 
of Pharmacology (2, 1940) 

Bnggs, A P,MD Univ of Georgia Med College, 
Augusta Prof of Biochemistry (2, 1923) 

Briggs, David R , Ph D Univ of Minnesota, Div 
of Agricultural Biochemistry, Univ Farm, St 
Paul 8 Prof of Agricultural Biochemistry , Chem- 
ist, Minn Agricultural Exper Station (2, 1946) 
Briggs, George M , Ph D Univ of Minnesota, 
Umv Farm, St Paul Asst Prof of Poultry Nu- 
trition (5, 1947) 

Brink, Frank Jr , Ph D Johns Hopkins Umv , 
Biological Labs , Baltimore 18, Md (1, 1942) 
Brinkhous, K M , M D Umv of North Carolina 
School of Medicine, Dept of Pathologj^ Chapel 
Hill Prof of Pathology (4, 1939) 

Britton, Sydney W , M D Umv of Virginia School 
of Medicine, Charlottesville Prof of Physiology 
(1, 1925) 

Brobeck, John R , M D , Ph D Yale Umv School 
of Medicine, New Haven, Conn Asst Prof of 
Physiology (1, 1943) 

Brodie, Bernard B , Ph D Natl Insts of Health, 
Natl Heart Inst , Bethesda 14, Md Chief, 
Section on Chemical Pharmacology (2, 1940, 
3, 1946) 

Brody, Samuel, Ph D Umv of Missouri College of 
Agriculture and Agricultural Experiment Sta- 
tion, Dairy Building, Columbia Prof of Dairy 
Husbandry (2, 1929, 5, 1933) 

Broh-Kahn, Robert H , M D Bristol Labs , Inc , 
P 0 Box 657, Syracuse, N Y (1, 1948) 
Bronuley, Reginald B , Ph D Johns Hopkins 
School of Medicine, Dept of Physiology, 710 N 
Washington St , Baltimore 5, Md Prof of Physi- 
ology (1, 1949) 

Bronfenbrenner, J J , Ph D , D P H Washington 
Umv School of Medicine, St Louis, Mo Prof 
of Bacteriology and Immunology (4, 1940, 6, 1918) 
Bronk, Detlev W , Ph D , Sc D Johns Hopkins 
Umv , Baltimore, Md Pres , Chairman of Natl 
Research Council (1, 1927) 

Brookes, Margaret C Hessler, Ph D Umv of 
Chicago, Chicago, Rl Asst Prof , Dept of 
Home Economics (5, 1936) 

BrooLhart, John M , Ph D Umv of Oregon School 
of Medicine, Dept of Physiology', Portland 
As?oc Prof (1, 1946) 

Brooks, Chandler McCuskey, Ph D State Umv 
of New York Med Center at New York, College 


of Medicine, 350 Henry St , Brooklyn 2 Prof 
of Physiology and Pharmacology, Exec Officer 
of Dept (1, 1934 , 3, 1950) 

Brooks, Clyde, Ph D , M D Umv Clmic, 2506 
Ponce de Leon Blvd , Coral Gables, Fla Inter- 
nal Medicine (1, 1910, 3, 1912) 

Brooks, Matilda Moldenhauer, Ph D Umv of 
Cahfomia, Dept of Physiology, Berkeley Re- 
search Assoc in Biology (1, 1923) 

Broun, Goronwy Owen, M D 1325 S Grand Blvd , 
St Louis, Mo Prof of Internal Medicine, St 
Louis Univ (4, 1927) 

Brown, Claude P , M D 1930 Chestnut St , Phila- 
delphia, Pa Practicing Clin Pathologist (6, 
1913) 

Brown, Dugald E S , Ph D Bermuda Biological 
Station, St George’s W , Bermuda (1, 1932) 
Brown, Edgar D , Pharm D , M D Paynesville, 
Minn Retired (IR, 1907, 3R, 1909) 

Brown, Ernest B , Jr , M S , Ph D Umv of Mm 
nesota. Dept of Physiology, Minneapolis Asst 
Prof (1, 1950) 

Brown, Ethan Allen, L R C P (Eng ) , ARCS 
(London), 75 Bay State Rd , Boston, Mass 
Lecturer in Medicine, Tufts College Med School, 
Physician-in-Chief, Allergy Clinic, Boston Dis- 
pensary (6, 1946) 

Brown, Frank A , Jr , Ph D Northwestern Umv , 
Zoological Labs , Evanston, HI Assoc Prof of 
Zoology (1, 1940) 

Brown, George B , Ph D Sloan-Kettermg Inst 
for Cancer Research, 444 E 68th St , New 
York City 21 Member, Assoc Prof of Biochem- 
istry, Cornell Univ Med College (2, 1947) 
Brown, Gordon Campbell, Sc D School of Public 
Health, Ann Arbor, Mich Assoc Prof of Epi- 
demiology (6, 1949) 

Brown, John B , Ph D Ohio State Umv , Colum- 
bus Prof of Physiological Chemistry (2, 1927, 

5, 1934) 

Brown, R A , Ph D Parke Davis and Co , Re- 
search Labs , Detroit 32, I^lich Head of Div of 
Nutritional Research (5, 1946) 

Brown, Rachel, Ph D 26 Buckingham Drive, Al- 
bany, N Y )8r Biochemist, Div of Labs and 
Research, N Y State Dept of Health (6, 1933) 
Brown, Robert V , Ph D Umv of Tennessee, 
Dept of Pharmacology, Memphis 3 Assoc Prof 
(1, 1946 , 3, 1950) 

Browne, J S L , M D , Ph D Royal Victoria 
Hospital, Umv Clinic, Montreal, Que , Canada 
Asst Prof of Medicine, McGill Univ (I, 1934) 
Brownell, Katharine A , Ph D Ohio State Univ , 
Dept of Phy'siology', Columbus Research Assoc 
(1, 1943) ^ ^ 

Brozek, Josef, Ph D Umv of Minnesota, Stadium 

South Tower, Minneapolis 14 Assoc Prof , Lab 
of Physiological Hygiene, School of Public llcall 
(1, 1947) 
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Brues, Austin M , M D Argonne National Labs , 

P 0 Bov 5207, Chicago, HI Dir of Biology Div , 
Assoc Prof of Medicine and Instr of Radio- 
biology and Biophysics, Uni v of Chicago (1,1940) 
Bruesch, S R , M D , Ph D Univ of Tennessee, 
Div of Anatomj^ Memphis 3 Prof of Anatomy 
(1, 1949) 

Bruger, Maunce, M D , M Sc 301 E 20th St , 
Neu York City 3 Assoc Prof of Medicine, 
N’eiu York Univ Post-Grad Med School, Chief, 
Div of Pathological Chemistry, New York Uni- 
versity Hospital (2, 1935, 5, 1935) 

Bruhn, John M , Ph D Med College of Alabama, 
Dept of Phj^siolog)^, 620 S 20th St , Birming- 
ham 5 Prof of Physiology and Pharmacology (1, 
1939) 

Bruner, Harry Davis, M D , Ph D Med Div 
GRINS, Bov 117, Oak Ridge, Tenn Principal 
Scientist (3, 1945) 

Brimschwig, Alexander, M D Cornell Umv Med 
College, New York City Prof of Clin Surgery, 
Attending Surgeon, Memorial Hosp (4, 1937) 
Bryan, W Ray, Ph D 4405 Bjnvood Lane, Beth- 
esda, hid Principal Biologist, Nall Cancer Inst 
(1, 1934, 4, 1940) 

Buchanan, J William, Ph D Umv of Southern 
California, Alan Hancock Foundation, Los An- 
geles Prof of Zoology (1, 1927) 

Buchanan, John M , Ph D Umv of Pennsylvania 
School of Medicine, Dept of Physiological 
Chemistrj , Philadelphia Assoc Prof (2, 1949) 
Buchbinder, Lean, Ph D Dept of Health, 125 
Worth St , New York Cit}" Sr Bacteriologist 
in charge of Lab (6, 1934) 

Buchbinder, William C , M D 104 S Michigan 
Ave , Chicago, Rl Asst Prof of Medicine, 
N'orthwestem Umv Med School, Assoc in Medi- 
cine, Michael Reese Hospital (1, 1940) 

Bucher, Gladys R , Ph D Umv of Rlinois, Dept 
of Biologj , Chicago Div , Navy Pier, Chicago 
12 (1, 1946) 

Buckner, G Dans, Ph D Kentucky Agricultural 
Evper Station, Lexington In charge of Animal 
Nutrition (2, 1920) 

Bucy, Paul C , M D 4833 S Woodlawn Ave , Chi- 
cago, 111 Prof of Neurology and Neurological 
Surgery, Umv of Hlinois (1, 1933) 

Buddingh, G John, hi D Louisiana State Umv 
School of hledicine. New Orleans Prof of Micro- 
biology (4, 1940) 

Buedmg, Ernest, hi D Western Reser^e Umv 
School of hledicine. Dept of Pharmacology , 
Cle\ eland 6, Ohio Assoc Prof (2,1946,3, 1949) 
Buell, Mary V , Ph D Washington Umv School 
of Medicine, Euclid Ave and Ivingshighway^, 
St Ijouis 10, hlo Research Asst , Dept of Bio- 
logical Chemistry (2, 1921) 

Bugher, John C , M D The Rockefeller Founda- 


tion, 49 W 49th St , New York City 21 Member, 
Intematl Health Div (4, 1936) 

Bukantz, Samuel C , M D Washington Umv 
School of Medicine, St Louis 10, Mo Research 
Asst in Medicine (G, 1943) 

Bulatao, Emilio, M D Umv of the Philippines, 
hlanila, P I Prof of Physiology and Biochem- 
istry (1, 1924) 

Bull, Henry B , Ph D Northwestern Umv Med 
School, 303 E Chicago Ave , Chicago 11, HI 
Prof of Chemistry (2, 1937) 

Bullock, Theodore H , Ph D Umv of California, 
Los Angeles Assoc Prof of Zoology (1, 1948) 
Bunde, Carl A , hi D , Ph D Pitman-Moore Co , 
Indianapolis 6, Ind Research Dir (1, 1943) 
Bunney, William Edward, Ph D E R Squibb and 
Sons, New Brunswick, N J Vice Pres , Dir of 
Manufacturing Labs (6, 1931) 

Bunting, Charles H , hi D 139 Armory St , Ham- 
den, Conn Prof Emeritus of Pathology, Univ of 
TFtsconsin, Lecturer in Pathology, Yale Med 
School (4, 1913) 

Bunzell, H H , Ph D Bov 44, General Post Office, 
New York City 1 Dir of Bunzell Labs (2, 1908) 
Burchell, Howard B , hi D , Ph D 1506 Durand 
Court, Rochester, hlinn Instr in Medicine, 
Mayo Foundation, Consultant in Medicine, Mayo 
Clinic (1, 1942) 

Burdick, H O , Sc D Alfred Umv , Alfred, N Y 
Prof of Biology (1, 1940) 

Burdon, Kenneth L , Ph D Baylor Umv College 
of hledicine, Houston, Tev Prof of Bacteriology , 
Consultant, USPHS (6, 1936) 

Burgen, A S V , hi B , hIRCP hIcGill Umv , 
Dept of Physiology, hlontreal, Quebec, Can- 
ada Professor (1, 1950 , 3, 1950) 

Burk, Dean, Ph D Natl Cancer Inst , Bethesda, 
hid Principal Biochemist, USPHS (2, 1939) 
Burns, Edward L , hi D Mercy Hospital, Toledo, 
Ohio Pathologist (4, 1939) 

Burr, George O , PhJD Exper Station H S P A , 
Honolulu, Hawaii Head of Dept of Biochem- 
istry and Physiology (2, 1928, 6, 1933) 

Burns, Robert H , Ph D Umv of Wisconsin, 
Dept of Biochemistry, hladison 6 Prof of 
Biochemistry (2, 1946) 

Burrows, William, Ph D Umv of Chicago, Dept 
of Bacteriology^ and Parasitology, Chicago 37, 
HI Prof of Bacteriology (G, 1947) 

Burton, Alan C , Ph D Umv of Western Ontano, 
Dept of hied Research, London^ Ontario, Can- 
ada Asst Prof (1, 1937) 

Burton-Opitz, Russell, hi D , Ph D 218 Bridle 
Way , Palisade, N J Attending Cardiologist, 
Lenox Hill Hospital, Attending Physician, Cum- 
berland Hospital (IR, 1902 , 2, 1906 , 3R, 1919) 
Buschke, William H , hi D hlanhattan Eye, Ear 
and Throat Hospital, 210 E 64th St , Iscu York 
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Ctt\ 21 Research Ophthahnologist, Head of Ayer 
Foundation Ophthalmic Research Lab ( 1 , 1947) 
Bush, Milton T , Ph D Vanderbilt Univ School 
of Medicine, Nashville, Tenn Assoc Prof of 
Pharmacology (3, 1938) 

Butler, G C , Ph D Univ of Toronto, Dept of 
Biochemistrj , Toronto, Ont , Canada Assoc 
Prof (2, 1949) 

Butler, Thomas C , M D tJniv of North Carolina 
School of Med , Chapel Hill Prof of Pharma- 
cology (3, 1938) 

Butt, Hugh R , M D Ma 3 o Clinic, 102 Second 
4ve , S W , Rochester, Minn Consultant tw 
Medicine, Asst Prof of Medicine, Mayo Founda- 
tion (5, 1942) 

Butts, Joseph S , Ph D Oregon State College, 
Corvallis Prof of Biochemistry and Head of 
Agricultural Chemistry (2, 1936, 5, 1936) 

Byers, Sanford O , Ph D 2200 Post St , San Fran- 
cisco 15, Calif Research Biochemist, Harold 
Brunn Inst for Cardiovascular Research, Mount 
Zion Hospital (1, 1949) 

Cahen, Raymond L , Ph D , M D Maltbie Chemi- 
cal Co , Research Labs , P O Bov 270, Morris- 
town, N J Dir of Pharmacological Research 
(3, 1949) 

Cahill, William M , Ph D , AI D 3320 Baldwin St , 
Los Angeles 31, Calif (2, 1940) 

Cajon, Florian A , Ph D Univ of Colorado Med 
School, Denver 7 Ass/ Prof of Biochemistry 
(2, 1922, 5, 1933) 

Caldwell, Mary L , Ph D Columbia Univ , New 
York City Prof of Chemistry (2, 1924, 6, 1933) 
Callison, Elizabeth C , M S U S Dept of Agri- 
culture, Agricultural Research Station, Pood 
and Nutrition Div , Bureau of Human Nutri- 
tion, BeltsviUe Md Nutrition Physiologist (6, 
1949) 

Calloway, Nathamel Oglesby, Ph D , M D Umv 
of Illinois College of Medicine, 1819 W Polk St , 
Chicago 12 Asst in Medicine (3, 1945) 

Calvin, D BaUey, Ph D Univ of Texas Med 
Branch, Galveston Prof of Biological Chemistry 
and Dean of Student and Curricular Affairs ( 1 , 
1934, 2, 1939) 

Calvin, Melvin, Ph D Univ of Califorma, Berke- 
lej 4 Prof of Chemistry (2, 1949) 
Caminopetros, John, M D Hellenic Pasteur Inst , 
103 Queen Sophie Ave , Athens, Greece Chief of 
the Service of Exper Medicine (6, 1946) 

Camp, Walter J R , IM D , Ph D Univ of Hhnois 
College of Aledicine, 1853 W Polk St , Chicago, 
HI Prof of Pharmacology and Toxicology, Slate 
Toxicologist (3, 1926) 

Campbell, Berry, Ph D Univ of Minnesota, Min- 
neapolis 14 Assoc Prof of Anatomy ( 1 , 1945) 
Campbell, Dan H , Ph D California Inst of Tech- 
nologj , Pasadena Assoc Prof of Chemistry 
(6, 1938) 


Campbell, H Louise, Ph D 900 Windsor Ave , 
Windsor, Conn (5R, 1933) 

Campbell, J Alexander, Ph D Dept of Natl 
Health and Welfare, Food and Drug Div , 
Ottawa, Ont , Canada Chief, Vitamin and Nu- 
trition Lab (5, 1950) 

Campbell, James, Ph D Univ of Toronto, To 
ronto, Ont , Canada Assoc Prof of Physiology, 
Lt Comdr , {SB) RCNV R (1, 1943) 
Campbell, Walter Ruggles, MD Univ of To- 
ronto, 69 Madison Ave , Toronto, Ont , Canada 
Assoc Prof of Medicine (2, 1922) 

Cannan, R Keith, D Sc Neu York Univ College 
of Medicine, 477 First Ave , New York City 
Prof of Chemistry (2, 1931) 

Cannon, Paul R , M D , Ph D Univ of Chicago, 
Chicago, 111 Prof of Pathology (4, 1930, 6, 1929) 
Cantarow, Abraham, M D Jefferson Med College, 
Philadelphia 7, Pa Prof of Biochemistry (1, 
1932, 3, 1935) 

Cantoni, G L , M D New York Univ College of 
Medicine, Dept of Pharmacology, New York 
City’' Fellow of the American Cancer Society 
(3, 1946) 

Canzanelli, Attilio, M D Tufts College Med 
School, 136 Harrison Ave , Boston, Mass Prof 
of Exper Physiology (1, 1934) 

Carlson, A J , Ph D , M D Univ of Chicago, 
Hull Physiological Lab , Chicago, HI Prof 
Emeritus of Physiology (1, 1904, 6, 1933) 
Carlson, Loren D , Ph D Univ of Washington 
School of Medicine, Dept of Phj’Siology and 
Biophj’sics, Seattle 6 (1, 1945) 

Carmichael, Emmett B , Ph D Med College of 
Alabama, Dept of Biochemistrj , Birmingham 5 
Prof and Head of Dept (1, 1931 , 2, 1946) 
Carmichael, Leonard, Ph D Sc D Tufts College, 
Medford, Mass Pres , Dir of Research Lab of 
Sensory Psychology and Physiology (1, 1937) 
Carpenter, Frederick H , Ph D Univ of Cali- 
fornia, Dept of Biochemistry, Berkeley 4 Asst 
Prof (2, 1949) 

Carpenter, Tborne M , Ph D 27 Market St , 
Foxboro, Mass (IR, 1915, 2, 1909, 5R, 1935) 

Carr, C Jelleff, Ph D Univ of Maryland School 
of Medicine, Baltimore Assoc Prof of Pharma- 
cology (3, 1940) 

Carr, Jesse L , M D Univ of California Med 
School, Third and Parnassus Aves , San Fran 
cisco Clin Prof of Pathology (4, 1940) 
Carruthers, Chnstopher, Ph D Washington Umv 
School of Medicine, Dept of iVnatomy, 4580 
Scott Ave , St Louis 10, Mo Research Assoc (2, 
1948) 

Carter, Charles E , AI D Western Reserve Umv 
School of Medicine, Cleveland 6, Ohio Dept 
of Medicine (2, 1950) 

Carter, Herbert E , Ph D Umv of Hhnois, 4o2 
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Noyes Lab , Urbana Prof of Biochemistry (2, 
1937, 6, 1941) 

Cartland, George F , Ph D The Upjohn Co , Re- 
search Dept , Kalamazoo, h'lich Head of Anti- 
biotics Research (2, 1936) 

Cary, Charles A , S B U S Dept of Agriculture, 
Bureau of Dairj’- Industry, Dairy Research Lab , 
Beltsville, Md Chief of Div of Nidntion and 
Physiology (2, 1920) 

Casey, Albert Eugene, M D 1907 Wellington Rd , 
Birmingham 9, Ala Pathologist, Baptist Hospi- 
tal, Assoc Prof of Pathology, Med College of 
Alabama (4, 1933) 

Cash, James Robert, M D Univ Hospital, Char- 
lottesville, Va Prof of Pathology, Univ of Vir- 
ginia (4, 1924) 

Cassidy, Harold G , Ph D Yale Univ , Sterling 
Chemical Lab , New Haven, Conn Assoc Prof 
of Chemistry (2, 1949) 

Castillo, Julio C , B S Wellcome Research Labs , 
Tuckahoe, N Y Pharmacologist (3, 1950) 
Castle, Edward S , Ph D Harvard Univ Bio- 
logical Labs , Divinit} Ave , Cambridge, Mass 
Assoc Prof of General Physiology (1, 1934) 
Castle, William B , M D Boston Citj’^ Hospital, 
Boston, Mass Prof of Medicine, Harvard Med 
School, Dir of Thorndike Memorial Lab (4, 1942) 
Catchpole, Hubert Ralph, Ph D Univ of Dlrnois 
College of Medicine, 1853 W Polk St , Chicago 
12, HI Research Assoc in Pathology (1, 1941) 
Cathcart, E P , M D , D Sc Univ of Glasgow , 
Glasgow, Scotland Dean of Univ (5R, 1935) 
Catron, Lloyd, M D City Hospital, Akron, Ohio 
Pathologist (4, 1939) 

Cattell,McKeen, Ph D,M D Cornell Univ Med 
College, 1300 York Ave , New York City Prof 
of Pharmacology (1, 1923, 3, 1924) 

Cavelti, Philip A , M D 11406 lungsland St , 
Los Angeles, Calif (6, 1947) 

Cederquist, Dena C , Ph D Michigan State Col- 
lege, School of Home Economics, East Lansing 
Assoc Prof (^Research) of Foods and Nutrition 
(5, 1949) 

Ceithaml, Joseph H , Ph D Univ of Chicago, 
947 E 58th St , Chicago 37, HI Asst Prof of 
Biochemistry (2, 1950) 

Cerecedo, Leopold R , Ph D Fordham Univ , New 
York Citj Prof of Biochemistry (2, 1931, 5, 
1945) 

Chadwick, Leigh Edward, Ph D jMed Div , Armj 
Chemical Center, Aid (1, 1944) 

ChaikolT, I L , Ph D , AI D Univ of California, 
Berkclei 4ssoc Prof of Physiology (1, 1932) 
Chalkley, Harold W , Ph D USPHS, Natl Lists 
of Health, Bethesda, Md Sr Physiologist (1, 
1932) 

Chamberlain, Y Edward, AI D Temple Unn 
Aled School, Philadelphia, Pa Prof of Radiol- 
ogii (1, 194S) 


Chambers, Alfred H , Ph D Univ of Vermont 
School of Aledicine, Dept of Physiology^ Bur- 
lington (1, 1946) 

Chambers, Leslie Addison, Ph D Camp Detnck, 
Frederick, Aid Chief of Physical and Chemical 
Div (1, 1940, 6, 1948) 

Chambers, Robert, Ph D New' York Univ , Wash- 
ington Sq , New York City Research Prof 
Emeritus of Biology, N Y U (IR, 1932) 
Chambers, William H , Ph D Med Div , Army' 
Chemical Center, Md Chief of Toxicology 
Branch (1, 1924, 5, 1933) 

Chambers, W W , Ph D Univ of Pennsy'lvama, 
School of Aledicine, Dept of Anatomy', Phila- 
delphia 4 Asst Prof (1, 1950) 

Chance, Britton, M S , Ph D Univ of Pennsy'l- 
vania, Johnson Research Found , 612 Alaloney' 
Bldg , Philadelphia 4 Prof and Dir of Johnson 
Research Foundation (1, 1950 , 2, 1950) 
Chandler, Caroline A , AI D Johns Hopkins 
School of Hy'giene and Public Health, 616 N 
Wolfe St , Baltimore 6, Md Asst Prof of Pre- 
ventive Medicine (6, 1938) 

Chandler, Joseph P , Ph D Univ of AHchigan 
Med School, Room G455, Univ Hosp , Ann 
Arbor Asst Prof of Biological Chemistry, Bio- 
chemist, Univ Hosp (2, 1944,5, 1944) 

Chang, Min Cheuh, Ph D Worcester Foundation, 
Shrewsbury , Alass Assoc Fellow (1,1946) 
Chanutin, Alfred, Ph D Box 1862, University Sta- 
tion, Charlottesville, Va Prof of Biochemistry, 
Univ of Virginia (2, 1925) 

Chapanis, Alphonse, Ph D Johns Hopkins Univ , 
Baltimore, Aid Asst Prof of Psychology (1, 
1948) 

Chapman, C W , Ph D Univ of Alary land, Balti- 
more Prof of Pharmacology (3, 1932) 

ChargafT, Erwin, Ph D Columbia Univ College of 
Physicians and Surgeons, 630 W 168th St , New 
York City 32 Assoc Prof of Biological Chem- 
istry (2, 1935) 

Charipper, Harry Adolph, Ph D Washington 
Square College of Arts and Sciences, 100 Wash- 
ington Square E , New York City Prof and 
Chairman of Dept of Biology (1, 1941) 

Chase, Aurin M, PhD Princeton Univ, Dept 
of Biology, Princeton, N J Research Assoc, 
Asst Prof (1, 1939) 

Chase, Harold F , AI D Univ of Virginia Hos- 
pital, Charlottesville Dir and Assoc Prof of 
Anesthesiology (3, 1944) 

Chase, Merrill V , Ph D Rockefeller Inst , 06th 
St and York Aie , New York Citi Member of 
Staff (G, 1938) 

Chasis, Herbert, AI D , Aled Sc D 44 E G7th St , 
New York Citi Asst Prof of Medicine, New 
Yorl L nil College of Medicine (1,1941) 
Chatlleld, Charlotte, B S Food and Agriculture 
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Organization of the United Nations, Washing- 
ton, D C Nutrition Officer (5, 1941) 

Chatfield, Panl Oakes, M D Harvard Med 
School, Dept of Physiology, 25 Shattuck St , 
Boston 15, Mass Associate (1, 1950) 
Chatterjee, Hernendra Nath, M D 9 Romes Mat- 
ter Rd , Bhowanipeir, Calcutta, India Profes- 
sor (6, 1948) 

Cheever, Francis Sargent, M D Univ of Pitts- 
burgh Grad School of Public Health, Pitts- 
burgh 13, Pa (6, 1950) 

Cheldelin, Vernon H , Ph D Oregon State Col- 
lege, Corvallis Prof of Chemistry (2, 1947 , 6, 
1946) 

Chen, Graham, Sc D , M D Parke Davis and Co , 
Detroit, hlich (3, 1944) 

Chen, K E , Ph D , M D Lilly Research Labs , 
Indianapolis, Ind Dir of Pharmacological Re- 
search, Prof of Pharmacology, Indiana Univ 
School of Medicine (1, 1929, 3, 1942) 

Cheney, Ralph H , Sc D Brooklyn College, Biol- 
ogj" Dept , Bedford Ave and Ave H, Brooklyn 
10, N Y Professor (3, 1934) 

Chenoweth, Maynard Burton, M D Univ of 
Michigan Med School, Dept of Pharmacology, 
Ann Arbor Assoc Prof of Pharmacology (3, 
1945) 

Chesley, Leon C , Ph D Margaret Hague Mater- 
nity Hospital, 88 Clifton Place, Jersey City 4, 
N J Chief Chemist (1, 1949) 

Chesney, Alan M , M D Johns Hopkins Hospital, 
Baltimore, Md Dean of Johns Hopkins Med 
School, Assoc Prof of Medicine (4, 1925) 

Child, Charles M , Ph D Stanford Umv , Stan- 
ford, Calif Prof Emeritus, of Zoology, Stanford 
Univ (IR, 1923) 

Child, George P , Ph D , M D Albany Med 
College, Albany 3, N Y Asst Prof of Phar- 
macology (3, 1949) 

Chin, Yin-Ch’ang, Ph D 1268 Sixth Ave , San 
Francisco, Cabf Research Fellow, Umv of Cali- 
fornia, Asst Prof , Peking Union Med College 
(3, 1950) 

Chinn, Herman I , Ph D School of Aviation Medi- 
cine, Randolph Field, Tex Chief, Dept of Phar- 
macology and Biochemistry (1, 1950) 

Choncroun, Nine Dept of Public Health and Pre- 
ventive Medicine, 1300 York Ave , New York 
City 22 Research Assoc , Cornell Med College 
(6, 1949) 

Chow, Bacon F , Ph D Johns Hopkins Univ 
School of Hygiene, 615 N Wolfe St , Baltimore 
14, Md Assoc Prof of Biochemistry (2, 1940, 
5, 1948,6, 1944) 

Christensen, Halvor N , Ph D Tufts College Med 
School, Boston, Mass Prof and Head of Dept 
of Biochemistry (2, 1947) 

Christensen, L Royal, Ph D Nen York Univ 


College of Medicine, Dept of Microbiologj^ 477 
First Ave , New York City Asst Prof (6, 1942) 
Christian, Henry A , M D 20 Chapel St , Brook- 
line, Mass Hersey Prof Emeritus of the Theory 
and Practice of Physics, Harvard Univ , Physi- 
cian-in-Chief, Emeritus, Peter Bent Bngham Hos- 
pital (4, 1924) 

Christman, Adam A , Ph D Univ of Michigan 
Med School, A n n Arbor Prof of Biological 
Chemistry (2, 1929) 

Chn, Wei-chang, M D 546 W 124th St , Apt 63, 
New York City (3, 1945) 

Clark, Ada R , Ph D Columbia Umv College of 
Physicians and Surgeons, 630 W 168th St , New 
York City 32 Assoc in Bacteriology, Teaching 
and Research (6, 1936) 

CJark, Byron B , Ph D Tufts College Med School, 
136 Harrison Ave , Boston 16, Mass Prof of 
Pharmacology (3, 1940) 

Clark, Eliot R , M D Umv of Pennsylvania, Phil- 
adelphia Prof of Anatomy (IR, 1919) 

Clark, Ernest D , Ph D 828 Skmner Bldg , Seattle 
1, Wash Dir of the Labs , Northwest Branch, 
Natl Canners’ Assoc (2, 1912) 

Clark, George, Ph D Chicago Med School, Dept 
of Anatomy, 710 S Wolcott Ave , Chicago 12, 
Dl Assoc Prof of N euroanatomy (1, 1943) 

Clark, Guy W , Ph D R F D 5330 Wild Horse 
Valley Rd , Napa, Calif Technical Dir , Lederle 
Labs , Div of American Cyanamid Co (2, 1922) 
Clark, Janet Howell, Ph D Univ of Rochester, 
Anderson Hall, Rochester, N Y Dean of the 
College for Women and Prof in the Div of Bio- 
logical Sciences (1, 1922) 

Clark, Paul F , Ph D Umv of Wisconsin Med 
School, Madison Prof of Med Microbiology (4, 
1923 , 6, 1928) 

Clark, William G , PhD 2624 Prosser Ave , Los 
Angeles, Calif Clin Assoc Prof of Physio 
logical Chemistry, Umv of Southern California 
at Los Angeles School of Medicine, Chief, Phar- 
macology-Physiology Section, General Med Re- 
search Service, V A Center (1, 1942 , 3, 1949) 
Clark, William Mansfield, Ph D Johns Hopkins 
Umv , Baltimore, Md Prof of Physiological 
Chemistry (2, 1920) 

Clarke, Hans Thacher, D Sc Columbia Umv 
College of Phj sicians and Surgeons, 630 W 168th 
St , New York City 32 Prof of Biological Chem 


istry (2, 1929) 

Clarke, Robert W Route 3, Helmvoods, Eliza- 
bethtown, Hy Physiologist, Med Dept Pic 


Research Lab , Fort Knox (1, 1936) 

Hausen, Samuel Wolcott, M D Umv of Roches- 
ter School of Medicine, Rochester, N Y Prof 
of Pediatrics (2, 1922) ^ 

Heghom, Robert Allen, M D , D Sc McGill 
Umv , Dept of Psychiatry, Montreal, Quebec, 
Canada (1, 1937) 
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Clo-wes, George Henry Alexander, Ph D Eh Lillj 
& Co , Indianapolis 6, Ind Dtr of Research 
Emeritus (2, 1914, 6, 1919) 

Coburn, Alvin F , M D Rheumatic Fever Research 
Inst , Chicago, HI Director (6, 1948) 

Code, Charles F , Ph D , M D Mayo Foundation, 
Rochester, Minn Prof of Physiology (1, 1939, 

3, 1960) 

Coffey, Julia M , A B Div of Labs and Research, 
New York State Dept of Health, Albany 
Assoc Bacteriologist (6, 1937) 

Coghill, Robert D , Ph D Abbott Labs , N Chi- 
cago, 111 Dir of Research (2, 1932) 

Cohen, Barnett, Ph D Johns Hopkins Univ 
School of Medicme, 710 N Washington St , 
Baltimore 5, Md Assoc Prof of Physiological 
Chemistry (2, 1935) 

Cohen, Philip P , Ph D , M D Univ of Wisconsin, 
Service Memorial Inst , Madison Prof of Physi- 
ological Chemistry (2, 1941) 

Cohen, Saul L , Ph D Univ of Minnesota, 207 
Millard Hall, Mmneapohs Asst Prof of Physi- 
ological Chemistry (2, 1948) 

Cohen, Seymour S , Ph D Children’s Hospital, 
1740 Bambndge St , Philadelphia, Pa Assoc 
Prof of Physiological Chemistry and Pediatrics, 
Univ of Pennsylvania School of Medicine (2, 
1946) 

Cohen, Sophia M , B S New York State Dept of 
Health, Div of Labs and Research, Albany Sr 
Bacteriologist (6, 1938) 

Cohn, Alfred E , M D Rockefeller Inst for Med 
Research, 66th St and York Ave , New York 
City 21 Member (IR, 1911, 3, 1913) 

Cohn, Clarence, M D Michael Reese Hospital, 
Med Research Inst , Chicago, Bl Dir of Dept 
of Biochemistry (1, 1948) 

Cohn, Edwin J , Ph D 183 Brattle St , Cambridge, 
Mass Prof of Biological Chemistry, Harvard 
Med School, Univ Prof , Harvard Univ (1, 
1919, 2, 1919) 

Cohn, Mildred, Ph D Harvard Umv Med School, 
Boston 15, Mass Research Assoc , Biochemistry 
(2, 1949) 

Cohn, Waldo E , Ph D Oak Ridge Natl Lab , 
Biologj Div , Oak Ridge, Tenn Biochemist (2, 
1944) 

Cole, Harold H , Ph D Univ of California, Col- 
lege of Agriculture, Div of Animal Husbandry , 
Dains Professor (1, 1947) 

Cole, Harold N , Ph B , hi D 1352 Hanna Bldg , 
Cleveland, Ohio Chn Prof of Dermatology and 
Syphilology, Western Reserve Univ (3, 1925) 
Cole, Kenneth S , Ph D Umv of Chicago, Inst 
of Radiobiology and Biophvsics, Chicago 37, 
Bl Prof of Biophysics (1, 1934) 

Cole, Rufus, MJD , D Sc Mount Ivisco, N Y 
Member Emeritus, RockcfcUcr Inst for Med Re- 
search (4R, 1024, 6R, 1917) 


Cole, Versa V , Ph D , M D Indiana Univ School 
of Medicine, 1040-1232 W Michigan St , Indi- 
anapolis Assoc Prof of Pharmacology (3, 1941) 
Colfer, Harry F , M D , Ph D 9 Kempshall Ter , 
Fanwood, N J Research Physician, Merck 
Co , Rahioay, Asst Physician, Presbyterian Hos- 
pital, N Y C (1, 1950) 

Collett, Mary Elizabeth, Ph D Western Reserve 
Univ , Mather College, Cleveland, Ohio Assoc 
Prof of Biology (1, 1921) 

Collier, H Bruce, Ph D Univ of Alberta, Dept 
of Biochemistry, Edmonton, Alta , Canada 
Prof of Biochemistry (2, 1944) 

Ceilings, William Doyne, Ph D Michigan State 
College, Dept of Physiology, East Lansing (1, 
1944) 

Collins, Dean A , Ph D , M D Temple Univ 
School of Medicme, 3400 N Broad St , Phila- 
delphia 40, Pa Prof of Pharmacology (1, 1938) 
Collins, Russell J , A M , M D St John, New 
Brunswick, Canada Med Superintendent of St 
John Tuberculosis Hospital (3, 1915) 

Collip, J B , PhJD M D Umv of Western On- 
tano, R R 3, London, Ontano, Canada Dean 
of Medicine and Prof of Med Research (1, 
1920 , 2, 1920) 

Colowick, Sidney P , Ph D Johns Hopkins Umv , 
McCollum Pratt Inst , Baltimore 18, Md Assoc 
Prof (2, 1944) 

Coman, Dale R , M D Umv of Pennsylvama 
School of Medicine, McManes Iiab of Pathol- 
ogy, Philadelphia Prof of Exper Pathology (4, 
1939) 

Comroe, Julius H , Jr , M D Umv of Pennsyl- 
vania Grad School of Medicine, Philadelphia 
Prof of Physiology and Pharmacology (1, 1943, 
3, 1939) 

Conant, James B , Ph D Harvard Umv , 5 Umv 
Hall, Cambridge, Mass President (2, 1932) 
Concepcion, Isabelo, M D 589 Zamora, Pasay^ 
Rizal, Philippines Faculty of Medicine, Umv 
Santo Tomas, Manila, Philippines Prof of Bio- 
chemistry and Nutrition (1, 1919) 

Conklin, Ruth E , Ph D Vassar College, Pough- 
keepsie, N Y Prof of Physiology (1, 1940) 
Conn, Jerome W , M D Umv of Michigan Med 
School, Ann Arbor Assoc Prof of Internal 
Med (5, 1942) 

Consolazio, William V , B S Office of Naval Re- 
search, Navy Dept , Washington 25, D C 
Head of Biochemistry Branch (2, 1949) 

Cook, Donald Hunter, Ph D Umv of Miami, 
Coral Gables 34, Fla Prof of Chemistry (2,1929) 
Cooke, Robert A , A D 60 E 5Sth St , New 

York City Dir of Dept of Allergy, RooscicU 
Hospital (G, 1920) 

Coolidge, Thomas B , M D , Ph D Umv of Chi- 
cago, \bbot Hall, Chicago 37, Bl Asroc Prof , 



656 


FEDERATION PROCEEDINGS 


Volume 9 


Dept of Biochemistry and Walter G Zoller Me- 
morial Dental Clinic (2,1942) 

Coon, Julius M , Ph D , M D Univ of Chicago, 
Chicago 37, Rl Assoc Prof of Pharmacology, 
Dir of Toxicity Lab (3, 1941) 

Coons, Albert H , ill D Harvard Univ , 25 Shat- 
tuck St , Boston 15, Mass Assoc m Bacteriol- 
ogy and Immunology (6, 1950) 

Coons, Callie Mae, Ph D U S Dept of Agricul- 
ture, Bureau of Human Nutrition and Home 
Economics, Washington, D C Asst Chief (5, 
1933) 

Cooper, Merlin L , M D Children’s Hospital Re- 
search Foundation, Elland Ave and Bethesda, 
Cincinnati 29, Ohio Assoc Prof of Bacteriology, 
Asst Prof of Pediatrics, Univ of Cincinnati 
College of Medicine (6, 1949) 

Cooper, Ruth S Princeton Univ , Dept of Biol- 
ogj , Princeton, N J (6, 1949) 

Copley, Alfred Lewin, M D New York Univ , 
Dept of Biology, Lab of Cellular Physiology, 
Washington Square, New York City 3 Research 
Assoc in Medicine, Asst Clin Prof , New York 
Med College (1, 1944) 

Corbin, Kendall B , M D 919 80th St , S W , 
Rochester, Mum Consultant in Neurology, Mayo 
Clime, Prof of euroanatomy, Mayo Founda- 
tion (1, 1941) 

Corcoran, Arthur Curtis, CM, M D Cleveland 
Clinic Foundation, Cleveland 6, Ohio (1, 1940) 
Corey, Edward Lyman, Ph D Univ of Virginia 
School of Medicine, Charlottesville Prof of 
Physiology (1, 1931) 

Con, Carl F , hi D Washington Univ School of 
hledicine, Kingshighwaj and Euclid Ave , St 
Louis 10, Mo Prof of Biochemistry (2, 1926, 
3, 1934) 

Con, Gerty T , M D Washington Univ School of 
Medicine, St Louis 10, Mo Prof of Biochem- 
istry (2, 1927, 3, 1934) 

Corley, Ralph Conner, Ph D Purdue Univ , Dept 
of Chemistry, Lafay'ette, Ind Prof of Biochem- 
istry (2, 1927) 

Cornatzer, W E , Ph D Bownnan Gray School of 
Medicine, Winston-Salem, N C Asst Prof of 
Biochemistry (2, 1950) 

Corper, Harry J , M D , Ph D 1295 Clermont St , 
Denver 7, Colo Dir of Research, N^atl Jewish 
Hospital and Univ of Colorado School of Medicine 
(2, 1912) 

Corson, Samuel A , Ph D Toledo Hospital Inst 
of Med Research, 2805 Oatis Ave , Toledo 6, 
Ohio Chief, Dept of Physiology (1, 1943) 
Cotts, Gerhard K , M D 1100 Church St , Lynch- 
burg, Va (3, 1937) 

Co Tui, C AI D 15 E 62nd St , New York City 
21 Dir , Biologic Research, Creadmore Inst 
for Psychohiologic Studies (3, 1931) 

Couch, James Russell, Ph D Texas A & hi Col- 


lege, College Station Prof of Poultry Hus 
bandry, Biochemistry and Nutrition (5, 1950) 
Cournand, Andre Frederic, M D Chest Service, 
Bellevue Hospital, C D Building, 1st Ave at 
28th St , New York City Assoc Prof of Medi- 
cine, College of Physiaans and Surgeons, Colum 
bia Univ (1, 1944) 

Cowgill, George Raymond, Ph D Yale Univ , 
Nutntion Lab , 333 Cedar St , New Haven 11, 
Conn Prof of Nutrition, Dept of Physiological 
Chemistry (1, 1923, 2, 1922, 5, 1933) 

Cox, Alvin J , Jr , M D Stanford Umv School of 
Medicine, 2398 Sacramento St , San Francisco 
15, Calif Prof of Pathology (4, 1949) 

Cox, Gerald J , Ph D Univ of Pittsburgh School 
of Dentistryq Pittsburgh 13, Pa Prof of Dental 
Research (2, 1930, 5, 1935) 

Cox, Herald R , Sc D Lederle Labs Div , 4.mer 
lean Cyanamid Co , Pearl River, N Y Dir , 
Viral and Rickettsial Research (6, 1946) 

Cox, Warren M , Jr , Ph D Mead Johnson it Co , 
Evansville, Ind Dir of Research (2, 1935, 5, 

1945) 

Craig, Francis Northrop, Ph D Med Div , Army 
Chemical Center, Md Chief, Applied Physiol- 
ogy Section (1, 1946) 

Craig, L C , Ph D Rockefeller Inst for hied Re- 
search, 66th St and York Ave , New York 
City 21 Assoc Member (2, 1938) 

Crampton, E W , Ph D McGill Umv , Macdonald 
College, Montreal, Quebec, Canada Prof of 
Nutntion (5, 1940) 

Crandall, Lathan A , Jr , hi D , Ph D Miles Labs , 
Inc , Elkhart, Ind (1, 1930) 

Cranston, Elizabeth M , Ph D Univ of hlinnesota 
Med School, Dept of Pharmacology, Minne- 
apolis 14 Asst Prof (3, 1946) 

Cravens, W W , Ph D Univ of Wisconsin, Poul- 
try Dept , Madison Assoc Prof of Poultry 
Husbandry (5, 1947) 

Craver, Bradford N , Ph D , hi D Ciba Pharma- 
ceutical Products, Inc , Lafay'ette Park, Sum- 
mit, N J Sr Pharmacologist (3, 1946) 

Crawford, Madeleine Field, Ph D 9 High Rock 
St , Needham, Mass Assoc in Physiology, Har- 
vard School of Public Health (1, 1933) 

Crescitelli, Frederick, Ph D Umv of California, 
Dept of Zoology , Los Angeles Physiologist (L 

1946) ^ . 

Cretcher, Leonard H , Ph D Umv of Pittsburgh, 

Mellon Inst of Industrial Research, Pittsburgh 
Pa Asst Dir and Head of Dept of Research in 
Pure Chemistry (2, 1930) 

Cnder, Joseph O , hi D Jefferson Med College, 
Philadelphia, Pa Prof of Physiology (1, 1935) 
CriEler, George R , Ph D , M D 157 E New Eng- 
land Ave , Winter Park, Fla (1, 1930' 

Crismon, Jefferson Martmeau, hi D Stanford 
Umv , Cahf Assoc Prof of Physiology (1, 1944) 
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Crittenden, Phoebe J , Ph D Goucher College, 
Dept of Pbjsiologj and Bacteriologj , Tovisou 
4, jMd Prof and Chairman of Dept of Physiol- 
ogy (1, 1937, 3, 1937) 

Crozier, William J , Ph D Harvard Univ , Bio- 
logical Labs , Cambridge, Mass Prof of General 
Physiology (1, 1928) 1 

Csonka, F A , Ph D U S Dept of Agriculture, 
Bureau of Human Nutrition and Home Eco- 
nomics, Beltsville, Md Sr Chemist (2, 1924) 
Cullen, Stuart C, MD Univ Hospital, Iowa 
Citj , Iowa Asst Prof of Surgery- Anesthesia 
(3, 1944) 

Culler, Elmer A , Ph D Univ of Rochester, Roch- 
ester, N Y Prof of Psyehology and Dll of Lab 
(IR, 1936) 

Cunha, Tony Joseph, Ph D Univ of Florida, 
Dept of \nimal Husbandry, Gainesville Assoc 
Prof , Assoc Animal Husbandman (5, 1950) 
Cunningham, Raymond W , Ph D Lederle Labs , 
Inc , Pearl River, N Y Director, Pharmacology 
Research (3, 1941) 

Cunningham, Robert Sydney, M D , Sc D Albany 
Med College, Albany , N Y Prof of Anatomy 
and Dean (1, 1923) 

Cureton, Thomas Kirk, Jr , Ph D Umv of Hli- 
''ois. School of Physical Education, Urbana 
Prof of Physical Education (1, 1946) 

'"nrnen, Edward C , M D Yale Univ School of 
'ledicine. New Haven 11, Conn Assoc Pedia- 
'tcian, \ew Haven Hospital (6, 1941) 

-••irtis, George Morns, Ph D , M D Ohio State 
'Jniv , Kinsman Hall, Columbus Prof of Siir- 
gery, Chairman, Dept of Research Surgery (1, 
1933 , 4, 1933) 

Curtis, Howard J , Ph D Broohhaven ^atl Lab , 
Upton, L I , \ I (1, 1940) 

Cutting, Windsor C , M D Stanford Univ School 
of Medicine, San Francisco, Calif Prof ofPhat- 
maeologij and Therapeutics (3, 1939) 

Daft, Floyd Shelton, Ph D Natl Insts of Health, 
Bethesda, Md Acting Director, Exper Biology 
and Medicine hist (2, 1949 , 5, 1941) 

Daggs, Ray Gilbert, Ph D hied Dept , Field Re- 
search Lab , Fort Kno\, Ky Dir of Research 
(1, 1935 , 5, 1933) 

Dakin, Henry D , D Sc , Ph D Scarborough-on- 
Hudson, N Y (2, 1906) 

Dalldorf, Gilbert, hi D New York State Dept of 
Health, Albany Dir , Div of Labs and Re- 
search (4, 1947) 

Dalton, Albert J , Ph D Natl Cancer Inst , Be- 
tlicsda, hid Principal Cytologisl (4, 1942) 

Dam, Henrik, Ph D Poh technic Inst Dept of 
Biolog\ , Ostcnoldgide 10 L Copenhagen K 
Denmark Professor (2,1944 , 5,1943) 

D’Amour, Fred E , Ph D 2311 S Josephine St , 
Dcn\ er, Colo Assoc Prof , Dept of Zoology, 
Inn of Dcmcr (1, 1934) 


D’Amour, Mane C , Ph D , M D Olive View Sana- 
torium, Olive View , Calif (1, 1934) 

D’Angelo, Savino A , Ph D Jefferson hied Col- 
lege, Dept of Anatomy, 307 S 11th St , Phila- 
delphia, Pa (1, 1947) 

Daniel, Louise J , Ph D Cornell Univ , Savage 
Hall, Ithaca, N Y Asst Prof of Biochemistry 
(2, 1949) 

Daniels, Amy L , Ph D 720 N Van Buren St , 
Iowa Clt^ , Iowa (2, 1919, 5R, 1933) 

Danielson, Irvin S , Ph D Lederle Labs , Amer 
Cyanamid Co , 18 Bogert Ave , Pearl River, 
N Y Asst Dir , Animal Industry Section (2, 
1937) 

Danowski, T S , hi D Univ of Pittsburgh 
School of hledicine, Pittsburgh, Pa Renzie- 
hauscnPiof of Research Medicine (1, 1947) 
Darby, William J , M D , Ph D Vanderbilt Univ 
School of hledicme, Div of Nutrition, Nash- 
ville, Tenn Prof of Biochemistry, Asst Prof 
of Medicine (2, 1949, 5, 1945) 

Darling, Robert Croly, hi D 157 Glenwood Ave , 
Leonia, N J Columbia Vniv College of Physi- 
cians and Suigeons, Dept of Medicine, jVem 
Yoik City 32 (1, 1944) 

Darrow, Chester W , Ph D Inst for Juvenile Re- 
search, 907 S Wolcott Ave , Chicago, 111 Psy- 
chophysiologisl, Assoc Pi of of Criminology, 
Univ of Illinois College of Medicine (1, 1937) 
Darrow, Daniel Cady, hi D Yale Umv School 
of hledicme. New Haven, Conn Prof of Pe- 
diatrics (2, 1936) 

Daubert, B F , Ph D Univ of Pittsburgh, 220 
Alumni Hall, Dept of Chemistry, Pittsburgh 13, 
Pa Research Prof and Research Admin (2, 
1947) 

Davenport, Fred M , hi D , D hi Sc 1303 Gard- 
ner Ave , Ann Arbor, hlich Research Assoc 
(6, 1950) 

Davenport, Horace Willard, Ph D Umv of Utah, 
Dept of Phy siology , Salt Lake City 1 (1, 

1942) 

Davenport, Virginia D , Ph D Univ of Utah Col- 
lege of hledicme. Salt Lake City Research 
Assoc in Physiology (1, 1950) 

David, Norman Austin, hi D Umv of Oregon 
hied School, Portland Prof of Pharmacology 
(3, 1934) 

Davidsohn, Israel, hi D hlount Smai Hospital, 
Chicago, HI Pathologist and Dir of Labs , 
Chicago Med School, Prof of Pathology and 
Chairman of Dept (4, 1939, G, 1929) 

Davidson, Charles S , M D Boston Cit\ Hospital, 
Thorndike Memorial Lib, Boston IS, Mass 
Assoc in Medicine, Hariard Med School, Assoc 
Dir, 2nd and Jfth Med Scniccs, Boston City 
Hospital (5, 1949) 

Davies, Philip B , Ph D Johns Hopkins Uni\ , 
Bioplnsics Dept Baltimore IS, Md (1, 194S) 
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Dans, Bernard D , ]\I D Cornell Univ Med 
College, Neu York CiD Research Assoc, Sur- 
geon, USPHS (6, 1948) 

Davis, George Kelso, Ph D Nutrition Lab , Ani- 
mal Indu3tr3" Dept , Agricultural Evper 
Station, Gainesvalle, Fla Nutritional Technol- 
ogist and Biochemist, Prof of Nutrition, Vntv 
of Florida, Florida Agncullural Exper Station 
(5, 1944) 

Dans, Hallowell, M D Central Inst for the Deaf, 
818 S IGngshighu a 3 '-, St Louis 10, Mo (1, 
1925) 

Dans, Harry A , M D College of Med Evan- 
gelists, Dept of Surgerj^ 2007 Wilshire Blvd , 
Los Angeles 5, Calif Cltn Prof of Surgery 
(4, 1944) 

Dans, John Emerson, Ph D Univ of Arkansas 
School of Medicine, Little Rock Prof of Phar- 
macology and Physiology (1, 1941, 3, 1941) 

Davis, M Edward, M D Chicago Lying-In Hos- 
pital, 5841 Maryland Ave , Chicago 37, 111 
Joseph Bolivar de Lee Prof of Obstetrics, Untv 
of Chicago (3, 1950) 

Dawson, Charles B , Ph D Columbia Univ , 411 
Havemeyer Hall, New York City 27 Assoc 
Prof of Chemistry (2, 1946) 

Dawson, James Robertson, Jr , M D Univ of 
Minnesota School of Medicine, Minneapolis 14 
Prof of Pathology (4, 1940) 

Dawson, Percy M , M D 97 E Portola Ave , Los 
Altos, Calif Lectin er in Physiology, Retired, 
Stanford Univ (IR, 1900) 

Day, Harry G , D Sc Indiana Univ , Dept of 
Chemistry, Bloomington Professor (2, 1948, 
5, 1940) 

Day, Paul L , Ph D Univ of Arkansas School of 
Medicine, Little Rock Prof of Biochemistry 
(2, 1934, 5, 1933) 

De, N N , j\I B Indian Inst of Science, P O 
Mallesv aram, Bangalore, India Asst Prof of 
Pharmacology (3, 1948) 

Dearborn, Earl H , Ph D , M D Johns Hopkins 
Univ School of Medicine, 710 N Washington 
St Baltimore 5, Md Asst Prof oj Pharma- 
cology and Exper Therapeidics (3, 1946) 
de Beer, Edwin J , Ph D The Wellcome Research 
Labs , Tuckahoe, N Y Acting Dir of Research, 
Head, Dept of Pharmacology (3, 1944) 

De Bodo, Richard C , M D 477 First Ave , New 
York Citj' Assoc Prof of Pharmacology, New 
York Univ College of Medicine (1, 1932 , 3, 
1931) 

De Boer, Benjamin, Ph D St Louis Umv School 
of Medicine, 1402 S Grand Blvd , St Louis 4, 
iMo Assoc Prof of Pharmacology (1, 1947, 3, 
1948) 

DeEds, Floyd, Ph D 344 Santa Ana Ave , San 
Francisco, Calif Principal Pharmacologist, 


Western Regional Research Lab , Albany, Calif 
(2, 1937, 3, 1927) 

Defandorf, James Holmes, PhD 130 Hesketh 
St , Chew Chase, Md Colonel, Chem Corps 
A US (3, 1940) 

de Gara, Paul F , M D 200 Pinehurst Ave , New 
York City Instr in Pathology, Cornell Univ 
Med College, Physician, New York Hospital 
(6, 1941) 

DeGraff, Arthur C , M D New York Umv Col- 
lege of Medicine, New York City Prof of 
Therapeutics (1, 1950 , 3, 1937) 
de Gutierrez-Mahoney, C G , M D St Vincent’s 
Hospital, New York City Dir , Neurological 
Div and N eurosurgeon-in-Chtef (1, 1940, 4, 
1041) 

Deichmann, William B , Ph D Albany Med 
College, Albanj’-, N Y Assoc Prof and Head, 
Dtv of Pharmacology (3, 1941) 
del Pozo, E C , M D Medellin 196, Mexico, D F , 
Mexico (1, 1943) 

Dempsey, Edward W , Ph D Washington Umv 
School of Medicine, St Louis 10, Mo Assoc 
Prof of Anatomy (1, 1940) 

Denslow, J S , D 0 Kirksville College of Oste- 
opathy , Still Memorial Research Trust, Kirks- 
ville, Mo Researcher (1, 1949) 

Denstedt, Orville F , Ph D McGill Umv , Dept 
of Biochemistry, Montreal, Que , Canada Assoc 
Prof (2, 1948) 

Derbyshire, Arthur J , Ph D Harper Hospital, 
EEC Dept , Detroit, Mich (1, 1939) 
de Savitscb, Eugene, M D Suite 24, 1150 Con- 
necticut Ave , Washington, D C Surgeon {R) 
USPHS, Consulting Surgeon, Home for Incur- 
ables (4, 1934) 

Dethier, Vincent G , Ph D Johns Hopkins Umv , 
Dept of Biology, Baltimore 18, Md Assoc 
Prof (1, 1950) 

Dettwiler, Herman A , Ph D Eli Lilly' and Co , 
Indianapolis, Ind Asst Dir , Biological Div 
(6, 1946) 

Deuel, Harry J, Jr, PhD Umv of Southern 
California, Los Angeles Prof of Biochemistry 
and Dean of Grad School (1, 1928 , 2, 1924 , 6, 
1933) 

Deulofeu, Venancio D Chem Casilla Correo 
2539, Buenos Aires, Argentina Prof of Organic 
Chemistry, Untv of Buenos Aires (2, 1942) 
Deutsch, Harold F , Ph D Umv of Wisconsin, 
Dept of Physiological Chemistry, Madison 6 
Assoc Prof (2, 1948) 

Dewey, Virginia C , Ph D Amherst College, Bio- 
logical Lab , Amherst, Mass Research Assoc , 
Dept of Biology (2, 1949) 

Dey, Frederick L , Ph D , M D Niantic, Conn 
LI (jg), US j\ R (1, 1945) 

Deyrup, Ingrith J, PhD Barnard College, 
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Columbia Univ , Dept of Zoologj , New York 
City 27 Asst Prof (1, 1949) 

Dickison, H L , Ph D Bristol Labs , Inc , 
Bldg 6, Syracuse 1, N Y Dir , Phmmacolog- 
ical Research (3, 1946) 

Dieckmann, William J , M D The Chicago Ljing- 
In Hospital, 5841 Marjdand Ave , Chicago 37, 

R1 Chiej of Service, Prof and Chairman of 
Dept of Obstetrics and Gynecology, Unit) of 
Chicago (3, 1947) 

Dienes, Louis, M D jMassachusetts General Hos- 
pital, Boston Bacteriologist (6, 1924) 

Dill, David Bruce, Ph D Med Div , Army Chemi- 
cal Center, Md Scientific Du (1, 1941, 2, 
1927, 5, 1936) 

Dille, James M , Ph D , M D Univ of Washing- 
ton School of Medicine, Seattle 5 Prof and 
Exec Officer, Dept of Pharmacology (3, 1939) 
Dillon, Robert T , Ph D G D Searle and Co , 
Box 5110, Chicago 80, Rl Head, Analytical Div 
(2, 1934) 

Dingle, John H , Sc D , M D Western Reserve 
Univ School of Medicine, Cleveland 6, Ohio 
Prof of Preventive Medicine (6, 1941) 

Di Palma, Joseph R , M D Long Island College 
of hledicine, 350 Henrj' St , Brooklyn, N Y 
Assoc in Physiology (1, 1943) 

Dische, Zacharias, hi D Columbia Univ College 
of Phj'sitians and Surgeons, Dept of Oph- 
thalmolog} , 630 W 168th St , New York Citj 
32 Asst Prof of Biochemistry (2, 1944) 
Dittmer, Karl, Ph D Flonda State Univ , Dept 
of Chemistry, Tallahassee Prof and Dept 
Exec (2, 1950) 

Dixon, Frank James, Jr , M D Washington Univ , 
Dept of Pathology, Euclid Ave and lUngshigh- 
way, St Louis 10, Mo Instructor (6, 1950) 
Dixon, Harold M , M D Veterans Admin Re- 
gional Office, San Diego, Calif (4, 1936) 

Doan, Charles A , hi D Ohio State Univ College 
of hlcdicine, Columbus Dean, Prof of Medi- 
cine (4, 1928) 

Dobriner, Konrad, hi D Sloan-Kettering Inst , 
444 E 68th St , New York Citj 21 Member 
(2, 1946) 

Dochez, A Raiinond, hi D Presbiterian Hos- 
pital, 620 W 16Sth St , New hork Cit\ John 
E Borne Prof of Medicine and Surgical Research, 
Columbia Lnu (4R, 1917, GR, 1922) 

Dodd, Matthew C , Ph D Ohio State Uni\ , Dept 
of Bactenologa , Columbus 10 4ssoc Prof 
of Bactcnoloyi/ and Immunology (6, 1950) 
Dodds, Mar> L , Ph D Pennsahania State Col- 
lege, Slate College Prof , Foods and Aitirtlion 
Research (5, 194S) 

Dohan, F Curtis, M D SO Princeton Rd , 
Cniwid, Pa FcUoir, George S Cox Med Re- 
search Inst , Assoc in Medicine, Lnu of Penn- 
sylvania (1, lOlil 


Doisy, Edward A , Ph D St Louis Univ School 
of Medicine, St Louis 4, Mo Prof of Biological 
Chemislnj (2, 1920) 

Dolman, C E , D P H , Ph D Univ of British 
Columbia, Vancouver, B C , Canada Head of 
Dept of Bacteriology and Preventive Medicine 
(6, 1947) 

Dominguez, Rafael, hi D Western Reserve Univ 
Cleveland, Ohio Asst Prof of Pathology, Dir , 
Div of Labs and Research, St Luke's Hospital 
(1, 1935) 

Donahue, D D , D Sc 4228 hlilitary Rd , N W , 
Washington 15, D C (3, 1941) 

Dooley, M S , hi D Syracuse Univ CoUege of 
hledicine, Syracuse, N Y Prof of Pharma- 
cology (3R, 1923) 

Dorfman, Albert, PhD , hi D Univ of Chicago, 
Dept of Pediatrics, Chicago, HI Asst Prof 
(2, 1948) 

Dorfman, Ralph I , Ph D Western Reserve Univ 
School of Medicine, Dept of Biochemistry, 
Cleveland, Ohio Asst Prof of Biochemistry 
(2, 1940) 

Dotti, Louis Basil, Ph D St Luke’s Hospital, 
Amsterdam Ave and 113th St , New York 
City Chemist, Lecturer in Physiology and Bio- 
chemistry, New York Med College (1, 1937) 
Doty, J Roy, Ph D American Dental Assoc , 222 
E Superior St , Chicago, HI Sr Chemist (2, 
1941) 

Doudoroff, Michael, Ph D Univ of California, 
Dept of Bactenolog 3 % 3519 Life Sciences Bldg , 
Berkeley 4 Assoc Prof (2, 1946) 

Dougherty, Thomas F , Ph D Univ of Utah 
School of hledicme, Dept of Anatomy, Salt 
Lake City Prof and Chairman of Dept (1, 1050) 
Dounce, Alexander L , Ph D Strong hlemorial 
Hospital, 260 Crittenden Blvd , Rochester 
N Y Instr in Biochemistry, Univ of Rochester 
School of Medicine and Dentistry (2, 1944) 
Doupe, Joseph, hi D hledical CoUege, Dept of 
Physiologj" and hied Research, Bannatyne and 
Enuly, Winnipeg, hlanitoba, Canada Professor 
(1, 1949) 

Dow, Philip, Ph D hledical College of Georgia, 
A.ugusta 4ssoc Prof of Physiology (I, 1939) 
Dow, Robert S , hi D , Ph D Univ of Oregon 
hied School, Portland, Assoc Prof of Anat- 
omy (1, 1940) 

Downs, Ardrey W , hi D , D Sc Uni\ of Alberta, 
Edmonton, Alberta, Canada Prof of Physi- 
ology and Pharmacology (IR, 1917) 

Downs, Cora hi , Ph D 1625 Alabama St , 
Lawrence, Kan Prof of Bacteriology (6, 1929) 
Doyle, V illiam Lewis, Ph D 930 E 5Sth St , 
Chicago 37, 111 Prof of Inaiomu, Univ of Chi- 
cago (1, 1946) 

Drnbkin, Dand L, MD Unu of PennsjUamn 
Grad School of Medicine, Philadelphia 4 Prof 
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and Chairman of Dept of Physiological Chem- 
istry (2, 192S, 5, 1934) 

Dragstedi, Carl A, PhD, hi D North-Western 
Lniv Med School, 303 E Chicago Ave , 
Chicago, HI Prof and Chairman of Dept of 
Pharmacology (1, 1928 , 3, 1932) 

Dragstedt, Lester R , M D , Ph D Univ of 
Chicago, Chicago, 111 Prof of Surgery (1, 
1920) 

Draize, J H , Ph D Food and Drug Admin , 
Dn of Pharmacologj , Federal Security 
Agenew , Washington, D C Pharmacologist (3, 
1940) 

Drake, T G H , M B Dniv of Toronto, Toronto, 
Canada Jr Demonstrator tn Pediatrics, Dept 
of Medicine, Assoc Dir , Research Lab , Hos- 
pital for Sick Children (6, 1936) 

Draper, William B , M Sc , M D Univ of 
Colorado School of Medicine, 4200 E 9th Ave , 
Denver Prof of Physiology and Phai macology 
(1, 1947, 3, 1938) 

Dreisbach, Robert H , Ph D , M D Stanford 
Univ School of Medicine, San Francisco 15, 
Calif Assoc Prof of Pharmacology (3, 1945) 
Dreyer, Nicholas Bernard, M A Univ of Ver- 
mont School of Medicine, Burlington Prof 
of Physiology and Pharmacology (3, 1942) 
Drill, Victor Alexander, Ph D , M D Wayne Univ 
College of Medicine, Detroit 26, Mich Prof of 
Pharmacology (1, 1943, 3, 1946) 

Drinker, Cecil K , M D P 0 Box 502, Falmouth, 
Mass (1, 1915) 

Dripps, Robert D , M D Univ of Pennsylvania 
School of Medicine, Philadelphia 4 Prof of 
Anesthesiology (1, 1947 , 3, 1945) 

Driver, Robert L , B S , M S , Ph D Med College 
of Alabama, Birmingham 5 11, 1945 , 3, 1947) 
Drury, Douglas R , M D Univ of Southern 
California, Los Angeles Prof of Physiology 
(1, 1932) 

Dubin, Harry E , Ph D 11 W 42nd St , Nen York 
Cit}"^ IS President, H E Dubin Labs , Inc (2, 
1925) 

Dubin, Isadore N , MD Natl Cancer Inst , 
Bethesda, Md Special Research Fellow (4, 1947) 
DubnofF, Jacob W , Ph D 1201 E California St , 
Pasadena 4, Calif Sr Research Fellow, Cali- 
fornia Inst of Technology (2, 1946) 

DuBois, Eugene F , M D Cornell Univ Med 
School, 1300 York Ave , Nen York City Prof 
and Head of Dept of Physiology and Biophysics, 
Attending Physician, New York Hospital (1, 
1913, 3R, 1921, 5R, 1935) 

Du Bois, Kenneth P , Ph D Univ of Chicago, 
Dept of Pharmacology, Chicago 37, III Asst 
Prof (3, 1946) 

Dubos, Rene J , Ph D , D Sc Rockefeller Inst 
for Med Research, 66th St and York Ave , 


Nevi York Citj Head of Dept of Bacteriology 
(6, 1938) 

Dugal, L Paul, Ph D Laval Univ iMed School, 
Research Dept on Acclimatization, Quebec 
Citj^ Canada Research Prof and Head of Dept , 
Assoc Dir of Inst of Hygiene (1, 1947) 
Dukes, H H , D V M , M S Cornell Univ , New 
York State Veterinarj^ College, Ithaca Prof 
of Veterinary Physiology (1, 1934) 

Dulaney, Anna D , Ph D Univ of Tennessee, 
Pathological Inst , Memphis Assoc Prof of 
Bacteriology, Med School (6, 1924) 

Dumke, Paul Rudolph, M D Hospital of the 
Univ of Pennsjdvania, Dept of Anesthesiol 
ogj , Philadelphia Assoc Prof , Assoc in Clin 
Phai macology, Umv of Pennsylvania (3, 1942) 
Dunun, Mary E , Ph D Nen York Univ -Belle 
vue Med Center, 477 First Ave , New York Cit\ 
16 Adjunct Asst Prof of Chemistry (1, 1950) 
Dunlap, Charles E , M D Tulane Univ of Lou 
isiana, 1430 Tulane Ave , Nen Orleans Prof 
of Pathology (4, 1942) 

Dunn, Max Shaw, Ph D Univ of California, Los 
Angeles Prof of Chemistry (2, 1933) 

Dunn, Thelma Brumfield, M D Natl Cancer 
Inst , Bethesda, Md Pathologist (4, 1945) 
Durlacher, Stanley H Med Div , Army Chemical 
Center, Md Chief, Section on Pathology (1, 
1949) 

Durrant, Edwin P , Ph D Ohio State Umv , 
Columbus Assoc Prof Emeritus of Physiology 
(IR, 1928) 

Dury, Abraham, Ph D Dorn Lab for Med Re- 
search, Bradford Clinic, Bennett at Pleasant 
St , Bradford, Pa Asst Dir of Research (1, 
1948) 

Dutcher, James D , Ph D Squibb Inst for Med 
Research, Nev Brunswick, N J Research 
Assoc , Div of Organic Chemistry (2, 1946) 
Dutcher, R Adams, D Sc Pennsjdvania State 
College, State College Prof and Head of Dept 
of Agriculture and Biochemistry (2, 1920 , 5, 
1933) 

Duval, Charles Warren, M D Sacred Heart Hos- 
pital, Pensacola, Fla Prof Emeritus of Pathol- 
ogy and Bacteriology, Tulane Univ (4, 1913) 
du Vigneaud, Vincent, Ph D Cornell Umv Mod 
College, 1300 York Ave , New York Citj 21 
Prof of Biochemistry (2, 1929, 5, 1934) 

Dworkin, Simon, D D S , M D IMcGill Univ , 
Biologj Building, Montreal, Quebec, Canada 
Lecturer in Physiology, Faculty of Medicine 
(1, 1931) 

Dye, J A , Ph D Cornell Univ , James La-% Hall 
Ithaca, N Y Prof of Physiology (1, 1929)^ 

Dye, Mane, Ph D Michigan State College, Last 
Lansing Dean, School of Home Economics (2, 
1929, 5, 1933) 
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Dyer, Helen M , Ph D Natl Cancer Inst 
Bethesda, Md Btocheintsl (2, 1936, 5, 1937) 
Dzienuan, Arthur J , Ph D Med Div , Armj 
Chemical Center, IMd Physiologist, Biophysics 
Section (1, 1948) 

Dziewiatkowski, Dominic D , Ph D Rockefeller 
Inst for Med Research, Hospital, 66th St and 
York Ave , New York Citj 21 Assoc , Dept 
of Biochemistry (2, 1950) 

Eadie, George S , Ph D Duke Univ School of 
Medicine, Bo\ 3709, Durham, N C Prof of 
Physiology and Pharmacology (1, 1929, 3, 1940) 
Eagle, Edward, Ph D Swnft and Co , Research 
Labs , Chicago 9, HI Research Physiologist 
(1, 1950) 

Eagle, Harry, M D Natl Insts of Health, Bethes- 
da, .^Id Med Dir , USPHS, Chief of Section 
on Exper Therapeutics, Microbiological Inst 
(3, 1946, 4, 1936) 

Eakin, Robert E , Ph D Uniw of Texas, Dept of 
Chemistry, Austin Assoc Prof of Chemistry 
(2, 1948) 

Earle, D P , Jr , M D , ]Med Sc D New York 
Univ College of hledicme, 477 First Ave , 
New York City 16 Assoc Prof of Medicine 
(1, 1947) 

Earle, Wilton R , Ph D Natl Cancer Inst , 
Bethesda, Md Cytologist, Head of Tissue Cul- 
ture Unit (i, 1940) 

Eaton, Monroe D , M D Harvard Med School, 
Boston, Mass Assoc Prof of Bacteriology and 
Immunology (6, 1937) 

EckenhoIT, James E , M D Hospital of the Univ 
of Pennsxlvania, Philadelphia Asst Prof of 
Anesthesiology, Assoc in Clin Pharmacology, 
Univ of Pennsylvania (1, 1948) 

Ecker, E E , Ph D Western Reserve Univ School 
of jMedicine, 2085 Adelbert Rd , Cleveland, 
Ohio Prof of Immunology (4, 1925, 6, 1947) 
Eckstein, Gustav, M D Univ of Cincinnati Col- 
lege of Medicine, Cincinnati, Ohio Assoc Prof 
of Physiology (1, 1948) 

Eckstein, Henry C , Ph D Umv of hlichigan, 
320 W Med Building, Vnn Arbor Assoc Prof 
of Biological Chemistry (2, 1925) 

Eckstein, R W , M V , hi D Western Reserve 
Univ , Dept of hlcdicine, Clc\ eland, Ohio Sr 
Instr , in charge of Cardioiascular Exper Med 
Research iMb (1, 1947) 

Eddi, Bernice E , Ph D Natl Insts of Health, 
Inst of Microbiologx , Bethesda 14, hid Sr 
Bacteriologist (C, 1949) 

Edd\, Nathan B , M D Natl Insts of Health, 
Botlu':(li Md Med Officer (3, 1929) 

Eddi, 44 alter H PhD ‘^outliern Bio Bc'-eirch 
1 lb 1 lorul 1 ‘Southern College Likelind .It- 
Mir Dir (2 1911, 'iB, 19^)) 

Edelmann. Abraham, PhD Brookhaxen Natl 


Labs , Upton, L I , N Y Physiologist (1, 
1948) 

Ederstrom, Helge E , Ph D St Louis Univ 
School of Medicine, Dept of Phj'siology, 1402 
S Grand Blvd , St Louis 4, Mo Asst Prof 
(1, 1949) 

Edholm, O G , M B Natl Inst for Med Re- 
search, Hampstead, London, N 4V 3, England 
Head, Dept of Human Physiology (1, 1948) 
Edsall, Geoffrey, M D Boston Univ School of 
Medicine, 80 E Concord St , Boston 18, Mass 
Prof of Bacteriology (6, 1943) 

Edsall, John Tileston, M D Harvard Med 
School, Umv Lab , Boston, Mass Assoc Prof 
of Biological Chemistry, Tiitoi in Biochemical 
Sciences (2, 1931) 

Edwards, Dayton J , Ph D Cornell Umv Med 
College, 1300 York Ave , New York City Assoc 
Prof of Physiology , Asst Dean (1, 1921) 
Edwards, Jesse E , AI D Alay o Clinic, Rochester 
4, Minn Asst Prof of Pathologic Anatomy, 
Mayo Foundation (4, 1941) 

Edwards, J Graham, Ph D 24 High St , Buffalo, 
N Y Assoc Prof of Anatomy, Untv of Buffalo 
(1, 1932) 

Edwards, Leslie E , Ph D Med College of Vir- 
ginia, Dept of Phjsiologt and Pharmacology , 
Richmond Asst Prof (1, 1950) 

Eggerth, Arnold H , Ph D Hoagland Lab , 335 
Henry St , Brooklym, N Y Assoc Prof of 
Microbiology and Immunology, State Umv Med 
Center at Neic York (4, 1925) 

Ehrenstein, Maximilian R , Ph D Umv of Penn- 
ey Ivania Hospital, 806 Maloney Clinic, 36th 
and Spruce Sts , Philadelphia 4 Prof of Physio- 
logical Chemistry assigned to Medicine, Untv 
of Pennsylvania School of Medicine (2, 1942) 
Ehrich, William E , M D Umv of Pennsydvania, 
Philadelphia Prof of Pathology, Grad School 
of Medicine, Chief, Dtv of Pathology, Philadel- 
phia General Hospital (4, 1945) 

Eichelberger, Lillian, Ph D Unu of Chicago, 
Dept of Surgery , Chicago, R1 Assoc Prof of 
Biochemistry (2, 1937) 

Eichna, Ludwig W , hi D New York Umv Col- 
lege of hledicine. Dept of hledicine, 477 First 
Ale , New York City 16 Issoc Prof of Medi- 
cine, Visiting Physician, Bellevue Hospital (1, 
1949) 

Eller, John J , Ph D Unu of California Med 
Center, San Francisco 22 Issoc Prof of Bio- 
chemistry and Pharmacology, I nii of California 
College of Pharmacy (2, 1948) 

Eiscnman, Anna J, PhD L4 S Public Heiltli 
Sen ICC Hospital, I^xington Ky Biological 
Chemist (2, 1930) 

Elberg. Sanford S Ph D C miii Dot rick 
Frederick Md (6 194S| 
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Elderfield, Robert C , Ph D Columbia Univ , 
New York Citj Prof of Chomslry (2, 1934) 
Elflman, Herbert, Ph D Columbia Univ Col- 
lege of Phj sicians and Surgeons, 630 W 16Sth 
St , New York Cit 3 jlssoc Prof in Anatomy 
(1, 1940) 

EJiot, Martha M , j\I D World Health Organiza- 
tion, Palais des Nations, Geneva, Switzerland 
4ss( Dir General (5, 1933) 

Elkinton, J Russell, M D Univ of Pennsj Ivania 
Hospital, Dept of Medicine Philadelphia (1, 
1947) 

Elliott, Henr> W , Ph D Univ of California 
Med School, San Francisco Lecturer and Re- 
search Assoc in Pharmacology (3, 1948) 

Elliott, K Allan C , Ph D Montreal Neurological 
Inst , 3801 Univ St , Montreal, Que , Canada 
issi Prof of Exper Neurology and Biochem- 
istry (2, 1937) 

Ellis, C H , Ph D Labs of Gordon A Alles, 770 
S Arroj o Parkw aj , Pasadena 6, Calif Re- 
search Assoc in Physiology (1,1947) 

Ellis, Fred W , Ph D Univ of North Carolina, 
Chapel Hill 4ssoc Prof of Pharmacology (3, 
1945) 

Ellis, Lillian N , Ph D Adelplu College, Garden 
Citj', Long Island, N Y Insti in Chemistry 
(5, 1940) 

Ellis, Max Mapes, Ph D Univ of Missouri Med 
School, Columbia Prof of Physiology and Phar- 
macology (1, 1923) 

Ellis, N R , M S U S Dept of Agriculture, 
Bureau of Animal Industrjr, Beltsville, Md 
Asst Chief, Animal Husbandry Div (2, 1928, 
5, 1933) 

Ellis, Sidney, Ph D Temple Univ Med School, 
Dept of Pharmacology Philadelphia, Pa As- 
soc Prof (3, 1947) 

Elmadjian, Fred, Ph D Worcester State Hospital, 
Worcester, Mass Staff Membei , Worcester Foun- 
dation for Exper Biology, Reseai ch Assoc , Physi- 
ology Dept , Tufts Med School (1, 1950) 

Elrod, Ralph P , Ph D 406 Med General Lab , 
APO 600, % Postmaster, San Francisco, Calif 
(6, 1947) 

Elser, William J , M D Kent, Conn (6R, 1920) 
Elvehjem, Conrad Arnold, Ph D Univ of Wis- 
consin, Biochemistry Bldg , Madison Chair- 
man, Dept of Biochemistry, Dean of Grad 
School (2, 1931,5, 1933) 

Embree, Norris Dean, Ph D Distillation Prod- 
ucts, Inc , 755 Ridge Rd W , Rochester 13, 
N Y Dir of Research (2, 1948) 

Emerson, George A , Ph D Umv of Texas, Med 
Branch, Galveston Prof of Pharmacology (3, 
1935) 

Emerson, Gladys A , Ph D Merck Inst of Ther- 
apeutic Research, Rahway, N J Nutritionist 
(5, 1942) 


Emerson, Oliver H , Ph D U S Dept of Agri 
culture. Western Regional Research Lab , A1 
bany 6, Calif Assoc Chemist (2, 1938) 

Emery, Frederick E , D V M , Ph D Umv of 
Arkansas School of Medicine, Little Rock Prof 
of Physiology and Pharmacology (1, 1930) 
Emmart, Emily W , Ph D Natl Insts of Health, 
Bethesda 14, Md Cytologist (3, 1947) 

Enders, John F , Ph D Hanmrd Univ Mod 
School, Dept of Bacteriology, Boston, Mass 
Assoc Prof of Bacteriology and Immunology, 
Chief, Research Div of Infectious Diseases, 
Children’s Hospital (6, 1936) 

Endicott, Kenneth M , M D USPHS, Natl lasts 
of Health, Bethesda 14, Md Chief of Section 
on Metabolic and Degenerative Disease (4, 1947) 
Engel, Prank L , M D Duke Univ School of 
Medicine, Durham, N C Asst Prof of Medt 
cine (1, 1947) 

Engel, Lewis L , Ph D , Massachusetts General 
Hospital, Huntington Labs , Boston Research 
Assoc in Biological Chemistry , Harvard Mod 
School, Tutor in Biological Sciences, Hartxird 
Umv (2, 1949) 

Engel, Ruben W , Ph D Alabama Poll tccimic 
Inst , Lab of Animal Nutrition, Auburn Am 
mal Nulritiomsi (5, 1948) 

Engle, Earl Theron, Ph D Columbia Umv Col- 
lege of Phj'-sicians and Surgeons, 630 W ICStli 
St , New York City Prof of Anatomy (L 
1930) 

English, James, Jr , Ph D Yale Umv , Sterling 
Chemistry Lab , New Haven, Conn Asst Prof 
of Chemistry (2, 1946) 

Enright, John B , Ph D Umv of California, 
School of Vetennarj’’ Medicine, Davis Super 
vising Bacteriologist (6, 1948) 

Epstein, Albert A , M D 1111 Madison Avo , 
New York Qity Physician, Beth Israel Hospital 
and Hospital for Joint Diseases (2, 1912) 

Ercoh, N , M D , Ph D Warner Inst for Ther- 
apeutic Research, New York Cit}' 11 Dir of 
Pharmacological Research (3, 1947) 

Erickson, Cyrus C , M D Umv of Tcnncssco, 
Inst of Pathologj , Memphis 3 Prof of Pathol 
ogy (4, 1941) 

Erickson, John Otto, Ph D Veterans Admin 
Center, Radioisotope Lab , Wilshire and Saw- 
telle Blvds , Los Angeles 25, Calif Radioisotope 
Scientist (6, 1946) 

Erlanger, Joseph, M D , Sc D Washington Umv 
School of Medicine, St Louis, Mo Prof Enicri 
Ills of Physiology (IR, 1901) 

Ershoff, Benjamin H , Ph D 1207 S Vermont 
Ave , Los Angeles 6, Calif Research Assoc , 
Dept of Biochemistry and Nutrition, Univ of 
Southern California, Dir of Research, Emory 
W Thurston Labs , Los Angeles (5, 1950) 
Elschenbrenner, Allen B , M D Natl Insts of 
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Health, Natl Cancer Inst , Bethesdn 14, Md 
(4, 1946) 

Espe, Dwight L , Ph D U S D A , Office of E\per 
Stations, Washington 25, D C (1,1940) 

Essex, Hiram E , Ph D Majo Foundation, Inst 
of E\-per Medicine, Rochester, Minn Prof of 
Physiology (1, 1932, 3, 1940) 

Ettinger, C H , M D , C M Queen’s Univ , 
Kingston, Ontario, Canada Prof of Physiology, 
Asst Dir , Div of Med Research, Natl Re- 
search Council, Ottawa (1, 1943) 

Evans, Earl Alison, Jr , Ph D Univ of Chicago, 
Dept of Biochemistrj , Chicago, 111 Prof and 
Chairman of Dept (2, 1939) 

Evans, Everett Idris, M D , Ph D Med College 
of Virginia, Richmond Prof of Surgery, Dir , 
Lab of Surgieal Research (1, 1935) 

Evans, Gerald Taylor, M D , Ph D Univ of 
Minnesota Hospitals, Minneapolis Dir of Lab 
Service, Assoc Prof of Medicine, Univ of 
Minnesota (1, 1942) 

Evans, Herbert M , M D Univ of California, 
Berkeley Prof of Anatomy and Dir of Inst 
of Exper Biology (1, 1919) 

Evans, Titus C , Ph D State Univ of Iowa, 
College, of Medicine, Iowa City Research Prof, 
Head of Radiation R^earch Lab (1, 1949) 
Eveleth, D F , Ph D , D V M North Dakota 
Agricultural College, Fargo Prof of Veterinary 
Science, North Dakota Agricultural Exper Sta- 
tion (2, 1939) 

Everett, Guy M , Ph D Abbott Labs , Research 
Div , N Chicago, Rl Sr Pharmacologist (3, 
1950) 

Everett, Mark R , Ph D Univ of Oklahoma 
School of Medicine, 800 N E 13th St , Okla- 
homa City 4 Dean, School of Medicine, Supt of 
Univ Hospitals (2, 1929) 

Eversole, Wilburn J, M Sc , PhD Sjracuse 
Univ , Rm 27, Ljunan Hall, Syracuse 10, N Y 
Assoc Prof of Zoology (1, 1950) 

Everson, Gladys, Ph D Ion a State College, Ames 
Assoc Prof of Nutrition (5, 1948) 

Enlng, P L , Ph D Univ of Texas School of 
Medicine, Galveston Assoc Prof of Pharma- 
cology (3, 1938) 

Ej-ster, John A English, M D Univ of Wiscon- 
sin, Madison Prof of Physiology (1, 1906 , 3R, 
1908) 

Fahr, George, M D Univ of Minnesota, 102 
Millard Hall, Minneapolis Prof of Clin Med- 
icine (1, 1913,3, 1940) 

Fnllcy, Crawford F , Ph D 416 S 6th St , Terre 
Haute, Ind Prof of Biochcmistn/, Umv of 
Chicago (2, 1933) 

Fnirhall, Lawrence T , Ph D USPHS, Washing- 
ton, D C Scientist Dir (2, 1924) 

Falk, Carol vn R , B A 40 E 00th St , Nen York 


City Bacteriologist, Bureau of Labs , Dept of 
Health (6, 1943) 

Falk, K George, Ph D Lab of Industrial H} - 
giene, Inc , 254 W 31st St , Nen Vork Citi 1 
Director (2, 1913) 

Famulener, Lemuel W , Ph D , M D 275 Engle 
St , Englewood, N J (6R, 1920) 

Farah, Alfred E , M D Umv of Washington 
School of Medicine, Seattle Assoc Prof of 
Pharmacology (3, 1948) 

Farber, Sidney, M D Harvard Med School, 25 
Shattuck St , Boston, Mass Asst Prof of 
Pathology (4, 1934) 

Farmer, Chester J , AM Northwestern Univ Med 
School, 303 E Chicago Ave , Chicago, 111 
Prof of Chemistry (2, 1935) 

Farr, Lee E , M D Brookhaven Natl Lab , 
Upton, L I , N Y Chairman, Med Dept , 
Dir , Dept of Med Sciences, Physician-in-Chief, 
Brookhaven Natl Lab Hospital (4, 1941) 
Farrar, George E , Jr , M D Wyeth Inc , 1600 
Arch St , Philadelphia 3, Pa Med Dir (3, 

1947) 

Farrell, James L , Ph D , M D 636 Church St , 
Evanston, HI (1, 1938) 

Fassett, David W , M D Eastman Kodak Co , 
Lab of Industrial Medicine, Kodak Park 
Works, Rochester, N Y Dir of Lab (3, 1942) 
Faulconer, Albert, Jr , M D Mayo Clinic, Roches- 
ter, Minn Consultant in Anesthesiology (3, 
1950) 

Fay, Marion, Ph D Woman’s Med College of 
Pennsylvania, Philadelphia 29 Dean, Prof of 
Physiological Chemistry (2, 1937) 

Featherstone, Robert M , Ph D State Univ of 
Iowa, College of Medicine, Iowa City Assoc 
Prof of Pharmacology (3, 1947) 

Feigen, George A , Ph D Stanford Umv , Dept 
of Phy^siology', Stanford, Calif Instructor (1, 

1948) 

Feinstein, Robert N , Ph D Umv of Chicago, 
Toxicity Lab , 930 E 5Sth St , Chicago 37, Rl 
Asst Prof , Dept of Biochemistry (2, 1950) 
Feldman, Harry A , M D 704 CrawTord Ave , 
Syracuse 10, N \ Assoc Prof of ^Icdicine 
(6, 1943) 

Feldman, William H , D \ M , M S , D Sc Mayo 
Foundation, Rochester, Minn Prof in the Div 
of Exper Surgery and Pathology (4, 1934) 

Fell, Norbert, Ph D 1880 X W 2Sth St Miami, 
Fla (6, 1944) 

Feller, A E , M D Western Reserve School of 
Medicine, Cleveland 6, Ohio Assoc Prof of 
Prcicntnc Medicine (6, 1943) 

Fellows, Edwin J , Ph D Temple Univ School 
of Medicine, Philadelphia, Pa Asst Prof of 
Pharmacology (3, 1939) 

Felsenfeld, Oscar, M D , D T M A H ncktoen 
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Rose irch Inst , 029 South Wood St , Chicago 
12, 111 Dir of Bacteriology (6, 1949) 

Felton, Lloyd D , hi D , D Sc USPHS, Natl 
Insts of Health, Bethesda, hid Med Dir (6, 
19261 

Fenn, Wallace Osgood, Ph D Univ of Rochester 
School of hledicine and Dentistry", 260 Crit- 
tenden Bhd , Rochester, N Y Prof of Phys- 
iology (1, 1924) 

Penning, Con, hi D Univ of Utah School of 
Medicine, Salt Lake City Prof of Pharma- 
cology and Physiology (1, 1942) 

Fenton, P F , PhJ) Brown Uni\ , Providence, 
R I Issoc Prof of Biology (I, 1947, 5, 1949) 
Ferguson, Frederick P , Ph D Univ of Mary land 
School of hledicine. Dept of Phy'siology", Balti- 
more 1 (1, 1949) 

Ferguson, James Kenneth Wallace, hi A , M D 
76 Ivilbarrj Rd , Toronto, Ont , Canada Prof 
of Pharmacology, Liniv of Toronto (1, 1933, 
3, 1941) 

Ferguson, John, Ph D Creighton Univ School of 
hledicine, Omaha 2, Neb Asst Prof of Phys- 
iology (1, 1949) 

Ferguson, John Howard, hi A , M D Univ of 
Aorth Carolina School of Medicine, Dept of 
Phy siology , Chapel Hill Prof of Physiology 
and Acting Prof of Pharmacology (1, 1933) 
Ferguson, L Eraeer, M D 133 S 36th St , Phila- 
delphia 4, Pa Prof of Surgery, Grad School, 

I nil’ of Pennsylvania, Surgeon, Doctors’ Hos- 
pital and Woman’s Med College, Philadelphia 
General Hasp (4, 1935) 

Ferguson, Ralph L , hi D C06 Porter St , Joplin 
Mo (4, 1949) 

Ferry, John Douglass, Ph D Unn of Wisconsin, 
hladiEon Ptof of Chemistry (2, 1941) 

Ferry, Ronald M , hi D 966 hlemonal Drive, 
Cambridge, Mass 4ssof Prof of Biochciiiislry 
and Tiitoi in Biochem Sciences, Hariard Umv , 
Raster o/ll inthiap House (2, 1924) 

Fetcher, Edwin S , Ph D Steamboat Springs, 
Colo (1, 1944) 

Fetter, Dorothy, Ph D Brookly n College, Dept 
of Hygiene, Brooklyn, N Y Instr in Phys- 
iology (I, 1944) 

Fevold, Harry L , Ph D Quartermaster Food and 
Container Inst , 1849 W Pershing Rd , Chicago 
9, Rl Chief, Food Research Div (2, 1942) 

Field, John, II, Ph D N’avy Dept OfSce of Naval 
Research, hied Sciences Div , Washington, D C 
Head of Ecology Branch (1, 1930) 

Fincke, Margaret L , Ph D Oregon State Col- 
lege, Conmllis Prof and Head of Dept of Foods 
and hntrition. Dept of Home Economics (5, 
1940) 

Findley, Thomas, Jr , hi D Ochsner Clinic, 3503 
Pry tania, Neii Orleans, La Head of Dcpl of 


Internal Medicine, Assl Pi of ofChn Medicine 
Tulanc Umv School of Medicine (1, 1938) 
Finerty, John C , Ph D Umv of Texas Med 
Branch, Galveston Assoc Prof of Anatomy (1, 
1947) 

Finland, Maxwell, hi D Boston City Hospital, 
Boston, Mass Asst Prof of Medicine, Barmrd 
Med School (6, 1941) 

Finnegan, J K , Ph D hied College of Virginia, 
Richmond 19 Assoc Prof of Pharmacology (3, 
1947) 

Firor, Warfield Monroe, hi D Johns Hopkins 
Hospital, Baltimore, hid Assoc Prof of Sur- 
gery, Johns Hopkins Umv (1, 1932) 

Pischel, Edward E , M D , DMed Sc 23 Haven 
Ave , New York City 32 Fellow in Medicine, 
Columbia Untv (6, 1948) 

Fischer, Ernst, M D Med College of Virginia, 
Richmond Prof of Physiology (1, 1936) 
Fischer, Hermann O L , Ph D Umv of Call 
forma. Virus Lab , Forestry Bldg , Berkeley 4 
Lecturer, Dept of Biochemistry (2, 1940) 
Fischer, Martin H , M D Umv of Cincinnati 
College of Medicine, Eden Ave , Cincinnati 
19, Ohio Prof of Physiology (I, 1901, 2, 1910) 
Fishberg, Ella H , hi A , hi D Beth Israel Hos 
pital, Stuyvesant Park E, N'ew York City 
Biochemist (2, 1931) 

Fisher, Albert Madden, Ph D Umv of Toronto, 
Connaught Med Research Labs , Toronto 5, 
Ont , Canada Asst Dir (2, 1944) 

Fisher, Kenneth C , Ph D Defense Research 
Northern Lab , Fort Churchill, hlamtoba, Can 
ada Superintendent II, 1940) 

Fishman, William H , Ph D Tufts College hied 
School, 30 Bennet St , Boston 16, Mass Re 
search Prof of Biochemistry (2, 1947) 

Fiske, Cyrus H , M D Harvard hied School, 
Boston, hinss Prof of Biological Chemistry 
(2, 1914) 

Fitzgerald, Mabel P , 54 \ George Sq , Edin 
burgh, Scotland (IR, 1913) 

Fitzhugh, O Garth, Ph D Federal Secunty 
Agency, Food and Drug Admin , Div of Vbar 
macology , Washington, D C Chief, Chrome 
Toxicity Branch (3, 1940) 

Fleischmann, Walter, hi D , Ph D V A Hospital, 
Fort Houard, Md Dr, Sr Grade, Instr m 
Pediatrics, Johns Hopkins Univ (1, 1940) 
Fleisher, Moyer S , hi D Jewish Hospital, St 
Louis, hlo Research Bacteriologist (4, 1924, 6> 
1932) 

Flexner, Louis B , hi D Carnegie Labs , Carnegie 
Inst of Washington, Wolfe and hladison Sts , 
Baltimore 5, hid Staff member, Dcpl of Embry 
ologij (1, 1933, 2, 1948) 

Flick, John A Umv of Pennsyhania School ol 
Medicine, Dept of Bacteriology, Philadelphia 
4 Asst Prof of Bacteriology (6, 1949) 
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Flock, Eunice V , Ph D Maj^o Clinic, Rochester, 
Minn Assoc Prof in Exper Medicine, Mayo 
Foundation, Univ of Minnesota (2, 1940) 

Florman, Alfred L, MD Mt Sinni Hospital, 
New York City Investigator in Virology (6, 
1942) 

Flosdorf, Earl W , Ph D Forest Grove, Pa Dir 
of Research, F J Stoles Machine Co , Phila- 
delphia (6, 1941) 

Floyd, Cleveland, M D , Sc D 246 Marlborough 
St , Boston, Mass Chief Examiner, BoHon 
Health Dept (6, 1916) 

Foa, Piero Pio, Ph D 710 S Wolcott St , Chicago, 
111 Assoc Prof of Physiology and Pharma- 
cology, Chicago Med School (1, 1944) 

Folch, Jordi, MD McLean Hospital, Waverly, 
Mass Assi Prof of Biological Chemistry, Har- 
vard Med School, Dir of Scientific Research, 
McLean Hospital (2, 1941) 

Folkers, Karl, Ph D Merck and Co , Inc , Rah- 
way, N J Dir of Organic and Biochemical 
Research (2, 1947) 

Follensby, Edna M , Ph D 80 E Concord St , 
Boston, Mass Research Asst , Evans Memorial, 
Special Insir in Biology, Simmons College (6, 
1933) 

Follis, Richard H , Jr , M D Johns Hopkins 
Univ School of Medicine, Baltimore, Md 
Assoc Prof of Pathology (4, 1942) 

Fontaine, Thomas Dans, Ph D U S Dept of 
Agriculture, Bureau of Agncultural and Indus- 
trial Chemistry , Beltsville, Md Biochemist, 
Head, Div of Biologically Active Compounds 
(2, 1946) 

Foot, Nathan Chandler, M D Cornell Univ Med 
College, Nev Y^ork City Prof Emeritus of 
Surgical Pathology (4, 1924) 

Forbes, Alexander, A i\I , M D Harvard Uni- 
versity, Biological Labs , Divinity^ Ave , Boston, 
Mass (1, 1910) 

Forbes, Ernest B , Ph D State College, Pa Prof 
Emeritus of Animal 's ulnlion (IR, 1917, 5R, 
1935) 

Forbes, Henry S, MD Har\ard Med School, 
Boston, Mass Issoc in \euro]xiihology (IR, 
1931) 

Forbes, John C , Pli D Med College of Virginia, 
Richmond Research Prof of Biochemistry (2, 
1937) 

Forbes, Billiam H, PhD Harvard Uni\ 
Boston, Mass Isst Dir , Fatigue Lab , Isst 
Prof of Industrial Physiotogii (1, 1943) 

Forman, Carohn, M D New 1 ork llospit il. Dept 
of Podiitncs 525 L GSth ‘=51 New 5 ork Cit\ 
21 Research I lUoir (4, 19501 
Forno\ Robert B, PhD Indi in i Inn ‘School 
of Meihcine lndnni])olib Prof of Ton 

eotoiiu (3, 1950) 

Forssandcr, C A MD I ,n College of the Best 


Indies, Dept of Physiology, Kingston, Jamaica, 
BWI (1, 1950) 

Forster, Francis M , M D 3800 Reservoir Rd , 
Washington, D C Prof and Dir of Dept of 
Neurology, Georgetown Univ School of Medicine, 
(1, 1948) 

Forster, Roy P , Ph M , Ph D Dartmouth College, 
Dept of Zoology, Hanover, N H Professor 
(1, 1950) 

Fosdick, Leonard S , Ph D 311 E Chicago Ave , 
Chicago, HI Prof of Chemistry, Northwestern 
Univ (2, 1944) 

Foster, G L , Ph D Columbia Univ , College of 
Phy'sicians and Surgeons, 630 W 168th St , 
New York City Prof of Biological Chemistry 
(2, 1923) 

Foster, Harry E , M D Fairmont Hotel San 
Francisco, Calif Retired Med Dir, Cutter 
Labs (6, 1913) 

Foster, Jackson W , Ph D Univ of Texas, Dept 
of Bacteriology, Austin 12 Prof of Bacter- 
iology (2, 1946) 

Foster, Robert H K , Ph D , M D St Louis 
Univ School of Medicine, St Louis, Mo Prof 
and Dir of Dept of Pharmacology (1, 1940, 3, 
1944) 

Fothergill, LeRoy D , M D Camp Detrick, 
Frederick, Md Asst Technical Dir (G, 1936) 
Fowler, Ward S , M D Univ of Pennsydvania, 
Grad School of Medicine, Dept of Phy'siology 
and Pharmacology , Philadelphia 4 Asst Prof 
of Physiology (1, 1950) 

Fox, Sidney W , Ph D Iowa State College, Chem- 
istry Dept , Ames Prof of Chemistry, Prof in 
charge. Chemistry Section, Iowa Agricultural 
Exper Station (2, 1946) 

Fraenkel, Gottfried S, PhD Univ of Illinois, 
Urbana Prof of Entomology (5, 1949) 
Fraenkel-Conrat, Heinz, M D , Ph D U S Dept 
of Agriculture, Western Regional Research 
Lab , Albany 6, Calif Sr Chemist (2, 1942) 
Francis, Thomas, Jr , M D Univ of Michigan 
School of Public Health, Ann Arbor Henry 
Sewall Prof of Epidemiology (4, 1940, 6, 1930) 
Franke, Florent E , M D 9 Sy Ivcster Ave , IVcb- 
stcr Gro\es, klo Asst Prof of Physiology, St 
Louts Univ School of Medicine (I, 1934) 
Frankel, Edward M , Ph D 214 Ruer Rd , Nyack 
9, N Y Consulting Chemist (2,1916) 

Fraps, R M , Ph D U S Dept of Agncullure, 
Bureau of Amni il Husbandri BcltsiiIIc, Md 
Sr Physiologist (1, 1947) 

Fraser, Donald T , MB, D P II Uni\ of To- 
ronto, Connaught Labs , Toronto 5, Canada 
Prof of Hygiene and Prcicntiic Medicine (6, 
1935) 

Frcar, Donald E H , PhD Penn<=\hania State 
College Dept of Vgncultural and Biological 
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Chemistrj , State College Prof of Agricultural 
and Biological Chemistry (2, 1946) 

Fredette, Victonan Univ of Montreal, Montreal, 
Quo , Canada Asst Prof of Bacteriology, Assoc 
Dir , Inst of Microbiology (6, 194S) 

Free, Alfred H , Ph D Miles Labs , Inc , Re- 
search Lab , Elkhart, Ind Head of Biochemistry 
Section (2, 1946 , 5, 1944) 

Freeman, Harry, M D Worcester State Hosprtal, 
Worcester, Mass Internist, Research Service 
(1, 1939) 

Freeman, Leslie Willard, Ph D , M D Univ of 
Indiana, Dept of Surgery, Indianapolis Asst 
Prof of Surgery, Dir of Surgical Research (1, 
1944) 

Freeman, Norman E , M D Univ of California 
Med School, Dept of Surgery, San Francisco 
22 (1, 1936) 

Freeman, Smith, M D , Ph D Northwestern 
Univ School of Itledicine, 303 E Chicago Ave , 
Chicago, 111 Prof and Chairman of Dept of 
Exper Medicine (1, 1937) 

French, Cyrus E , Ph D Pennsylvania State Col- 
lege, State College Assoc Prof of Animal 
Nutrition (5, 1948) 

French, C Stacy, Ph D Carnegie Institution of 
Washington Stanford Univ , Calif Dir , Div 
of Plant Biology (2, 1946) 

Freund, Jules, M D Public Health Research 
Inst of the Cit}'’ of New York, New York City 
Chief of the Div of Applied Immunology (6, 
1924) 

Frey, Charles N , Ph D Standard Brands Inc , 
595 Madison Ave at 57th St , New York City 
22 Dir , Scientific Relations (5, 1948) 

Fried, Josef, Ph D Squibb Inst for Med Re- 
search, Nev\ Brunswick, N J Assoc Member, 
Div of Organic Chemistry (2, 1948) 

Fnedemann, Theodore E , Ph D Northwestern 
Univ Med School, 303 E Chicago Ave , Chi- 
cago, m Assoc Prof of Physiology (2, 1925) 
Frieden, Edward H , Ph D Harvard Univ , 16 
Divinitj^ Ave , Cambridge 38, Mass Research 
Fellow, Dept of Biology, Instr , Dept of Bio- 
chemistry (2, 1950) 

Friedenwald, Jonas S , M A , M D 1212 Eutaw 
Place, Baltimore 17, hid Assoc Prof of 
Ophthalmology, Johns Hopkins Hospital (I, 
1947) 

Friedewald, William F , M D Emory Univ 
School of Medicine, Atlanta, Ga Prof of Bac- 
teriology, Assoc Prof of Medicine (4, 1941) 
Friedgood, Harry B , MD Univ of California 
Los Angeles Assoc Clin Prof of Medicine, 
Pres and Chairman, California Inst of Cancer 
Research (1, 1936) 

Friedman, Maurice H , Ph D , hi D 2040 Bel- 
mont Rd , Washington 9, D C (1, 1929) 
Friedman, Meyer, hi D Harold Brunn Inst for 


Cardiovascular Research, hit Zion Hospital, 
2200 Post St , San Francisco, Calif Director (1, 

1947) 

Friedman, M H F , Ph D Jefferson Med Col- 
lege of Philadelphia, 1025 Walnut St , Phila 
delphia. Pa Assoc Prof of Physiology (1, 
1941) 

Friedman, Nathan B , M D Cedars of Lebanon 
Hospital, Div of Labs, 4833 Fountain Ave, 
Los Angeles, Calif Director (4, 1942) 

Friedman, Sydney M , M D , Ph.D Umv of Bnt- 
ish Columbia, Vancouver, B C , Canada Prof 
of Anatomy (1, 1947) 

Friedman, Townsend B Children’s Memorial 
Hospital, Chicago, HI Attending Allergist (6, 

1948) 

Frost, Douglas Van Anden, Ph D Abbott Labs , 
N Chicago, HI Head of Nutntional Research 
(2, 1946 , 5, 1947) 

Fruton, J S , Ph D Yale School of Medicine, 
333 Cedar St , New Haven, Conn Prof of Bio- 
chemistry (2, 1938) 

Fugo, Nicholas W , Ph D Umv of Chicago, Dept 
of Obstetrics and Gynecology, Chicago, 111 
(3, 1944) 

Fnhrman, Frederick A , Ph D Stanford Umv , 
Stanford Umv , Calif Asst Prof of Physiology 
(1, 1946) 

Fulton, George P , Ph D Boston Umv , Dept of 
Biology, 675 Commonwealth Ave , Boston, 
Mass Asst Prof (1, 1950) 

Pulton, John Farquhar, Ph D , M D Yale Umv 
School of Medicine, New Haven, Conn Stcrl- 
tng Prof of Physiology (1,1925) 

Funk, Casimir, D Sc , Ph D 186 Riverside Drive, 
New York City 24 Emeritus 1949 (2, 1921) 

Furchgott, Robert F , Ph D Washington Univ 
School of hledicine, Euclid Ave and Kings 
highway, St Louis 10, Mo Asst Prof of Phar- 
macology (2, 1948) 

Furth, Jacob, M D Oak Ridge Natl Lab , Oak 
Ridge, Tenn Chief of Pathology Section, Div of 
Biology (4, 1932) 

Gaddum, John H , ScD , F R S Umv of Edin 
burgh, Edinburgh, Scotland Prof of Pharma- 
cology (3, 1950) 

Gaebler, Oliver H , Ph D , M D Henry Ford 
Hospital, Detroit, Mich Head, Dept of Bio- 
chemistry, Edsel B Ford Inst for Med Re- 
search (2, 1927) 

Gaffron, Hans, Ph D Umv of Chicago, Dept of 
Chemistry, 6747 Ellis Ave , Chicago 37, IH 
Assoc Prof of Biochemistry, Member, Inst of 
Radio-Biology and Biophysics (2, 1941) 

Gagge, Adolf Pharo, Ph D Office of The Surgeon 
General, HQ, U S A F , Washington, D C 
Chief, Med Research Division, Li Col ,U S A F 
(1, 1939) 

Galambos, Robert, Ph D , M D Psjcho Acoustic 
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Lab , Cambridge, Mass Research Felloxo, Har- 
vard Umv (1, 1942) 

Galdston, Morton, MD Goldwater Memonal 
Hospital, New York Univ Research Service, 
Welfare Island, New York City 17 Itislr tn 
Medtctne, Research Assoc (1, 1950) 

Gall, Edward A , M D Cincmnati General Hos- 
pital, Cincinnati, Ohio Mary M Emery Prof 
of Pathology, Umv of Cincinnati College of 
Medicine (4, 1941) 

Gallagher, Thomas F , Ph D Sloan-Kettenng 
Inst , 444 E 68th St , New York City 21 Mem- 
ber (2, 1932) 

Gallup, Willis D , Ph D Oklahoma Agricultural 
and Mechanical College, Stillwater Chemist 
and Prof of Agricultural Chemistry (2, 1932) 
Gamble, James L , M JD , S M 33 Edgehill Rd , 
Brookline, Mass Prof Emeritus of Pediatrics, 
Harvard Med School (2, 1922, 5, 1933) 

Gantt, W Horsley, M D Johns Hopkins Hospi- 
tal, Phipps Psychiatric Clinic, Baltimore, Md 
Assoc in Psychiatry (1, 1935) 

Garbat, Abraham L , M D 103 E 78th St , New 
York City Dir , Med Service, Lenox Hill Hos- 
pital, Clin Prof of Medicine, New York Umv 
Med School (6, 1913) 

Gardner, Ernest, M D Wayne Univ College of 
Medicine, 1512 St Antoine St , Detroit 26, 
Mich Assl Prof of Anatomy (1, 1949) 
Garner, Raymond L , Ph D Univ of Michigan 
Med School, 218 W Med Bldg , Ann Arbor 
Asst Prof of Biological Chemistry (2, 1947) 
Garrey, Walter Eugene, Ph D , M D Vanderbilt 
Univ School of Medicine, Nashville, Tenn 
Prof Emeritus of Physiology (IR, 1910 , 2, 1906) 
Gasser, Herbert S , AM , M D Rockefeller Inst 
for Med Research, 06th St and York Ave , 
New York City Dir of Labs (1, 1915 , 3, 1924) 
Gassner, Frank X , MS, D V M Colorado A 
and M College, Fort Collins Prof of Endocrine 
Research, Colorado State Expcr Station (1, 1947) 
Gates, Olive, MD Harvard Med School, 25 
Shattuck St , Boston, Mass Assoc Pathologist 
(4, 1940) 

Gaunt, Robert, Ph D S^ racuse Univ , Sj racuse, 
N Y Prof and Chairman of Dept of Zoology 
(1, 1939) 

Gay, Leslie N , M D 1114 St Paul St , Baltimore, 
Md Dir of Allergy Clinic, Johns Hop) ins 
Hospital, Assoc Prof of Medicine, Johns 
Hophins Umv (6, 1927) 

Geiger, Ernest, Ph D 3842 Montcith Dr , Los 
Vngeles 43, Calif Prof of Pharmacology and 
Toiicologv, Lmi of Southern California Med 
School, Los Angeles, Adtisor in \ulrilion. Van 
Camp Seafood Co , Terminal Island (5, 1950) 
Gelling, E M K , M D , Ph D Unu of Chicago, 
Chic igo 37 111 Chairman of Dept of Pharma- 
coloqn (I, 1933 , 2, 1927 , 3, 19251 


Gelfan, Samuel, Ph D Yale Univ School of 
Medicine, 333 Cedar St , New Haven 11, Conn 
Assoc Prof of Physiology, Dir , Aero-Med 
Research Unit (1, 1930) 

Gellhorn, Alfred, M D Columbia Univ College 
of Physicians and Surgeons, 630 W 168th St , 
New York City 32 Assoc Prof of Clin Cancer 
Research, Dept of Medicine (3, 1946) 
Gellhorn, Ernst, M D , Ph D Univ of Minnesota, 
Room 116, Med Sciences, Minneapolis Prof 
of Neurophysiology (1, 1930) 

Gemmill, Chalmers L , M D Univ of Virginia 
Med School, Charlottesville Prof of Pharma- 
cology (1, 1928, 2, 1935, 3, 1946) 

Gerard, R W , Ph D , M D Univ of Chicago, 
Chicago, 111 Prof of Physiology (1, 1927) 
Gerheim, Earl B , Ph D Umv of Detroit, Div 
of Basic Sciences, 630 E Jefferson, Detroit 
26, Mich. Asst Prof (1, 1950, 6, 1950) 

Gersh, Isadore, Ph D Univ of Chicago, Chicago 
37, Bl Assoc Prof of Anatomy (4, 1947) 
Gerstenberger, Henry John, M D Western Re- 
serve Umv School of Medicine, Cleveland, 
Ohio Prof Emeritus of Pediatrics, Dir of 
Pediatrics, Babies and Children's Hospital (5R, 
1938) 

Gesell, Robert, M D Umv of Michigan, Ann 
Arbor Prof of Physiology (1, 1913) 

Gettler, Alexander O , Ph D New York Umv , 
29 Washington Square, New York City Prof of 
Chemistry and Toxicology, Toxicologist to Chief 
Med Examiner's Office (2, 1916) 

Gey, George Otto, M D Johns Hopkins Umv , 
Baltimore, Md Instr in Surgery (1, 1940) 
Geyer, Robert P , Ph D Harvard School of Pub- 
lic Health, Dept of Nutrition, Boston, Mass 
Asst Prof (5, 1950) 

Gibbard, J , M Sc Dept of Natl Health and 
Welfare, Ottawa, Ont , Canada Chief, Lab of 
Hygiene (6, 1946) 

Gibbs, Frederick Andrews, M D 729 N Michigan 
Ave , Suite 610 Chicago, III (1, 1935) 

Gibbs, Owen Stanley, M D P 0 Bo\ 5387, White 
haven, Memphis 16, Tenn Dir , Gibbs Med 
Research Lab (3, 1930) 

Gibson, Robert Banks, Ph D Umv Hospital, 
Iowa City, Iowa Assoc Prof of Biochemistry, 
State Umv of lotva (2, 1906) 

Gies, William John, Ph D Columbia Unn , 632 
W 16Stli St , New York Cit^ Prof of Bio- 
logical Chemistry (IR, 1898, 2, 1906, 3R, 1909) 
Gilman, Alfred, Ph D Columbia Unn College 
of Plnsicians and Surgeons, 630 W IGSlh St , 
New York Citj 32 Prof of Pharmacology (I, 
1935 , 3, 1934) 

Gilson, Arthur S , Jr , Ph D Washington Unn 
Med School, St Louis, Mo Assoc Prof of 
Physiology (I, 1927) 

Githens, Thomas S , M D The Cambndge Mdcn 
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Park, Wissahickon and Scliool Lane, German- 
town, Philadelphia, Pa (IR, 1915) 

Gnens, Maurice H , Ph D Bov 5116, Biltmore, 
N C (1, 1917, 2, 1915) 

Gjessing, Erland C , Ph D Univ of Virginia, 
Box 1062, Univ Station, Charlottesville Assi 
Prof of Btocliemistry (2, 1948) 

Glaser, O C , Ph D Amherst College, Amherst 
Mass Prof Emeritus of Biology (IR, 1913) 
Glass, Howard G , Ph D 514 We3le3^ Ave , Oak 
Park, ni (3, 1947) 

Glazko, Anthony J , Ph D Parke, Davis and Co , 
Research Labs , Detroit 32, Mich Research 
Biochemist (1, 1942) 

Ghck, David, Ph D Univ of Mmnesota, 226 
Med Sciences Bldg , Alinneapolis 14 Prof of 
Physiological Chemistry (2, 1936) 

Glickman, Nathaniel, M S 8239 Abbot 4ve , 
Miami Beach, Fla {1, 1947) 

Gochenour, TVilIiam S , Jr , V M D Army Med 
Center, A M D R G S , Veterinary Div , Wash- 
ington 12, D C Chief, Dept of Veterinary Bac- 
teriology (6, 1950) 

Goebel, Walther F , Ph D Rockefeller Inst for 
Med Research, 66th St and York Ave , New 
York City Member (2, 1929, 6, 1937) 

Goettsch, Marianne, Ph D Univ of Puerto Rico 
Med School, San Juan Asst Prof of Biochem- 
istry and hutntion (2, 1933, 6, 1941) 

Goetz), Franz R , Ph D , M D Permanente Foun- 
dation, Dept of Med Research, Oakland 11, 
Calif Director (1, 1947) 

Gold, Harry, M D Cornell Univ Med College, 
New P ork Citi Prof of Clin Pharmacology, 
(3, 1927) 

Goldblatt, Harry, M D Cedars of Lebanon Hospi- 
tal, Los Angeles, Calif Dir , Inst for Med Re- 
search (1, 1945, 4, 1927) 

Golden, Alfred, M D Veterans A dmi n Hosp , 
Buffalo, N A Chief of Lab Service, Lecturer 
in Pathology, Univ of Buffalo Schobl of Medi- 
cine (4, 1947) 

Goldfarb, Walter, M D 25 E 86th St , New York 
City (1, 1938) 

Goldfeder, Anna , D Sc 444 E 52nd St , New 
A ork Citi 22 Sr Biologist in Charge of Caneer 
Research, Dept of Hospitals, City of N^ew Yorh, 
Research Assoc , Dept of Biology, New York 
Untv (1, 1950) 

Goldforb, A J , Ph D College of the City' of New 
Y^ork, New York City Prof of Biology (1, 1930) 
Goldie, Horace, AI D , D T M 7910 Lymnbrook 
Drive, Bethesda, Md Research Immunologist, 
Natl Cancer Inst (6, 1943) 

Goldring, William, ]M D New A'ork Univ College 
of Medicine, 477 First Ave , New A'ork City 
Assoc Prof of Medicine (1, 1939) 

Goldschmidt, Samuel, PhD Unit of Pennsyl- 


vania Med School, Philadelphia Prof of 
Physiology (I, 1919, 2, 1915) 

Goldsmith, E D , Ph D New York Umv , 477 
First Ave , New York City 16 Assoc Prof of 
Anatomy, Grad School of Arts and Sciences, 
Assoc Prof of Histology and Research Coordi- 
nator, College of Dentistry (1, 1950) 
Goldsmith, Grace A , M D Tulane Univ of 
Louisiana, New Orleans Asst Prof of Medicine 
(5, 1943) 

Goldstein, Avram, M D Harvard Med School, 
Boston, Mass Assoc tn Pharmacology (3, 1948) 
Gollan, Frank, M D Antioch College, Fels Re- 
search Inst , Fels House, Yellow Springs, Ohio 
Assoc Prof of Physiology (1, 1950) 

Golub, Orville Joseph, Ph D Bio-Semce Labs , 
Inc , 10717 Venice Blvd , Los Angeles 24, Calif 
Associate (6, 1944) 

Gomon, George, M D , Ph D Univ of Chicago, 
Chicago, 111 Prof of Medicine (4, 1948) 
Goodale, Walter T , M D 79 Webster Rd , Weston 
93, Mass Research Fellow, Harvard Med School, 
Asst tn Medicine, Peter Bent Bngham Hospital 
(1, 1949) 

Goodman, Louis Sanford, M S , M D Umv of 
Utah School of Aledicine, Salt Lake City' Prof 
of Pharmacology and Chairman of Dept of Phar- 
macology (1, 1946, 3, 1937) 

Goodner, Kenneth, Ph D Jefferson Med College, 
Philadelphia, Pennsylvania Prof of Bacteriol- 
ogy (6, 1932) 

Goodpasture, Ernest William, AI D Vanderbilt 
Univ hied School, Nashville, Tenn Prof of 
Pathology and Dean (4, 1923) 

Gordon, Albert S , Ph J) New York Univ , Wash- 
ington Square College of Arts and Sciences, 
New' York City Assoc Prof of Biology (1, 
1942) 

Gordon, Francis B , AI D Camp Detnck, Chemical 
Corps, Biology' Dept , Frederick, Md Chief 
of MY Div (4, 1947) 

Gordon, Harry H , AI D 4200 E 9th Ave , Denver, 
Colo Prof of Pediatrics, Univ of Colorado 
Med School, Pediatrician tn Chief, Colorado 
Gen Hospital (5, 1940) 

Gordon, Irving, AI D New York State Dept of 
Health, Dir of Labs and Research, New Scot- 
land Ave , Albany 1 Assoc Med Bacteriologist, 

Assoc Prof of Medicine and Bacteriology, Albany 

Med College (6, 1943) 

Gordon, William G , Ph D U S Dept of Agn- 
culture. Eastern Regional Research Lab , Phila- 
delphia 18, Pa Sr Chemist (2, 1939) 

Gortner, Ross Aiken, Jr , Ph D Wesley an Umv , 

Shanklin Lab , Middletown, Conn Assoc Prof 
of Biochemistry (5, 1947) 

Gortner, Willis A . Ph D Pineapple Research Inst 
of Hawaii, Honolulu, T H Head of Dept of 
Chemistry (2, 1947) 
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Goss, Harold, Ph D Umv of California College 
of Agriculture, Davis Prof of Animal Hus- 
bandry (2, 1936, 5, 1933) 

Golh, Andres, M D Southwestern Med College, 
2211 Oak Lawn Ave , Dallas 4, Tex Assoc Prof 
of Pharmacology (3, 1947) 

Gottschall, Russell Y , Ph D Michigan Dept of 
Health, Bureau of Labs , Lansing Bacteriolo- 
gist (6, 1939) 

Goudsmit, Arnoldus, Jr , M D , Ph D 4141 Wind- 
sor Rd , YoungstowTi 7, Ohio (1, 1940) 

Gould, R Gordon, Ph D Presb 3 'terian Hospital, 
1753 W Congress St , Chicago 12, 111 Assoc 
Attending Biochemist, Assoc Prof of Biological 
Chemistry, Univ of Illinois College of Medicine 
(2, 1949) 

Govier, William M , M D Upjohn Co , Research 
Div , Kalamazoo 99, Mich Sr Pharmacologist 
(3, 1944) 

Gowdey, Charles W , Ph D Univ of Western 
Ontario Med School, Dept of Pharmacology, 
London, Ontano, Canada Asst Prof (3, 1950) 
Grabfield, G Philip, M D 27 Forest St , Milton, 
Mass Retired (3, 1923) 

Grady, Hugh G , M D Armed Forces Inst of 
Pathology, Washington, D C Scientific Dir , 
American Registry of Pathology (4, 1940) 

Graef, Irving, M D New York Univ College of 
Medicine, New Y’ork City Asst Prof of Clin 
Medicine (4, 1941) 

Graham, Claire E , Ph D Wilson Labs , 4221 S 
Western Ave , Chicago, 111 Dtr of Research 
(2, 1948) 

Graham, Clarence H , Ph D Columbia Univ , 
New York City 27 Prof of Psychology (1, 1933) 
Graham, Helen Tredway, Ph D Euclid Ave and 
Kingshighway, St Louis, Mo Assoc Prof of 
Pharmacology, Washington Univ School of Medi- 
cine (1, 1933, 3, 1931) 

Granick, S , Ph D Rockefeller Inst for Med 
Research, York Ave at 66th St , New York 
CiU 21 Associate, Physical Chemistry (2, 1949) 
Grant, E Rhoda, Ph D Univ of Illinois Med 
College, Clinical Science Dept , 1S53 West Polk 
St , Chicago 12, 111 Researcher in Clin Science 
(1, 1949) 

Grant, R Lorimer, Ph D Federal Security 
Agenc\ , Food and Drug Admin , Div of Phar- 
macology , Washington 25, D C Pharmacolo- 
gist (2, 193S) 

Grant, Ronald, Ph D Stanford Imn , Dept of 
Plnsiolop\, St inford, Calif Isst Prof (4c/- 
ing) (1, 1950) 

Grant, R ilson Clark, Ph D Columbia Unn , Col- 
lege of Plnsicians ind ‘'urgeons G30 M lOSth 
St New \ ork CitN 32 isst Prof of Phnsioloqii 
(1 19491 

Grau, Charles R , Ph D Unn of California Di\ 
of Poulfr\ nusbandr\ , Bcrkcle\ 4 Ds/ Prof 


of Poultry Husbandry and Asst Poultry Husband- 
man in Exper Station (5, 1949) 

Graubard, Mark, Ph D Univ of Minnesota, Dept 
of Physiology, Minneapolis (1, 1940) 

Grauer, Robert C , M D Allegheny General Hos- 
pital, Pittsburgh, Pa Dir of William H, Singer 
Memorial Research Lab , Asst Prof of Medicine, 
School oj Medicine, Umv of Pittsburgh (4, 1941) 
Gray, John S , Ph D , M D Northwestern Univ 
Med School, 303 E Chicago Ave , Chicago 11, 
111 Prof and Chairman of Dept of Physiology 
(1, 1937) 

Gray, M Geneva, Ph D Labs of Arthur D Little 
Inc , Cambridge, Mass Dir , Lab of Industrial 
Toxicity (3, 1946) 

Gray, Stephen W , Ph D Emory Umv School of 
Medicine, Emory Umv , Ga Ass/ Prof of 
Anatomy (1, 1948) 

Graybiel, Ashton, M D U S Naval School of 
Aviation Medicine and Research, Naval Air Sta- 
tion, Pensacola, Fla Coordinator of Research 
(1, 1948) 

Greaves, J D , Ph DUS Dept of Agriculture, 
Western Regional Research Lab , 800 Buchanan 
St , Albany 6, Calif Biochemist (2, 1938) 
Greaves, Joseph E , Ph D 3211 S W 10th Ave , 
Portland 1, Ore (2,1940) 

Greeley, Paul O , Ph D , M D Umv of Southern 
California Med School, Umv Park, Los An- 
geles Dir , Student Health Service (1, 1940) 
Green, Arda Alden, M D Cleveland Clinic, Re- 
search Div , Euclid and E 93rd St , Cleveland 6, 
Ohio (2, 1932) 

Green, Daniel M , M D G D Searle Co , Chi- 
cago 80, B1 Dir of Biological Research (1, 
1948, 3, 1942) 

Green, David E , Ph D Umv of Wisconsin, En- 
zyme Inst , P O Box 2066 Madison 5 Prof of 
Enzyme Chemistry (2, 1941) 

Green, Harold David, M D Wake Forest College, 
Bowman Gray^ School of Medicine, Winston- 
Salem 7, N C Prof and Dir of Dept of Physi- 
ology and Pharmacology (1, 1936, 3, 1945) 
Green, Robert Holt Yale Umv School of Medi- 
cine, 333 Cedar St , New Haven, Conn Asst 
Prof of Medicine (6, 1949) 

Greenberg, Dai id Morris, Ph D Umv of Cali- 
fornia, Berkeley' 4 Prof and Chairman, Div of 
Biochemistry (2, 1927 5, 1946) 

Greenberg, Louis D , Ph D Umv of California 
Med Center, 3rd and Parnassus Aies, San 
Francisco 22 Issoc Prof of Palholoqy, Univ of 
California Med School (2, 1946) 

Greenberg, Ruien, Ph D I ni\ of Texas Med 
Branch Dcjit of Plnsiologx Gaheston Asst 
Prof (1, 1950) 

Greene, Carl Harder, Ph D , M D 401 Clinton 
Vxe , Brooklyn 5, X ^ Issoc Prof of Clin 
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Medicine, New York TJnxv Post-Grad Med 
School (1, 1921, 2, 1922 , 4. 1924) 

Greene, Harry S N , M D , C M Yale Univ 
School of Aledicine, Dept of Pathology, New 
Haven, Conn Anthony N Brady Prof of Path- 
ology (4, 1937) 

Greene, James Alexander, M D Baylor Umv 
College of Medicine, Buffalo Drive, Houston, 
Tex Prof and Chairman of Dept of Internal 
Medicine and Dean of Clin Faculty (1, 1939) 
Greene, Ronald R , M D Northwestern Univ 
Med School, 303 E Chicago Ave , Chicago, 
111 Instr in Physiology, Instr in Obstetrics and 
Gynecology (1, 1941) 

Greengard, Harry, PhD , M D Northwestern 
Univ Med School, 303 E Chicago Ave , Chi- 
cago, m Asst Prof of Physiology (1, 1939) 
Greenstein, Jesse P , Ph D Natl Cancer Inst , 
Bethesda, Md Chief Biochemist (2, 1935) 
Greenwald, Isidor, Ph D New York Univ Col- 
lege of Medicine, 477 First Ave , New York City 
Prof of Chemistry (2, 1912, 6, 1933) 
Greenwood, Delbert A , Ph D Utah State Agricul- 
tural College, Bov 163, Logan Prof of Biochem- 
istry (3, 1950) 

Greep, Roy O , Ph D Harvard School of Dental 
Medicine, 25 Shattuck St , Boston 16, Mass 
Assoc Prof of Dental Science (1, 1940) 

Greer, C M , M S Vanderbilt Univ School of 
Medicine, Nashville, Tenn Instr in Chemistry 
(3, 1938) 

Gregersen Magnus I , Ph D Columbia Univ 
College of Physicians and Surgeons, 630 W 
168th St , New York City 32 Prof of Physiology 
(1, 1933) 

Gregg, Donald Eaton, Ph D , M D Arm^ Med 
Dept , Research and Grad School, Armj Med 
Center, Washington 12, D C (1, 1933) 
Gregory, John E , Hahnemann Med College, 
Philadelphia, Pa Prof of Pathology (6, 1948) 
Gregory, Raymond L , Ph D , M D Univ of 
Texas School of Medicine, 1419 24th St , Gal- 
veston Prof of Medicine (1, 1945) 

Greig, Margaret E , Ph D Vanderbilt Univ 
School of Medicine, Nashville 4, Tenn Assoc 
Prof in Pharmacology (3, 1946) 

Greisheimer, Esther M , Ph D M D Temple 
Univ Med School, 3400 N Broad St , Phila- 
delphia, Pa Prof of Physiology (1, 1925) 
Grenell, Robert G , Ph D Johns Hopkins Univ , 
Dept of Biophysics, Baltimore, Md (1, 1945) 
Griffin, A Clark, Ph D Stanford Umv , Dept of 
Biocheimstry, Stanford, Calif Asst Prof (2, 
1950) 

Griffin, Angus, Ph D George Washington Umv 
School of Medicme, 1335 H St , N W , Washing- 
ton, D C Assoc Prof of Bacteriology (6, 1940) 
Gnffith, Fred R , Jr , Ph D Umv of Buffalo Med 


School, 24 High St , Buffalo, N Y Prof of 
Physiology (1, 1923, 5, 1933) 

Griffith, Wendell H , Ph D Umv of Texas Med 
School, Galveston Prof and Chairman of Dept 
of Biochemistry and Nutrition (2, 1923, 5, 1934) 
Gnmson, Keith S . M D Duke Umv School of 
Medicine, Durham, N C Prof of Surgery (I, 
1943,3, 1949) 

Gnndlay, John H , M D Mayo Clinic, Rochester, 
Minn (1, 1946) 

Groat, Richard A , Ph D Wake Forest College, 
Bomnan Gra}"^ School of Medicine, Winston- 
Salem 7, N C Assoc Prof of Anatomy (1, 1945) 
Grodins, Fred S , Ph D , M D Northwestern 
Univ Med School, 303 E Chicago Ave , Chi- 
cago 11, 111 Assoc Prof of Physiology (1, 1945) 
Groedel, Franz M , M D 829 Park Ave , New York 
City Research Fellow, Fordham Umv , Biology 
Dept (1, 1949) 

Grollman, Arthur, MD, PhD Southwestern 
Med College, 2211 Oak Lawn Ave , Dallas, Tex 
Prof of Pharmacology and Medicine (1, 1928, 
3, 1933) 

Gross, Erwin G , Ph D , M D State Umv of Iowa, 
Med Labs , Iowa City Prof of Pharmacology 
(1, 1927,2, 1923,3,1927) 

Gross, J , M D , C M , Ph D Natl Inst for Med 
Research, The Ridgeway, Mill Hill, London, 
N W 7, England (1, 1950) 

Gross, Robert E , M D Children’s Hosp , 300 
Longwood Ave , Boston 15, Mass Surgeon in- 
Chief, Ladd Prof of Children’s Surgery, Harvard 
Med School (4, 1940) 

Grossman, Morton Imn, Ph D , AI D Univ of 
Illinois College of Medicine, Chicago 12 Assoc 
Prof of Physiology (1, 1946) 

Group5, Vincent, Ph D Rutgers Univ , Dept of 
Microbiology, New Jersey Agricultural Exper 
Station, New Brunsmck Assoc Prof in Animal 
Diseases (6, 1946) 

Grubbs, Robert C , M Sc , M D Ohio State Umv , 
Columbus Assoc Prof of Physiology (1, 1950) 
Gruber, Charles M., M D , Ph D Jefferson Med 
College, 1025 Walnut St , Philadelphia, Pa 
Prof of Pharmacology , (1, 1914, 3, 1919) 

Gruber, Charles M , Jr , M D Jefferson Med Col- 
lege Hospital, Philadelphia, Pa Assoc Prof 
of Pharmacology (3, 1948) 

Gruhzit, Oswald M , M D Parke, Davis and Co , 
Research Labs , Detroit, Mich Research in 
Pathology and Pharmacology (4, 1928) 

Grundfest, Harry, Ph D Columbia Umv College 
of Phjsicians and Surgeons, 630 W 168th St , 
New York City 32 Assoc in Neurology (1, 1932) 
Gudernatsch, F , Ph D 41 Fifth Ave , New York 
City 3 (1,1930) 

Guerra, Francisco, M Sc , M D Facultad dc Mcdi- 
cina, Umv Nacional de Mexico, Mexico, D F 
Prof of Pharmacology (3, 1947) 
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Guerrant, N B , Ph D Pennsj Ivania State Col- 
lege, State College Prof of Biological Chemistry 
(2, 1934,5, 1933) 

Guest, George Martin, MS, M D Children’s 
Hospital, Cincinnati 29, Ohio Prof of Pediat- 
rics, Univ of Cincinnati College of Medicine 
and Grad School (2, 1933) 

Guest, Maurice Mason, Ph D Wayne Univ Col- 
lege of Medicine, Detroit 26, Mich Assoc Prof 
of Physiology (1, 1946) 

Gulick, Addison, Ph D 308 Westmount Ave , 
Columbia, Mo Prof of Physiological Chemistry, 
Univ of Missouri (1, 1915, 5, 1933) 

Gunn, Francis D , M D , Ph D Univ of Utah 
School of Medicine, Salt Lake City Prof and 
Head of Dept of Pathology (4, 1938) 

Gunsalus, Irwin C , Ph D Univ of Ulmois, 362 
Noyes Lab , Urbana Prof of Bacteriology (2, 
1946) 

Gunn, Samuel, PhD^ Univ of Pennsylvania 
School of Medicine, Philadelphia Prof of 
Physiological Chemistry (2, 1938) 

Gustavson, R G , Ph D Univ of Nebraska, Lin- 
coln Chancellor (2, 1927) 

Gustus, Edwin L ,Ph D Bjorksten Research Lab , 
13791 Ave 0, Chicago 33, 111 Ftcc President 
(2, 1934) 

Gulerman, Henry S , M D Michael Reese Hos- 
pital, Chicago 16, 111 Asst Dir , Dept of Meta- 
bolic and Endocrine Research (1, 1949) 

Guthrie, Charles Claude, M D , Ph D Univ of 
Pittsburgh Med School, Pittsburgh, Pa Prof 
of Physiology and Pharmacology (1, 1905, 3, 
1909) 

Gutman, Alexander B , M D Columbia Research 
Service, Welfare Island, New York City 17 
Director (2, 1947) 

Guttman, Rita M , Ph D Brooklyn College, 
Brooklyn, N Y Asst Prof of Physiology (1, 
1946) 

Guyton, Arthur C , hi D Univ of Mississippi 
School of hlcdicine. Dept of Ph^ siologj , Uni- 
lersity Chairman, Dept of Physiology (1, 1949) 
Gyorgy, Paul, M D Univ of Pennsylvania School 
of Medicine, 3400 Spruce St Philadelphia 4 
Prof of Nutrition (2, 1938, 5, 1939) 

Haag, Harvey B , M D Med College of Virginia, 
Richmond Prof of Pharmacology (3, 1934) 
Haag, J R , Ph D Oregon Agricultural Exper 
Station, Corvallis Chemist (2, 1947 , 5, 1941) 
Haas, Erwin, Ph D Cedars of Lebanon Hospital, 
Inst for Med Research, 4751 Fountain Axe , 
Los Angeles 27, Calif Asst Dtr (2, 1946) 
Haberman, Sol, Ph D Wra Buchanan Blood, 
Plasma and Serum Center, Baylor Hospital, 
Dallas, Tex Chief of Bacteriology and Serology 
Services (G, 1944) 

Hadidian, Zareh, Ph D Tufts College Med 
School, Boston, Mass (1, 1945) 


Hadley, Philip B , Ph D Western Pennsylvania 
Hospital, Inst of Pathology, Pittsburgh Chief 
of Bacteriological Servicb and Research Bacteri- 
ologist (4R, 1927) 

Hafkenschiel, Joseph H , Jr , M D 1458 Hamp- 
stead Rd , Philadelphia 31, Pa Instr in Medi- 
cine, Univ of Pennsylvania School of Medicine 
(1, 1950) 

Hafkesbnng, H Roberta, Ph D Woman’s Med 
College of Pennsylvania, East Falls, Phila- 
delphia Prof of Physiology (1, 1931) 

Haggard, Howard W , M D 4 Hillhouse Ave , 
New Haven, Conn Dir of Lab of Applied 
Physiology, Yale Univ (1, 1919, 2, 1920) 

Hahn, Paul F , Ph D Meharry Med College, 
Nashxnlle, Tenn Dir of Cancer Research Labs , 
Prof of Exper Oncology (1, 1946, 4, 1939) 

Haig, Charles, PhD New York Med College, 
Fifth Ave at 105th St , New York City Assoc 
Prof of Physiology and Biochemistry (1, 1942) 
Haimovici, Henry, M D , 1148 Fifth Ave , New 
York City 28 Assoc Attending Surgeon, Monte- 
fiorc Hospital (1, 1950) 

Haist, Reginald E , M D , Ph D Univ of Toronto, 
Toronto, Ontano, Canada Prof of Physiology 
(1, 1943) 

Halbert, Seymour P , M D Columbia Univ Col- 
lege of Phy'sicians and Surgeons, Dept ot Oph- 
thalmology, 630 W 168th St , New York City 
32 (6, 1947) 

Haldi, John, Ph D Emory Univ School of Den- 
tistry, Emory University, Ga Prof of Physi- 
ology (1, 1928) 

Hale, Wm M , M D Brookbaven Natl Lab , 
Upton, L I , N Y Head, Div of Bacteriology 
and Virology, Bactenologist-in-Chief, Brookhaven 
Nall Lab Hasp (4, 1941,6, 1935) 

Hale, Worth, M D Antnm, N H Retired (IR, 
1908, 3R, 1908) 

Haley, Thomas J , Ph D 12007 Thermo St , Los 
Angeles 34, Calif Chief, Div of Pharmacology 
and Toxicology, A E Project, Med School, Univ 
of California (3, 1949) 

Hall, Charles E , Ph D Univ of Texas, Med 
Branch, Dept of Physiology', Galveston Asst 
Prof (1, 1949) 

Hall, F G , Ph D Duke Univ School of Medicine, 
Dept of Physiology and Pharmacology, Dur- 
ham, N C (1, 1937) 

Hall, George Edward, M D , Ph D Univ of 
Western Ontario Ottaway Vve and Waterloo 
St , London, Ontario, Canada Dean of the Fac 
ulty of Medicine (1, 1938) 

Hall, Victor E , M A , M D Stanford Unix , 
Stanford Unix ersitx , Calif Prof of Physiology 
(I, 1934) 

Hall, V Knowlton, Ph D Med College of Geor- 
gia, Unix Place, Augusta 4ssoc Prof of Bio 
chemistry (2, 1948) 
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Hallenbeck, George Aaron, Ph D , M D Maj'O 
Clinic, Rochester, IMinn Research Assoc (1, 
1946) 

Halliday, Nellie, Ph D Univ of California School 
of IMedicme, Room 307, Hooper Fndn , Sau 
Francisco (6, 1933) 

Halpert, B41a, M D Veterans Admin Hospital, 
2002 Holcombe Blvd , Houston 4, Texas Chief, 
Lab Service, Assoc Prof of Pathology, Baylor 
Univ College of Medicine (4, 1936) 

Halsey, John T , M D P 0 Box 264, Waveland, 
Miss Prof Emeritus of Pharmacology, Tulane 
Untv (3R, 1929) 

Halstead, Ward C , Ph D , Univ of Chicago, 
Dept of Medicine, Chicago, HI Assoc Prof 
of Exper Psychology, Div of Psychiatry (1, 
1942) 

Ham, Arthur W , M B Univ of Toronto, Toronto 

5, Ontario, Canada Prof of Anatomy in charge 
of Histology (4, 1939) 

Hambourger, Walter E , Ph D , M D G D Searle 
and Co , P O Box 5110, Chicago, Rl Chief 
Pharmacologist (3, 1934) 

Hamilton, Bengt L K , M D US Marine Hospi- 
tal, Staten Island 4, N Y Med Dir , USPHS 
(2, 1925) 

Hamilton, James B , Ph D Long Island College 
of Medicine, Dept of Anatomj , 350 Henry St , 
Brookljm 2, N Y (1, 1938) 

Hamilton, Paul B , M D , Ph D Alfred I duPont 
Inst , Nemours Foundation, Rockland Rd , 
Wilmington 99, Del Chief of Biochemistry (2, 
1946) 

Hamilton, Tom R , M S , M D Kansas Univ Med 
Center, Kansas City 3 Prof of Microbiology 
and Pathology (4, 1950) 

Hamilton, Tom S , Ph D Univ of Illinois, 1513 
W Clark St , Champaign Prof and Chief in 
Animal Nutrition (2, 1937, 5, 1938) 

Hamilton, W F , Ph D Medical College of Geor- 
gia, Augusta Prof of Physiology (1, 1924) 

Hammett, Frederick S , Ph D 493 Commercial 
St , Provincetonn, Mass Sr Member Emeritus, 
Lakenau Hospital Research Inst (IR, 1920, 2, 
1917) 

Hammon, William McD , M D , D P H Univ of 
Pittsburgh, Pittsburgh, Pa Prof of Epidemi- 
ology, Grad School of Public Health (4, 1944, 

6, 1946) 

Hampel, C W , Ph D Neii York Univ -Bellevue 
Aledical Center, Nei\ York Citj^ Assoc Prof 
of Physiology (1, 1936) 

Hamre, Dorothy, Ph D Squibb Inst for hied 
Research, New Brunsmek, N J Research Assoc 
(6, 1948) 

Hand, David B , Ph D Flen York State Agricul- 
tural Exper Station, Geneva Head, Div of 
Food Science and Technology and Prof of Bio- 
chemistry (2, 1947) 


Handler, Philip, PhD Duke Umv School of 
Medicine, Durham, N C Prof of Biochemistry 
and Nutrition (2, 1944 , 5, 1946) 

Handley, Carroll A , Ph D Ba 3 dor Univ Col 
lege of Medicme, 1200 M D Anderson Blvd , 
Houston 5, Tex Prof and Chairman of Dept 
of Pharmacology (3, 1942) 

Haney, Hance F , Ph D , M D Umv of Oregon 
Med School, Portland Asst Prof of Medicine 
(1, 1939) 

Hanger, Franklin, M D Columbia Univ College 
of Ph 3 '- 8 icians and Surgeons, 630 W 168th St , 
New York City 32 Assoc Prof of Medicine 
(6, 1930) 

Hanke, Martin E , Ph D Univ of Chicago, Chi- 
cago, 111 Assoc Prof of Biochemistry (2, 1925) 
Hanke, Milton Theo, Ph D 7550 S Green St , 
Chicago, 111 Research Consultant, Biochemistry 
and Niitniion (2, 1919) 

Hanks, John H , Ph D Harvard Univ Med 
School, Boston, Mass Dept of Bacteriology, 
Bacteriologist of the Leonard Wood Memorial 
(6, 1935) 

Hansen, Arild E , M D Univ of Texas Med 
School, Galveston Prof and Chairman of Dept 
of Pediatrics, Dir of Umv of Texas Child Health 
Program (4, 1941 , 6, 1942) 

Hanzhk, Paul J , M D 303 Franklin St , San 
Mateo, Calif Prof Emeritus of Pharmacology, 
Stanford Umv (IR, 1912, 3R, 1912) 

Hardy, James Daniel, Ph D Russell Sage Inst 
of Pathology, 525 E 6Sth St , New York Cit 3 ’' 
Research Assoc (1, 1939) 

Hardy, Mary, D Sc The Brearley School, 610 E 
83rd St , New York City Teacher of Science 
(1, 1933) 

Hare, Kendrick, Ph D Children’s Hospital, 219 
Bryant St , Buffalo 9, N Y (1, 1938) 

Harford, Carl G , M D Washington Univ School 
of Medicine, St Louis, Mo Asst Prof of Medi- 
cine and Preventive Medicine (6, 1948) 

Harger, R N , Ph D Indiana Univ School of 
Medicine, Indianapolis Prof of Biochemistry 
and Toxicology, Chairman, Dept of Biochemistry 
and Pharmacology (2, 1938, 3, 1949) 

Harkins, Henry N , Ph D , M D Umv of Wash- 
ington School of Medicine, Seattle 5 (1, 1942) 
Harmon, Paul M , Ph D Indiana Umv , Bloom- 
ington Prof of Physiology (1, 1930) 

Harne, O G Umv of Maryland School of Medi 
cine, Baltimore Assoc Prof of Anatomy, Asst 
to the Dean (1, 1935) 

Harned, Ben King, Ph D Ledcrle Labs , Pearl 
River, N Y Assoc Dir , Pharmacology Research 
(2, 1931,3,1941) 

Harris, Albert H , M D N A State Dept o 
Health, Div of Labs and Research, Nen Scot- 
land Ave , Alban 3 I Asst Dir for Local Labs 
(6, 1937) 



December 1960 


MEMBERSHIP LIST 


673 


Hams, Albert Sidnej, Ph D Ba}lor Univ Col- 
lege of Medicine, Houston 5, Texas (1, 1939) 
Hams, Milton, Ph D Harris Research Labs , 
1246 Taj lor St , N W , Washington 11, D C 
President (2, 1939) 

Harris, Paul N , M D Eh Lillj and Company, 
Indianapolis, Ind Pathologist, Div of Pharma- 
cology (3, 1948) 

Hams, Philip L , Ph D Distillation Products, 
Inc , 755 Ridge Rd W , Rochester 13, N Y 
Bead of Biochemistry Research Dept , Assoc in 
Physiology, Univ of Rochester School of Medi- 
cine and Dentistry (2, 1946, 5, 1945) 

Hams, Robert S , Ph D Massachusetts Inst of 
Technology, Cambridge Prof of Nutritional 
Biochemistry (5, 1941) 

Hams, S C , Ph D Northwestern Uni v Dental 
School, Dept of Pharmacologj , 311 E Chicago 
•Vve , Chicago 12, HI Assoc Prof and Chairman 
of Dept (1, 1947) 

Hams, T N , hi D Children’s Hospital of Phila- 
delphia, Philadelphia, Pa Assoc in Pediatrics, 
Vniv of Pennsylvania (6, 1946) 

Hams, William H , hi D Tulane Univ School of 
hledicine. New Orleans, La Assoc Prof of 
Pathology (4, 1925) 

Harnson, Frank, Ph D Univ of Tennessee Col- 
lege of hledicine, hlemphis Prof and Chief, 
Div of Anatomy (1, 1941) 

Harrison, James A , Ph D Temple Univ , Phila- 
delphia 22, Pa Prof of Biology (6, 1946) 
Harnson, Ross Granville, hi D , Ph D Osborn 
Zoological Lab , New Haven, Conn Sterling 
Prof Emeritus of Biology, Yale Univ (1, 1906) 
Harnson, R Wendell, hi D , Ph D Ellis Ave at 
oSth St , Chicago 37, HI Prof of Bacteriology, 
Dean of Faculties and Vice Pres , Univ of Chi- 
mgo (6, 1934) 

Harrow, Benjamin, Ph D College of the City of 
New Lork, Convent Ave and 139th St , New 
lorkCitj Prof of Chemistry (2, 1927) 

Hart, E B , B S Univ of Wisconsin Agricultural 
College, hladison Prof of Biochemistry (2, 
1910, 5, 1933) 

Hart, E Ross, Ph D hied Div , Armj Chemical 
Center, Md Toxicologist (3, 1944) 

Hart, William M , Ph D Temple hied School, 
Broad and Ontario Sts , Philadelphia 40, Pa 
Asst Prof of Physiological Chemistry (1, 1945) 
^(hne, H K , hi D Johns Hopkins Univ , 
Hept of Biophjsics, Baltimore IS, hid (1, 
1929) 

Hartman, Carl G , Ph D Ortho Research Founda- 
bon, Raritan, N J Dir of Physiology (1,1921) 
Hartman, Frank Alexander, PhD Ohio State 
D" , Dept of Phx siologj , Columbus Re- 
search Prof of Physiology (1, 1916) 

Hartman, F W . hi D Henrj Ford Hospital, 
Detroit, Mich Pathologist 14 1927) 


Hartmann, Alexis F , hID 500 S Kingshighw ay, 
St Louis, Mo Prof of Pedtalncs, Washington 
Umv School of Medicine (2, 1932) 

Hartroft, Waller Stanley, M D , Ph D Univ of 
Toronto, Banting Inst , Toronto 5, Ontario, 
Canada Assoc Prof (4, 1950) 

Harvey, A McGhee, hi D Johns Hopkins Hospi- 
tal, Baltimore 5, hid Physician-in-Chief, Prof 
of Medicine, Johns Hopkins Umv Med School 
(1, 1946, 3, 1946) 

Harvey, E Newton, Ph D Princeton Univ , Gujmt 
Hall, Princeton, N J Henry Fairfield Osborn 
Prof of Biology (1, 1914, 2, 1916) 

Hass, George, hi D Presbyterian Hospital of 
Chicago, Chicago, III Prof and Chairman of 
Dept of Pathology, Univ of Illinois College of 
Medicine (4, 1939) 

Hassid, "William Z , Ph D , Umv of California, 
Berkelej' Prof of Plant Biochemistry (2, 1946) 
Hastings, A Baird, Ph D Harvard hied School, 
25 Shattuck St , Boston 15, hlass Hamilton 
Kuhn Prof of Biological Chemistry (1, 1927, 
2, 1921, 6, 1940) 

Hathaway, Millicent L , Ph D Agricultural Re- 
search Administration, Bureau of Human Nutri- 
tion and Home Economics, Food and Nutrition 
Div , Washington 25, D C (5, 1945) 

Hauck, Hazel M , Ph D Cornell Univ , Ithaca, 
N Y Prof of Home Economics (5, 1941) 

Hauge, Siegfred M , Ph D Purdue Umv Agri- 
cultural Exper Station, Lafajette, Ind Re- 
search Assoc in Biochemistry (5, 1933) 
Haurowitz, Felix, hi D , D Sc Indiana Umv , 
Bloomington Prof of Chemistry (2, 1949, 6, 
1948) 

Haury, Victor G , hi D Box 206, Wellsville, Kan- 
sas Private Practice in Medicine (3, 1939) 
Haven, Frances L , Ph D Umv of Rochester 
School of hledicine and Dentistrj , 260 Critten- 
den Blvd , Rochester, N Y Assoc in Biochem- 
istry (2, 1941) 

Hawk, Philip B , Ph D Food, Drug and Cosmetic 
Consultants, 4818 33rd St , Long Island Citj 
N Y Pres of Food Research Labs , Inc (1, 1903, 
2, 1906) 

Hawkins, J E , Jr , Ph D hlerck Inst for Thera- 
peutic Research, Rahwaj, N J Physiologist 
(1, 1943) 

Hawkins, W’llliam Bruce, hi D Univ of Rochester 
School of Medicine and Dentistrj , 260 Critten- 
den Bh d , Rochester, X Y Assoc Prof of 
Pathology (4, 1933) 

Hawley, Estelle E , Ph D Umv of Rochester 
School of Medicine and DcnlIStr^ , Rochester, 

N Y Research Fellow in Pediatries (5, 1935) 
Hawn, Clinton van Zandt, M D Mar\ Imogcnc 
Bassett Hospital, Cooperstown, N Y Pathol 
ogist. Dir of Otsego County Labs (4, 104'^) 
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Hay, Eleanor Clarke, Ph D 7 Greenhill Rd , 
Madison, N J (1, 1945) 

Hayman, J M , Jr , M D Lakeside Hospital, 
Cleveland, Ohio Prof of Medicine, Western 
Reserve Untv (1, 1928, 3, 1932) 

Haynes, Florence W , Ph D Harvard Med 
School, 25 Shattuck St , Boston, Mass Research 
Assoc tn Medicine (1, 1937) 

Hays, Edwin Everett, Ph D Armour Labs , 1426 
W 42nd St , Chicago 9, HI Dir of Biochemical 
Research (2, 1946) 

Hays, Harry W , Ph D Wayne Univ College of 
Medicine, 1512 St Antoine St , Detroit 26, 
Mich Assoc Prof of Pharmacology (3, 1949) 
Haywood, Charlotte, Ph D Mount Holyoke Col- 
lege, South Hadley, Mass Prof of Physiology 
(1, 1939) 

Hazen, Elizabeth L , Ph D New York State Dept 
of Health Labs , 339 E 25th St , New York City 
Sr Bacteriologist (6, 1931) 

Hazleton, Lloyd W , Ph D Bov 333, Falls Church, 
Va Dir , Hazellon Labs (3, 1944) 

Hechter, Oscar M , Ph D Worcester Foundation 
forEvper Biologj'^, 222 Maple Ave , Shrewsbury, 
Mass (1, 1945) 

Hegnauer, Albert H , Ph D Boston Univ School 
of Medicine Boston, Mass Assoc Prof of 
Physiology (1, 1937) 

Hegsted David Mark, Ph D Harvard School of 
Public Health, Boston, Mass Prof of Nutrition 
(5, 1944) 

Heidelberger, Charles, Ph D Univ of Wisconsin, 
McArdle Memorial Lab , Madison 6 Asst Prof , 
Dept of Oncology (2, 1960) 

Heidelberger, Michael, Ph D Columbia Univ , 
630 W 168th St , New York City 32 Prof of 
Immunochemislry, Chemist to the Presbyterian 
Hospital 12, 1927, 6, 1935) 

Heilbrunn, Lewis Victor, Ph D Univ of Pennsyl 
vania, Philadelphia Prof of Zoology (1, 1930) 
Helm, J William, Ph D 1 Yale Ave , Daj’^ton 6, 
Ohio Aero Med Lab , Army Air Forces, Wright 
Field (1, 1936) 

Heinbecker, Peter, M D Washington Univ Med 
School, St Louis, Mo Assoc Prof of Clin 
Surgery (1, 1930) 

Heinle, Robert W , M D Western Reserve Univ , 
Cleveland, Ohio Asst Prof of Medicine (5, 
1948) 

Helff, O M , Ph D New York Univ , University 
Heights, New York City Assoc Prof of Biology 
(1, 1932) 

Hellbaum, Arthur A , Ph D , M D Umv of Okla- 
homa School of Medicine, Oklahoma Citj^ Prof 
of Pharmacology (1, 1937 , 3, 1945) 

Hellebrandt, Frances Anna, M D Med College 
of Virginia, Richmond Prof of Physical Medi- 
cine (1, 1933) 

Heller, Carl G , M D , Ph D Umv of Oregon 


Med School, Portland 1 Assoc Prof of Physi- 
ology and Medicine (1, 1945) 

Heller, Victor G , Ph D Oklahoma A A M College, 
Stillwater Head of Dept of Agricultural Chem- 
istry Research (2, 1935 , 5, 1935) 

Hellerman, Leslie, Ph D Johns Hopkins Umv 
School of Medicine, 710 N Washington St , 
Baltimore 5, Md Assoc Prof of Physiological 
Chemistry (2, 1935) 

Helmer, Oscar Marvin, Ph D Indianapolis Gen- 
eral Hospital, Indianapolis, Ind Head of Dept 
of Physiological Chemistry (2, 1935) 

Hemingway, Allan, Ph D 241 Cecil St , S E , 
Minneapolis, Minn Assoc Prof of Physiology, 
Univ of Minnesota (1, 1933) 

Henderson, Francis G , M D 740 S Alabama St , 
Indianapolis 2, Ind Pharmacologist, Eh Lilly 
& Co (3, 1950) 

Henderson, LaVell M , Ph D Umv of Illinois, 
Urbana Asst Prof of Chemistry (2, 1949) 

Hendley, Charles D , Ph D Ohio State Umv , 
Hamilton Hall, Columbus 10 Asst Prof of 
Physiology (1, 1949) 

Hendrix, Byron M , Ph D Univ of Texas School 
of Medicine, Galveston Prof of Btochemislry 
(2, 1920) 

Hendrix, James Paisley, M A , M D Duke Hospi- 
tal, Durham, N C Asst Prof of Medicine (in 
charge of Therapeutics), Assoc in Physiology 
and Pharmacology, Duke Untv School of Medi- 
cine (3, 1942) 

Hendry, Jessie L , M A Div of Labs and Re- 
search, New York State Dept of Health, New 
Scotland Ave , Albany Sr Bactenologist (6, 
1938) 

Henle, Werner, M D 1740 Bainbndge St , Phila- 
delphia 46, Pa Assoc Prof of Virology in Pedi 
atncs (6, 1938) 

Henry, James P , M A , M Sc Aero-hled Lab , 
Wright Field, Dajton, Ohio On leave of absence 
from the Univ of Southern California, Los 
Angeles (1, 1947) 

Henschel, Austin F , Ph D Univ of Minnesota, 
Minneapolis Asst Prof of Physiological Hy- 
giene (1, 1944) 

Hepburn, Joseph Samuel, Ph D , M D Chem U 
2045 N Franklin St , Philadelphia 22, Pa 

Prof of Chemistry and Research Assoc in Castro 
enterology, Registrar, Hahnemann Med College 
and Hospital (2, 1915) 

Hepler, Opal E , Ph D , M D Northwestern Umv 
Med School, 303 E Chicago Ave , Chicago, III 
Assoc Prof of Pathology (4, 1939) 

Heppel, Leon A , Ph D , M D Natl ^ ° 
Health, Bethesda 14, Md Surgeon, USPHb 
(2, 1949) 

Herbsl, Robert M , Ph D Kedzie Chemical Lab , 
Michigan State College, East Lansing Pro) 
of Chemistry (2, 1938) 
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Herget, Carl M , Ph D Med Div , Army Chemical 
Center, Md Chief, Biophysics Section (1, 1948) 
Herrick, C Judson, Ph D 236 Morningside Dr , 
Grand Rapids 6, Mich Prof Emeritus of Neu- 
rology, Univ of Chicago, Chicago, III (IR, 1907) 
Hernck, Julia F , Ph D Mayo Foundation, Roch- 
ester, Mnn Assoc Prof of Exper Medicine 
(1, 1933) 

Herrin, Raymond C , Ph D , M D Umv of Wis- 
consin Med School, Madison Prof of Physi- 
ology (1, 1932) 

Herrington, Lovic P , Ph D 290 Congress Ave , 
New Haven, Conn Assoc Dir, John B Pierce 
Lab of Hygiene, Research Assoc Prof , Dept of 
Public Health, Yale Med School (1, 1942) 
Herriott, Roger M , Ph D Johns Hopkins School 
of Hygiene and Public Health, 616 N Wolfe 
St , Ba timore 5, Md Prof of Biochemistry (2, 
1940) 

Herrmann, George R , Ph D , M D Univ of 
Texas Med Branch, Galveston Prof of Medi- 
cine (4, 1925) 

Herrmann, Julian B , Ph B , M D 1185 Park Ave , 
New York City (3, 1941) 

Herrmann, Louis George, M D Cincmnati Gen- 
eral Hospital, Cincinnati 29, Ohio Attending 
Surgeon, Assoc Prof of Surgery, Umv of Cin- 
cinnati College of Medicine (4, 1933) 

Hertz, Roy, Ph D , M D Natl Insts of Health, 
Bethesda 14, Md Public Health Surgeon (R), 
Div of Physiology (1, 1945) 

Hertzman, Alnck B , Ph D St Louis Univ School 
of Medicine, St Louis, Mo Prof of Physiology 
and Dir of Dept (1, 1926) 

Herwick, Robert P , Ph D , M D American Home 
Products Corp , 22 E 40th St , New York City 
Ftce Pres , Whitehall Dtv (3, 1938) 

Hess, Charles L , M S , M D 308 Davidson Bldg , 
Bay City, Mich (1, 1916) 

Hess, Walter C , Ph D Georgetoiro Med School, 
39th St and Reservoir Rd ,N W , Washington 7, 
D C Prof of Biological Chemistry (2, 1935) 
Hetherington, Albert W , Ph D School of Avia- 
tion Medicine, Randolph Field, Texas (1, 1943) 
Hewetson, Jean Hawks, MD 115 E York St, 
Biglerville, Pa (5, 1944) 

Hewitt, Earl Albon, PhD Io«a State College, 
Ames Assoc Prof of Veterinary Physiology 
(1, 1932) 

Hewston, Elizabeth M , IM A 1121 24th St , N W , 
Apt 300, Washington 7, D C Chemist, Bureau 
of Human Nutrition and Home Economics (5, 
1950) 

Heyroth, Francis F , !M D , Ph D Umv of Cin- 
cinnati, Cincinnati, Ohio Assoc Prof of Ind 
Toxicology and Asst Dir , Kettering Lab , Assoc 
Prof of Biological Chemistry, College of Medi- 
cine (2, 1935) 

Hiatt, Edwin P , Ph D L^nn of North Carolina 


School of Medicine, Chapel Hill Assoc Prof of 
Physiology (1, 1942) 

Hickman, Kenneth C D , Ph D 56 Thackeray' 
Rd , Rochester 10, N Y Consultant, Arthur D 
Little, Inc (2, 1944) 

Hier, Stanley W , Ph D Wilson Labs , 4221 S 
Western Ave , Chicago 9, 111 Tech Asst to 
General Manager (2, 1950) 

Hiestand, William A , Ph D Purdue Umv , Dept 
of Biology, Lafay'ette, Ind Prof of Physiology 
(1. 1947) 

Higgins, George M , Ph D Mayo Clinic, Roches- 
ter, Minn Prof of Exper Biology, Mayo Founda- 
tion (6, 1948) 

Higgins, Harold Leonard, M D 322 Franklm St , 
Newton, Mass (1, 1914, 5, 1933) 

Highman, Benjamin, M D Natl Insts of Health, 
Bethesda, Md Sr Surgeon, Lab of Pathology 
and Pharmacology (4, 1947) 

Hill, Edgar S , Ph D Washington Umv College 
of Dentistrv, St Louis, Mo Assoc Prof of 
Biological Chemistry and Physiology (2, 1936) 
Hill, Robert M , Ph D Umv of Colorado Med 
Center, 4200 E 9th Ave , Denver Prof of 
Biochemistry (2, 1933) 

Hill, Samuel E , Ph D 18 Collins Ave , Troy, 
N Y Research Worker, The Behr-Manning Corp 
(1, 1934) 

Hilleman, Maunce, Ph D Army Med Center, 
AMDR & GS, Dept of Virus and Rickettsial 
Diseases, Washington 12, D C Med Bacteri- 
ologist (6, 1949) 

Hiller, Alma, Ph D Presbyterian Hospital, 1753 
W Congress St , Chicago 12, HI Assoc , Rush 
Dept of Biochemistry (2, 1929) 

Himwjch, Harold E , M D Fallston, Md Chief, 
Clin Research Branch, Med Div , Army Chemical 
Center, Md (1, 1925) 

Himwich, Williamina A , Ph D Johns Hopkins 
Umv , Welch Med Library, Baltimore, Md 
Med Bibliographer (1, 1947) 

Hine, Charles H , Ph D , M D Umv of Cali- 
fornia Med School, Pharmacology and Toxi- 
cology Dept , Med Center, San Francisco 22 
Asst Prof (3, 1947) 

Hines, Harry M , Ph D State Umv of Iona, Iona 
City' Prof of Physiology (1, 1928) 

Hines, Marion, Ph D Emory Umv Dept of 
Anatomy, Emory University', Ga Prof of Exper 
Anatomy (1, 1932) 

Hinrichs, Mane, Ph D , M D Southern Illinois 
Normal Umv , Carbondale Prof of Physiology, 
Dir of Student Health Senice (1, 1928) 

Hinsey, Joseph C , Ph D Cornell Unu Med 
College, 1300 York A^e , Nen York Cit\ Prof 
of Anatomy and Dean of the Med College (1, 
1929) 

Hirschmann, Hans, M D , Ph D Lakeside Hos- 
pital, Cle\ eland, Ohio Asst Prof of Btochem- 
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istry, Dept of Medicine, Western Reserve Univ 
(2, 1946) 

Hirszfeld, Ludwik, M D Univ of Wroclaw, Wro- 
cla\\ , U1 Chaubmskiego 4, Poland Prof of 
Microbiology, Dir of Med Microbiology (6, 
1946) 

Hisaw, Frederick L , Ph D Harvard Univ Bio- 
logical Labs , Cambridge, Mass Prof of Zoology 
(1, 1932) 

Hitchcock, David I , Ph D Yale Univ , 333 Cedar 
St , New Haven 11, Conn Assoc Prof of Physi- 
ology (2, 1930) 

Hitchcock, Fred A , Ph D Ohio State Univ , 
Columbus Prof of Physiology (1, 1927, 5, 1933) 
Hitchcock, Philip, Ph D , hi D hied College of 
Alabama, Dept of Physiology and Pharma- 
cology, Birmingham 5 Assoc Prof of Phar- 
macology (3, 1946) 

Hitchings, George H , Ph D 50 Primrose Ave , 
Tuckahoe 7, N Y , Chief Biochemist, Wellcome 
Research Labs (2, 1942) 

Hjort, Axel M , M D , Ph D P 0 Box 281, 
Fern Waj , Scarsdale, N Y Private Research Lab 
and Practice of Medicine (2, 1925) 

Hoagland, Hudson, Ph D 222 Maple Ave , Shrews- 
bury, Mass Exec Dir , V'orceslcr Foundation 
for Exper Biology, Neurophysiologist, Worcester 
State Hospital (1, 1932) 

Hobby, Gladys L , Ph D 11 Bartlett St , Brook- 
Ijm 6, N Y Research Bacteriologist in charge of 
Biological Control, Chas Pfizer & Co (6, 1946) 
Hober, Rudolf 5307 Larchwood Ave , Philadelphia 
43, Pa Visiting Prof of Physiology, Umv of 
Pennsylvania Med School (IR, 1936) 

Hoberman, Henry D , Ph D , M D Yale Umv 
School of hledicine. Dept of Physiological 
Chemistry, 333 Cedar St , New Haven 11, Conn 
Asst Prof of Physiological Chemistry (2, 1949) 
Hockett, Robert C , Ph D Sugar Research Foun- 
dation, Inc , 52 Wall St , New York City 5 
Scientifir Dir (2, 1950) 

Hodes, Robert, Ph D Tulane Univ School of 
hledicine. Dept of Psychiatry, New Orleans 
12, La Prof of Exper Neurology and Neuro- 
physiology (1, 1941) 

Hodge, Harold Carpenter, Ph D Umv of Roch- 
ester School of hledicine and Dentistry, 260 
Crittenden Blvd , Rochester 7, N Y Prof of 
Pharmacology and Toxicology (2, 1937 , 3, 1948) 
Hoefer, Paul F A , Ph D , M D Neurological 
Inst of New York, 710 W 16Sth St , Nen York 
Citi 32 Assoc Prof of Neurology (1, 1945) 

Hoff, Ebbe Curtis, Ph D hied College of Vir- 
ginia, Riclnnond 19 Assoc Prof (I, 1933) 

Hofif, Hebbel E , Ph D Baylor Umv College of 
hledicine. Dept of Physiology, 1200 hi D 
Anderson BHd , Houston 5, Tex B F Hamble- 
ton Prof and Chairman of the Dept (1, 1933) 
Hoffman, William Samuel, Ph D , hi D Hektoen 


Inst for hied Research, 629 S Wood St, 
Chicago 12, HI Dtr of Biochemistry, Cook 
County Hospital (2, 1935) 

Hofmann, Klaus, Ph D Umv of Pittsburgh, 
Dept of Chemistry, Pittsburgh, Pa Research 
Prof (2, 1947) 

Hogan, Albert G , Ph D Umv of h'Lssoun, 105 
Schweitzer Hall, Columbia Prof of Animal 
Nutrition (2, 1916, 5, 1933) 

Hogness, Thorfin R , Ph D Umv of Chicago, 
Chicago 111 Dir , Inst of Radiobiology and Bto 
physics (2, 1941) 

Hoick, Harald G O , Ph D Umv of Nebraska, 
College of Pharmacy, Lincoln Prof of Pharma- 
cology (1, 1935, 3, 1938) 

Hollaender, Alexander, Ph D Oak Ridge Natl 
Lab , Oak Ridge, Tenn (1, 1947) 

Hollander, Franklin, Ph D Mount Sinai Hospital, 
Fifth Ave and 100th St , New York City Assoc 
in Physiology, Head, Gastro-enterology Research 
Lab (1, 1942 , 2, 1932) 

Holhnshead, W Henry, Ph D Maym Clinic, 
Rochester, himn Head of Section on Anatomy, 
Prof of Anatomy, Mayo Foundation (1, 1949) 
Holm, August, Sc D E R Squibb & Sons, New 
Brunswick, N J Research Assoc (6, 1946) 
Holman, Ralph Theodore, Ph D A and M College 
of Texas, College Station Assoc Prof of Bio 
chemistry and Nutrition (2, 1948) 

Holman, Russell Lowell, M D Louisiana State 
Umv School of Medicine, New Orleans Prof 
of Pathology (4, 1940) 

Holmes, Arthur Dunham, Ph D Umv of Massa 
chusetts, Amherst Research Prof of Chemistry 
(2, 1931, 5R, 1933) 

Holmes, Joseph H , M D , D Med Sc Umv of 
Colorado School of Medicine, 4200 E Ninth 
Ave , Denver 7 Assoc Prof of Medicine (1, 
1947) 

Holmes, Julia O , Ph D 79 Old Town Rd , Am- 
herst, Mass (2, 1942, 5, 1936) 

Holt, Joseph Paynter, M D , Ph D Standard Oil 
Co , Room 2400, 30 Rockefeller Plaza, New York 
City 20 Dir of Med Research (1, 1942) 

Holt, L Emmett, Jr , M D 477 First Ave , New 
York City 16 Prof of Pediatrics, New Yorl 
Univ College of Medicine (2, 1930 , 5, 1946) 
Hoobler, Icie Macy, PhD 660 Frederick St, 
Detroit 2, Mich Dtr , Research Lab Children’s 
Fund of Michigan (2, 1926, 5, 1933) 

Hoobler, Sibley W, MD Umv of Michigan 
Hospital, Dept of Medicine and Surgery , Ann 
Arbor Asst Prof of Medicine (L 1949) 

Hooker, Davenport, Ph D Umv of Pittsburgh 
School of Medicine, Pittsburgh, Pa Prof of 
Anatomy (1, 1920) 

Hooker, Sanford B , A M , M D 80 E Concord 
St , Boston, Mass Member Evans Memorial 
(G, ’l918) 
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Hoover, Sam R , Ph D 7815 Linden Rd , Phila- 
delphia 18, Pa Sr Chemist Eastern Regional 
Research Lab , U S Dept of Agriculture (2, 
1946) 

Hoppe, James O , Ph D Sterlmg-Wmthrop Re 
search Inst , Rensselaer, N Y Research Assoc 
in Pharmacology (3, 1950) 

Hoppert, C A , Ph D Michigan State College, 
Bo\ 626, East Lansing Prof of Biological Chem- 
istry (5, 1935) 

Hopps, Howard C , M D Univ of Oklahoma 
School of Medicine, 801 E 13th St , Oklahoma 
City Prof and Chairman of Dept of Pathology 
(4, 1947, 6, 1946) 

Horecker, Bernard L , Ph D Natl Insts of 
Health, Bethesda 14, Md Biochemist (2, 1947) 
Horn, Millard J , Ph D 1811 Varnum St , N E , 
Washington 18, D C US Dept of AgncuUure, 
Chemist (2, 1949) 

Horowitz, Norman H , Ph D California Inst of 
Technologi', Pasadena Assoc Prof of Biology 
(2, 1946) 

Horsfall, Frank L , Jr , M D CJM Rockefeller 
Inst for Med Research, 66th St and York Ave, 
Nen York City Member, Physician to the Hos- 
pital of the Rockefeller Inst for Med Research 
(6, 1937) 

Horton, Richard G , Ph D Med Div , Army 
Chemical Center, Md Acting Chief, Toxicology 
Section (1, 1948) 

Horvath, Steven M , Ph D State Univ of Iowa 
School of Medicine, Dept of Physiology, Iowa 
City (1, 1943) 

Horwitt, M K , Ph D Biochemical Research 
Lab , Elgin State Hospital, Elgin, HI Dir , 
Asst Prof , Biological Chemistry, Univ of Illi- 
nois College of Medicine (2, 1941 , 5 1949) 
Hoskins, R G , Ph D , M D 86 Vanck Rd , 
Waban 68, Mass (IR, 1911) 

Hotchkiss, RoIIin D , Ph D Rockefeller Inst for 
Med Research, 66th St and York Ave , New 
York City Assoc Member (2, 1941) 

Hou, H C , M D % Union Embroidery Co , 22 
Wyndham St , Hong Kong, China (5, 1949) 
Houck, C Rilej, Ph D Univ of Tennessee Med 
School, Memphis 3 Asst Prof in Physiology 
(1, 1947) 

Hove, Edwin L , Ph D Alabama Polj technic 
Inst , Lab of Animal Nutrition, Auburn Re- 
search Biochemist (5, 1946) 

Howard, Eieljn, Ph D Johns Hopkins School of 
Medicine, Baltimore, Md Asst Prof of Physi- 
ology (1, 1933) 

Howard, John Eager, \ B , M D Johns Hopkins 
Hospital, Baltimore 5, Md -Isst Prof of Medi- 
cine (1, 1946) 

Howard, Marion E , M D 38 Trumbull St , 
New Haven, Conn Issoc Chn Prof of Medi- 
cine, Yale School of Medicine Issoc Physician 


New Haven Hospital and New Haven Dispensary 
(4, 1939,6, 1937) 

Howe, Howard A , Ph D Johns Hopkins Univ , 
1901 East Madison St , Baltimore 5, Md Ad- 
junct Prof of Epidemiology (6, 1949) 

Howe, Paul E , Ph D US Dept of Agriculture, 
Bureau of Animal Ind , Washington 25, D C, 
Nutrition Consultant (1, 1913, 2, 1909, 5, 1933) 
Howell, Katherine M , M D 6830 S Merrill Ave , 
Chicago, 111 Head of Depts of Bacteriology and 
Serology (6, 1940) 

Howell, Stacey F , Ph D Veterans Admin Hos- 
pital, Perry Point, Md Biochemist, Chn Lab 
(2, 1940) 

Howland, Joe W , M D , Ph D Strong Memorial 
Hospital, 260 Crittenden Blvd , Rochester 7, 
N Y Asst Prof of Radiation Biology, Univ of 
Rochester, Chief, Div of Med Services (1, 1949) 
Hubbard, Roger Sanford, Ph D Univ of Buffalo 
School of Medicine, 24 High St , Buffalo 2, 
N Y Prof of Pharmacology (1, 1922 , 2, 1920) 
Hubbell, Rebecca B , Ph D Connecticut Agri- 
cultural E\per Station, Nfew Haven Asst Bio- 
chemist (2, 1937, 5, 1935) 

Hudack, Stephen Sylvester, M D 180 Fort Wash- 
ington Ave , New York City Assoc Prof of 
Orthopedic Surgery, Columbia Univ (4, 1933) 
Huddleston, Ora L , M D , Ph D Kabat-Kaiser 
Inst , 1815 Ocean Front, Santa Momca, Calif 
Med Dir (1, 1936) 

Hueper, Wilhelm C, MD Natl Cancer Inst, 
Bethesda, Md Chief, Cancengenic Studies Sec- 
tion, Chief, Caneerigenic Research Labs (4, 1940) 
Huf, Ernst G , Ph D , M D 3500 Carolina Ave , 
Richmond, Va Assoc Prof of Physiology , Med 
College of Virginia (1, 1949) 

Huff, Jesse W , Ph D Sharp & Dohme, Inc ^ 
Glenolden, Pa Dir , Biochemical Reseaich (2,. 
1949) 

Huffman, C F , Ph D Michigan State College, 
East Lansing Research Prof and Prof in Dairy 
Husbandry (5, 1937) 

Huffman, Max N , Ph D Southw esteni IMed 
College, 2211 Oak Lawn Ave , Dallas, To\ 
Research Prof of Biochemistry (2, 1947) 
Huggins, Charles Brenton, M D Umv of Chicago, 
Chicago, 111 Prof of Surgery (1, 1932) 
Huggins, Joseph, hi D 111 N 49th St , Phila- 
delphia, Pa Asst Prof of Exper Neurology, 
Grad School of Medicine, Univ of Pennsylvania, 
Dir of Lab , Pcnnsyhania Hospital for Mental 
Diseases (1, 1936) 

Huggins, Russell A , Ph D Bailor Umv College 
of hlcdicinc, 1200 M D Vnderson Bhd , Hous- 
ton 5, To\ Issoc Prof of Pharmacology (3, 
1949) 

Hughes, Hcttie B , Ph D Christ Ilo^jntal, Cin- 
cinnati 19, Ohio Research ls<:oc (2, 1916) 
Hughes, Josiah Simpsnn, PhD Kaii'; is ‘'late 
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College, Manhattan Prof of Chemistry (2, 
1931, 5, 1939) 

Hughes, Thomas P , Ph D Johns Hopkins Univ 
School of Public Health, Baltimore, Md Mem- 
ber Field Staff, Rockefeller Foundation, Neio 
York City (6, 1934) 

Hulpieu, Harold R , Ph D Indiana Univ School 
of Medicine, Indianapolis Prof of Pharma- 
cology (3,1939) 

Humphreys, Eleanor M , M D Univ of Chicago, 
Dept of Pathology , Chicago 37, 111 Professor 
(4, 1950) 

Humphries, James C , Ph D Univ of Kentucky , 
College of Arts and Science, Le\mgton Assoc 
Prof of Bacteriology (6, 1950) 

Hundley, James M , M D Natl Insts of Health, 
E\per Biology and Medicine Inst , Bethesda 
14, Md Chief, Section on Nutrition (5, 1950) 
Hunscher, Helen A , Ph D Western Reserve 
Univ , 2023 Adelbert Rd , Cleveland 6, Ohio 
Head of Dept of Home Economics (5, 1934) 
Hunt, Carlton C , M D Wilmer Inst , Johns Hop- 
kins Hospital, Baltimore, Md Sr Fellow, Nall 
Research Council (1, 1950) 

Hunter, Andrew, C B E , M B Hospital for Sick 
Children, Toronto, Ontario, Canada Consulting 
Biochemist, Prof Emeritus of Pathological Chem- 
istry, Univ of Toronto (2, 1908) 

Hunter, Francis Edmund, Jr , Ph D Washington 
Univ Med School, St Louis 10, Mo Asst 
Prof of Pharmacology (2, 1946) 

Hunter, George, M A , D So 108 Walton Wai, 
Aylesbury, Bucks, England (2,1924) 

Hunter, Jesse E , Ph D Allied Mills, Inc , 7600 
S Adams St , Peoria, 111 Dir of Research (5, 
1936) 

Hunter, John, Ph D 61 Connaught Ave , Newton- 
brook, Ontario, Canada (1, 1948) 

Hussey, Raymond, M D Amencan Med Associa- 
tion, 535 N Dearborn, Chicago 10, HI Scientific 
Dir , Council on Industrial Health (4, 1927) 
Hutchens, John O , Ph D Univ of Chicago, 
Dept of Physiology, Chicago 37, 111 Assoc 
Prof and Chairman of Dept of Physiology, Dir 
of Toxicity Lab (I, 1947) 

Hutchings, Brian L , Ph D Lederle Labs Div , 
American Cyanamid Co , Pearl River, N Y 
Head, Dept of Biochemistry (2, 1949) 

Hyman, Chester, Ph D Univ of Southern Cali- 
fornia School of Medicine, Los Angeles Asst 
Prof of Physiology (1, 1948) 

Ingalls, Mabel S , Ph D 1075 Park Ave , New 
York City^ 28 Consultant, World Health Or- 
ganization, Lake Success (6, 1940) 

Ingle, Dwight J , Ph D Upyohn Co , Research 
Labs , Kalamazoo, Mich Sr Research Scientist 
(1, 1939) 

Ingraham, Raymond Clifford, PhD Univ of 


Illinois College of Medicine, 1853 W Polk St 
Chicago Asst Prof in Physiology (1, 193S) 
Ingram, W R , Ph D State Univ of Iowa College 
of Medicine, Iowa City Prof and Head of Dept 
of Anatomy (1, 1936) 

Irish, Don D , Ph D Dow Chemical Co , Midland, 
Mich Dir , Biochemical Research Lab (3, 1948) 
Irvin, J Logan, Ph D Univ of North Carolina, 
School of Medicine, Chapel Hill Assoc Prof 
Biological Chemistry and Nutrition (2, 1942) 
Irving, George Washington, Jr , Ph D U S Dept 
of Agriculture, Bureau of Agricultural and 
Industrial Chemistry, South Bldg , Washington 
25, D C Asst Chief (2, 1946) 

Irving, Laurence, Ph D USPHS, P 0 Bov 960, 
Anchorage, Alaska Biologist, Alaska Health and 
Sanitation Activities (1, 1927) 

Irwin, M R , Ph D Univ of Wisconsin, Madison 
Prof of Oenetics (6, 1936) 

Isaacs, Raphael, M A , M D 104 S Michigan 
Ave , Suite 630, Chicago 3, HI Attending Phy- 
sician, Dept of Hematology, Michael Reese Hos- 
pital (4, 1928) 

Isbell, Harris, M D USPHS Hospital, Levnngton, 
Kv Dir , Research Div (3, 1949) 

Isenberger, R M , M A , M D Univ of Kansas 
School of Medicine, Kansas City Prof of Phar- 
macology (3, 1937) 

Ivy, A C , PhJD , M D Univ of Illinois, Chicago 
Professional Colleges, Chicago, III Vtce-Pres , 
Distinguished Service Prof oj Physiology (I, 
1919, 5, 1933) 

Iwamoto, Harry K , Ph D Univ of Buffalo, 
Schools of Medicine and Pharmacy, Dept of 
Pharmacology^, Buffalo 14, N Y (3, 1948) 
Izqnierdo, J Joaquin, M D Natl School of Medi- 
cine, Mevico City Prof of Physiology in Nall 
School of Medicine and the Escuela Medico Militar 
of Mexico (1, 1928) 

Jackson, Dennis Emerson, Ph D , M D 144 Louis 
Ave , Cincinnati 20, Ohio Prof Emeritus of 
Pharmacology, Univ of Cincinnati College of 
Medicine (IR, 1910, 3R, 1912) 

Jackson, Elizabeth B , A B Army^ Med Center 
AMDR A GS, Dept of Virus and Rickettsial 
Diseases, Washington 12, D C Bacteriologist 
(6, 1949) 

Jackson, Eugene L , Ph D 1322 W Broad St , 
Richmond 20, Va Med Dir , A H Robins Co 
(3, 1942) 

Jackson, Richard W , Ph DUS Dept of Agri- 
culture, Northern Regional Research Lab , 825 
N University St , Peona 6, HI Head of F er 
mentation Div (2, 1930, 5, 1933) 

Jacobs, Merkel Henry, Ph D Univ of Pennsy I- 
vania, Philadelphia Prof of General Physiology 
(1. 1919) 

Jacobs, Walter A , Ph D Rockefeller Inst for 
Med Research, 66th St and York Ave , ^^ew 
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York Citj 21 Member Emenhis (2, 1908 , 3, 
1913) 

Jacobsen, Erik, M D Medicmalco Ltd , Copen- 
hagen S, Denmark Research Dtr (3, 1960) 
Jacobson, Edmund, Ph D , M D Lab for Clin 
Phj Biology, 55 E Washington St , Chicago, RI 
(1, 1929) 

Jaffe, Henry L , M D Hospital for Joint Diseases, 
1919 Madison Ave , Neiv York City Dir of 
Labs (4, 1925) 

Jahn, Theodore Louis, Ph D Univ of California, 
Los Angeles 24 Chairman, Dept of Zoology 
(1, 1944) 

Jailer, Joseph W , Ph D Columbia Umv College 
of Physicians and Surgeons, New York City 
Inslr in Medicine (1, 1948) 

Jamieson, Walter A , Sc D Green Braes, RJL 2, 
Indianapolis, Ind Dir , Biological Dw , Eh 
Lilly cL Co (6, 1927) 

Jandorf, Bernard J , Ph D Med Div , Army 
Chemical Center, Md Asst Chief, Biochemistry 
Section (2, 1946) 

Janes, Ralph G , Ph D State Umv of Iowa Col- 
lege of Medicine, Iowa Citj' Assoc Prof of 
Anatomy (1, 1948) 

Jansen, Eugene F , B A EDZ 3 Tne Research Lab , 
Western Regional Research Lab , Albany 6, 
Calif Sr Chemist, Bureau of Agricultural and 
Industrial Chemistry, U S Dept of Agricul- 
ture (2, 1947) 

Jaques, L B , Ph D Univ of Saskatchewan, 
Saskatoon, Canada Prof of Physiology (1, 
1943) 

Jasper, Herbert H , Ph D , D4s Sci Montreal 
Neurological Inst , 3801 University St , Mon- 
treal, Quebec, Canada Lecturer in Neuro- 
electrography and Dir of Dept of Electrophysi- 
ology (1, 1940) 

Jawetz, Ernest, Ph D , AI D Umv of California 
jMcd Center, 3rd and Parnassus Aves , San 
Francisco 22 Issoc Prof of Bacteriology, Lec- 
turer in Medicine and Pediatrics (6, 1950) 

Jeans, P C , M D Childrens’ Hospital, State 
Umv of Iowa Iowa Clt^ Prof of Pediatrics 
(5, 1937) 

Jensen, Hans F , Ph D Med Dept Field Re- 
search Lab , Fort Kiio\, Ky Chief Biochemist 
(2, 1929) 

Jobling, James W , M D Suwnnec Hotel, St 
Petersburg, Fla Prof Emeritus of Pathology, 
Columbia I iiiv (4R, 1913) 

Jochim, Kenneth E , Ph D Uiiu of Kansas, 
Dept of Pin siology , Law rence (1, 1942) 
Johlin, J M , Ph D \ andcrbilt Umv School of 
Medicine, NasliMllc, Tcnn tssoc Prof of Bio- 
chemistry (2, 1928) 

Johnson, B Connor, Ph D Unn of Illinois, 
Di\ of \nimal Nutrition, 554 Da\enport Hall, 
Urbana Hsoc Prof (2, 1947, 5, 1947) 


Johnson, Frank H , Ph D Umv of Utah, Dept 
of Chemistry, Salt Lake City 1 (1, 1942) 
Johnson, Joseph L , Ph D , M D Howard Univ 
School of Medicine, Washington, D C Prof 
and Head of Dept of Physiology (1,1934) | 

Johnson, J Raymond, Ph D Umv of Ottawm, 
Faculty of Medicine, Ottawa, Ontario, Canada 
(1, 1938) 

Johnson, Mamn J , Ph D Umv of Wisconsin, 
Biochenustry Bldg , Madison Prof of Biochem, 
istry (2, 1941) 

Johnson, Robert E , M D , Ph D Umv of Illinois 
College of Liberal Arts and Sciences, Dept of 
Physiologj'^, Urbana Head of Dept (1, 1944, 2, 
1939, 5, 1946) 

Johnson, S R , Ph D Missouri Farmers Assoc 
Milling Co , Springfield Dir of Nutrition (5, 
1947) 

Johnson, Victor, Ph D , M D Majm Foundation, 
Rochester, Minn (1, 1933) 

Johnston, Charles G , M S , M D Wayne Umv 
College of Medicine, Detroit, Mich Prof of 
Surgery (1, 1933) 

Johnston, Frances A , Ph D Cornell Univ , Ith- 
aca, N Y Asst Prof of Foods and Nutrition 
(6, 1948) 

Johnston, Margaret W , Ph D B-452, Umv Hos- 
pital, Ann Arbor, Mich Research Assoc in 
Internal Medicine (2, 1930, 5, 1938) 

Jolliffe, Norman, M D 39 E 75th St , New York 
City (1, 1932) 

Jones, D Breese, Ph D 2901 18th St , N W , 
Washington 9, D C Retired (2, 1920, 5R, 1935) 
Jones, Hardin B , Ph D Umv of California, 
Div of Med Phjsics, Berkeley 4 Asst Prof 
of Med Physics and Physiology , Asst Dir of 
Donner Lab (1, 1949) 

Jones, James H , Ph D Umv of Pennsylvania 
School of Veterinary Medicine, Philadelphia 4 
Prof of Physiological Chemistry (2, 1928, 5, 
1933) 

Jones, Kenneth K , Ph D Northwestern Umv 
Med School, 303 E Chicago Ave , Chicago, 
111 Assoc Prof of Physiology and Pharmacology 
(1, 1936) 

Jones, Ralph, Jr, MD Umv of Pemis\lvnnia 
Med School, Philadelphia 4 Assoc in Medicine 
(3, 1950) 

Joseph, Norman R , Ph D Umv of Illinois, 1853 
W Polk St Chicago 12 Asst Prof of Chemistry 
(2, 1947) 

Joslin, Elliott P , M \ , M D , 81 Ba\ State Rd , 
Boston, Mass Dir, George F Baler Chine 
(5R, 1033) 

Jukes, Thomas Hughes, Ph D Lcdcrlc I ab^- , 
Pearl Rucr, \ \ Head, Dept of \utntioii 

and Physiology RcscarJi (2, 1035, 5, 193S) 

Jung, Frederic Theodore, Ph D , M D \mcrican 
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Med Assoc , Chicigo, 111 Asst Secretary (1, 
1930) 

Jungeblut, Claus W , IM D Columbia Umv Col- 
lege of Phjsicians and Surgeons, 630 W 168th 
St , Neu York Citj 32 Prof of Bacteriology 
4, 1929, 6, 1926) 

Rabat, Eh in A , Ph D Columbia Univ College 
of Ph} sicians and Surgeons, 710 W 168th St , 
Now York City 32 Assoc Prof of Bacteriology 
(2, 1940, 6, 1943) 

Rabat, Herman, Pli D , M D 2633 16th St , N W , 
Washington, D C Consultant tn Neurology, 
Health Dept District of Columbia (1, 1941) 

Rabn, Reuben L , Sc D , Univ of Michigan Hos- 
pital, Ann Arbor Assoc Prof of Serology of 
Syphilis and Chief of Serology Lah^ (4, 1934, 6, 
1919) 

Ralckar, Herman M , M D , Ph D Univ of Co- 
penhagen, Inst f Cell Ph 3 ^siology, 28 Juliane 
Manes Vej, Copenhagen, Denmark Dir of 
Inst , Research Prof , Inst f Cell Physiology 
2, 1942) 

Ralnitsky, George, PhD State Univ of Iowa, 
Iowa City Assoc Prof of Biochemistry (2, 
1948) 

Ralter, Sejinour Sanford, Ph D Syracuse Univ , 
College of Medicine, Dept of Bactenology and 
Parasitologv, S} racuse, N Y Asst Prof , Assoc 
Bacteriologist, Syracuse Health Dept (6, 1950) 

Kamen, Martin D , Ph D Washington Univ Med 
School, 510 S Kingshighway, St Louis 10, Mo 
dssoc Prof of Chemistry (2, 1946) 

Kamm, Oliver, Ph D 365 Lakeshore Drive, De- 
troit 30, Mich Research Consultant, Parle, Davis 
and Co (2, 1928) 

Kaplan, Nathan O , Ph D Johns Hopkins Univ , 
McCallum-Pratt Inst , Baltimore 18, Md Asst 
Prof of Biology (2, 1949) 

Karel, Leonard, Ph D Natl Insts of Health, 
Div of Research and Fellowships, Bethesda 14, 
Md Rxec Sec , Hematology and Pharmacology 
Study Sections (3, 1947) 

Karlson, Alfred G , Ph D , D V^I Mayo Founda- 
tion, Rochester, Minn Assoc in Exper Pa- 
thology (4, 1950) 

Karpovich, Peter V , M D ,M P E Spnngfield 
College, Springfield, Mass Prof of Physiology 
(1, 1942) 

Karshan, Maxwell, Ph D Columbia Univ , Dept 
■of Biological Chemistrj , 630 W 16Sth St , New 
York CiU 32 Assoc Prof of Biochemistry 
(2, 1939) 

Karsner, Howard T , M D Dept of the Navj , 
Bureau of Medicine and Surgery , Research Div , 
Washington 25, D C Med Research Advisor 
(4, 1913) 

Katz, Louis Nelson, M A , AI D 2900 Ellis Ave , 
Chicago, 111 Djr of Cardioiasciilar Research, 


Michael Reese Hospital, Professorial Lecturer 
in Physiology, Univ of Chicago (1, 1924) 
Katzman, Philip A , Ph D St Louis Univ School 
of Medicine, 1402 S Grand Blvd , St Louis 4, 
Mo Assoc Prof of Biochemistry (2, 1935) 
Kaulbersz, Jerzy, Ph D M D Collegium Medica, 
Grzegorzecka 16, Cracow, Poland Prof of Physi- 
ology (1, 1944) 

Kaunitz, Hans, M D Columbia Univ College of 
Physicians and Surgeons, 630 W 16Sth St , 
New York City 32 Research Assoc m Pathol 
ogy (4, 1947) 

Kazal, Louis Anthony, Ph D Sharp & Dohme, 
Inc , Med Research Div , Glenolden, Pa Re- 
search Biochemist (2, 1947) 

Keeton, Robert W , M S , M D Univ of Rlinois 
College of Medicine, 1853 W Polk St , Chicago 
Prof and Head of Dept of Medicine (1, 1916, 
3, 1924) 

Kehoe, Robert A , M D Univ of Cincinnati 
College of Medicine, Kettering Lab of Applied 
Phjsiolog}', Eden Ave , Cincinnati, Ohio Re- 
search Prof of Physiology (1, 1940) 

Keith, Norman M , M D Majm Clinic, Rochester, 
Minn Consulting Physiaan, Div of Medicine, 
Mayo Clinic, Prof of Medicine, Mayo Foundation, 
Univ of Minnesota (1, 1920 , 3,1932 , 4,1924) 
Keith, T B , Ph D Dept of Animal Husbandrj , 
Univ of Idaho, Moscow , Idaho (5, 1941) 
Kellaway, Peter E , Ph D Baj lor Univ College 
of Medicine, Houston, Texas Assoc Prof of 
N europsychiatry and Physiology, Dir of Lab of 
Clin Eleclrophysiology (1, 1947) 

Keller, Allen D , Ph D Field Research Lab , 
Fort Knox, Kv Med Dept (1, 1931) 

Kellner, Aaron, M D Cornell Univ Med College, 
Dept of Pathology , 1300 Y’ork Ave , New York 
City 21 Asst Prof of Pathology, Dir of Central 
Labs , iVcia Yorh Hospital and Cornell Med 
Center (4, 1949) 

Reiser, Raymond A , D V M , Ph D The Wy ndon. 
Apt A — 105, Wynnewood, Pa Prof of Bac 
ieriology and Dean of Faculty, School of Veteri- 
nary Medicine, Univ of Pennsyliania, Philadel 
phta (4, 1932) 

Kelsey, F Ellis, Ph D Univ of Chicago, Chicago, 
111 Assoc Prof of Pharmacology (3, 1941) 
Kelsey, Frances Kathleen O , Ph D Univ of 
Chicago, Chicago, 111 Assoc Prof of Pharma- 
cology (3, 1941) 

Kemmerer, A R , Ph D Univ of Arizona, Tucson 
Head of Dept of Human Nutrition (5, 19-10) 
Kempner, 41 alter, I\I D Duke Univ School of 
Medicine, Durham, N C Asst Prof of Medi- 
cine (1, 1940) 

Kendall, Edward C , Ph D , 627 Eighth Ave , 

S W , Rochester, Mmn Prof of Biochemistry, 
Mayo Foundation, Univ of Minnesota (1, 3910, 
2, 1913, 4, prior to 1920) 
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Kendall, Forrest E , Pli D 240-0G-53rd Wc , 
Douglaston, Long Island, N Y Asst Prof 
of Biochcmislri/, Research Service, Columbia Div , 
Goldiuaier Memorial Hospital Wclfaic Island 
(6, 1943) 

Kennard, Margaret A , M D Univ of Oregon 
Med School, Dept of Surgery, Portland Assoc 
Prof of Exper Surgcrij (1, 1934) 

Kennedy, Cornelia, Ph D 2700 W Robbins St , 
Minneapolis 10, Mmn Prof Emeritus of Agri- 
cultural Biochcmistrij, Lniv of Minnesota (2, 
1924, 5R, 1934) 

Kensler, Charles J , Ph D Cornell Univ hied 
College, 1300 York Ave , Nen York Citj 21 
Instr , Dept of Pharmacology, St Reseat ch 
Fellow, Nall Research Council (3, 1949) 

Kent, John F , A hi Armj hied Center, Washing- 
ton 12, D C Scientific Bit , Dept of Serology, 
Army Med Dept Research and Grad School, 
(G, 1947) 

Kenton, Harold B ,PhD Yen England Deaconess 
Hospital, Boston, hlass Baclet lologisl and Bit 
of the Blood Bank (6, 1934) 

Kenyon, Allan T , hi D Univ of Chicago, Div of 
Biological Sciences, 950 E 59th St , Chicago, 
HI Asst Prof of Medicine (3, 1940) 

Keresztesy, John C , Ph D Natl Insts of Health, 
Bethesda 14, hid Scientist Officer, Div of Physi- 
ology (2, 1941, 5, 1945) 

Kerr, Stanley E , Ph D American Univ of Beirut, 
Beirut, Lebanon Prof of Biological Chemistry 
(2, 1937) 

Kerr, Wm J , hi D Univ of California Hospital, 
3rd and Parnassus Aves , San Francisco Physi- 
cian-in Chief, Prof of Medicine, Univ of Cali- 
fornia (3, 1930) 

Kesten, Homer D , hi D Columbia Univ College 
of Phjsicians and Surgeons, New York City 32 
Assoc Prof of Pathology (4, 1931) 

Keston, Albert S , Ph D Nen York Univ College 
of hledicine, 477 First Ave , Nen A'ork City 
Asst Prof , Dept of Biochemistry (2, 1950) 
Kety, Seymour S , hi D Univ of Pennsylvania 
Grad School of hledicme. Dept of Phy^siology 
and Pharmacology^ Philadelphia 4 Prof of 
Chn Physiology (1, 1949,3,1945) 

Keys, Ancel, Ph D Univ of hlinnesota. Stadium 
Gate 27, hlmneapolis 14 Prof and Dir of Lab 
of Physiological Hygiene (1, 1939, 2, 1936) 
Kibrick, Andre C , Ph D Bronx Hospital, 169tli 
St and Fulton Aae , New A'ork CiU 56 Head, 
DepI of Chemistry (2,1950) 

Kidd, John G , hi D Cornell Univ hied College, 
1300 \ork A\e , Nen York City 32 Prof of 
Pathology, Pathologist, N^cw York Hospital (4, 
1937, G, 1937) 

Kidder, George W , Ph D Vmherst College, 
Vmherst, hlass Stone Prof of Biology (2, 1949) 
Kies, Marian W , Ph D Agricultural Research 


Center, North Bldg , BeltsviUe, Md Biochemist, 
Bureau of AgticuUut aland Industrial Chemistry, 
(2, 1948) 

Kik, M C , Ph D Univ of Arkansas College of 
Agriculture, Fayetteville Assoc Prof of Agri- 
cultural Chemistry (5, 1942) 

Kilborn, Leslie G , hi D , Ph D 47 Warren Rd , 
Toronto, Ontario, Canada At present West 
China Union Univ , Chengtu, Sze , China (1, 
1928) 

Kilham, Lawrence, M D , Natl Insts of Health, 
Bethesda 14, hid Suigeon, USPHS (6, 1950) 
Kilhan, John Allen, Ph D Killian Research Labs , 
Inc , 49 W 45th St , Nen Y'ork City (2, 1921) 
Kimura, Kazuo K , Ph D St Louis Univ School 
of hledicine. Dept of Pharmacology^ St Louis 
4, hlo Instructoi (3, 1950) 

Einard, F W , Ph D , hi D hied College of the 
State of South Carolina, Charleston 16 Assoc 
Prof of Physiology (1, 1947) 

King, Barry G , Ph D Dept of Commerce, Civil 
Aeronautics Admin ,hled Service, Safety”^ Regu- 
lations, Washington, D C Chief, Aeromed De- 
sign and Material Div (1, 1938) 

King, Charles Edwin, Ph D Vanderbilt Univ , 
Nashville, Tenn Assoc Prof of Physiology 
(1, 1916) 

King, Charles Glen, Ph D Nutrition Foundation, 
Inc , Chrysler Building, Nen York City Scien- 
tific Dir , Prof of Chemistry, Columbia Univ 
2, 1931, 5, 1933) 

King, Henry Eugene, Ph D Tulane Univ School 
of hledicine, Dept of Psychiatry and Neu- 
rologys 1430 Tulane Ave , Nen Orleans 12, La 
Asst Prof , Visiting Scientist, Charity Hospital 
of Louisiana (1, 1950) 

King, Jesse, PhD Ton son, hid (IR, 1914) 
King, Joseph T , hi D , Ph D Univ of hlinnesota 
hied School, 314 hlillard Hall, hlmneapolis 
Assoc Prof of Physiology (1, 1931) 

Kinney, Thomas D , hi D Cleveland City^ Hos- 
pital, 3395 Scranton Rd , Cleveland, Ohio Pa- 
thologist-in Chief, Prof of Pathology, Western 
Reserve Univ (4, 1950) 

Kirch, Ernst R , Ph D Univ of Illinois College 
of Pharmacy^, 80S S Wood St , Chicago 12, 111 
4ssoc Prof of Chemistry (2, 1948) 

Kirchhof, Anton C , hi S , hi D 758 S Vien Rd , 
Oswego, Ore Anesthesiologist, Providence, 
Veterans, and hlatson Memorial Hospitals (3, 
1947) 

Kirk, John E , M D Washington I ni\ School of 
Medicine, 5600 Vrsen il St , St Ixmis 9 hlo 
Dir of Research, Dii of Gerontology, issoc 
Prof of l/crficinc (2, 1950) 

Kirk, Paul L , Ph D Unn of California, Berke- 
le\ Prof of Biochemistry (2, 1933) 

Kirschbaum, Arthur, M D , Ph D Unn of Min- 
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nosotn Med School, Minneapolis Assoc Prof 
of \nalomy (4, 194S) 

Kisch, Bruno, M D Yeshiva Univ , New York 
Citj Prof of Biocheimslry (1, 1943) 

Kleiber, M , D Sc Univ of California, Dans 
Prof of Animal Husbandry (1, 1943, 6, 1933) 
Klein, J RajTnond.PhD Brookhaven Natl Lab, 
Upton, L I , N Y Sr Btochemtsl, Dept of 
Biology {2„ 1941) 

Kleiner, Israel Simon, Ph D Nen York Med 
College and Floi\er and Fifth Ave Hospitals, 
\e\^ York CitA 29 Prof of Btocheimslnj , Dtr , 
Dept of Physiology and Biochemistry (1, 1911, 
2, 1912, 3R, 1912, 5R, 1933) 

Kleitman, Nathaniel, Ph D Univ of Chicago, 
Chicago, 111 Prof of Physiology (1, 1923) 
Klemperer, Friedrich Wilhelm, M D Trudeau 
Foundation, Trudeau, N Y Head of Dept of 
Biochemistry (2, 1941) 

Kletzien, Seymour W , Ph D 330 S Ninth St , 
Philadelphia, Pa Nutrition Research Clinic, 
Philadelphia L\ ing-In and Pennsylvania Hos- 
pitals Biochemist (5, 1933) 

Kline, O L , Ph D Federal Security Agency , Food 
and Drug Admin , Washington, D C Bio- 
chemist (5, 1936) 

Kline, Raymond F , M S Route 1, Box 69, Fair- 
born, Ohio (1, 1946) 

Klotz, Irving M , Ph D Northwestern Univ , 
Evanston, R1 Prof of Chemistry (2, 1947) 
Kluver, Heinrich, Ph D Univ of Chicago, Chi- 
cago, D1 Prof of Exper Psychology (1, 1935) 
Knight, C Arthur, Ph D Univ of California, 
Virus Lab , Berkeley 4 Assoc Prof (2, 1946) 
Knisely, Melvin H , Ph D Med College of South 
Carolina, Charleston Chairman of Dept of 
Anatomy (1, 1949) 

Knoefel, Peter K , M A , M D Univ of Louis- 
ville, 101 W Chestnut St , Louisville, Ky 
Prof and Chairman of Dept of Pharmacology 
(3, 1934) 

Knowlton, Frank P , M D Syracuse Univ College 
of Medicine, Syracuse, N Y Prof Emeritus of 
Physiology (IR, 1911) 

Knowlton, G Clinton, Ph D Emory Univ , Room 
101, Phj'siologj^ Bldg , Emory University, Ga 
(1, 1938) 

Knox, W Eugene , M D 3026 S California Ave , 
Chicago 8, lU Research Assoc , Rheumatic Fever 
Research Inst , Northwestern Univ Med School 
(2, 1948) 

Knudson, Arthur, Ph D Albany^ Med College, 
New Scotland Ave , Albany, N Y Prof of 
Biochemistry and Assoc Dean (2, 1919 , 5, 1936) 
Khutti, Ralph Eddy, M D Children’s Hospital, 
Los Angeles, Calif Dir of Labs , Asst Prof 
of Pathology, Umv of Southern California (4, 
1933) 


Kober, Philip A , B S Sherman Labs , Detroit, 
Mich Dir of Research (2, 1912) 

Kobrak, Heinrich G , Ph D Univ of Chicago, 
Chicago, BI Asst Prof of Surgery (1, 1948) 
Kochakian, Charles D , Ph D Univ of Rochester 
School ofMedicine and Den tistrj^ Rochester 20, 
N Y Assoc Prof of Physiology (1, 1942, 2, 
1948) 

Kocher, Rudolph Alfred, M D Box 936, Carmel, 
Calif Dir of Velte Metabolic Clinic (2, 1915) 
Kocholaty, Walter F , Ph D Field Research Lab , 
Med Dept , Fort ICnox, Ivy Biochemist, Dept 
of Biochemistry (2, 1950) 

Koehler, Alfred E , M D , Ph D 317 W Pueblo 
St , Santa Barbara, Calif Physician, Sansum 
Clinic, Santa Barbara Cottage Hospital (2, 1924) 
Koehn, Carl J , Ph D Surgeon General’s Office, 
Preventive Medicine Div , Washington, D C 
Chief, Nutrition Branch (5, 1949) 

Koehne, Martha, Ph D 286 15th Ave , Apt 22, 
Columbus, Ohio Nutritionist, Ohio Stale Dept 
of Health (5, 1933) 

Koelle, George B , Ph D , M D Columbia Umv 
College of Phj'sicians and Surgeons, Dept of 
Pharmacology", 630 W 168th St , New York CIt^ 
32 Asst Prof (3, 1947) 

Koepf, George F , M D 537 Delav are Ave , 
Buffalo 2, N Y Assoc in Physiology, Univ of 
Buffalo (1, 1942) 

Koerber, Walter L , Ph D E R Squibb and Sons, 
New Brunswick, N J Asst Dept Head (6, 
1943) 

Kohlstaedt, Kenneth G , M D Lilly Lab for 
Clinical Research, Indianapolis General Hos 
pital, Indianapolis 7, Ind Director (1, 1947) 
Kohn, Henry I , Ph D , M D Umv of California 
Hospital, Radiologj" Dept , San Francisco Sr 
Surgeon, USPHS (1, 1940) 

Kolmer, John A , M S , M D , D P H 2101 Pine 
St , Philadelphia, Pa Prof of Medicine, Temple 
Umv , Dir , Research Inst of Cutaneous Hedt- 
cine (6, 1913) 

Komarov, Simon A , M D , Ph D S S Fels Fund, 
Med Research Lab , 255 S 17th St , Philadel- 
phia, Pa Dir of Dept of Biochemistry , Temple 
Umv School of Medicine (1, 1933) 

Kopeloff, Nicholas, Ph D New York State Psy- 
chiatnc Inst , 722 W 168th St , Nen York City 
Principal Research Bacteriologist, New York State 
Psychiatric Inst and Hospital (6, 1937) 

Koppanyi, Theodore, Ph D Georgetown Umv , 
Washington, D C Prof of Pharmacology (L 
1924, 3, 1935) 

Koprowski, Hilary, M D Lederle Labs Div , 
American Cyanamid Co , Pearl River, N Y 
Asst Dir , Viral and Rickettsial Research (6, 

1946) , , 

Komberg, Arthur, M D Natl Insts of Health, 
Bethesda 14, Md Sr Surgeon (2, 1949) 
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Korr, Irwin M , Ph D Kirksville College of Oste- 
opathy and Surgery, Kirksville, Mo Prof of 
Physiology (L 1939) 

Koshland, Marian Elliott, Ph D Harvard Med 
School, Dept of Bacteriologj and Immunologj , 
Boston, Mass (6, 1950) 

Kosman, A J , Ph D Northwestern Univ Med 
School, Dept of Physiologjs 303 E Chicago 
Ave , Chicago 11, 111 Asst Prof (1, 1949) 

Koster, Rudolf, Ph D Tulane Univ , Dept of 
Pharmacology, Station 20, New Orleans, La 
Asst Prof (3, 1949) 

Kottke, Frederic J , Ph D , M D Univ of ALn- 
nesota, Minneapolis Baruch Fellow in Physical 
Medicine (1, 1947) 

Eozelka, Frank L , Ph D Univ of Wisconsin, 
Dept of Pharmacology and ToMcolog}', Aladi- 
Bon Assoc Prof of Toxicology (3, 1939) 

Kraatz, Charles P , Ph D Jefferson Med College, 
1025 Walnut St , Philadelphia, Pa Assoc Prof 
of Pharmacology (3, 1950) 

Erahl, Maurice E , Ph D Washington Univ 
School of Medicine, St Louis 10, Mo Assoc 
Prof of Biological Chemistry (.2, 1939, 3, 1949) 
Krakower, Cecil Alexander, M D Univ of Illinois 
College of Medicine, 1853 WestPolk St , Chicago 
Prof of Pathology (4, 1945) 

Kramer, Benjamin, A M , M D CO Plaza St , 
Brooklynl7,N Y Pedialncian-in-Chief, Brooklyn 
Jewish Hospital, Prof of Clin Pediatrics, Long 
Island College Med School (1,1915,2,1914) 
Kramer, Martha, Ph D Kansas State College, 
Manhattan Assi Dean, School of Home Eco- 
nomics (5, 1933) 

Kramer, S D , AI D , Ph D 92 Washington Sq 
East, Salem, Alass Virologist (6, 1944) 
Krampitz, Lester O , Ph D Western Reserve 
Univ , 2109 Adelbert Rd , Cleveland 6, Ohio 
Head, Dept of Microbiology (2, 1946,6, 1949) 
Krantz, John C , Jr , Ph D Univ of Marjdand 
Aled School, Baltimore Prof of Pharmacology 
(3, 1937) 

Kratzer, F H , Ph D Univ of California, Div of 
Poultry Husbandry, Davis Asst Prof (5, 1949) 
Krauss, William E , Ph D Ohio Agricultural 
E\per Station, Wooster Assoc Dir (2, 1932, 
5, 1933) 

Kraybill, Henry R , Ph D 5720 Woodlawn Ave , 
Chicago 37, 111 Professorial Lecturer, Dept of 
Biochemistry , Univ of Chicago, Dir , Dept of 
Scientific Research, American Meat Inst Foun 
dation (2, 1942) 

Krayer, Otto, AID Hanard Aled School, 25 
Shattuck St , Boston, Mass Issoc Prof and 
Head of Dept of Comparatiic Pharmacology (3, 
1938) 

Krcczcr, George L , Ph D Washington Univ , 
St Louis 10, Mo 4ssoc Prof of Psychology 
(1, 1948) 


Krehl, Willard A , Ph D Yale Univ , 333 Cedar 
St , New^ Haven, Conn Asst Prof of Nutrition 
(2, 1947, 6, 1949) 

Krop, Stephen, Ph D Warner Inst for Thera- 
peutic Research, Dept of Pharmacologj% 113 
W ISth St , New' York City Dir of Dept of 
Pharmacology and Chemotherapy (1, 1949 , 3, 
1944) 

Krueger, Albert Paul, AI D Univ of California, 
Berkeley Prof and Chairman, Dept of Bac- 
teriology, Scientific Dir , Naval Biological Lab 
(4, 1930,6, 1937) 

Krueger, Hugo, Ph D Oregon State College, 
Dept of Zoology, Corvallis Prof of Physiology 
(1, 1931,3, 1935) 

Knimbhaar, Edward B , AI D , Ph D Univ of 
Pennsylvania Aled School, Philadelphia Prof 
Emeritus of Pathology (IR, 1914, 4, prior to 
1920) 

Kruse, Harry Dayton, AI D , Sc D Milbank Me- 
morial Fund, 40 Wall St , New' York City (2, 
1933, 5, 1950) 

Kruse, Theophile K , Ph D Univ of Pittsburgh 
Aled School, Pittsburgh, Pa Prof of Physiology 
and Pharmacology (1, 1919, 3, 1920) 

Kubicek, William G , Ph D Univ of Alinnesota 
Hospitals, Div of Phjsical Aledicme, Min- 
neapolis Assoc Prof (1, 1947) 

Kubie, Lawrence S , AI D 7i E Slst St , New 
York City 28 Clin Prof of Psychiatry and 
Mental Hygiene, Yale Univ School of Medicine, 
Faculty, N Y Psychoanalytic Inst (4, 1928) 
Kuffler, Stephen W , AI D Johns Hopkins Med 
School, Wilmer Inst , Baltimore 5, Md Assoc 
Prof of Physiological Optics (1, 1949) 

Kuhn, Harry A , M S 3915 Fulton St N W , 
Washington, D C Consultant (3, 1927) 

Kuhn, L Roland, Ph D Army Med Center, 
AMDR GS , Washington 12, D C Chief, Dept 
of Bacleriology (6, 1939) 

Kuiken, Kenneth A , Ph D A & AI College of 
Texas, College Station Assoc Prof , Dept of 
Biochemistry and Nutrition (2, 1950) 

Kuizenga, Mamn H , Ph D Upjohn Company, 
Kalamazoo, Mich Head of Dept of Pharma- 
cology-Endocrinology (2, 1947) 

Kun, Ernest, AI D Tulane Univ , Dept of Alcdi- 
cine, 1430 Tulane Ave , New Orleans 12, La 
Asst Prof (3, 1949) 

Kunde, Margarete M , Ph D , AI D 30 N Alichi- 
gan Ave , Suite 1308, Chicago, 111 Instr in 
Medicine, Northwestern Univ Med School, Clin 
Asst in Endocrinology, Cool County Hospital 
(1, 1924) 

Kunitz, Moses, Ph D Rockefeller Inst for Med 
Research, GCth St and York Vve , New York 
Citv 21 Member (2, 1947) 

Kupperman, Herbert S , M D , Ph D New York 
I niv College of Medicine, Dept of Thera- 
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jioutics 477 First \\e , New York Cit^ Re- 
srarrh \ssoc (3, 1950) 

Kurfz, ARon C , Ph D Univ of Oklahoma Med 
School, Dept of Biochemistr} , Oklahoma Citi 
Assoc Prof (2, 1942) 

Ku\pcr, Adrian C , Ph D Wayne Univ College 
of Medicine, Detroit 26, I\Iich Assl Prof of 
Pht/siological Chcrmstri/ (2, 1946) 

Kvdd, David M , M D Yale Univ School of Medi- 
cine, \en Haven, Conn Assoc Prof of Medi- 
cine (5, 1934) 

K>es, Preston, Sc D , kl D North Jaj, Maine 
Prof Emeritus (6R, 1918) 

K)ker, Granvil C , Ph D Univ of Puerto Rico, 
School of Medicine, San Juan Prof and Head, 
Dept of Biochemistii/ and Nutrition (2, 1947) 
LaBelle, Annette, B A , 271 Alta Viata Dr , 
Tuckahoe7, N Y (1, 1948) 

Lackey, Robert W , Ph D Southwestern Med 
College, Dept of Phy'Siolog}' and Pharmacology, 
Dallas 4, Te\as Prof of Physiology (1, 1947) 
Lacorte, Jose G , M D Institute Osu aldo Cruz, 
Rio de Janeiro, Brazil, S A Dtr , Virus Sec- 
tion, Oswaldo Cruz Inst (6, 1946) 

Lacy, G R,MD Univ of Pittsburgh, Pittsburgh, 
Pu Pro/ of Bacteriology and Immunology (4, 
1927) 

Lalich, Joseph J , M D Univ of Wisconsin, 426 
\ Charter St , Madison 6 Assoc Prof of 
Pathology (4, 1946) 

Lamb, Alvin R , Ph D Hanauan Sugar Planters' 
Assoc , E\per Station, Honolulu Research As- 
soc (2,1923,5, 1934) 

Lambert, Edward H , Ph D , M D Mayo Founda- 
tion, Rochester, Minn Asst Prof of Physiology 
(1, 1945) 

Lambert, Robert A , M D Bricks Springs, Greens- 
boro, Ala Consultant, Pan American Sanitary 
Bureau, Regional Office of World Health Organi- 
zation (4, 1922) 

Lambertsen, Christian J , M D Univ of Pennsyl- 
1 aiiia School of Medicine, Philadelphia, Pa 
Asst Prof of Pharmacology, (3,1948) 

Lampen, J Oliver, Ph D Western Reserve Univ 
School of Aledicine, Cleveland 6, Ohio Assoc 
Prof of Microbiology (2, 1947) 

Lamport, Harold, M D Yale Univ School of 
Medicine Nen Haven, Conn Assoc Prof of 
Physiology (1, 1943) 

Lamson, Paul Dudley, M D Vanderbilt Univ 
Died School, Nashville, Tenn Prof of Pharma- 
cology (1,1921,3,1915) 

Lancefield, Rebecca C , Ph D 66th St and York 
A\e , New York City 21 Assoc Member, Rocke- 
feller Inst for Med Research (6,1933) 

Landis, Carney, Ph D Columbia Univ , Psj clu- 
atric Inst , 722 W 168th St , New York City 


Principal Research Psychologist and Prof of 
Psychology (1, 1939) 

Landis, Eugene Markley, Ph D , M D Hansard 
Med School, Dept of Physiology, 25 Shattuck 
St , Boston, Mass George Higginson Prof of 
Physiology (1, 1928) 

Landowne, Milton, DI D 6101 Stewart Ave , Balti- 
more 9, Did Assoc Chief, Cardiovascular Disease 
and Gerontology Section, Baltimore City Hospital 
(1. 1947) 

Lands, Alonzo, M , Ph D Sterling-Winthrop Re 
search Inst , Rensselaer, N Y Head, Pharma 
cology Section (1, 1942, 3, 1947) 

Lange, Carl, M D 371 DIorns St , Albany, N Y 
Assoc Bactei lologist , Divs of Labs and Public 
Health, N Y State Dept of Health (6, 1938) 

Langley, Wilson D , Ph D Univ of Buffalo Died 
School, 24 High St , Buffalo, N Y Prof of 
Biochemistry (2, 1937) 

Langworthy, Orthello R , M A , M D Johns Hop- 
kins Hospital, Baltimore, Did Assoc Prof of 
Psychiatry, Johns Hopkins Univ (1, 1928) 

Lanni, Frank, Ph D Duke Umv School of Dledi- 
cme, Durham, N C Research Assoc (6, 1949) 

Lardy, Henry A , Ph D Inst for Enzyme Re- 
search, Univ of Wisconsin, Madison 6 Prof 
of Biochemistry (2, 1946) 

Larrabee, Martin G , Ph D Johns Hopkins Univ , 
Biophy’sics Dept , Baltimore 18, Md Assoc 
Prof (1, 1940) 

Larsen, Eleanor M , Ph D Univ of Wisconsin, 
Dept of Phy'Siologv, S DI I , DIadison 6 Instr 
in Physiology (1, 1949) 

Larson, Carl L , M D Natl Insts of Health, Div 
of Infectious Diseases, Bethesda, Did Surgeon, 
USPHS (6, 1948) 

Larson, Edward, Ph D Died Research, Unit of 
the A^'eterans Hospital, Coral Gables, Fla Prof 
of Physiology and Pharmacology (1, 1929, 3, 1937) 

Larson, Hardy W , Ph D DIetropolitan Life 
Insurance Co , Biochemical Lab , 1 DIadison 
Ave , New York City Research Chemist (2, 
1937) 

Larson, Paul S , Ph D Died College of Virginia, 
Richmond Research Prof of Pharmacology (L 
1939, 3, 1947) 

Lashley, K S , Ph D Yerkes Labs , Orange Park, 
Fla Research Prof of Neuropsychology, Harvard 
Umv , Dir , Yerl es Labs of Pnmate Biology, 
Inc (1, 1923) 

Laskowski, M , Ph D DIarquette Umv Died 
School, Dlilnaukee 3, Bbs Assoc Prof of Bto 
chemistry (2, 1944) 

Last, Jules H , Ph D , DI D Northwestern Umv 
Died School, Chicago, 111 Assl Prof Exper 
Medicine (3, 1948) 

Lauffer, Max A , Jr , Ph D Umv of Pittsbui^h, 
Pittsburgh 13, Pa Research Prof and Head of 
Dept of Biophysics (2, 1946) 
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Lang, E P , Ph D Food and Drug Admin , Div 
of Pharmacolog}', 12th and C Sts S W , Wash- 
ington 25, D C Pharmacologist (2, 1938 , 3, 
1947) 

Laurens, Henry D , Ph D , M D Bo\ 167, Flat- 
rock, N C (IR, 1913) 

Lauson, Henry D , Ph D , M D , Nen York Hos- 
pital, Dept of Pediatrics, 525 E 68th St , 
New York City 21 Associate (1, 1946) 

Lavine, T F , Ph D Lankenau Hospital Research 
Inst , Philadelphia, Pa Research Chemist (2, 
1938) 

Lawrence, W Sherwood, M D 906 Hazel St , 
Gndley, Calif Physician and Surgeon (3, 1944) 
Lawson, Hampden, M D , Ph D Univ of Louis 
ville, Louisville, Ity Prof of Physiology (1, 
1933) 

Lawton, Alfred H , M D , Ph D Veterans Admm , 
Bureau of Medicine and Surgery, Washington, 
D C Acting Asst Chief Med Dir (1, 1949, 
3, 1948) 

Leake, Chauncey D , Ph D Univ of Te\as Med 
Branch, Galveston, Vice-Pres of Univ of Texas 
in Charge of Med Program (1, 1923, 3, 1924) 
Leathern, James H , Ph D Rutgers Umv , New 
Brunswick, N J Prof of Zoology (1, 1945) 
Leathes, John Beresford, M A , MB Westfield 
Ware Lane, Lyme Regis, Dorset, England 
Emeritus (2, 1909) 

Lederer, Ludwig George, Ph D , M D Pennsjd- 
vania Central Airlines, Natl Airport, Washing- 
ton, D C , Med Dir (1, 1940) 

Lee, Douglas H K , M D Johns Hopkins Umv , 
I Bowman School of Geography, Baltimore 18, 
Md Prof of Physiological Climatology , Lecturer 
in Physiological Hygiene (1, 1949) 

Lee, Milton O , Ph D 2101 Constitution Ave , 
Washington 25, D C Exec Sec and Managing 
Editor, American Physiological Society, Federa- 
tion Sec (1, 1927, 5, 1933) 

Lee, Richard E , Ph D , M D New York Hos- 
pital, Dept of Medicine, New York City 21 
Fellow in Medicine, Cornell L niv College of 
Medicine (1, 1950) 

Leese, Chester E , Ph D George Washington 
Umv School of Medicine, Washington, D C 
Assoc Prof of Physiology (1, 1934) 

LeFevre, Paul G , Ph D Umv of Vermont College 
of Medicine, Dept of Ph^slolog^ and Bio- 
physics, Burlington Asst Prof (1, 1950) 
Lehman, Arnold J , Ph D , !M D Food and Drug 
Admin , Washington 25, D C Chief, Dii of 
Pharmacology (3, 1937) 

Lehman, Robert A , Ph D Campbell Pharmi- 
ceutical Co , 254 W 31st St , New A ork Cit\ 1 
Dtr of Research (3, 19121 
Lohninger, Albert L , Ph D Lnn of Chicago 
Mod School, 950 E 59th St , Chicago 37, 111 


Assoc Prof of Biochemistry in Depls of Bio- 
chemistry and Surgery (2, 1946) 

Lehr, David, M D New York Med College, 
Flower and Fifth Ave Hospitals, Fifth Ave 
at 105th St , New York City 29 Assoc Prof 
in Pharmacology and Medicine (3, 1947) 
Leichsenring, Jane M , Ph D Umv of Minnesota, 
Univ Farm, St Paul Prof of Nutrition (6, 
1948) 

Leimdorfer, Alfred, M D Univ of Illinois College 
of Medicine, Dept of Psymhiatry^, Chicago 12 
Assoc Prof (1, 1947) 

Lein, Allen, PhD Northwestern Umv Med 
School, Dept of Physiology^ Chicago 11, 111 
Asst Prof (1, 1946) 

Lenhart, Carl H , M D Lakeside Hospital, 2065 
Adelbert Rd , Cleveland, Ohio Oliver H Payne 
Prof of Surgery, Western Reserve Umv (1, 
1921) 

Lennette, Edwin H , Ph D , M D California State 
Dept of Public Health, Berkeley^ Dir , Viral 
and Rickettsial Disease Lab , Lecturer in Virology, 
School of Public Health, Umv of California 
(4, 1941, 6, 1947) 

Leonard, Clifford Shattuck, Ph D 286 Whitefield 
St , Guilford, Conn Technical Assoc , Chemical- 
Biological Coordination Center, Natl Research 
Council (3, 1927) 

Leonards, Jack Ralph, Ph D Western Reserve 
Umv Med School, Cleveland, Ohio Asst Prof 
of Biochemistry (2, 1948) 

Le Page, G A , Ph D Umv of Wisconsin, Mc- 
Ardle Memorial Lab for Cancer Research^ 
Madison 6 Assoc Prof of Oncology (2, 1949) 
Lepkovsky, Samuel, Ph D Umv of California, 
Poultry Div , Berkeley 4 Prof of Poultry 
Husbandry (2, 1933, 5, 1933) 

L’Esperance, Elise L , M D 2 East 61st St , New 
York City Dir , Strong Cancer Precaution Clinic, 
Memorial Hospital, and New York Infirmary 
(6, 1920) 

Leverton, Ruth M , Ph D Umv of Nebraska, 
Dept of Home Economics, Lincoln Assoc 
Prof of Human Nutrition Research (5, 1942) 
Lman, Louis, Ph D Columbia Umv , College of 
Physicians and Surgeons, 630 W 168th St , 
New York City 32 Asst Prof of Anatomy (2, 
1939) 

Levine, Harold, PhD 941 E S\han Ave , Mil- 
waukee 11, Wis (2, 1933 , 5, 1933) 

Levine, Milton, Ph D Kalnl K user Inst 2600 
Alamcd i St , A'^allcjo Calif Dir of Research 
(6, 1942) 

Levane, Philip, M D Ortho Research 1 oundation, 
Raritan, N J Dir , Biologic Die (C, 1925) 
Levine, Rachmicl, M D Michael Rcc'^c Hospital, 
Chicago, 111 \cting Dir , Dept of Metabolic 
Research, Professorial Lecturer in Physiologg, 

I nil of Chicago (I, 1912) 
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Levme, Samuel Z , jM D , Nei^ York Hospital, 
525 E 6Sth St , New York Cit 3 Prof of Pedi- 
atrics, Cornell Lntv Med College, Pediatrician- 
in Chief, New Yorl Hospital (5, 1933) 

Lenne, \ictor Emanuel, Ph D , M D Creighton 
Unn School of iMedicine, Omaha, Nebr Prof 
of Biological Chemistry and Nutrition (2, 1936) 
Levinson, Samuel A , Ph D , M D Univ of Il- 
linois College of Aledicine, 808 S Wood St , 
Chicago Prof of Pathology, Dir of Labs , 
Research and Educational Hospital (4, 1938) 
Levison, Louis A , jM D 421 Michigan St , Toledo, 
Ohio Physician to Toledo and St Vincent Hos- 
pitals (G, 1916) 

Levy, Milton, PhD New York Univ College of 
Medicine, 477 First Ave , New York Citj 
Assoc Prof of Chemistry (2, 1933) 

Levy, Robert L , M D 730 Park Ave , New York 
Citi Prof of Clin Medicine, Columbia Univ 
College of Physicians and Surgeons (3, 1915) 
Lewey, F H , jM D 3400 Spruce St , Philadelphia 
4, Pa Prof of Neuroanatomy, Univ of Pennsyl- 
lania Grad School of Medicine, Assoc in Neuro- 
pathology and Neurosurgery, Med School (1, 
1937) 

Lewis, George T , Ph D Emorj Univ School of 
Dentistrj , Dept of Biochemiatrj , Emorj Univ , 
Ga Professor (2, 1949) 

Lewis, Gladys Kinsman, Ph D 401 S Lafayette 
St , Denver 9, Colo Nutrition Consultant, Colo- 
rado State Dept of Health (5, 1944) 

Lewis, Howard Bishop, Ph D Univ of Michigan 
Med School, Ann Arbor John Jacob Abel 
Univ Prof of Biological Chemistry (1, 1925, 
2, 1913, 5, 1933) 

Lewis, James C , Ph DUS Dept of Agriculture, 
Western Regional Research Lab , Alban}"^ 6, 
Calif Biochemist (2, 1946) 

Lewis, Jessica H , M D Univ of North Carolina 
School of jMedicine, Dept of Phj siologj , Chapel 
Hill Research Assoc (1, 1949) 

Lewis, John R , Ph D Sterling-Winthrop Re- 
search Inst , Rensselaer, N Y Research Assoc 
in Pharmacology (3, 1950) 

Lewis, Julian Herman, M D 4750 Champlain 
Ave , Chicago, Rl Assoc Prof of Pathology, 
Univ of Chicago, Member, Otho S A Sprague 
Memorial Inst (4, 1924) 

Lewis, Lena A , Ph D Cleveland Clinic, Euclid 
Ave and E 93rd St , Cleveland 6, Ohio Research 
Staff (1, 1946) 

Lems, Robert C , Ph D Univ of Colorado, 4200 
E 9th Ave , Denver Prof of Biochemistry, 
Dean, School of Medicine (2, 1931, 5, 1933) 
Lewis, Warren H , M D Wistar Inst of Anatomy 
and Biology , Philadelphia, Pa Member (IR, 
1919) 

Ley, Herbert Leonard, Jr , iM D Army Med 
Center, AMDR <L GS, Dept nnis and Rickett- 


sial Diseases, Washington 12, D C Issislant 
(6, 1949) 

Li, Choh Hao, Ph D Univ of California, 4596 Life 
Sciences Bldg , Berkeley Prof of Biochemistry 
{2, 1944) 

Li, Richard C , M D c/oDr T S Yu,392MaDang 
Rd , Shanghai 25, China Guest in Dept of 
Pharmacology, Nall Med College of Shanghai 
(3, 1941) 

Libby, Raymond L , Ph D Veterans Admin , IMl- 
shire and SawteUe Blvds , Los Angeles 25, Calif 
Assoc Prof of Radio Biology , Univ of California 
Med School, Chief of Isotope Section, Veterans 
Hospital, Los Angeles (G, 1938) 

Liberson, W T , M D Inst of Lmng, Hartford, 
Conn Neurophysiologist (1, 1948) 

Libet, Benjamin, Ph D Univ of California iMed 
Center, Dept of Anatomy , San Francisco Ass/ 
Prof of Physiology, Med School (1, 1942) 
Licklidcr, J C R , Ph D ^Massachusetts Inst 
of Technology , A.coustics Lab Cambridge 
(1, 1938) 

Liddell, Howard S , Ph D Cornell Unn , Ithaca, 
N Y Prof of Psychology (1, 1925) 

Lieb, Charles C , M D Columbia Umv College of 
Physicians and Surgeons, 630 W 16Sth St , New 
York City Hosach Prof of Pharmacology (IB, 
1936, 3R, 1915) 

Lieberman, Arnold L , IM D , Ph D 328 No Coun 
try Club Rd , Tucson, Anz (1, 1934) 
Lieberman, Seymour, Ph D Columbia Unn , 
College of Physicians and Surgeons, 630 W 
168th St , New York City 32 Asst Prof of 
Biochemistry assigned to Obstetrics and Gyne 
cology (2, 1948) 

Lifson, Nathan, MD, PhD 6129 Wentworth 
Ave , S , Alinneapolis, Minn Prof of Pkysiol- 
ology, Univ of Minnesota Med School (1, 1944) 
Llghtbody, Howard D , Ph D QM Food and Con- 
tainer Inst for the Armed Forces, 1849 W Per- 
shing Rd , Chicago 9, HI Dir of Food Labs (2, 
1936) 

Ligon, Edgar Williams, Jr , Ph D Production and 
Marketing 4.dmin , Insecticide Dn' , A.gncul- 
tural Research Center, Beltsville, Aid Pharma- 
cologist (3, 1948) 

Lilienthal, Joseph L , Jr , IM D Johns Hopkins 
Hospital, Baltimore 5, Md Assoc Prof of Medi- 
cine (1, 1945) 

Lilhe, Ralph Stayner, Ph D Physiological Labs , 
Univ of Chicago, Chicago 37, 111 Prof Emeritus 
of Physiology (IR, 1905, 2, 1913) 

Lilhe, R D , IM D Pathology and Pharmacology 
Lab , E B M I , Natl Insts of Health, Be- 
thesda, Md Chief, Med Dir , JjSPHS (4, 1941) 
Lilly, John C , M D 3400 Spruce St , Philadelphia 
4, Pa Ass/ Prof in Biophysics, E R Johnson 
Foundation for Med Physics, Untv of Penn- 
sylvania, School of Medicine (I, 1950) 
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Lim, Robert Kho-Seng, M B , Pb D , D Sc 
Creighton Univ School of Medicine, Omaha 2, 
Nebr Pro/ oj Physiology (1. 1923) 

Lindeman, V F , Ph D Syracuse Univ , 16 Lyman 
Hall, Syracuse, N Y Prof of Zoology, (1, 1949) 
Lindsay, Stuart, M D Univ of California Med 
School, Univ Hospital, San Francisco 22 
Assoc Prof and Pathologist (4, 1949) 

Lindsley, Donald B , Ph D Northwestern Univ , 
Evanston, 111 Prof of Psychology (1, 1937) 
Linegar, Charles R , Ph D E R Squibb and Sons, 
Research and Development Labs , New Bruns- 
mck, N J Dir , Pharmacological Development 
Div , (3, 1938) 

Lineweaver, Hans, Ph DUS Dept of Agricul- 
ture, Western Regional Research Lab , Albany 
6, Calif Head of Poultry Products Div (2, 1941) 
Link, Karl Paul, Ph D Univ of Wisconsin, Bio- 
chemistry Bldg , Madison Prof of Btochemislry 
(2, 1931) 

Lintz, William, M D 36 Plaza St , Brooklvn, N Y 
Late Prof of Immunology and Bacteriology and 
Clin Prof of Medicine, Long Island College of 
Medicine (6, 1920) 

Lipman, Mrs Miriam O , A M Presbyterian Hos- 
pital, Dept of Medicine, 620 W 168th St , New 
York City Research Asst , Edward Darnels 
Faulkner Arthritis Clinic (6, 1931) 

Lipmann, Fritz, M D , Ph D Massachusetts Gen- 
eral Hospital, Biochemical Research Lab , Bos- 
ton 14 Head, Prof of Biological Chemislry , Har- 
vard Med School (2, 1941) 

Lippincott, Stuart W , M D Univ of Washington 
School of Medicine, Seattle Chairman, Dept of 
Pathology (4, 1947) 

Lippman, Richard W , M D 4751 Fountain Ave , 
Los Angeles 27, Calif Research Assoc , Inst for 
Med Research, Cedars of Lebanon Hospital (1, 
1950) 

Lipton, Morns A , Ph D , M D Univ of Chicago, 
Dept of Medicine, 950 E 59th St , Chicago 37, 
111 Fellow, Psychiatry (2, 1946) 

Lisco, Hermann, M D Argonne Natl Lab , Chi- 
cago SO, 111 Dir , Med Div , Asst Prof of Pathol- 
ogy, Univ of Chicago (4, 1947) 

Litchfield, John T , Jr , M D American Cy anamid 
Co , 1937 W jMain St Stamford, Conn Phar- 
macologist (3, 1940) 

Little, James Maxwell, Ph D Bowman Gray 
School of Medicine of Wake Forest College, 
B inston-Salem, N C Prof of Pharmacology, 
Assoc Prof of Physiology (1, 1942,3,1947) 
Little, Robert C , M D Unn of Tennessee, Dept 
of Ph^•Slolog^ , Memphis Isst Prof (1,1950) 
Livingston, Alfred E , Ph D Temple Unn School 
of Medicine, Philadelphia, Pa Prof of Pharma- 
cology (1, 1917, 3, 1920) 

Livingston, Robert B , M D 333 Cedar St , Non 


Haven, Conn Instr , Lab of Physiology (1, 
1949) 

Lloyd, David P C , Ph D Rockefeller Inst for 
Med Research, 66th St and York Ave , New 
York City 21 Assoc Member (1, 1939) 

Locke, Arthur P , Ph D Zonite Products Corp , 
New Brunswuck, N J Chief Research Chemist 
(6, 1926) 

Lodholz, Edward, M D Univ of Pennsylvania, 
Med Labs , Philadelphia Prof Emenius of 
Physiology, Grad School of Medicine (1, 1913) 
Loeb, Leo, M D Washington Univ Med School, 
St Louis, Mo Prof Emeritus of Pathology (IR, 
1907, 4, 1913) 

Loebel, Robert O , M D 205 East 78th St , New 
York City (IR, 1928) 

Loefer, John B , Ph D Foundation of Applied Re- 
search, P O Bo\ 2296, San Antonio 6, Te\ 
Chief Biologist (1, 1949) 

Loew, Earl R , Ph D Boston Univ School of Medi- 
cine, 80 E Concord St , Boston 18, Mass Prof 
of Physiology (1, 1940 , 3, 1946) 

Loewe, W S , M D Umv of Utah School of Medi- 
cine, Dept of Pharmacology, Salt Lake City 1 
(3, 1936) 

Logan, Milan A , Ph D Umv of Cincinnati Col- 
lege of Medicine, Eden and Bethesda, Cincinnati 
19, Ohio Prof of Biological Chemistry (2, 1936) 
Long, C N H , D Sc , M D Yale Univ , 333 Cedar 
St , New Haven 11, Conn Dean, School of Medi- 
cine and Sterling Prof of Physiological Chemistry 
(1, 1935, 2, 1927) 

Long, Esmond R , M D 7th and Lombard Sts , 
Philadelphia, Pa Dir , Henry Phipps Inst , Prof 
of Pathology, Umv of Pennsylvania (4, 1930) 
Long, Perrin Hamilton, M D Johns Hopkins 
Umv, 615 N Wolfe St , Baltimore, Md Prof of 
Preventive Medicine (3, 1940) 

Longcope, Warfield T , M D Cornhill Farm, Lee, 
Mass (3R, 1921 , 4, 1913 , GR, 1923) 

Longenecker, Herbert Eugene, Ph D Univ of 
Pittsburgh, Pittsburgh 13, Pa Dean, Grad 
School, Prof of Biochemistry (2, 1940 , 5, 1945) 
Longwell, Bernard B , Ph D Umv of Colorado 
School of Medicine, 4200 East 9th Ave , Denver 
7, Colo Prof of Biochemistry (2, 1946) 
Loofbourrow, G N , Ph D Umv of Kansas, Dept 
of Phy Biology , Lawrence Asst Prof (1, 1950) 
Loom s, Ted A Ph D , hi D Univ of Washington 
School of Medicine, Seattle tssoc Prof of 
Pharmacology (3, 1948) 

Looney, Joseph M , hi D 75 Park St , West Rox- 
hury, Mass Chief of Ixibs , V A Regional 
Office, Boston (2, 1922) 

Loosli, Clavton Garr, M D , Ph D Lniv of Ciii- 
cago, Chicago, III Prof of Prcicntnc Medicine 
(4, 1940) 

Loosli, J K , Ph D Cornell Unn , Animal Nutri- 
tion Lab , Itliaca, N Y Assoc Prof of Inimal 
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Xntnhon and Issoc Aiumal Nulntiomst tn 
Exper Station (5, 1944) 

Lorber, Victor, j\I D , Ph D Western Reserve 
Unn School of jMedicine, Dept of Biochemis- 
trj , Cleveland, Ohio Assoc Prof (1, 1944) 
Lorente de N6, Rafael, hi D Rockefeller Inst for 
hied Research, 66th St and York Ave , New 
York Citj" Member (1, 1937) 

Lorenz, Egon, Ph D Natl Cancer Inst , Bethesda, 
Md Biophysicist (4, 1942) 

Loring, H S , Ph D Stanford Univ , Dept of 
Chcmistn Stanford Univ , Calif Pi of of Bio- 
chimislrii (2,1938) 

Lotspeich, William D , M D Oxford Univ , Dept 
of Biochemistry, Oxford, England Research 
Fellou in Biochemistry (1, 1948) 

Louis, Lawence H , D Sc Univ Hospital, Dept 
of Internal hledicine, Ann Arbor, Mich Assf 
Prof of Biological Chemistry, Univ of Michigan 
(2, 1949) 

Loreless, Mary H , M D New Y’ork Hospital, 626 
1 6Sth St , Nen York City Research Assoc , 
Cornell Med School, Physician to Out-Patients, 
Vcio I ork Hospital (6, 1941) 

Lowell, Francis C , M D 65 East Newton St , Bos- 
ton, hlass Assoc Prof of Mcdiane, Boston Univ 
School of Medicine (G, 1942) 

Lonenbach, Hans, hi D Duke Univ hied School, 
Durham, N C Assoc Prof of N europsychiatry 
and Physiology (1,1946) 

Lowry, Oilier H , hi D , Ph D Washington Univ 
School of hledicme, 4580 Scott Ave , St Louis 
10, hlo Prof and Head of Dept of Pharmacology 
(2, 1942 , 3, 1950) 

Lu, Go, M D Unn of hlarjland hied School, 
Dept of Pharmncologi , Baltimore 1 Fellow 
(3. 1949) 

Lubinski, Herbert, M D Jemsh General Hospital, 
3755 St Catherine Rd , Montreal, Quebec, 
Canada Bacteriologist and Serologist (6,1941) 
Lucas, Cohn C , Ph D Univ of Toronto, Banting 
and Best Dept of hied Research, Toronto, On- 
tario, Canada Professor (2, 1946) 

Lucas, George H W , Ph D Univ of Toronto, 
Toronto, Ontario, Canada Prof of Phar- 
macology (2, 1925 , 3, 1928) 

Luck, James Murray, Ph D Stanford Univ , Stan- 
ford Unix , Calif Prof of Biochemistry (2, 1926) 
LuckG, Balduin, hi D , D P H 141 hlontgomerj'- 
Ave , Bala-Cvm\’i d. Pa Prof of Pathology, 
Unit of Pennysvania Med School, Philadelphia 
(4, 1924) 

Luckhardt, Arno Benedict, Ph D , hi D Univ of 
Chicago, Chicago, 111 The Dr Wm Beaumont 
Distinguished Service Prof of Physiology (1, 
1911) 

Ludewig, Stephan, Ph D Univ of Virginia School 
of hledicine, Charlottesville Assoc Prof of 
Biochemistry (2, 1941) 


Luduena, Froilan P , Ph D , hi D Sterling-Win- 
throp Research Inst , Rensselaer, N Y Re- 
search Pharmacologist (3, 1941) 

Luecke, Richard W , Ph D Michigan State Col- 
lege, Dept of Agricultural Chemistry, East 
Lansing Prof (Research) (5, 1950) 

Luft, Ulrich C , hi D USAF School of Aviation 
Medicine, Randolph A F B , Tex Research 
Physiologist (1, 1950) 

Lukens, Francis D W , hi D Univ of Pennsyl- 
vania 809 Maloney Clinic, 36th and Spruce Sts , 
Philadelphia Assoc Prof of Medicine, Dir of 
George S Cox Med Research Inst (1, 1938) 

Lund, E J , Ph D 1000 Barton Blvd , Austin, 
Tex Prof of General Physiology, Univ of Texas 
(1, 1930) 

Lundberg, Walter O , Ph D Hormel Inst , Austin, 
Minn Director, Prof of Agricultural Btochem 
istry, Umv of Minnesota (2, 1949) 

Lundgren, Harold P , Ph DUS Dept of Agri- 
culture, Western Regional Research Lab , Al- 
bany 6 Calif Sr Chemist (2, 1942) 

Lundy, John Silas, hi D hlayo Foundation, 
Rochester, Minn Prof of Anesthesiology, Chief 
of Section on Anesthesia, Mayo Clinic (3, 1935) 
Lune, Max B , M D Henry' Phipps Inst , 7th and 
Lombard Sts , Philadelphia, Pa Assoc Prof of 
Exper Pathology (4,1934,6,1930) 

Lushbaugh, Clarence C , hi D , Ph D Los Alamos 
Scientific Lab , P 0 Box 1663, Los Alamos, 
N hlex Staff Member, Pathologist, Los Alamos 
Hospital (4, 1950) 

Lutz, Brenton R , Ph D Boston Univ , 676 Com- 
monwealth Ave , Boston, Mass Prof of Biology 
(1, 1925) 

Luyet, Basile J , Sc D St Louis Univ School of 
hledicine, St Louis, hlo Prof of Biology (1, 
1936) 

Lyall, Harold W , Ph D Nen York State Dept of 
Health, Div of Labs and Research, Albany 
Asst Dir tn charge of Antitoxin, Serum, and 
Vaccine Labs (6, 1937) 

Lyman, Carl hi , Ph D A and M College of Texas, 
Texas Agricultural Exper Station, College Sta- 
tion Prof and Head of Dept of Biochemistry 
and Nutrition (2, 1940) 

Lyman, John F , Ph D Ohio State Univ , Towns- 
hend Hall, Columbus Prof of Agnadtural 
Chemistry (2, 1920, 6R, 1933) 

Maaske, Clarence A , Ph D Univ of Colorado 
School of hledicine, 4200 E 9th Ave , Denver 
Prof of Physiology (1, 1945) 

Macallum, A Bruce, M D , Ph D Univ of 
Western Ontario hied School, London, Ontario, 
Canada Research Prof of Biochemistry (2, 1914) 
MacCardle, Ross C , Ph D Natl Cancer Inst , 
Bethesda, hid Principal Cytologist (4, 1948) 
MacCorquodale, D W , Ph D Abbott Labs 
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North Chicago, 111 Head of Biochemical Re- 
search (2, 1934) 

MacFadyOn, Douglas A , M D Presbyterian Hos- 
pital, 1763 W Congress St , Chicago 12, 111 
Chairman of Dept of Biochemistry (2, 1942) 
Macht, David Israel, M D Sinai Hospital, Balti- 
more, Md Consultant Pharmacologist, Research 
Pharmacologist, Sinai Hospital Labs (IR, 1916, 
3, 1916) 

Macht, Martin B , Ph D The Jewish Hospital, 
Cincinnati 29, Ohio (1, 1948) 

Macintosh, F C , Ph D McGill Univ , Dept of 
Physiology, Montreal, Quebec, Canada Pro- 
fessor and Chairman of Dept (1, 1960 , 3, 1950) 
MacKay, Eaton M , M D Scripps Metabolic 
Clinic, La Jolla, Calif (1, 1930) 

MacKay, Ian F S , Ph D Univ College of the 
West Indies, Jamaica, British West Indies Prof 
of Physiology (1, 1949) 

Mackenzie, Cosmo G , ScT) Univ of Colorado 
School of Medicine, Dept of Biochemistry, 
4200 E 9th Ave , Denver 7 Professor (1, 1946, 
2, 1946, 5, 1942) 

Mackenzie, George M , M D Mary Imogene 
Bassett Hospital, Cooperstown, N Y Physi- 
cian-in-Chief, Dtr , Otsego County Lab (6, 1912) 
MacLeod, Cohn M , M D New York Univ Col- 
lege of Medicine, 477 First Ave , New York City 
Prof of Bacteriology (6, 1937) 

MacLeod, Florence L , Ph D Univ of Tennessee, 
Knowille Prof of Nutrition (2, 1927, 5, 1933) 
MacLeod, Grace, Ph D 106 Morningside Drive, 
New York City 27 Prof Emeritus of Nutrition, 
Teachers College, Columbia Univ (2, 1924, 5R, 
1933) 

MacLeod, John, Ph D Cornell Univ Med Col- 
lege, 1300 York Ave , New York Citj Asst Prof 
of Anatomy (1, 1942) 

MacNabb, Andrew L , V S , B V Sc Guelph, On- 
tario, Canada Principal, Ontario Veterinary Col- 
lege (G, 1941) 

MacNider, William deB , M D , Sc D Univ of 
North Carolina, Chapel Hill Kenan Research 
Prof of Pharmacology (1, 1912,2, 1912,3, 1909, 
4, prior to 1920) 

MacPherson, Catherine F C , Ph D 236 Brock 
Ave N , Montreal West, Quebec, Canada (2, 
1947) 

MacPhillamy, Betty B , Ph D 145 Greene Ave , 
Madison, N J Bacteriologist (6R, 1944) 
MacVicar, Robert, Ph D Oklahoma A <SL M Col- 
lege, Stillwater Prof and Head of Dept of 
Agricultural Chemistry Research (2, 1949) 
Madden, Sidney C , M D Brookliav en Natl Lab , 
Upton, L I , N Y Head, Div of Pathology, 
Pathologist-iu-Chief,BroolhaicnNatl Lab Hos- 
pital (4,1939) 

Mnddock, Stephen, M D Boston Citv Hospital, 
Boston, Mass Dir of Surgical Research Lab , 


Asst Prof of Surgery, Tufts Med School (4, 
1931) 

Madsen, Louis L , Ph D Utah State Agricultural 
College, Dept of Animal Husbandry, Logan 
Nutritionist (5, 1940) 

Magath, Thomas B , Ph D , M D Mayo Clinic, 
Rochester, Minn Head of Div of Clin Labs , 
Prof of Clin Pathology and Parasitology , Univ 
of Minnesota, Mayo Foundation (1, 1928) 

Magill, Thomas P , M D Long Island College of 
Medicine, Brooklyn, N Y Prof of Bacteriology 
(6, 1937) 

Magladery, J W , M D , Ph D , M R C P Johns 
Hopkins Hospital, Baltimore, Md Asst Prof of 
N eurology , Johns Hopkins University (1, 1950) 

Magnuson, Harold J , M D , M P H Umv of 
North Carolina, Chapel Hill Research Prof 
of Exper Medicine, Sr Surgeon, USPHS (4, 
1950) 

Magoun, Horace W , Ph D Umv of Califorma 
Med School, Los Angeles 24 (1, 1937) 

Mahon, Eleanor Conway, Ph D Iron River, Mich 
(4, 1940) 

Main, Rolland J , Ph D Eaton Labs , Inc , Eaton 
Ave , Norwich, N Y Med Editor and Consultant 
in Physiology (1 1936) 

Maison, George L ,M S ,1\I D Boston Umv Med 
School, 80 E Concord St , Boston 18, Mass 
Prof and Head of Pharmacology Dept (1, 1939, 3, 
1948) 

Major, Randolph T , Ph D Merck and Co , Inc , 
Rahw ay, N J Vice Pres and Scientific Dir (2, 
1942) 

Malkiel, Saul, Northwestern Umv Med School, 
Evanston, HI Asst Prof of Medicine, Dir of 
Allergy Research Lab (6, 1948) 

Mallory, G Kenneth, M D Mallory Inst of Pa- 
thology, J3oston City Hospital, Boston, Mass 
Professor (4, 1940) 

Mallory, Tracy B , M D Massachusetts General 
Hospital, Boston Dir of Pathology and Bac- 
teriology, Prof of Pathology, Harvard Med School 
(4, 1937) 

Malonej, Arnold H , Ph D , M D Howard Umv 
School of jMedicine, Washington, D C Prof and 
Head of Dept of Pharmacology (3, 1932) 

Maltaner, Frank, Ph D Scarsdale IManor, Scars- 
dale, N Y Biochemist, Div of Lab and Re- 
search, New York State Dept of Health (6, 
1920) 

Maluf, N S Rustum, Ph D Columbia Univ , 
Presby terian Hospital, Squier Urological Clinic, 
New York City 32 Resident tn Urology (1, 1942) 

Man, Evelyn B , Ph D \ ale Univ' Scliool of Medi- 
cine, 333 Cedar St , New Haven, Conn \ssl 
Prof tn Biochemistry Lab , Dept of Medicine 
(2, 1936) 

Mancrv, Jeanne Forest, Ph D Umv of Toronto 
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Ml .1 '-'(linol Toronto, Ontario, Canada Deinon- 
' till in Bwchcmislry (1, 1937) 

Manfiun George H , Ph D Henr^ Ford Hospital, 
l-)7Il Hoiden St , Detroit 23, Mich Sr Assoc 
t, { Ini ( luinntn/ (2, 1947) 

Mann I rank C , M 4. , M D Ma3'o Clinic, Box 
Jiti lioilio-itcr, Minn Prof of Exper Medicine, 
M'l’io I o uulalion (1, 1916, 4R, 1924) 

Mann Frank D , Ph D M D 102-110 2nd Ave , 
Hmlabter Minn Consultant in Clinical 
Vathohniii Mfit/u Clinic, isst Prof of Clinical 
l’iitliiili>iiii Maiio h oundatwn (1,1950,4,1950) 
Manning G M D Ph D Victoria Hospital, 
I Diiclivn Ontino Canada Asst Prof of Chn 
liiK'-hi/ntion Dept of Medicine, Lecturer, Dept 
oi Phu'-iohnpi L nil of Western Ontario (1,1944) 
Mam die, Ira Albert, M D , Ph D 811 N W 19th 
\\( PortlindO Ore (1,1933) 

Mamvanng, Milfred H, MD Stanford Univ , 
iiiford Innersifi, Calif Prof Emeritus of 
Jiiiili lolinp/ and Exper Pathology (4, prior to 
I'ijo t> PUT) 

Marbarger Tohn P , Ph D Univ of Ulmois Phj'si- 
(. il 1 n\ironm( nt I nit, 1853 W Polk St , Chi- 
I ii.<) 1-' Ri'-mrih Dll ieromed and Physical 
In I inmiiil Dih i'.soc Prof of Physiology 
■1 l'>49i 

Marcus Stanley, Ph D Lniv of Utah, Dept of 
P i> tt Miih'gc blit lake Citj Assoc Prof (6, 
is 

Mann 1 homas H , 4 B Johns Hopkins Med 
•'t h I 7U) \ W isliington St , Baltimore, Md 
h m'/ n Phai lunology (3, 1950) 

^larlne Daiid M t MD 18 Baltimore Ave, 

I ' M Dll (IR, 1910, 4, 1913) 

Mirk Iis'iri MD 535 E 14th St , New York 
' ' h iff cUou tn Anesthesiology (3, 

Markti Jo^cpti F Ph D Duke Univ School of 
Ml 'I I 1 ' Dim. , I X, C Prof of Anatomy (1, 
1 M ). 

Markovu/ J \l D PhD Univ of Toronto 
bdiool nl Medic me, Toronto, Ontario, Canada 
Resennh Ism. m Pliiii,wlogy (1, 1929) 
Marmont, George H Ph D Univ of Chicago, 
Inst of R idiohiologx ind Biophysics, Chicago 
37 111 Isst Prof of Physiology (1, 1941) 
Marmorston, Jessie Inst for Med Research, 
4751 Fount lui Vee Los Angeles, Calif Asst 
Prof of Midicine I ntv of Southern California 
Staff Coiiiitii and Cedars of Lebanon Hospitals 
(6, 1932 1 

Marrazzi, Amedeo S , M D Med Div , Army 
Chemical Center, Md Chief, Toxicology Section 
(1, 1949,3, 1938) 

Marsh, David F , Ph D West Virginia Univ , 
School of Medicine, Dept of Pharmacology , 
Morgantown Head and Prof of Pharmacology 
(3, 1946) 


Marsh, Gordon, Ph D State Umv of low a, Iowa 
City Assoc Prof of Zoology (1, 1944) 

Marsh, M Elizabeth, Ph D P 0 Box 17, Soquel, 
Calif (1, 1929, 5, 1933) 

Marshak, Alfred George, Ph D New York Univ 
College of Medicine, Nen York City Research 
Assoc (1, 1940) 

Marshall, Eh Kennerly, Jr , Ph D , M D Johns 
Hopkins Med School, Baltimore, Md Prof of 
Pharmacology and Exper Therapeutics (1, 1916, 
2, 1913,3, 1915) 

Marshall, Louise Hanson, Ph D Natl lasts of 
Health, Inst of Exper Biology^ and Medicine, 
Bethesda, Md Physiologist (1, 1946) 

Marshal], Wade H , Ph D Natl lasts of Health, 
Bethesda, Md Research Fellow, Lab of Physical 
Biology (1,1937) 

Martin, Arthur W , Jr , Ph D Univ of Washing- 
ton, JohnsonHaU, Seattle ExeculiveOfficer, Dept 
of Zoology (1, 1944) 

Martin, Donald S , M D Umv of Puerto Rico, 
School of Medicine, San Juan, Puerto Rico 
(6. 1943) 

Martin, Foster N , Jr , Ph D , M D Tulane Umv 
Med School, PO Station 20, New Orleans, 
La Asst Prof of Pharmacology (3, 1947) 
Martin, Stephens J , Ph D St Francis Hospital, 
Hartford, Conn (1, 1933) 

Marx, Walter, Ph D Umv of Southern California 
School of Medicine, Los Angeles 7, Calif Assoc 
Prof of Biochemistry (2, 1949) 

Mason, Edward C , M D , Ph D Umv of 
Oklahoma School of Medicine, Oklahoma City 
Prof of Physiology (1, 1936) 

Mason, Eleanor Dewey, Ph D Women’s Christian 
College, Dept of Physiology and Nutrition, 
Cathedral P 0 , Madras, India Prof of Physiol- 
ogy and Nidn tion (1, 1946) 

Mason, Herman C , 131 N Harvey Ave , Oak Park, 
111 Consulting Bacteriologist and Immunologist 
(6, 1948) 

Mason, Harold L , Ph D Mayo Climc, Rochester, 
Minn Prof of Physiological Chemistry, Mayo 
Foundation, Umv of Minnesota (2, 1941) 
Mason, Howard S , Ph D Natl Insts of Health, 
Bethesda 14, Md Cancer Inst F ellow (2, 1949) 
Mason, Karl Ernest, Ph D Umv of Rochester 
School of Medicine and Dentistry, Rochester, 
N Y Prof of Anatomy (5, 1941) 

Mason, Morton F , Ph D Parkland Hospital, Oak 
Lawn at hlaple, Dallas 4, Tex Prof of Palho 
logical Chemistry, Dept of Medicine, Southwestern 
Med College of the Umv of Texas (2, 1938) 
Mason, Richard P , M D Armv Med Dept , 
Research and Grad School, Virus and Rickett 
sial Disease Dept, Washington, D C Chief, 
Rickettsial Disease Research Section (6, 1950) 
Massengale, Oliver N , Ph D IMead Johnson and 
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Co , Research Lab , Evansville, Ind Research 
Biochemist (2, 1937) 

Masson, Georges M C , Ph D Cleveland Clinic 
Foundation, Research Div , Cleveland, Ohio 
(1, 1944) 

Mathews, Albert P , Ph D Marine Biological 
Lab , Woods Hole, Mass Carnegie Prof 
Emeritus of Biochemistry, Univ of Cincinnati 
(IR, 1898, 2, 1906) 

Matson, Gustave A , Ph D Minneapolis Memorial 
Blood Bank, Inc , 1914 La Salle Ave , Minne- 
apolis, Minn Director (6, 1946) 

Matthews, Samuel A , Ph D Williams College, 
Williamstown, Mass Prof of Biology (1, 1948) 
Mattill, Henry A , Ph D State Umv of Iowa, Iowa 
City Prof and Head of Dept of Biochemistry (1, 
1913 , 2, 1909 , 5, 1933) 

Mattis, Paul A , D Sc Western Reserve Umv 
School of Medicine, Cleveland, Ohio Asst Prof 
of Pharmacology (3, 1946) 

Maurer, Frank W , Ph D 301 Lake Ave , Newton 
Highlands 61, Mass (1,1941) 

Maurer, Fred D , D V M , Ph D Army Med 
Dept , Research and Grad School, Arm}' Med 
Center, Veterinary Div , Washington 12, D C 
Chief, Dept Veterinary Virology (6, 1950) 

Mautz, Frederick R , M D 10515 Carnegie Ave , 
Cleveland 6, Ohio (1, 1945) 

Maver, Mary E , Ph D Natl Cancer Inst , 
Bethesda 14, Md Sr Biochemist (2, 1947) 

Mavor, James Watt, Ph D 8 Gracewood Park, 
Cambndge, Mass (IR, 1930) 

Maxfield, Marj E , Ph D Woman’s Med College 
of Pennsylvania, Dept of Pharmacology, Phila- 
delphia Assoc Prof (1, 1947) 

Mayer, Dennis T , Ph D Univ of Missouri, Dept 
of Agricultural Chemistry , 211 Schweitrer Hall, 
Columbia Assoc Prof (2, 1950) 

Mayer Manfred M , Ph D 1331 Hovard Rd , 
Glen Burnie, Md l^soc Prof of Bacteriology, 
fohns Hopknis Hospital, School of Hygiene 
(6, 1946) 

Maierson, Hymen S , PhD Tulane Univ School 
of Medicine, Station 20, Non Orleans, La Prof 
and Head of Dept of Physiology (1, 1928) 
Mainard, Elliott Allen, Pli D Unn of Rochester 
School of Medicine and Dentistri , Rochester 
20, Is ^ Asst Prof of Pharmacologi/ and Toxi- 
cology (3 1950) 

Maynard, L A , Ph D Cornell Unn , Ithaca, N 
y Prof of iVnfnfton and Biochemistry, Dir of 
School of.\ utrition (2, 1930, 5, 1933) 

Mazur, Abraham, Ph D Citx College of Non 
Aork, 139th St and Conient Vie, New York 
Citx 31 Issf Prof in Dept of Chemistry (2, 
1944) 

McCann, V illiam S , M D , D Sc Unn of Roches- 
ter School of Medicine, Rochester N Y The 


Charles A Dewey Prof of Medicine (2, 1923, 
6, 1933) 

McCarrell, Jane D Hood College, Dept of Biol- 
ogy, Frederick, Md (1, 1942) 

McCarty, Maclyn, M D 66th St and York Ave , 
New York City 21 Assoc , Rod^efeller Inst for 
Med Research (6, 1947) 

McCawley, Elton Leeman, Ph D Univ of Oregon, 
Dept of Pharmacology', Portland Assoc Prof 
(3, 1944) 

McCay, Clive M , Ph D Cornell Univ , Animal 
Nutrition Lab , Dairy Bldg , Ithaca, N Y Prof 
of Nutrition (2, 1929, 5, 1933) 

McChesney, Evan William, Ph D Sterling-Wm- 
throp Research Inst , Rensselaer, N Y Mem- 
ber, Biological Div (1, 1944) 

McClellan, Walter S , M D Saratoga Spa, Sara- 
toga Springs, N Y Med Dir , Assoc Prof of 
Medicine, Albany Med College (1,1931) 
McClendon, J F,PhD Route 1, Bo\ 383, Trooper 
Rd , Norristown, Pa Research Prof of Physiol- 
ogy, Hahnemann Med College (IR, 1910, 2, 
1914, 6R, 1935) 

McClung, L S Indiana Umv , Bloomington 
Assoc Prof and Chairman of Dept of Bacteriol- 
ogy (6, 1948) 

McCollum, Elmer Verner, Ph D Johns Hopkins 
Umv , Baltimore 18, Md Prof Emeritus of Bio- 
chemistry (2, 1910, 5, 1933) 

McCollum, Ernestine Becker, AI A Johns Hop- 
kins Umv School of Hygiene, Baltimore 5, Md 
Asst Prof of Biochemistry (6, 1938) 

McCouch, Grayson Prevost, M D Umv of Penn- 
sylvania School of Medicine, Philadelphia 
Assoc Prof of Physiology (1, 1925) 

McCouch, Margaret Sumwalt, Ph D Rose Tree 
Rd.RFD 1, Media, Pa (1,1934) 

McCoy, Richard H , Ph D Umv of Pittsburgh, 
Pittsburgh, Pa Assoc Research Prof of Chem- 
istry (2, 1950 , 5, 1948) 

McCrea, Forrest D , Ph D Duke Umv School of 
Medicine, Durham, N C Assoc Prof of 
Physiology and Pharmacology (1, 1929, 3, 1937) 
McCrudden, Francis H , M D 19 Stoneleigh Rd , 
West Nev ton 65, DIass , Asst Med Dir , New 
England Mutual Life Insurance Co (2, 1906) 
McCulloch, Warren Sturgis, M A , I\I D Umv of 
Ulinois College of Medicine, 912 S Wood St , 
Chicago Assoc Prof of Psychiatry (1, 1936) 
McCutcheon, Morton, MD Unn of Pennsyl- 
vania Alcd School Philadelphia Prof of Pa- 
thology (4, 1925) 

McDonald, Francis Guy, Ph D Mead Johnson and 
Co Research I ah , 2404 Y Pcnnsihama St , 
E\ans\illc Ind Biochemist (2,1930,5,1947) 
McDonald, Roger K , M D Baltimore City Hos- 
pitals, Cardioi oscular Diseases Section, Balti- 
more 24, IMd Sr isst Surgeon, USPHS, A all 
Heart Inst , Bclhcsda, Md (1, 1949) 
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McEllror, illlam Swindler, M D Umv of Pitts- 
burgh School of Medicine, Pittsburgh, Pa Dean, 
Prof of Physiological Chemistry (2, 1919) 
McElroy, L W Ph D Univ of Alberta, Dept of 
Animal Science, Edmonton, Canada Assoc 
Prof of Animal Husbandry (5, 1944) 

McElroy, William D , Ph D Johns Hopkins Umv , 
Biltimore Md Asst Prof of Biology (1, 1946) 
McFarland, Ross A , Ph D Harvard Umv School 
of Public Health, Boston, Mass Assoc Prof of 
Industrial Hygiene (1, 1943) 

McFarlane, William Douglas, Ph D 496 Queen St , 
E , Toronto, Ontario, Canada Dir of Research, 
Canadian Breuertes, Ltd and Victory Mills, Ltd 
{2, 1933) 

McGinty, Darnel A , Ph D Parke, Davis and Co , 
Detroit, Mich Research Physiologist (1, 1925) 
McGuigan, Hugh Alister, Ph D , M D Umv of 
fllmois College of Medicine, 1863 W Polk St, 
t hieago Prof Emeritus of Pharmacology (IR, 
1907, 2, 1906, 3R, 1913) 

McHargue, J S , Ph D Umv of Kentucky, Dept 
ot hemistrv, Kentucky Agricultural Exper 
Station, Lexington Member Emeritus (2, 1927) 
McHenry, E 11 , Ph D Umv of Toronto, School 
of H^giene, Toronto, Ontario, Canada Prof of 
InbliL Health \utniion (2, 1938 , 5, 1935) 
McIntyre A R , Ph D , M D Umv of Nebraska 
College of Medicine, 42nd and Dewey Ave , 
Omaha Prof of Physiology and Pharmacology 
(1,1913 3,1938) 

McKee, Albert P R F D 7, Io\ia City, Iowa 
4sboc Pioi oj Bacteriology, State Umv of lotoa 
(6, 1948) 

McKee, Clara M , Squibb Inst for Med Research, 
^ev^ Brunsn ick, N J Assoc in Microbiology (6, 
1941) 

McKee, Frank W , M D Umv of Rochester School 
ot Medicine and Dentistry, Rochester, N Y 
Instr in Pathology, James E (Reason Fellow 
(4, l'A7i 

McKee Ralph Wendell, Ph D Harvard Med 
School 25 Shattuck St , Boston 16, Maas Asst 
Prof of Biological Chemistry (2, 1946) 
McKennis, Herbert, Jr , Ph D Naval C E Re- 
'-earch I ab , Port Hueneme, Calif Assoc Prof 
of Biochemistry (2, 1948) 

McKibbin, John M , Ph D State Umv of New 
Aork Med Center at Sj racuse Umv , Symacuse, 
X A Assoc Prof of Biochemistry (2, 1948) 
McLain, Paul L , M D Umv of Pittsburgh Med 
School, Pittsburgh, Pa Prof of Physiology and 
Pharmacology (1, 1948, 3, 1940) 

McLean, Franklin C , Ph D , M D Umv of Chi- 
cago, Chicago 37, D1 Prof of Pathological 
Physiology (1, 1914, 2, 1916, 3, 1916) 

McLean, I William, Jr , M D Parke, Davis Lab , 
A'^irus Research Div , Detroit, Mich Research 
Virologist (6, 1946) 


McLester, James S , M D Umv of Alabama, 
930 S 20th St , Birmingham Prof of Medicine 
(5, 1933) 

McLimans, William P , Ph D Umv of Minnesota, 
1834 Chelton Ave , St Paul Asst Prof of Bac- 
teriology and Immunology (6, 1949) 

McManus, J F A , M D Umv of AArgima School 
of Medicine, Charlottesville Assoc Prof of 
Pathology (4, 1948) 

McMaster, Philip D , M D Rockefeller Inst for 
Med Research, 66th St and York Ave , Now 
York City (4,1924) 

McMeeldn, Thomas L , Ph D U S Dept of Agri 
culture. Eastern Regional Research Lab , Phil- 
adelphia, Pa Head of Protein Div (2, 1935) 
McNamara, Bernard P , Ph D Med Div , Army 
Chemical Center, Md Asst Chief, Pharmacology 
Section (3, 1947) 

McNaught, James Bernard, M D Umv of Colo- 
rado School of Medicine, Denver 7 Prof and 
Head of Dept of Pathology (4, 1936) 

McNeil, Crichton, M D Holy Cross Hospital, 
Salt Lake City, Utah Pathologist (6, 1950) 
McPhail, Murchle K , Ph D Natl Defense Board, 
Suffield Exper Station, Ralston, Alberta, 
Canada Research Scientist (3, 1941) 
McQuarrie, Irvine, Ph D , M D Umv of Minne- 
sota, Minneapolis Prof and Head of Dept of 
Pediatrics (1, 1949, 4, 1927, 5, 1933) 

MeShan, W H , Ph D Umv of Wiseonsin, Biol- 
ogy Bldg , Madison 6 Assoc Prof of Zoology 
(2, 1947) 

Medes, Grace, Ph D Lankenau Hospital Research 
Inst , Philadelphia, Pa Research Physiological 
Chemist (2, 1930) 

Medlar, Edgar M , M D Veterans Admin Hos 
pital, Sunmount, N Y Chief Lab Pathologist 
(4, 1927) 

Meek, Walter J , Ph D Umv of Wisconsin, Madi 
son Prof of Physiology, Assoc Dean of Med 
School (1,1908) 

Mehl, John W , Ph D Umv of Southern Califor- 
nia, 3551 Umv Ave , Los Angeles Prof of Bio 
chemistry (2, 1946) 

Meier, Rolf, M D Basle Umv , Pelikanw eg 7 , 
Basle, Swntzerland Dir , Biological Research 
Labs , Ciba A G (3, 1949) 

Meiklejohn, Gordon, M D 678 Woodmont Ave , 
Berkeley, Calif Instr in Medicine, Univ of 
California Med School (6, 1948) 

Meister, Alton, M D Natl Cancer Inst , Bethesda 
14, Md Head, Unit on Biochemical Research 
(2, 1950) 

Meites, Joseph Michigan State College, Dept of 
Physiology and Pharmacology , East Lansing 
Asst Prof (1, 1949) 

Mellon, Ralph R , M S , M D , D P H Western 
Pennsylvania Hospital, Inst of Pathology, 
Pittsburgh Director (6, 1918) 
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Melnick, Daniel, Ph D The Best Foods, Inc , Re- 
search Labs , Bayonne, N J Chief Technologist 
(2, 1940,6, 1942) 

Melnick, Joseph L , Ph D Yale IJniv School of 
Medicine, 333 Cedar St , New Haven 11, Conn 
Assoc Prof of Microbiology (2, 1946, 6, 1948) 
Melville, Donald B , 'Ph D Cornell Univ Med 
College, 1300 York Ave , New York City 21 
Assoc Prof of Biochemistry (2, 1947) 

Melville, Kenneth Ivan, M D McGill Univ , Mon- 
treal, Quebec, Canada Assoc Prof of Pharma- 
cology (3, 1931) 

Mendel, Bruno, M D Univ of Toronto, Banting 
and Best Dept of Med Research, 100 College 
St , Toronto 6, Ontario, Canada Prof of Cellular 
Physiology (2, 1947) 

Mendelson, E S,BA RFD 2, Telford, Pa 
Physiologist, Head of Human Engineering Dtv , 
Naval Air Exper Station, Philadelphia, Pa (1, 
1949) 

Mendenhall, Walter L , M S , M D 9 Acacia St , 
Cambridge, Mass Retired Prof of Pharmacology, 
BostonUmv Med School (1, 1915, 3R. 1917) 
Mendez, Rafael, M D Natl Inst of Cardiologj , 
Calzada de la Piedad 300, Mexico D F , Mexico 
Head of Dept of Pharmacology (3, 1944) 
Mendlowitz, Milton, M D 136 E 64th St , New 
York City 21 Adjunct Physician in Mt Sinai 
Hospital of New York (1, 1949) 

Meneely, George R , M D Thayer Veterans \d- 
min Hospital, Nashville, Tenn Asst Prof of 
Medicine (4, 1946) 

Meng, H C , M D , Ph D Vanderbilt Univ Med 
School, Dept of Physiology, Nashville 4 In- 
structor (1, 1950) 

Menkln, Valy, M 4. , M D Temple Univ School of 
hledicine, Philadelphia, Pa Assoc Prof of Ex- 
per Pathology (1,1932,4,1932,6,1931) 

Menten, Maud L , hi D Ph D 1608 Sixth Ave , 
New Westminster, B C , Canada Retired 
Prof of Pathology, Univ of Pittsburgh (1, 
1915, 4, 1927) 

Mertz, Edwin T , Ph D Purdue Univ , Dept of 
'agricultural Chemistry, W Lafayette, Ind 
4ssoc Prof (2, 1950) 

Mcttier, Stacy R , M D Univ of California Hos- 
pital, San Francisco Prof of Medicine (4, 1932) 
Mcttier, Fred A , Ph D hi D Columbia Unix 
College of Physicians and Surgeons, Dept of 
Ncurologx, New York City 4ssoc Prof of 
Uiatomy (1, 1937) 

Meier, Arthur E , Ph D Fellows Pharmaceutical 
Lab , j\cw hork Citx (1, 1948) 

Mexer, Curtis E , Ph D Upjohn Co , Kalamazoo, 
hlich Sr Research Chemist (2, 1942) 
hlcxer, Frieda L , Ph D U S Dejit of \gricul 
turc, Bureau of Human Nutrition, Food and 
Nutrition Dix , B ashington 25, D C \ utntwn 
Speciahst (5, 1949) 


Meyer, Karl, M D , Ph D Columbia Univ Col- 
lege of Physicians and Surgeons, 630 W 168th 
St , New York City 32 Assoc Prof of Biochem- 
istry, Dept of Medicine (2, 1934) 

Meyer, Karl F , M D , Ph D George W Hooper 
Foundation, Univ of California Med Center, 
San Francisco Director (4, 1930, 6, 1922) 
Meyer, Roland K , Ph D Univ of Wisconsin, 
Biology Bldg , Madison 6 Prof of Zoology (1, 
1949) 

Meyerhof, Otto, hi D Univ of Pennsylvania 
School of Medicine, Dept of Physiological 
Chemistry^ Philadelphia Research Prof of Bio- 
chemistry (2, 1941) 

Mezey, Kaalman, M D Calle 84, No 9-68, Bogota, 
Colombia, South Amenca Prof of Pharma- 
cology, Javeriana Univ Med School (3, 1960) 
Michel, Harry O , Ph D Med Div , Biochemical 
Section, Army Chemical Center, hid Biochem- 
ist (2, 1949) 

Mickelsen, Olaf, Ph D Nutrition Branch USPHS, 
Washington 26, D C Chief Chemist (2, 1944) 
Mider, George Burroughs, M D Strong Memorial 
Hospital, Rochester 7, N Y Prof of Cancer 
Research (4, 1940) 

Miles, Walter R , Ph D Yale Univ , 333 Cedar St , 
Nexs Haven, Conn Prof of Psychology, School of 
Medicine and Inst of Human Relations (1, 1919) 
Milhorat, Ade T , M D Cornell Univ Med Col- 
lege, New York City 21 Asst Prof of Medicine 
and Instr in Pharmacology, Research Fellow, 
Russell Sage Inst of Pathology (1, 1934, 3, 
1937, 5, 1936) 

Miller, Augustus Taylor, Jr , Ph D Umv of North 
Carolina hied School, Chapel Hill Assoc Prof 
of Physiology (1, 1944) 

Miller, Benjamin F , hi D 71 hit Vernon St , 
Boston S, hlass Assoc Physician, Massachusetts 
General Hospital, Clin Prof of Medicine (on 
leave), George Washington Med School (2, 1938) 
Miller, Carey D , hi S Univ of Hawaii, Honolulu 
Prof of Food and Nutrition, Hawaii Agricultural 
Exper Station (5, 1942) 

Miller, C Phillip, hi S , hi D Univ of Chicago, 
Chicago, HI Prof of Medicine, Member, Inst 
of Radiobiology and Biophysics (4, 1925 , 6, 
1928) 

Miller, Edgar G , Jr , Ph D Columbia Unix , 630 
IV 168th St , New York Citx Prof of Biological 
Chemistry (2, 1930) 

Miller, Franklin R , hi D lefferson hied College 
and Hospital, Dix of llematologx, Philadel- 
phia, Pa Assoc Prof of Medicine (4, 1940) 
Miller, Frederick R , hi I,hID Unix oflVestcrn 
Ontario, Faculty of Medicine, London, Ontario, 
Canada Research Prof of Xcurophysiology (1, 
1908) 

Miller, Gail L , Ph D Inst for Cancer Research, 
Dept of General Bioclicmistrx , Hasbrook and 
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Hartel Aves , Philadelphia 11, Pa Assoc Mem- 
ber (2, 1949) 

Miller, George H , M D American College of Sur- 
geons, 40 E Ene St , Chicago II, 111 Dir of Ed- 
ucational Activities (3, 1925) 

Miller, George A , Ph D Harvard Univ , P 63 cho- 
Acoustic Lab , Cambridge, Mass Research Fel- 
low (1, 1948) 

Miller, H R, MD Montefiore Hospital, 1020 
Pari. Ave , Hen York City (1, 1947) 

Miller, James A , Ph D Univ of Wisconsin Med 
School, McArdle Mem Lab for Cancer Re 
search, Madison 6 Assoc Prof of Oncology (2, 
1949) 

Miller, Leon L , Ph D , M D Univ of Rochester 
School of Medicine and Dentistry, P 0 Box 287, 
Cnttenden Station, Rochester, N Y Assoc 
Prof of Radiation Biology and Biochemistry (2, 
1947) 

Miller, Lila, Ph D Univ of Michigan, Ann Arbor 
Asst Prof of Biological Chemistry (2, 1946) 
Miller, Lloyd C , Ph D U S Pharmacopeia, 46 
Park Ave , New York City 16 Dtr of Phartna- 
copeial Revision (3, 1938) 

Miller, R C , Ph D Pennsylvania State College, 
State College Prof of Agricultural and Bio- 
logical Chemistry (5, 1935) 

Miller, Zelma Baker, Ph D 71 Mt Vernon, Bos- 
ton, Mass (2, 1940) 

Millman, Nathan, M Sc , Ph D 50 Brookside 
Ave , Apt 6A, Somerville, N J Research Assoc , 
Div of Physiology and Pharmacology, Ortho Re- 
search Foundation, Raritan, N J (1, 1950) 
Mills, Clarence A , Ph D , M D Cincinnati Gen- 
eral Hospital, Cincinnati 29, Ohio Prof of Ex- 
per Medicine, Univ of Cincinnati (1, 1921, 2, 
1921) 

Minard, David, Ph D , M D Natl Naval Med 
Center, Naval Med Research Inst , Bethesda, 
Md Head, Physiology Div (1, 1950) 

Minot, Annie Stone, Ph D Vanderbilt Univ Med 
School, Nashville, Tenn Assoc Prof of Bio- 
chemistry (1, 1923) 

Mirick, George S , M D Johns Hopkins Univ , 
School of Medicine, Baltimore, Md Assoc Prof 
of Medicine (6, 1950) 

Mirsky, Alfred E , Ph D Rockefeller Inst for 
Med Research, 66th St and York Ave , New 
York City 21 Member (2,1941) 

Mirsky, I Arthur, M D The Jevush Hospital, Cin- 
cinnati, Ohio Dir , May Inst for Med Research, 
Asst Prof of Biochemistry, Univ of Cincinnati 
(1, 1936) 

Mitchell, Harold H , M D 120 Lasky Drive, Bev- 
erlj Hills, Calif (6, 1943) 

Mitchell, Harold H , Ph D Univ of Illinois, 555 
Davenport Hall, Urbana Prof of Animal Nu- 
trition (2,1919 , 5, 1933) 

Mitchell, Helen S , Ph D Univ of Massachusetts, 


Amherst Dean of School of Home Economics (2, 
1925,5,1933) 

Mitchell, Philip H, PhD Broun Univ, Proii- 
dence 12, R I Robert P Brown Prof of Biology 
(2, 1909) 

Modell, Walter, M D Cornell Univ Med College, 
1300 York Ave , Neu Aort. CiG , Asst Prof in 
Clin Pharmacology (3, 1944) 

Moe, Gordon Kenneth, Ph D , M D Neu A'ork 
State Univ School of Medicine, Dept of Pin Bi- 
ology, Sy ncuse 10 Prof and Head of Dept (3, 
1944) 

Mohn, James P , M D 24 High St , Buffalo, N Y 
Asst Prof in Bacteriology and Immunology, 
Untv of Buffalo School of Medicine (6,1946) 
Molitor, Hans, MJD Merck Inst for Therapeutic 
Research, Rahway, N J Director (1, 1933, 3, 
1942) 

Molland, Jacob, M D , Ph D Univ of Oslo, Oslo, 
Norway Prof of Pharmacology (3, 1948) 
Molnar, George W , Ph D Med Dept , Field Re- 
search Lab , Fort Knox, Ky Physiologist (1, 
1949) 

Molomut, Norman, Ph D Biological Labs , 16 
Clinton St , Brooklyn 2, N Y Dir of Research 
and of Labs (6, 1942) 

Montgomery, Hugh, M D Univ of Pennsylvania 
Hospital, 36th and Spruce Sts , Philadelphia 
Asst Prof of Clin Medicine (1, 1950) 

Moon, Henry D , M A , M D Univ of California 
Med School, Div of Pathology, San Francisco 
22 Asst Chn Prof of Pathology, Pathologist, 
V A Hospital, City Pathologist (4, 1950) 

Moon, VirgU H , M Sc , M D Univ of Miami, 
Med Research Unit , Coral Gables 34, Fla 
Prof of Pathology (4, 1934) 

Moore, Arthur R , Ph D Univ of Portland, Dept 
of Biologj^ Portland, Ore (1, 1912) 

Moore, Carl Vernon, M D Washington Umv 
School of Medicine, St Louis, Mo Prof of Medi- 
cine (4,1938,5,1941) 

Moore, Dan H , Ph D U S Navy No 100, c/o 
Fleet Post Office, New Y'ork City (1, 1948) 
Moore, Lane A , Ph D U S Dept of Agriculture, 
Div of Nutntion and Physiology, Bureau of 
Dairy Industry, Beltsville, Md Head, Section of 
Dairy Cattle Nutrition (5, 1940) 

Moore, Robert A , M D Washington Umv Med 
School, St Louis, Mo Dean and Prof of Pathol- 
ogy (4,1929) 

Moore, Robert M , M D Umv of Texas Med 
School, Galveston (1, 1932) 

Moore, Stanford, Ph D Rockefeller Inst for Med 
Research, York Ave at 66th St , New York City 
21 Assoc. Member (2, 1949) 

Moorhouse, Victor Henry K , M B Umv of Mani- 
toba, Winnipeg, Manitoba, Canada Prof of 
Physiology (1, 1912) 

Morales, Manuel F , Ph D Naval Med Research 
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Inst , Bethesda 14, Md Staff Mcmho, General 
Physiology (1, 1950) 

More, Robert H , M Sc , M D Pathological Inst , 
3775 University St , Montreal, Quebec, Canada 
Prof oj Pathology, ilcGill Untv (4, 1949) 
Morehouse, Laurence E , Ph D Univ of Southern 
California, Los Angeles 7 Assoc Prof (1, 1947) 
Morgan, Agnes Fay, Ph D Univ of California, 
Berkeley 4 Prof of Home Economics, Bio- 
chemist, Agricultural Exper Station (2, 1929, 

6, 1933) 

Morgan, Charles F , Ph D Georgetown Univ 
School of Medicine, Washington, D C Prof and 
Chairman of Dept of Physiology (1,1948,3,1947) 
Morgan, Clifford T , Ph D Johns Hopkins Univ , 
Psychology Dept , Baltimore IS, Md (1, 1Q43) 
Morgulis, Sergius, Ph D Univ of Nebraska Col- 
lege of Medicine, Omaha 5 Prof and Chairman 
of Dept of Biochemistry (1, 1914, 2, 1916) 
Morison, Robert S , M D Rockefeller Foundation, 
66th St and York Ave , New York City 21 Assl 
Dir of Med Sciences (1, 1938) 

Moritz, Alan R , M D Western Reserve Umv , 
Cleveland, Ohio Prof of Pathology and Dir of 
the Institute (4, 1934) 

Morrell, Clarence Allison, Ph D Dept of Natl 
Health and Welfare, 35 John St , Ottawa, On- 
tano, Canada Dir , Food and Drug Divisions 
(3, 1937) 

Morris, Harold P , Ph D Natl Cancer Inst , 
Bethesda 14, Md Principal Biochemist in Nu- 
trition (2,1944,6,1943) 

Morris, Marion C , Ph D Public Health Research 
Inst of City of New York, Foot of East 15th St , 
New York City Assoc in Div of Infectious Dis- 
eases (6, 1936) 

Morrison, Dempsie B , Ph D Univ of Tennessee 
College of Medicine, Memphis Assoc Prof of 
Chemistry (2, 1936) 

Morrison, James L , Ph D Emory Umv School of 
Medicine, Emory University, Ga Assoc Prof 
of Pharmacology (3, 1944) 

Morrison, Peter R , Ph D Umv of Wisconsin, 
Madison 6 Assoc Prof of Zoology and Physi- 
ology (2, 1950) 

Morse, Minerva Ph D 5525 Kimbark Ave , Chi- 
cago, 111 Research Assoc , Dept of Pediatrics, 
Umv of Chicago (2, 1934) 

Morse, Y ithrow, Ph D 32 jManchester Rd , East- 
chester, via Tuckahoe, N Y Consultant (2, 
1914) 

Mortimer, Bernard, Ph D , M D 25 N Ottawa 
St Joliet, 111 Cook County Hospital, Chicago 
(1, 1936) 

Morton, John J , M D Umv of Rochester School 
of Medicine and Dentistry , Rochester, N^ Y 
Prof of Surgery (4, 1927) 

Moses, Campbell, M D , Unn of Pittsburgh 
School of Medicine, Pittsburgh, Pa Dir of Ad- 


dison H Gibson Lab of Applied Physiology (1, 
1948) 

Motley, Hurley L , Ph D , M D Jefferson Hos- 
pital, Philadelphia, Pa Dir , Cardio- Respira- 
tory Lab , Jefferson Med College and Assoc Prof 
of Medicine (1, 1947) 

Moulder, James W , Ph D Umv of Chicago, 
Depts of Bacteriology, Parasitology^ and Bio- 
chemistry, 5724 Ellis Ave , Chicago 37, HI 
Asst Prof of Biochemistry (2, 1950) 

Moulton, C Robert, Ph D 5602 Dorchester Ave , 
Chicago, 111 (5, 1933) 

Mountain, Isabel M Ph D 9 Coohdge Ave , White 
Plains, N Y (6, 1947) 

Mountcastle, Vernon B , M D Johns Hopkins 
Umv Med School, Dept of Phy'siology'-, 710 N 
Washington St , Baltimore 5, Md Asst Prof of 
Physiology (1, 1949) 

Moxon, Alvin L , Ph D College Station, Brook- 
ings, S D Head, Chemistry Dept , South Dakota 
Agricultural Exper Station (2, 1944) 

Moyer, Arden W , Ph D 407 Mountain View Rd , 
Englewood, N J Research Biochemist, Lederle 
Labs , Pearl River, N Y (6, 1946) 

Moyer, Carl A , Ph D 6417 Glenrose Ct , Dallas 1, 
Tex Prof of Exper Surgery, Southwestern Med 
College (1, 1943) 

Mudd, Stuart, M A , M D Umv of Pennsylvania, 
Philadelphia Prof of Bacteriology - (1, 1921, 4, 
1927, 6, 1927) 

Muehlberger, Clarence W , Ph D State Health 
Dept Labs , Lansing, Mich Stale Toxicologist 
(3, 1928) 

Mueller, J Howard, Ph D Harvard Med School, 
25 Shattuck St , Boston, Mass Prof of Bacteriol- 
ogy and Immunology (2, 1922, 4, 1927, G, 1920) 
Mukherji, B , D Sc All-India Inst of Hygiene and 
Public Health, Calcutta Dir of Biochemical 
Standardization Lab (3, 1938) 

Mulder, Arthur G , Ph D Stritch School of Medi- 
cine of Loy'ola Umv , 706 S Wolcott St , Chicago, 
HI Prof and Chairman of Dept of Physiology 
(1, 1937) 

Mulford, Dwight J , Ph D Kansas Umv Med 
School, Dept of Biochemistry, Lawrence Assoc 
Prof (2, 1948) 

Mulinos, M G , M D , Ph D New York Med Col- 
lege, Flower and Fifth Ave Hospitals, Fifth 
Ave and 105th St , New York City 29 Assoc 
Prof of Pharmacology and Physiology (3, 1931) 
Mull, James W , Ph D 1870 Grove Ave , Quincy , 
111 Assoc , Quincy Specialties Co (2,1937) 
Muller, Otto H , R N Dr State Umv of New 
York, Med Center at Sy racuse. Dept of Phys- 
iology, Syracuse 10 (1, 1947) 

Muller, Robert H , M D 30 Glen Ridge Pkyyy , 
Montclair, X J Captain, Med Corps (G, 1950) 
Mulligan, Richard M , M D Umv of Colorado 
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School of Medicine, 4200 East 9th Ave , Denver 
Prof of Pathology (4, 1947) 

Mnllin, P J , Ph D Univ of Chicago, Chicago 37, 
Rl Asst Prof of Physiology (1, 1937) 

Munro, Mnriel Platt, Ph D Jefferson Med Col- 
lege, 1026 Walnut St , Philadelphia 7, Pa Re- 
search Chemist (2, 1948) 

Munsell, Hazel E , Ph D Bromatological Lab , 
Natl Inst of Nutrition, Quito, Ecuador Direc- 
tor (6, 1933) 

Munson, Paul L , Ph D Harvard School of Dental 
Medicine, 188 Longv^ood Ave , Boston 15, Mass 
Asst Prof of Dental Science (2, 1950) 
Muntwyler, Edward, Ph D State Univ Med 
Center at New York, 350 Henrj^ St , Brooklyn 2, 
N Y” Prof of Biochemistry (2, 1931) 

Muntz, John A , Ph D 3356 Euclid Heights Blvd , 
Cleveland Heights, Ohio Asst Prof , Western 
Reserve Untv (2, 1948) 

Murlin, John R , Ph D Univ of Rochester School 
of Medicine and Dentistri', Rochester, N Y 
Prof Ementiis of Physiology and Dir Emeritus 
of Dept of Vital Economics (IR, 1906 , 2, 1908, 
5, 1933) 

Murphy, Qnillian R , M D , Ph D Univ of Wis- 
consin Med School, Dept of Ph3'siology, Madi- 
son 6 Asst Prof (1, 1949) 

Murray, Eventt G D , M A McGill Univ , Mon- 
treal, Quebec, Canada Prof and Head of Dept 
of Bacteriology and Immunology, Bacienologisi- 
tn Chief to the Royal VictoriaChildren’s Memorial 
and Alexandra Hospitals (6, 1933) 

Murray, F Joseph, Ph D The Wni S Merrell 
Co , Lockland Station, Cincinnati, Ohio 4ssf 
Chief Bacteriologist (6, 1950) 

Mushett, Charles W , Ph D Merck Inst for Ther- 
apeutic Research, Rahway, N J Head of Dept 
of Pathology (4, 1948) 

Muus, Jytte, Mag Scient Mount Holy oke Col- 
lege, South Hadle^ , Mass Prof of Physiology 
(2, 1946) 

Myers, Chester N , Ph D 34 Cedar Place, Yonkers 
5, N Y Chief, Div Chemotherapy, New York 
Skin and Cancer Hospital, Dir of Chemical and 
Clin Research, H A Metz Labs , Inc (2, 1922) 
Nachmansohn, David, M D Columbia Univ Col- 
lege of Physicians and Surgeons, 630 W 16Sth 
St , New York Clt^ 32 Research Assoc in Aeu- 
rology (1, 1940) 

Nadler, J Ernest, M D , Med D Sc 80-16 Lefferts 
Blvd , Kew Gardens 15, N Y (3, 1940) 

Nahum, Louis N , M D 1142 Chapel St , New 
Haven, Conn Asgt Prof of Physiology, Yale 
Univ (1, 1934) 

Najjar, Victor A , M D Johns Hopkins Hospital, 
Baltimore 5, Md Assoc Prof of Pediatrics 
(2, 1946) 

Nash, Thomas P , Jr , PhJ) 875 hlonroe Ave , 
Memphis, Tenn Prof of Chemistry, Univ of 


Tennessee College of Mcdieinc, Dean of School 
of Biological Sciences (2, 1923) 

Nasset, Edmund S , PhD Univ of Rochester 
School of Medicine and Dentistry, Rochester, 
N Y Prof of Physiology (1, 1932, 6, 1940) 
Nastuk, William L , Ph D Columbia Univ Col- 
lege of Phj sicians and Surgeons, Dept of Phj si- 
ologj , 630 W 168th St , New York City 32 
Instr in Physiology (1, 1949) 

Natelson, Samuel, Ph D Rockford Memorial Hos- 
pital, 507 Chestnut St , Rockford, Rl Chairman, 
Dept of Biochemistry (2, 1950) 

Nathanson, Ira T , M.S , M D Massachusetts 
General Hospital, Boston Asst in Surgery, 
Instr in Surgery, Harvard Med School (1, 1943) 
Nathanson, Morns H , M D 6333 Wilshire Blvd , 
Los Angeles, Calif Assoc Clin Prof of Medi- 
cine, Untv of Southern California School of 
Medicine (3, 1940) 

Necheles, Heinrich, M D , Ph D Michael Reese 
Hospital, Chicago, Rl Dir of Dept of Gastro- 
intestinal Physiology, Professorial Lecturer in 
Physiology, Univ of Chicago (1, 1929) 

Neff, William D , Ph D Univ of Chicago, Dept 
of Psj'cholog}', Faculty E\chnnge, Chicago 37, 
Rl Assoc Prof (1, 1950) 

Neil, James M , Ph D Cornell Univ Med Col- 
lege, 1300 York Ave , New York City Prof 
of Bacteriology and Immunology (6, 1930) 
Neilson, Charles Hugh, Ph D , M D Humboldt 
Bldg , St Louis, Mo Assoc Dean and Prof 
of Medicine, St Louts Univ Med School (2, 
1906) 

Nelson, Arthur A , M D , Ph D Federal Security 
Agency', Food and Drug Admin , Div of Phar- 
macology', Washington 25, D C Med Officer 
{Pathology) (4, 1942) 

Nelson, Carl Ferdinand, M D , Ph D Univ of 
Kansas, Dept of Biochemistry', Law'rence Prof 
of Physiological Chemistry (2, 1914) 

Nelson, Carl T , M A , M D Harkneas Pav 
Presbyterian Hosp , 180 Ft Washington Ave , 
New York City' 32 Dermatologist (6, 1943) 
Nelson, Erwin E , Ph D , M D Food and Drug 
Admm , Washington 25, D C Med Dir , Id 
junct Clin Prof of Pharmacology, George Wash 
ington Untv School of Medicine (3, 1924) 

Nelson, E M , Ph D Food and Drug Admin 
Washmgton 25, D C Chief, Div of Nutrition 
(2, 1927, 5, 1933) 

Nelson, John B , Ph D Rockefeller Inst for Med 
Research, New York City Assoc Member (4, 
1934) 

Nelson, John M , Ph D Columbia Univ , New 
York City 27 Prof Emeritus of Organic Chemis- 
try (2, 1923) 

Nelson, Marjorie M , Ph D Univ of California, 
Inst of Exper Biology, Berkeley Research 
4ssoc (5, 1950) 
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Nelson, Norton, Ph D Ne\A York Univ College of 
Medicine, 477 First Ave , Nev. York City 16 
Assoc Prof of Industrial Medicine (2, 1946) 
Nelson, P Mabel, PhD Iona State College, 
Ames Dean, Div of Home Economics (5, 1934) 
Nelson, Tell, M A , M D 1415 Kalakaua Ave , 
Honolulu 19, TBL Practicing Physician (6, 
1938) 

Nelson, Victor E , MS 423 Niagara St , Eau 
Claire, Wis (2, 1924) 

Nelson, Warren O , Ph D Univ of Ion a School of 
Medicine, Iowa City Prof of Anatomy (1, 1937) 
Neter, Erwin, M D Children’s Hospital, 219 Bn - 
ant St , Buffalo, N Y Attending Bacteriologist 
(G, 1937) 

Nettleship, Anderson, M D Univ of Arkansas 
School of Medicine, Little Rock Prof and Head 
of Dept of Pathology (4, 1942) 

Neuberg, Carl, Ph D , M D Med , Chem D 
536 W 113th St , New York City 25 Research 
Prof , New York Univ (2, 1944) 

Neuman, William F , Ph D , Umv of Rochester 
School of Medicine and Dentistry, Rochester 20, 
N Y Assoc Prof of Pharmacology (2, 1949) 
Neumann, Charles, M D 525 E 68th St , New 
York City 21 Resident S irgeon, New York Hos- 
pital, Instr in Surgery, New York Univ Post- 
Grad Med School (1, 1944) 

Neurath, Hans, Ph D Univ of Washington School 
of Medicine, Dept of Biochemistry, Seattle 5 
Prof and Exec Officer of Dept (2, 1940 , 6, 1944) 
Neuwelt, Frank, M D 504 Broadway, Gary, Ind 
Research Assoc , Dept of Gastrointestinal Re- 
search, Michael Reese Hospital (1, 1940) 
Neuwirth, Isaac, Ph D 209 E 23rd St , Nen York 
City 10 Prof of Pharmacology, New York Univ 
College of Dentistry (2, 1924 , 3, 1931) 

Newman, Elliot V , M D , Johns Hoplans Hos- 
pital, Baltimore, Md Asst Prof of Medicine 
(1, 1948) 

Nenman, Henry W , M D Stanford Med School, 
Claj' and Webster Sts , San Francisco 15, Calif 
4ssoc Prof of Medicine (3, 1949) 

Nice, Leonard B , Ph D Chicago Med School, 
710 S Wolcott Ave , Chicago, HI Prof of Physi- 
ology and Pharmacology (1, 1921) 

Nicholas, John S , Ph D Yale Umv , Osborn Zo- 
ological Lab , Nen Haven, Conn Bronson Prof 
of Comparative Anatomy (1, 1927) 

Nicholson, Hayden C ,M S ,M D Univ of Arkan- 
sas, School of Medicine, Little Rock Dean 
(1, 1932) 

Nickerson, John L , Ph D Columbia Uni% , 630 
W IGSth St , New York Cit\ 32 issoc Prof 
of Physiology (1, 1945) 

Nickerson, Mark, PhD MD Uni\ of Utah 
School of Medicine, Salt Lake Cit\ Issoc Prof 
of Pharmacology (3, 1947) 


Nicoll, Paul A , Ph D Indiana Univ , Blooming- 
ton Asst Prof of Physiology (1, 1945) 
Niemann, Carl G , Ph D California Inst of Tech- 
nologic Pasadena 4 Prof of Organic Chemistry 
(2, 1940) 

Nigg, Clara, Ph D E R Squibb and Sons, Nen 
Brunsmek, N J Hmd of Depts of Bacteriology 
and Virology, and of Microbiological Develop- 
ment (G, 1929) 

Nims, Leslie F , Ph D Brookhaven Natl Lab , 
Biologj'' Dept , Upton, Long Island, N Y 
Acting Head of Dept (1, 1940) 

Noble, Robert Laing, M D , Ph D Umv of West- 
ern Ontario, Dept of Med Research, London, 
Ontario, Canada (1, 1941) 

Noell, Werner K , M D U S A F School of Avia- 
tion Medicine, Randolph Field, Te\ Research 
Physiologist (1, 1950) 

Nord, F F , Ph D Fordham Umv , Dept of Or- 
ganic Chemistry, New York City Prof of 
Organic Chemistry and Enzymology (2, 1940) 
Norris, Earl R , Ph D Univ of Washington, Seat- 
tle Prof of Biochemistry and Exec Officer of 
Dept (2, 1938) 

Norris, L C , Ph D Cornell Umv , Rice Hall, 
Ithaca, N Y Prof of N'utritton (2, 1939, 6, 
1934) 

Northrop, J H , Ph D , Sc D Univ of California, 
Berkeley 4 Visiting Prof of Bacteriology, Mem- 
ber of Rockefeller Inst (2, 1938) 

Northup, David W , Ph D West Virgima Umv 
Med School, Morgantown Prof of Physiology 
(1, 1936) 

Novy, F G , M D , Sc D 721 Forest Ave , Ann 
Arbor, Mich Dean Emeritus of Med School and 
Prof Emeritus of Bacteriology, Umv of Mich- 
igan (2, 1906, 4R, prior to 1919) 

Nowinski, W W , Ph D Umv of Texas School of 
Medicine, Galveston Research Assoc (1, 1948) 
Nungester, Walter James, Ph D , M D Umv of 
Michigan, Dept of Bactenologi , Ann Arbor 
Professor (G, 1949) 

Oberst, Fred W , Ph D Med Div , Army Chemi- 
cal Center, Md Chief, Gassing Section (2, 1936, 
3, 1949) 

Ochoa, Severo, M D Nen York Umv College of 
Medicine, 477 First Ave , Nen York City 16 
Prof of Pharmacology (2, 1942) 

Ogden, Eric Ohio State Umv College of Medi- 
cine, Columbus 10 Prof of Physiology (1, 1941) 
O’Hare, James P , M D 520 Commonn ealth A\ e , 
Boston, Mass Physician, Peter Bent Brigham 
Hospital, Lecturer in Medicine, Harvard Med 
School (4, 1927) 

Ohlson, Margaret A , Ph D Michigan State Col- 
lege, Dept of Foods and Nutrition, East Lan- 
sing Prof and Head of Dept of Poods and A utri- 
lion (5, 1945) 

OKe%, Ruth, Ph D Unia of California, 1581 Life 
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Sciences Bldg , Berkeley 4 Prof of Home Eco- 
nomics (2, 1922 , 5, 1933) 

Olcott, Harold S , Ph DUS Dept of Agricul- 
ture, Western Regional Research Lab , Alban} 
6, Calif Head of Vegetable Processing Dtv (2, 
1935) 

Oldham, Helen, Ph D Univ of Chicago, Chicago, 
HI Asst Prof , Dept of Home Economics (5, 
1946) 

Oleson, J J , Ph D American C} anamid Co , 
Lederle Labe Div , Pearl River, N Y Head, 
Dept of Nutrition and Exper Biology (2, 1950) 
Ohtsky, Peter K , M D Rockefeller Inst for Med 
Research, 66th St and York Ave , Nen York 
Cit}' Member (6, 1917) 

Oliver, Jean Redman, M D Hoagland Lab , 335 
Henrj St , Brooklyn, N Y Pi of of Pathology, 
N Y State Med Center at New I ork City, College 
of Medicine (1,1924,4,1924) 

Oliver, Wade W , M D Rockefeller Foundation, 
New York City Assoc Dir of Div of ^[ed 
Sciences (4, 1925) 

Olmsted, J M D , Ph D Univ of California, Ber- 
keley' Prof of Physiology (1, 1920) 

Olsen, Norman S , Ph D Thayer Veterans Ad- 
min Hospital, Research Lab , Nashville 5, 
Tenn Appointment in Dept of Biochemistry, 
Vanderbilt Univ (1, 1948, 2, 1949) 

Olson, Byron J , Ph D , M D National Insts of 
Health, Bethesda, Md Surgeon, Div of Infec- 
tious Diseases (6, 1948) 

Olson, Carl, Jr , D V M , Ph D Univ of Ne- 
braska, Lincoln Chairman of Dept of Animal 
Pathology and Hygiene (4, 1937) 

Opdyke, David F , Ph D Western Reserve Univ 
^led School, Cleveland 6, Ohio Assoc Prof 
of Physiology (1, 1945) 

Opie, Eugene L , M D , Sc D Rockefeller Inst 
for Med Research, 66th St and York Ave , New 
York City 21 Member (IR, 1906 , 4, 1913 , 6R, 
1923) 

Oppenheimer, Enid Tribe 124 E 61st St , New 
York City Instr in Physiology, Columbia Univ 
(1, 1932) 

Oppenheimer, Ernst, il D Ciba Pharmaceutical 
Products, Inc , Lafayette Park, Summit, N J 
Vice-Pres in charge of Med Research (3, 1944) 
Oppenheimer, Morton Joseph, Ed M , M D 3400 
N Broad St , Philadelphia, Pa Prof of Physi- 
ology, Temple Univ School of Medicine (1, 1942) 
Orent-Keiles, Elsa, D Sc U S Dept of Agricul- 
ture, Bureau of Human Nutrition and Home 
Economics, Beltsville, Md Nutrition Chemist, 
Foods and Nutrition Dtv (2, 1935 , 5, 1935) 

Ort, John M , Ph D 401 Codw ise Ave , New 
Brunswick, N J Dir of Research, Carroll Dun- 
ham Smith Pharmacol Co (2, 1932) 

Orten, Aline Underhill, Ph D Way ne Univ Col- 
lege of Medicine, Detroit 26, Mich Research 


Assoc , Dept of Physiological Chemistry (5, 
1946) 

Orten, James M , Ph D Way ne Univ College of 
Medicine, Detroit 26, Mich Assoc Prof of 
Physiological Chemistry (2, 1936, 5, 1937) 

Orth, O Sidney, PhD , M D Univ of Wisconsin, 
SMI, Madison Prof of Pharmacology (1, 
1942, 3, 1944) 

Osborne, Stafford L , Ph D Northwestern Unu 
Med School, 303 E Chicago Ave , Chicago, 111 
Prof and Chairman of Dept of Physical Medicine 
(I, 1941) 

Oser, Bernard L , Ph D Food Research Labs , 
Inc , 48-14 33rd St , Long Island City 1, N Y 
Director (5, 1945) 

Osier, Abraham G , Ph D Johns Hopkins Hos- 
pital, Monument and Wolfe Sts , Baltimore, hid 
Dir of Serologic Lab (6, 1949) 

Oster, Robert H , Ph D Univ of Mary land Med 
School, Greene and Lombard Sts , Baltimore 
Asst Prof of Physiology (I, 1938) 

Osterberg, Arnold E , Ph D Abbott Labs , Med 
Dept , N Chicago, HI Assoc m Med Dept 
(2, 1933) 

Osterhout, Marian I Rockefeller Inst for Med 
Research, 66th St and York Ave , New York 
City' 21 Assoc , Dtv of General Physiology (1, 
1927) 

Osterhout, W J V , Ph D Rockefeller Inst for 
Med Research, 66th St and York Ave , New 
York City' 21 Member Emeritus (1, 1910) 

Otis, Arthur B , Ph D Univ of Rochester, Roches 
ter 7, N Y Asst Prof of Physiology (1, 1946) 
Ott, Walther H , Ph D Merck Inst for Therapeu- 
tic Research, Rahway, N J Head of Dept of 
Biological Control and Poultry Nutrition (6, 
1949) 

Overman, Richard R , Ph D Univ of Tennessee 
College of Medicine, Division of Phy'siology, 
Memphis Assoc Prof (1, 1946) 

Owen, Seward E , Ph D 418 S 20th Ave , May'- 
wood, HI (1, 1938) 

Pace, Donald M , Ph D Univ of Nebraska Col- 
lege of Pharmacy, Dept of Physiology and 
Pharmacology', Lincoln Assoc Prof of Physi- 
ology (1, 1944) 

Pace, Nello, Ph D Univ of California, Berkele\ 

4 Asst Pi of of Physiology (1, 1947) 

Pack, George T , A1 D 139 E 36th St , New \ ork 
City 16 Fellow in Cancer Research, Memorial 
Hospital (1, 1924) 

Packchanian, Ardzroony, Ph D Univ of Texas 
School of Medicine, Galveston Assoc Prof 
of Bacteriology and Tropical Medicine, Dir of 
Lab of Microbiology (6, 1943) 

Page, Edouard, Ph D Laval Univ Med School, 
Dept of Biochemistry , Quebec, Canada (I, 
1947) 

Page, Ernest W , M D Univ of California Hos 
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pital, Dept of Obstetrics and Gj necology, San 
Francisco 22 j4ss( Prof (1, 1947) 

Page, Imne H , M D Cleveland Clinic Founda- 
tion, 2040 E 93rd St , Cleveland 6, Ohio Dir 
of Research (1, 1937, 2, 1932) 

Painter, Elizabeth E , Ph D Univ of Illinois 
School of Medicine, 1853 W Polk St , Chicago 
Asst Prof of Physiology (1, 1941) 

Palmer, John W , Ph D E R Squibb and Sons, 
Georges Rd , New Brunsinck, N J (6, 1949) 
P’An, S Y , M D, Chas Pfizer and Co , Inc , 
Dept of Pharmacologj , 11 Bartlett St , 

Brookljm 6, N Y In Charge, Dept of Pharma- 
cology (3, 1941) 

Pangborn, Mary C , Ph D Neii Y'ork State Dept 
of Health, Div of Labs and Research, New 
Scotland Ave , Albam , N Y” Sr Biochemist 
(2, 1941) 

Papageorge, Evangeline, Ph D Emory Univ 
School of Medicine, Dept of Biochemistry , 
Emory Univ , Georgia Assoc Prof (2, 1950) 
Pappenheimer, A M , Jr , PhD New York Univ 
College of Medicine, 477 First Ave , New York 
City 16 Prof of Microbiology (2, 1941 , 6, 1938) 
Pappenheimer, Alwin M, MY) 45 Holden St, 
Cambndge, Mass Prof Emcnlus of Pathology, 
Columbia Vniv (4, 1922) 

Pappenheimer, John R , PhJD Harvard Med 
School, Boston, Mass Assoc in Physiology (1, 
1946) 

Papper, E M , M D Columbia Univ College of 
Physicians and Surgeons, 630 W 168th St , 
New York City Prof of Anesthesiology (3, 
1949) 

Park, Edwards A , M D Johns Hopkins Hospital, 
Baltimore, Md Prof Emeritus of Pediatrics, 
Johns Hopkins Univ (4, 1923) 

Parker, George H , Sc D 16 Berkeley^ St , Cam- 
bridge, Mass Prof Emeritus of Zoology, Harvard 
Univ (IR, 1909) 

Parker, Robert F , M D Univ Hosps , 2065 Adel- 
bert Rd , Cleveland, Ohio Assoc Prof of Micro- 
biology and Medicine (4, 1942, 6, 1935) 

Parkins, 'William M , Ph D Route 2, Chariton, 
Iowa (1, 1939) 

Parpart, Arthur K , Ph D Princeton Umv , Gujot 
Hall, Princeton, N J Prof of Physiology (1, 
1937) 

Parr, Leland W , Ph D George Washington Univ 
School of Medicine, 1335 H St N W , Washing- 
ton, D C Prof of Bacteriology (4, 1940) 
Parrack, Horace O , Ph D Wnght-Patterson Air 
Force Base Vero Aled Lab , Dai ton, Ohio JJe- 
scarch Physiologist (1, 1948) 

Parsons, Helen T , M D , Ph D Uni\ of Wiscon- 
sin, Madison Prof of Home Economics, in charge 
of PtiriicU Research in Nutrition (2, 1929, 5, 
1933) 

Parsons, Robert J , M D Highland Vlameda 


County Hospital, 2701 14th Ave , Oakland, 
Calif Pathologist, Dir of Labs (4, 1939) 
Paschkis, Karl E , M D Jefferson Med College, 
1025 Walnut St , Philadelphia 7, Pa Asst Prof 
of Medicine and Assoc in Physiology, Chief of 
Endocrine Clinic, Jefferson Hospital (1, 1942) 
Patt, Harvey M , Ph D Argonne Natl Lab , 
Chicago, HI Physiologist (1, 1948) 

Patterson, Thos L , Ph D , Sc D Wayne Univ 
College of Medicine, 1512 St Antoine St , De- 
troit 26, Mich Research Prof of Physiology, 
Prof of Oro-Physiology and Dir of Dental Re- 
search, Univ of Detroit School of Dentistry (1, 
1920) 

Patterson, Wilbur I , Ph D Food and Drug Ad- 
min , Washington 25, D C Chief, Organic 
Analytical Methods Bianch, Div of Food (2, 
1948) 

Patton, H D , Ph D , M D Univ of Washington 
School of Medicine, Dept of Physiology and 
Biophy'sics, Seattle 5 Assoc Prof (1, 1947) 
Paul, John R , M A , M D Yale Univ Med 
School, 333 Cedar St , New Haven, Conn Prof 
of Preienlive Medicine (4, 1927, 6, 1937) 
Pearce, John Musser, M D 525 E 68tb St , New 
York City 21 Prof of Pathology, Cornell Univ 
Med College, Attending Pathologist, New York 
Hospital (4, 1942) 

Pearce, Louise, M D Trevenna Farm, Belle Mead, 
N J Assoc Member in Pathology and Bacteri- 
ology, Rockefeller Inst for Med Research (4, 
1925) 

Pearcy, Frank, Ph D , M D 2606 Oak Lawn Ave , 
Dallas, Te\ (1, 1928) 

Pearlman, William H , Ph D Jefferson Med Col- 
lege, 1026 Walnut St , Philadelphia 7, Pa Assoc 
Prof , Biochemistry Dept (2, 1946) 

Pearse, Herman E , M D Univ of Rochester 
School of Medicine and Dentistry, Rochester, 
N Y Prof of Surgery (4, 1932) 

Pearson, Harold E , M D , M P H Umv of South- 
ern California Med School, Los Angeles Assoc 
Prof of Bacteriology, Med Microbiologist, Los 
Angeles County Hospital (6, 1948) 

Pearson, P B , Ph DUS Atomic Energy^ Com- 
mission Div of Biology and Medicine, Wash- 
ington 25, D C Chief of Biology Branch (2, 
1944 , 5, 1940) 

Pease, Marshall C , Jr , M D Branchi ille Rd , 
R F D 4, Rideefield, Conn Historian of Ameri- 
can Acad of Pediatrics (6, 1920) 

Peck, Robert L , Ph D 939 Madison Ai e , Plain- 
field, N J Sr Chemist, Mere! and Co , Inc 
(2, 1947) 

Penfield, 'Odder G , M D , D Sc McGill Unn , 
Alontreal, Quebec, Canada Prof of Acurology 
and N^curosiirgcn/ (1, 1932) 

Pennington, Mary Engle, Ph D 233 Broadw i\ , 
New York City 7 Consultant in Connection inth 
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the Handling, Tramporlalton and Storage of Per- 
ishables (2, 190S) 

Penrod, Kenneth E , Ph D Duke Umv School of 
Medicine, Durham, N C Assoc Prof of Physi- 
ology (1, 1946) 

Peoples, S Anderson, M D Univ of California, 
School of Veterinary Medicine, Dept of Phar- 
macology, Davis Prof of Comparative Phar- 
macology (3, 1937) 

Perkins, John F , Jr , M D 5621 S Kenwood 
Ave , Chicago 37, 111 Asst Prof of Physiology, 
Univ of Chicago (1, 1950) 

Perlman, Ely, M D 77-14 113th St , Forest Hills, 
L I , N Y Research Assoc Mt Stnat Hospital 
(6, 1944) 

Permar, Howard H , M D Pathologic Labs , 
Mercy Hospital, Pittsburgh, Pa Dir of Labs 
(4, 1925) 

Petermann, Mary L , Ph D Sloan-Kettenng Inst 
for Cancer Research, 444 E 68th St , New York 
City 21 Associate (2, 1947) 

Peters, John P , M D 123 Marvel Rd , New 
Haven 15, Conn John Slade Ely Prof of Medi- 
cine, Yale Univ School of Medicine (2, 1922) 
Peters, Lawrence, Ph D Western Reserve tJmv 
Med School, Dept of Pharmacology, 2109 Adel- 
bert Rd , Cleveland 6, Ohio Asst Prof of 
Pharmacology (3, 1946) 

Peterson, Lysle H , M D Univ of Pennsylvania 
Med School, Dept of Physiology, Philadelphia 
4 Research Fellow in Physiology (1, 1950) 
Peterson, William H , Ph D Univ of Wisconsin, 
Biochemistry Bldg , Madison Prof of Biochem- 
istry (2, 1919, 5, 1936) 

Pelt, L B , M D , PhD Dept of Natl Health and 
Welfare, Ottawa, Ontario, Canada Dtr of Nu- 
trition (2, 1937 , 6, 1946) 

Pfeiffer, Carl C , Ph D , M D Univ of Illinois, 
1853 W Polk St , Chicago 12 Prof and Chairman 
of Dept of Pharmacology (3, 1938) 

Pflffner, Joseph J , Ph D Parke, Davis <fc Co , 
Research Labs , Detroit 32, Mich Research 
Chemist (1, 1931, 2, 1931, 5, 1946) 

Phatak, Niikanth M , Ph D Univ of Oregon, 
School of Dentistry, Portland Assoc Prof 
and Head of Dept of Pharmacology (3, 1941) 
Philips, Frederick S , Ph D Sloan-Kettenng Inst 
for Cancer Research, 444 E 68th Street, New 
York Citj' 21 Assoc Member (3, 1947) 

Phillips, Paul H , Ph D Univ of Wisconsin, Mad- 
ison Prof of Biochemistry (2, 1940 , 5, 1938) 
Phillips, Robert Allan, M D U S Kaval Med 
Research Unit No 3, Amencan Embassy at 
Cairo, Egypt, %Navy Pouch Section, Navy 
Dept Washington 25, D C (I, 1938) 

Pick, Ernst Peter, M D 19 E 98th St , New York 
City Assoc Pharmacologist, hit Smai Hospital 
(3, 1940) 

Pierce, Harold B , Ph D Univ of Vermont Col- 


lege of Medicine, Burlington Prof and Chair- 
man of Dept of Biochemistry (2, 1929 , 5, 1933) 
Pierce, Harold Fisher, Ph D , M D State Vet- 
erans Hospital, Rocky' Hill Conn (1, 1928) 
Pierce, Ira H , Ph D Univ of Iowa, Iona City' 
Assoc Prof of Pharmacology (3, 1933) 

Pigman, William W , Ph D Umv of Alabama, 
Med -Dent Schools, Biochemistry' Dept , Birm- 
ingham Assoc Prof (2, 1950) 

Pike, Frank H , Ph D 437 W 59th St , Nen York 
City 19 Assoc Prof of Physiology, Columbia 
Univ (1, 1907) 

Pilcher, J Douglas, M D City Hospital, Scran- 
ton Rd , Cleveland, Ohio Assoc Prof of Pedi- 
atrics, Western Reserve Univ School of Medicine 
(3B, 1911) 

Plllemer, Louis, Ph D Western Reserve Umv , 
Inst of Pathology, Cleveland, Ohio Prof of 
Biochemistry (2, 1950, 6, 1942) 

Pincus, Gregory, Sc D Worcester Foundation for 
Evper Biology, 222 Maple Ave , Shrewsbury, 
Mass (1, 1935) 

Pincus, I J , M D Jefferson Med College, Phila- 
delphia, Pa Assoc in Physiology (1, 1948) 
Pinkerton, Henry, M D St Louis Umv School of 
Medicine, St Louis, Mo Prof of Pathology 
(4, 1931) 

Pinkston, James 0 , Ph D American Umv of 
Beirut, Beirut, Lebanon Prof of Physiology 
(1, 1938, 3, 1939) 

Pinson, Ernest A , Ph D 2118 C-44th St . Los 
Alamos, N Mev (1, 1943) 

Pittman, Martha S , Ph D Manhattan, Kan (5, 
1933) 

Pitts, Robert F , Ph D , M D Cornell Umv Med 
College, 1300 York Ave , New York City Prof 
and Head of Dept of Physiology and Biophysics 
(1, 1934) 

Plummer, Albert J , M D , Ph D Ciba Pharma- 
ceutical Products, Inc , Summit, N J Sr 
Pharmacologist (3, 1950) 

Pollack, Herbert, Ph D , hi D 45 E 66th St , 
New York City 21 Assoc Physician and Chief 
of Metabolism Clinics, Ml Sinai Hospital (I, 
1933, 5, 1935) 

Pomerat, Charles Marc, Ph D Umv of Texas 
Med School, Galveston Prof of Anatomy (1. 
1944) 

Pommerenke, W T , Ph D jM D Umv of Roch- 
ester School of Medicine and Dentistry', Roches- 
ter 7, N Y Assoc Prof of Obstetrics and Gyne 
cology (1, 1947) 

Pond, Samuel E , Ph D 400 S Mam St , East 
Hartford, Conn Consulting Engineer, P and 
W A Div , United Aircraft Corp (1, 1924) 
Ponder, Eric, M D , Sc D Nassau Hospital, Mine 
ola. Long Island, iS Y (1, 1931) 

Poppen, John R , M D Aero hied Acceleration 
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Lab , Naval Air Development Center, Johns- 
ville, Pa Director (1, 194S) 

Popper, Hans, Ph D , M D Cook County Hos 
pital, 1825 W Harrison St , Chicago 12, 111 
Dir of Dept of Pathology and Scientific Dir 
of Hektoen Inst for Med Pescarch, Assoc Prof 
of Pathology, Northwestern Umv Med School 
(4, 1942) 

Porter, Eugene L , Ph D Univ of Texas Med 
Branch, Galveston Prof of Physiology (1, 1913) 
Porter, J R , Ph D State Univ of Iowa, College 
of Medicine, Iowa City Prof of Bacteriology 
(6, 1950) 

Porter, Thelma, Ph D Umv of Chicago, Chicago, 
HI Prof and Chairman of Dept of Home Eco- 
nomics (5, 1944) 

Post, Robert Lickely, M D 6310 Vanderbilt Med 
School, Nashville 4, Tenn Instr in Physiology 
(1, 1950) 

Poth, Edgar J , M D , Ph D Umv of Texas Med 
School, Galveston Prof of Surgery (1, 1946) 
Potter, Truman S , M D 117 Northampton Rd , 
Amherst, Mass Independent Research Worker 
(6, 1939) 

Potter, Van R , Ph,D Umv of Wisconsin Med 
School, McArdle Memorial Lab , Madison Prof 
of Oncology (2, 1941) 

Powell, Horace M , Sc D 5565 Washington Blvd , 
Indianapolis, Ind Head Bacteriologist, Eh Lilly 
&. Co (6, 1934) 

Power, Marschelle H , Ph D Mayo Climc, Roch- 
ester, Minn Prof of Physiological Chemistry, 
Mayo Foundation, Univ of Minnesota (2, 1932) 
Pratt, Frederick H , M D Boston Umv School of 
Medicine, Boston, Mass Prof Emeritus of Phys- 
iology (IR, 1919) 

Pratt, Joseph H , M D , Sc D New England Med 
Center, 25 Bennet St , Boston, Mass Physictan- 
in-Chief, Boston Dispensary and Joseph H Pratt 
Diagnostic Clinic, Prof Emeritus oj Medicine, 
Tufts Med School (1, 1910, 3, 1910, 4, 1927) 
Preisler, Paul W , Ph D , Washington Umv School 
of Medicine, 4580 Scott \ve , St Louis 10, 
Mo Research Assoc , Biochemistry (2, 1931) 
Pressman, Dand, Ph D Sloan-Kettenng Inst for 
Cancer Researeh, 444 East 68 St , Nen York 
Citj 21 Sr Fellow in Cancer Research (6, 1949) 
Price, ClifTord W , Ph D U S Food and Drug 
■\.dimn , Washington, D C Bacteriologist, Anti- 
biotics Analyst, Div of Penicillin Control and 
Immunology (6, 1946) 

Prinzmetal, Mjrron, hLA , jSI D 300 S Bcverlx 
Drive, Beverlj Hills, Calif Sr Attending Physi- 
cian, Cedars of Lebanon Hospital, Los Angeles 
(3, 1941) 

Prosser, C Ladd, Ph D Unu of Illinois, Natural 
lIis(or\ Bldg , Urbana (1, 1935) 

Pucstow, Charles B , M D , Ph D Unu of Illi- 


nois College of Medicine, 1853 W Polk St , Chi- 
cago Asst Prof of Surgery (1, 1934) 

Pugsley, L I , Ph D Dept of Natl Health and 
Welfare, Food and Drug Lab , Ottawa, Ontario, 
Canada Chief of Lab Service (2, 1937) 

Putnam, Frank W , Ph D Univ of Chicago, 947 
E 5Sth St , Chicago 37, HI Asst Prof of Bio- 
chemistry (2, 1947) 

Quackenbush, Forrest W , Ph D R-2, Brookston, 
Ind Prof and Head of Dept of Agricultural 
Chemistry, Purdue Umv (2, 1946) 

Quaife, Mary L , Ph D Distillation Products, 
Inc , Div of Eastman Kodak Co , Rochester 3, 
N Y Sr Research Chemist, Dept of Biochem- 
istry (2, 1948) 

Quastel, J H , D Sc , Ph D Research Inst , 
Montreal General Ilosp , 3619 University St 
Montreal, Quebec, Canada Prof of Biochem- 
istry, McGill Umv (2, 1948) 

Queen, Frank B , M D Univ of Oregon School of 
Medicine, 3181 S W Sam Jackson Park Rd , Port- 
land Prof of Pathology (4, 1941) 

Quick, Armand J , M D , Ph D Marquette Med 
School, 561 N 15th St , Milwaukee 3, IVis 
Prof and Dir of Dept of Biochemistry (2, 1932, 
3, 1937) 

Quigley, J P , Ph D Umv of Tennessee, Memphis 
3 Prof and Chief of Div of Physiology (1, 1929, 
3, 1945) 

Quilligan, J J , M D , M B Umv of Michigan, 
School of Public Health, Observatory St , Ann 
Arbor Research Assoc , Dept of Epidemiology, 
Instr , Dept of Pediatrics (6, 1950) 

Quimby, Freeman Henry, Ph D Office of Naval 
Research, Code 441, Navy Dept , Washington 
25, D C Acting Head, Physiology Branch (1, 
1950) 

Quinby, William C , M D Harvard Umv Med 
School, Boston, Mass Clin Prof of Genito- 
urinary Surgery (IR, 1916) 

Quinn, Edmond John, Ph D 106 N Lee Ave , 
Rockville Center, Long Island, N Y Medicinal 
Sales Div , Merck & Co , Inc , Rahtoay, N J 
(2, 1927, 5, 1933) 

Raab, Wilhelm, hi D Univ of Vermont College 
of Medicine, Div of Exper hledicine, Burling- 
ton Prof , Head of Division and of Cardiovascu- 
lar Clin Research Unit (1, 1949) 

Rabinowitch, I M , D Sc , hi D C hi 1020 hied 
Irts Bldg , Sherbrooke and Guy Sts , hlontrcal, 
Quebec, Canada Assoc Prof of Medicine and 
Lecturer in Med Jurisprudence and Toxicology, 
McGill Umv , Dir , Inst for Research, Montreal 
General Hospital (2, 1928, 5, 1933) 

Rachclc, Julian R , Ph D Cornell Unu hied 
College, 1300 York Vve , New York Cit\ 21 
Issoc Prof of Biochemistry (2, 1948) 
Rnckemann, Francis M , hi D 263 Beacon St , 
Boston, Mass Physician, Massachusetts General 
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Hospital, Lecturer in Medicine, Harvard Med 
School (6. 1923) 

Racker, Efraim, M D New York Umv College of 
Medicine, New York Citj’- 16 Assl Prof of 
Microbiology (2, 1948) 

Raffel, Sidney, Sc D , M D Stanford Umv , Dept 
of Bacteriology and E^iper Pathologj , Stanford 
Umv , Calif Asst Prof (6, 1933) 

Rahn, Hermann, Ph D Umv of Rochester School 
of Medicine and Dentistry', Rochester, N Y 
Asst Prof of Physiology (1, 1944) 

Rake, Geoffrey W , M B Squibb Inst for Med 
Research, Div of Microbiology, New Bruns- 
w ick, N J Head of Dtv (6, 1939) 

Rakestraw, Norris W , Ph D Umv of California, 
Scripps Inst of Oceanography, LaJolla Prof 
of Chemistry (2, 1925) 

Rakieten, Nathan, Ph D Bristol Labs , Inc , P 0 
Bo\ 657, Syracuse 2, N Y Pharmacologist and 
Toxicologist (1, 1941) 

Ralli, Elaine P , M D 477 First Ave , Nen York 
City Assoc Prof of Medicine, New York Umv 
College of Medicine (1, 1934, 5, 1933) 

Ralston, H J , Ph D College of Phj'sicians and 
Surgeons, 344 14th St , San Francisco 3, Calif 
Assoc Prof of Physiology (1, 1947) 
Rammelkamp, Charles H , Jr , M D Western Re- 
serve Umv , Dept of Preventive Medicine, 
Cleveland 6, Ohio Assoc Prof of Medicine (6, 
1943) 

Ramsey, Robert Weberg, Ph D Med College of 
Virginia, Richmond Assoc Prof of Physiology 
and Pharmacology (1, 1939) 

Randall, Lowell O , Ph D Hoffmann-LaRoche, 
Inc , Nutley 10, N J Pharmacologist (2, 1939, 
3, 1950) 

Randall, Waller C , Ph D St Louis Umv School 
of Medicine, 1402 S Grand Blvd , St Louis, 
Mo Insir in Physiology (1, 1943) 

Randall, Wil lam A . Ph D Food and Drug Ad- 
min , Washington 25, D C Bacteriologist, Div 
of Penicillin Control and Immunology (6, 1946) 
Rane, Leo, Ph D Lederle Labs , Inc , Pearl River, 
X Y Dept Head, Normal Blood Plasma (6, 1942) 
Rantz, Lowell A , M D Stanford Umv School of 
Aledicine, San Francisco 15, Calif Assoc Prof 
of Medicine (3, 1946) 

Rapoporl, Samuel, M D , Ph D Children’s Hos- 
pital Research Foundation, Elland and Beth- 
esda, Cincinnati, Ohio Assoc Prof of Pediatrics 
and Asst Prof of Biochemistry, Untv of Cincin- 
nati (2, 1941) 

Rapport, David, M D 136 Harnson Ave , Boston, 
Mass Prof of Physiology, Tufts College Med 
School (1, 1922) 

Rapport, Maurice M , Ph D Columbia Umv 
College of Phy'sicians and Surgeons, Dept of 
Biochemistry , 630 W 168th St , New York City' 
32 Research Assoc (2, 1950) 


Raska, Sigwm, Ph D 545 Graceland Avo , Des 
Plaines, Rl (1, 1947) 

Rasmussen, A F , Ph D , M D Umv of AViscon- 
sin Med School, Dept of hied Microbiology , 
Madison Assoc Prof (6, 1949) 

Rasmussen, Andrew Theodore, Ph D Umv of 
Minnesota Med School, Minneapolis Prof of 
Neurology (1, 1919) 

Ratchffe, Herbert L , D Sc Umv of Pennsyd- 
vania. Dept of Pathology, Philadelphia 4 
Assoc Prof of Comparative Pathology, Patholo- 
gist, Zoological Society of Philadelphia (4, 1950) 
Ratner, Bret, M D 50 E 7Sth St , Nen York City 
Prof of Pediatrics, New York Umv College of 
Medicine (4, 1940 , 6, 1928) 

Ratner, Sarah, Ph D New York Univ College of 
Medicine, 477 First Ave , New York City 16 
Asst Prof of Pharmacology (2, 1944) 

Raulston, B O , M D 200 S Hudson Ave , Los 
Angeles, Calif Prof of Medicine and Dir of 
Clin Teaching and Assoc Dean, Univ of 
Southern California School of Medicine (3, 1942) 
Ravdin, I S , M D Umv of Pennsylvania School 
of Medicine, Philadelphia John Rhea Barton 
Prof of Surgery, Chief Surgeon, Hospital of the 
Univ of Pennsylvania (1, 1930, 4, 1930) 
Rawson, Rulon W , M D Memorial Hospital, Nen 
York City Attending Physician, Chief, Dept of 
Clin Investigation, Sloan-Keltering Inst (1, 
1947) 

Raymond, Albert L , Ph D G D Searlo and Co , 
P 0 Bov 5110, Chicago 80, 111 Ftce Pres in 
charge of Research and Development (2, 1932) 
Rebuck, John W , M D , Ph D Henry' Ford Hos- 
pital, Dept of Labs , Detroit 2, JVLch Assoc in 
Pathology (4, 1950) 

Redfield, Alfred C , Ph D Woods Hole, Mass 
Prof of Physiology, Harvard Umv (1, 1919) 
Reed, Carlos I , Ph D Univ of Illinois College of 
Medicine, 1853 W Polk St , Chicago Prof of 
Physiology (1, 1923) 

Reed, Emerson A , Ph D Hahnemann Med Col- 
lege, Philadelphia, Pa Asst Prof of Physiology 
(1, 1948) 

Reese, John D , M D North Carolina Sanatorium 
for the Treatment of Tuberculosis, McCain 
Pathologist and Lab Dir (4, 1949) 

Rehm, Warren S , Jr , Ph D , M D Umv of Louis- 
ville School of Medicine, Louisville, Ky Prof 
of Physiology (1, 1945) 

Reid, Marion Adelaide, Ph D N'ew Jersey College 
for Women, Nen Brunswick Asst Prof , Dept 
of Zoology (1, 1941) 

Reid, Mary E , Ph D Natl Insts of Health, Beth- 
esda 14, Md Cytologist (5, 1947) 

Reimann, Hobart A , M D Jefferson Hospital, 
Philadelphia, Pa Prof of Medicine, Jefferson 
Med College (4, 1933) 

Reimann, Stanley P , M D , Sc D 703 W Phil- 
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Ellena St , Mount Airy, Philadelphia, Pa Dtr 
of Research Inst of Lanlcnau Hospital, Prof 
of Oncology, Hahnemann Med College and Hos- 
pital, Philadelphia (I, 1921, 4, 1924) 

Reinecke, Roger M , Ph D , M D Univ of Puerto 
Rico, School of Medicine, School of Tropical 
Medicine, San Juan (1, 1947) 

Reineke, E P , Ph D Michigan State College, 
Dept of Phjsiology and Pharmacology, East 
Lansing Professor (1, 1960) 

Reiner, John M , Ph D Tufts College Med 
School, Dept of Phj'Siology, Boston, Mass (1, 
1947) 

Reiner, Laszio, M D , Ph D Wallace and Tieman 
Products, Inc , 11 Mill St , Belleville 9, N J 
Dir , Pharmaceutical Research (2, 1942 , 6, 1933) 
Reinhardt, William O , M D Umv of California, 
Berkeley 4 Assoc Prof of Anatomy (1, 1950) 
Reinhold, John G , Ph D Univ of Pennsylvania 
Hospital, 702 Maloney Bldg , Philadelphia 4, 
Pa Asst Prof of Physiological Chemistry and 
Medicine (2, 1936) 

Rekers, Paul E , M D Inst for Med Research, 
Cedars of Lebanon Hospital, 4751 Fountain 
Ave , Los Angeles 27, Calif Research Assoc 
(4, 1950) 

Remington, John W , Ph D Med College of 
Georgia, Augusta Asst Prof of Physiology (1, 
1943) 

Remington, Roe E , Ph D , P 0 Box 1252, Hender- 
sonville, N C Consultant (2, 1930 , 6R, 1934) 
Renfrew, Alice G , Ph D Mellon Inst of Indus- 
trial Research, Univ of Pittsburgh, Pittsburgh, 
Pa Sr Fellow (2, 1939) 

Reynolds, Chapman, M D Louisiana State Umv 
School of Medicine, New Orleans Asst Prof of 
Pharmacology (3, 1937) 

Reynolds, Orr E , Ph D Office of Naval Research, 
Med Sciences Div , Washington, D C Head 
of Physiology Branch (1, 1948) 

Reynolds, Samuel R M , Ph D , Sc D 4028 
Deepwood Rd , Baltimore 18, Md Staff Member 
and Physiologist, Carnegie Inst of Washington, 
Dept of Embryology (1, 1932) 

Reznikoff, Paul, M D New York Hospital, 525 E 
6Sth St , Nev York City Prof of Clin Medicine, 
Cornell Umv Med College (1, 1927) 

Rhines, Ruth, Ph D , M D Umv of Pennsylvania 
School of kledicine, Dept of Anatomy , Phila- 
delphia 4 Asst Prof of Anatomy, Inslr in 
Medicine (1, 1950) 

Rhoads, Cornelius Packard, IM D Memorial Hos- 
pital, 444 E 68th St , Non York City Dir , 
Prof of Pathology, Cornell Umv Med College 
(4, 1930) 

Rhoads, Jonathan Evans, hi D , D Sc Umv of 
Pcnnsvhania School of Medicine, Philadelphia 


4 Prof of Surgery, Chief, Surgical Div II, 
Hospital of the Univ of Pennsylvania (1, 1946) 
Rice, Christine E , Ph D Animal Diseases Re- 
search Inst , Canadian Dept of Agriculture, 
Hull, Quebec, Canada Agncullural Scientist 
(6, 1938) 

Rice, Harold V , Ph D Umv of Alberta, Edmon- 
ton, Alberta, Canada Prof of Physiology (1, 
1948) 

Rice, James C , Ph D Umv of Mississippi, P 0 
Box 475, University^ Prof of Pharmacology (3, 
1941) 

Rich, Arnold Rice, M D Johns Hopkins Hospital, 
Baltimore, Md Baxley Prof of Pathology, Johns 
Hopkins Univ (4, 1924) 

Richards, Alfred N , Ph D , M D 737 Rugby Rd , 
Bry n Mawr, Pa Prof Emeritus of Pharmacology, 
Umv of Pennsylvania (IR, 1900, 2, 1906, 3R, 
1909) 

Richards, Oscar W , Ph D American Optical Co , 
Research Lab , P 0 Box 137, Stamford, Conn 
Chief Biologist (1, 1934) 

Richards, Richard Kohn, M D Abbott Labs , 
North Chicago, HI Assoc Dir of Pharmacologic 
Research, Prof Lecturer in Pharmacology, North- 
western Umv Med School (1, 1938 , 3, 1947) 
Richardson, Arthur P , M D Emory Umv School 
of Medicine, Emory University^, Ga Prof and 
Chairman of Dept of Pharmacology (3, 1939) 
Richardson, Luther R , Ph D P 0 Box 102, Col- 
lege Station, Tex Prof of Biochemtstry and 
Nutrition, Texas A & M College (5, 1942) 
Richter, Curt P , Ph D Phipps Psychiatric Climc, 
Johns Hopkins Hospital, Baltimore, Md Assoc 
Prof of Psycho-biology, Johns Hopkins Univ 
(1, 1924) 

Richter, Maurice N , M D 303 E 20th St , Neiv 
York City Prof of Pathology, Bellevue Med 
Centei , Dir Dept of Pathology, Umv Hospital 
(4, 1931) 

Ricketts, Henry T , M D Univ of Chicago, Dept 
of Medicine, Chicago, HI Assoc Prof of Medi- 
cine (1, 1940) 

Riddle, Oscar, Ph D Route 4, Plant City^, Fla 
(IE, 1919) 

Riegel, Byron, Ph D Northwestern Umv , Dept 
of Chemistry , Evanston, 111 Professor (2, 1942) 
Riegel, Cecilia, Ph D Umv of Pennsydvama 
Hospital, Philadelphia 4, Pa Asst Prof , Harri- 
son Dept of Surgical Research Umv of Penn- 
sylvania School of Medicine (2, 1938) 

Rigdon, R H , M D Univ of Texas Med Branch, 
Gah'^eston Prof of Exper Pathology (4, 1941) 
Riggs, Douglas S, MD Harvard Med School, 
Boston, klass Assoc in Pharmacology (3, 1948) 
Riggs, Lloyd K , Ph D Natl Dairy Research 
Labs , Oakdale, L I , N Y Dir of Nutritional 
Research (2, 1929) 
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Riker, Walter F , Jr , M D Cornell Univ Med 
College, 1300 York Ave , Nen York Cit} 21 
Assoc Prof of Pharmacology (3, 1947) 

Riley, Richard F , Ph D P 0 box 31, Beverly 
Hills, Calif Asst Chri Prof of Radiology (3, 
1950) 

Riley, Richard L , M D 1901 Dixon Rd , Baltimore 
9, Md Dcft of Environmental Medicine, Johns 
Hopkins Univ (1, 1948) 

Rinehart, James P , M D Univ of California Med 
School, Parnassus and Third Aves , San Fran- 
cisco Prof of Pathology (4, 1933) 

Ring, Gordon C , Ph D Temple Univ Med 
School, Broad St , Philadelphia, Pa (1, 1933) 
Rioch, David McKenzie, M D Chestnut Lodge 
Sanitarium, 500 W Montgomery Ave , Rock- 
ville, Md Dir of Research (1, 1931) 

Rittenberg, David, Ph D Columbia Univ College 
of Physicians and Surgeons, 630 W 168th St , 
Now York City 32 Assoc Prof (2,1939) 
Ritzman, E G , A M Umv of New Hampshire, 
Durham Research Prof (5R, 1933) 

Rivers, T M , M D , Sc D Hospital of Rockefeller 
Inst for hied Research, 06 th St and York Ave, 
New York City Director (4, 1925 , 6, 1921) 
Robb, Jane Sands, Sc D , M D Sj racuse Umv 
College of Medicine, 761 Irving Ave , Syracuse, 
N Y Assoc Prof of Pharmacology (1, 1924) 
Robbins, Benjamin Howard, M S , M D Vander- 
bilt Umv School of Medicine, Nashville, Tenn 
Assoc Prof of Pharmacology, Prof of Anesthesi- 
ology (3, 1936) 

Robbins, Kenneth C , Ph D Inst of Pathology , 
2085 Adelbert Rd , Cleveland, Ohio Asst Prof 
of Immunochemislry (6, 1950) 

Robbins, Mary L , Ph D George Washington 
Umv School of Medicine, 1335 H St , N W , 
Washington 5, D C Asst Prof of Bacteriology 
(6, 1946) 

Roberts, Edward F , M D , Ph D Wy eth, Inc , 
1600 Arch St , Philadelphia 3, Pa Dir of Clin 
Investigation (6, 1932) 

Roberts, Eugene, Ph D Washington Umv Med 
School, 4580 Scott Ave , St Louis 10, Mo Re- 
search Assoc in Cancer (2, 1950) 

Roberts, Joseph T , hi D , Ph D Veterans Ad- 
mm Hospital, Batavia, N Y Chief of Med 
Service (1, 1947) 

Roberts, Lydia J , Ph D Umv of Puerto Rico, 
Rio Piedras, P R Prof and Chairman of Dept 
of Home Economics (5, 1933) 

Roberts, Sidney, Ph D Umv of California Med 
School, Los Angeles Asst Prof of Physiological 
Chemistry (1, 1946 , 2, 1950) 

Robertson, Elizabeth Chant, M D , Ph D Umv 
of Toronto, Toronto, Ontano, Canada Re- 
search Fellow in Pediatrics (5, 1939) 

Robertson, Oswald H , hi D Stanford Unix , 


Dept of Biology, Palo Alto, Calif Prof of 
Medicine (4R, 1932) 

Robinson, Charles Summers, Ph D Vanderbilt 
Umv Med School, Nashville, Tenn Prof of 
Biochemistry (2, 1925) 

Robinson, Elliott S,MD,PhD RFD 4, Laco 
nia, N H (6, 1935) 

Robinson, G Canby, M D , 4712 Keswick Rd , 
Baltimore, Md Exec Sec , Maryland Tubercu- 
losis Assoc (IR, 1912) 

Robinson, Harry J , Ph D , M D hlerck Inst for 
Therapeutic Research, Rahway. N J Asst 
Dir (3, 1940) 

Robinson, Herbert E , Ph D Swift and Co , Re- 
search Labs , Union Stock Yards, Chicago 9, 
lU Asst Dir of Research (6, 1947) 

Robinson, Howard W , Ph D Broad and Ontario 
Sts , Philadelphia, Pa Prof of Physiological 
Chemistry, Temple Umv Sthool of Medicine 
(2, 1929) 

Robinson, Sid, Ph D Indiana Umv Med School, 
Bloomington Prof of Physiology (1, 1941) 
Robinson, True W , Ph D Med College of Ala- 
bama, Birmingham 5 (1, 1948) 

Roblin, Richard O , Jr , Ph D 1937 W Mam St , 
Stamford, Conn Dir of Chemotherapy Div , 
American Cyanamid Co (2, 1946) 
Robscheit-Robbins, F S , Ph D Umv of Roches- 
ter School of Medicme and Dentistry, Roches 
ter, N Y Assoc in Pathology (1, 1925 , 4, 1930) 
Rodbard, Simon, Ph D hlichael Reese Hospital, 
Cardiovascular Dept , 29th and Ellis Aves , 
Chicago, ni (1, 1942) 

Roe, Joseph Hyram, Ph D George Washington 
Umv School of Medicine, Washington, D C 
Prof of Biochemistry (2, 1927, 5, 1933) 

Boeder, Kenneth D , M A Tufts College, Med 
ford, Mass Assoc Prof of Biology (1, 1942) 
Roepke, Martin Henry, Ph D Umv Farm, St 
Paul, Minn Prof of Veterinary Medicine (3, 
1937) 

Rogers, Charles G , Ph D Oberlin College, Ober 
hn, Ohio Prof of Comparative Physiology (IR. 
1911) 

Rogers, Fred T , Ph D , M D Dallas Med and 
Surgical dime, 4105 Live Oak St , Dallas 1, 
Tex (1, 1917) 

Rogoff, Julius M , M D , Sc D Belle Island, Ro 
vaydon, Conn (1, 1910, 3, 1916) 

Koine, Paavo K , Ph D Unix of Helsinki, 
Helsinki, Finland Prof of N utrtlional Chemts 
try (5, 1950) 

Rolfe, Daniel Thomas, M D I\Ieharry Med Col 
lege, Nashville 8, Tenn Chairman, Dept of 
Physiology and Pharmacology , Prof of Physiology 
(1. 1950) 

Roll, Paul M, PhD SIoan-Kettering Inst lor 
Cancer Research, 444 E 68th St , Nev lork 
Citx 21 Assoc Member (2, 1950) 
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Ronzonl, Ethel, PhD Washington Univ Med 
School, MO S Iungshighwnj% St Louis 10, Mo 
Assl Prof of Biological Chemistry, Neuropsy- 
chiatry Dept (2, 1923) 

Rods, Albert, hi D Washington Univ School of 
Medicine, Dept of Physiologj’^, Euclid Ave and 
Kingshighvray,St Louis 10, Mo lustr in Physi- 
ology and Surgery (1, 1949) 

Root, Howard F , M D 44 Dwight St , Brookline, 
Mass Assoc in Medicine, Harvard Med School 
(6, 1933) 

Root, Raymond W , Ph D College of the City of 
New York, 139th St and Convent Ave , New 
York City Assoc Prof of Biology, Head of 
Div of Physiology (1, 1949) 

Root, Walter S , Ph D Columbia Umv College 
of Physicians and Surgeons, 630 W 168th St , 
New York City 32 Prof of Physiology (1, 1932) 
Rosahn, Paul D , M D 92 Grand St , New Britain, 
Conn Pathologist, New Britain General Hos- 
pital, Assoc Clin Prof of Pathology, Yale Untv 
School of Medicine (4, 1934) 

Rose, Harry M , M D Columbia Umv College of 
Physicians and Surgeons, 630 W 168th St , New 
York City 32 Assoc Prof of Bacteriology (6, 
1949) 

Rose, Jerzy E , M D Johns Hopkins Univ Med 
School, Dept of Physiology, 710 N Washmg- 
ton St , Baltimore 6, Md Asst Prof of Physi- 
ology and Psychiatry (1, 1949) 

Rose, William C , PhD) Umv of Dhnois, Urbana 
Prof of Biochemistry (2, 1912, 5, 1933) 
Rosenblueth, Arturo, M D Instituto Nacional de 
Cardiologia, Calzada de la Piedad 300, Mexico 
D F , Mexico (1, 1932) 

Rosenfeld, Moms, M D Johns Hopkins School of 
Medicme, Baltimore, Md Assoc Prof of 
Pharmacology and Exper Therapeutics (3, 1934) 
RosenoWi Edward C , M D Longview State Hos- 
pital, Research Dept , Cincinnati 16, Ohio (4, 
1913, 6, 1916) 

Rosenthal, Otto, MD Umv of Pennsylvama 
School of Medicine, Philadelphia, Pa Asst 
Prof of Cancer Research, Harrison Dept of 
Surgical Research (2, 1946) 

Rosenthal, Sanford M , M D Natl Insts of 
Health, Bethesda, Md Chief, Section in Phar- 
macology and Toxicology, Exper Biology Inst 
(3, 1925) 

Rosenthal, S R , hi D , Ph D Umv of Illinois 
College of Medicine, Chicago Assoc Prof of 
Preventive Medicine and Public Health, Dir , 
Institution for Tuberculosis Research of Univ 
of Illinois (1, 1948 , 4, 1941) 

Ross, Joseph F , M D Robert Dawson Evans 
Memorial, 65 E Newton St , Boston, Mass 
Physician, Massachusetts Memorial Hospital, As- 
soc Prof of Medicine, Boston Umv School of 
Medicine (4, 1941) 


Rossiter, R J , Ph D Umv of Western Ontario, 
London, Ontario, Canada Prof of Biochemis- 
try (2, 1948) 

Rostorfer, Howard Hayes, Ph D Indiana Umv , 
Bloomington Asst Prof of Physiology (1, 1946) 
Roth, George B , M D 3814 T St N W , Washing- 
ton D C Prof Emeritus of Pharmacology, 
George Washington Umv (IR, 1914, 3R, 1911) 
Roth, Grace M , Ph D Mayo Clinic, Rochester, 
Minn Assoc in Clin Physiology (1, 1939) 
Roth, James Luther d'Aumont, M D , Ph D 
Umv of Pennsylvania Grad Hospital, 19th and 
Lombard Sts , Philadelphia 46 Research Fellow 
in Gastroenterology , Grad School of Medicine, 
Univ of Pennsylvania (1, 1950) 

Roth, L W , Ph D Abbott Research Labs , Dept 
of Pharmacology, North Chicago, 111 Sr Re- 
search Pharmacologist (1, 1947 , 3, 1950) 
Rotbchild, Imng, Ph D Ohio State Umv , Dept 
of Obstetrics and Gynecology, Umv Hospital, 
Columbus, Ohio (1, 1949) 

Rothemund, Paul W K , Dr -Ing Antioch Col- 
lege, Yellow Springs, Ohio Prof of Chemistry, 
Research Chemist, C F Kettering Foundation 
(2, 1940) 

Rothstem, A , Ph D Umv of Rochester School 
of Medicme and Dentistry, Rochester 7, N Y 
Asst Prof in Pharmacology, Chief of Physio- 
logical Section, Pharmacological Div , Atomic 
Energy Project (1, 1949) 

Rous, Peyton, M D , Sc D Rockefeller Inst for 
Med Research, York Ave at 66th St , New York 
City Member Ementus (4, 1913) 

Routh, Joseph I , Ph D State Umv of Iowa, Iowa 
City Assoc Prof of Biochemistry (2, 1942) 
Rovenstme, Emery Andrew, M D 477 First Ave , 
New York City Prof and Chairman, Dept of 
Anesthesiology , New York Umv -Bellevue Med 
Center (3, 1944) 

Rowntree, Jennie I , Ph D Umv of Washington, 
Seattle Prof of Home Economics (5, 1933) 
Rowntree, L G , M D , Sc D 5149 Alton Rd , 
Miami Beach, Fla (IR, 1911, 2, 1910, 3R, 1908, 
4, prior to 1920) 

Rubenstem, Boris B , Ph D , M D 5121 Ellis Ave , 
Chicago 15, If) (1, 1934) 

Rubin, Saul H , Ph D Hoffmann-LaRoche, Inc , 
Nutley 10, N J Dir of Nutrition Labs (2, 
1947, 5, 1947) 

Ruch, Theodore C , Ph D Umv of Washington, 
G405 Health Sciences Bldg , Seattle 5 Prof of 
Physiology and Biophysics (1, 1933) 

Ruchman, Isaac, Ph D Cincinnati General Hos- 
pital, Cincinnati, Ohio Asst Prof of Bacteri- 
ology (G, 1948) 

Hugh, Roberts, Ph D Columbia Umv , College of 
Ph\sicians and Surgeons, Dept of Radiologi , 
New York City 32 Issoc Prof of Radiology 
(1, 1950) 
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Rusch, Harold Paul, M D Uiuv of Wisconsin 
Med School, McArdle Memorial Lab , Madison 
6 Prof of Oncology, Dir of Lab (4, 1940) 
Rushmer, Robert P , M D Umv of Washington 
School of Medicine, Dept of Phj’siology and 
BiopMsics, Seattle 5 Asst Prof (1, 1949) 
RusolT, Louis L , Ph D Louisiana State Umv , 
Baton Rouge Assoc Dairy Nutrthonisl tn Ex- 
per Station and Assoc Prof of Nutrition (5, 

1948) 

Russell, Jane A , Ph D Emory Umv School of 
Medicine, Dept of Biochemistrj', Emory Umv , 
Ga (1, 1939) 

Russell, Walter C , Ph D New Jersey Agricultural 
Exper Station, Rutgers Umv , New Brunswick 
Research Specialist and Prof of Agncullural 
Biochemistry (2, 1932, 5, 1933) 

Ryan, Andrew Howard, M D Chicago Med 
School, 710 S Wolcott Ave , Chicago, 111 Assoc 
Prof of Physiology and Pharmacology (1, 1912) 
Rytand, David A , M D Stanford Umv Hospital, 
San Francisco 16, Calif Assoc Prof of Medicine, 
Stanford Umv School of Medicine (3, 1946) 
Sabin, Albert, M D Children’s Hospital Research 
Foundation, Cincinnati, Ohio Prof of Research 
Pediatrics, Umv of Cincinnati (6, 1946) 

Sabin, Florence R , M D , Sc D 1333 E 10th Ave , 
Denver 3, Colo Member Emeritus, Rockefeller 
Inst (IR, 1923) 

Sacks, Ernest, M D 28 Malborough Rd , North 
Haven, Conn Pi of Emeritus of Clin Neuro- 
logical Surgery, Washington Umv Med School 
(IR, 1910) 

Sacks, Jacob, Ph D , M D Brookhaven Natl 
Lab , Biologj Dept , Upton, L I , N Y Physi- 
ologist (1, 1948, 3. 1933) 

Sah, Peter P T , Ph D Umv of Calif , Div of 
Pharmacology and Exper Therapeutics, San 
Francisco Lecturer in Pharmacology (3, 1941) 
Sahyun, Melville, PhD Sahyun Research Lab , 
316 Castillo St , Santa Barbara, Calif Dir 
and Ownei (2, 1932) 

Sakami, Warwick, Ph D Western Reserve Umv 
School of Medicine, 2109 Adelbert Rd , Cleve- 
land 6, Ohio Asst Prof of Biochemistry (2, 

1949) 

Salk, Jonas E , M D Umv of Pittsburgh School 
of Medicine, Pittsburgh, Pa Assoc Research 
Prof of Bacteriology (G, 1947) 

Salmon, W D , AM Alabama Polytechnic Inst , 
Auburn Head, Animal Husbandry and Nutrition 
(2, 1929,5, 1933) 

Salter, William T , M D Yale Umv School of 
Medicine, 333 Cedar St , New Haven, Conn 
Prof of Pharmacology (1, 1933, 3, 1942 , 5, 1934) 
Sanunis, Florence E , M D 133 E 58th St , New 
York City Physician, Allergy, OPD, New York 
Hospital (6, 1943) 


Sampson, John J , M D 2211 Post St , San Fran- 
cisco, Calif (1, 1932) 

Sampson, Myra M , Ph D Smith College, North- 
ampton, Mass Prof of Zoology (5, 1935) 
Samuels, Leo T , Ph D Umv of Utah Med 
School, Salt Lake City Prof and Head of Dept, 
of Biological Chemistry (2, 1941, 3, 1937, 5, 
1949) 

Sandels, Margaret R , Ph D Florida State Umv , 
Tallahassee Dean of School of Home Economics, 
Prof of Nutrition (5, 1933) 

Sandiford, Irene, Ph D Bilhngs Hospital, Umv 
of Chicago, Chicago, 111 Asst Prof of Medicine 
(2, 1925 , 6, 1933) 

Sandow, Alexander, Ph D Washington Square 
College of Arts and Sciences, New York Umv , 
New York City Assoc Prof of Biology (1, 1945) 
Sandweiss, David J , M D 9739 Dexter Ave , 
Detroit, Mich Instr in Clin Medicine, Wayne 
Univ College of Medicine, Physician, Harper 
Hospital {OPD) (1, 1944) 

Sanford, Arthur H , M A , M D Clin Labs , 
Mayo Clinic, Rochester, Minn Head of Dw 
of Clin Labs (6R, 1920) 

Santos, Francisco O , Ph D Umv of the Philip- 
pines, Los Banos, Laguna Prof and Head of 
Dept of Agncullural Chemistry, College of Agri- 
culture (5, 1936) 

Saphir, Otto, M D Michael Reese Hospital, 29th 
St and Ellis Ave , Chicago 16, 111 Pathologist, 
Clin Prof of Pathology, Umv of Illinois Med 
School (4, 1927) 

Saphra, Ivan, M D Beth Israel Hospital, Nen 
York City Assoc Bactenologist (6, 1946) 
Sapirstein, Leo Abraham, Ph D , D Univ of 
Southern California, Univ Park, Los Angeles 7 
Asst Prof of Physiology, S A Surgeon (R) 
USPHS (1, 1950) 

Sappington, Samuel W , M D , D Sc P 0 Box 
528, Bryn Mawr, Pa Prof of Pathology, Hahne 
mann Hospital (6R, 1913) 

Sarett, Herbert P , Ph D Tulane Med School, 
1430 Tulane Ave , New Orleans 13, La Asst 
Prof of Biochemistry (2, 1946, 5, 1947) 

SamofT, Stanley J , M D Harvard School of Pub- 
lic Health, 55 Shattuck St , Boston 15, Mass 
Asst Prof of Physiology (1, 1949) 

Sartorius, Otto W , M D Syracuse Umv , College 
of Medicine, Irving Ave , Syracuse, N Y 
Asst Prof of Physiology (1, 1950) 

Saslaw, Samuel, Ph D , M D Ohio State Univ , 
Columbus 10 Asst Prof in Medicine and Bac 
ieriology (6, 1950) 

Saslow, George, Ph D , M D Washington Umv 
Med School, Dept of Neuropsychiatry, 640 
S lungshighn ay, St Louis, Mo Asst Prof 
of Psychiatry, Assoc Physician to the Student 
Health Service (1, 1936) 

Satterfield, G Howard, A M Unn of North 
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Carolina, State College of Agriculture and En- 
gineering, Raleigh Prof of Biochemtslry (2, 
1944, 5, 1941) 

Saul, Leon Joseph, hi A , MD Room 1907 , 265 
S 17th St , Philadelphia 3, Pa (1, 1933) 

Sawyer, Charles H , Ph D Duke Univ School of 
Medicine, Durham, N C Prof of Anatomy 
(1, 1949) 

Sawyer, Margaret E MacKay, Ph D 142 Lon er 
Albert St , Kingston, Ontario, Canada Royal 
Mihtary College (1, 1935) 

Sawyer, Wilbur A , M D 770 Hilldale Ave , 
Berkeley S, Calif (4, 1930) 

Saxton, John A , Jr , M D Snodgrass Lab of Path- 
ology and Bacteriology, 1430 Carroll St , St 
Louis, Mo Asst Prof of Pathology, Washington 
Umv School of Medicine, Lab Dir , Hospital 
Div , City of St Louis (4, 1944) 

Sayers, George, Ph D Univ of Utah, Salt Lake 
City 1 Assoc Prof of Pharmacology (1, 1948, 
3, 1947) 

Scanunan, Richard E , Ph D 172 S E Bedford 
St , Minneapolis, Minn Distinguished Service 
Prof in Grad School (IR, 1923) 

Scantlebury, Ronald E , Ph D Natl Insts of 
Health, Div of Research Grants and Fellow- 
ships, Bethesda 14, Md (1, 1948) 

Schaefer, Arnold E , Ph D Alabama Pol 3 'technic 
Inst Lab of Animal Nutrition, Auburn Assoc 
Animal Nulnliomst (5, 1950) 

Schales, Otto, D Sc Ochsner Clinic, Prj’tania and 
Aline Sts , New Orleans, La Dir of Chemical 
Research, Ochsner Foundation, Dir , Biochemical 
Lab , Ochsner Clinic, Assoc Prof of Biochemis- 
try, Tulane Univ School of Medicine (2, 1944) 
Scharles, Frederick H , M D 603 El Morado Ct , 
Ontano, Calif (6, 1935) 

Schattenberg, Herbert John, M S , M D Lab of 
Clin Pathology, 220-222 Med Arts Bldg , San 
Antonio, Tex Director (4, 1940) 

Schenken, John R , M D Umv of Nebraska Col- 
lege of Medicine, Omaha Prof of Pathology and 
Bacteriology (4, 1942) 

Scherago, Morris, D V M Umv of Kentucky, 
Lexington Prof and Head of Dept of Bacteriol- 
ogy (6, 1948) 

Scherp, Henry W , Ph D Umv of Rochester 
School of Medicine and Dentistry^, Rochester 
7, N Y Assoc Prof of Bacteriology and Im- 
munology (6, 1940) 

Schick, Bela, M D 17 E S4th St , Nev York City 
Pediatrician, Mt Sinai and Sea Uicio Hospitals 
(G, 1924) 

SchifTrm, Milton J , Ph D Hoffmann-LaRoche, 
Inc , Chicago, 111 Research Consultant (1, 1943) 
Schiller, Alfred A , M D Umv of Illinois College 
of Medicine, Chicago Asst Prof of Physiology 
(1, 194S) 

Schiller, Joseph, M D , Ph D 55 Yest 11th St , 


New York City 11 Assoc Prof of Physiology, 
Long Island Univ (1, 1949) 

Schlenk, Fritz, Ph D Science Hall, Iowa State 
College, Ames Prof of Bacteriology (2, 1942) 
Schlesinger, M J , Ph D , M D Beth Israel Hos- 
pital, 330 Brookline Ave , Boston, Mass Dir 
of Pathology, Asst Prof of Pathology, Harvard 
Med School (4, 1942, 6, 1921) 

Schlomovitz, Benjamin H , M D 1210 Majestic 
Bldg , 231 W Wisconsin Ave , Milwaukee, Wis 
(1, 1919) 

Schlumberger, Hans G , M D Ohio State Umv 
School of Medicine, Columbus Assoc Prof 
in Pathology (4, 1945) 

Schmeisser, Harry C , M D Univ of Tennessee, 
Memphis Prof of Pathology (4, 1937) 

Schmidt, Carl F , M D Umv of Pennsylvania 
Med School, Philadelphia Prof of Pharmacol- 
ogy (1, 1929,3,1924) 

Schmidt, C Robert, Ph D , M D 1027 S Tejon, 
Colorado Springs, Colo (1, 1940) 

Schmidt, Gerhard, M D Boston Dispensary, 25 
Bennett St , Boston, Mass Sr Research Fellow, 
Tufts College Med School (2, 1939) 

Schmidt, L H , Ph D Christ Hospital Inst of 
Med Research, 2139 Auburn Ave , Cincinnati 
19, Ohio Dir of Research, Assoc Research Prof 
of Biochemistry , Univ of Cincinnati College of 
Medicine (2, 1936, 3, 1946) 

Schmidt-Nielsen, Bodil, D D S Kettering Lab , 
Univ of Cincinnati, Cincinnati, Ohio Research 
Assoc (1, 1949) 

Schmidt-Nielsen, Knut, Ph D Kettering Lab , 
Umv of Cmcmnati, Cmcinnati, Ohio Asst 
Prof (1, 1949) 

Schmitt, Francis Otto, Ph D Massachusetts Inst 
of Technologj^, Cambndge Prof of Biology 
(1, 1930) 

Schmitt, Otto H , Ph D Umv of hlinnesota. 
Dept of Phj'sics, Minneapolis 14 Assoc Prof 
of Zoology and Physics (1, 1947) 

Schneider, Charles L , M D , Ph D Way ne Umv 
College of Medicine, Dept of Piixsiologi, De- 
troit 26, Mich (1, 1949) 

Schneider, Edward C , Ph D 25 Gordon Place, 
Middletovn, Conn Prof Emeritus of Biology, 
Wesleyan Umv (IR, 1912, 2, 1912) 

Schneider, Howard A , Ph D Rockefeller Inst 
for hied Research, 66th Street and York Ave- 
nue, New York Citj^ 21 Associate (5, 1947) 
Schneider, John J , Ph D , M D Jefferson Med 
College, 1025 Walnut St , Philadelphia 7, Pa 
Research Assoc , Eipcr Medicine (2, 1950) 
Schncierson, S Stanley, hi D hlount Sinni Hos- 
pital, 2 East 100th St , New YorkCitj 29 Assoc 
Bacteriologist (G, 1946) 

Schoenbach, Emanuel B , M D Johns Hopkins 
School of H\ gicne, 615 N olfe St , Baltimore, 
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Md A«5 oc Prof of Preventive Medicine (6, 
1941) 

Schoepfle, Gordon M , Ph D Washington Univ 
School of jMedicme, St Louis, Mo Aest Prof 
of Phyeiology (1, 1943) 

Scholander, P F , M D , Ph D Swarthmore Col- 
lege, Dept of Zoology, Swarthmore, Pa Re- 
search Biologul (1, 1947) 

Schradieck, Constant E , M D P 0 Bo\ 98, 
Newton Highlands, Mass Retired (6, 1921) 
Schreiner, Oswald, Ph D 21 Primrose St , Chevy 
Chase 15, Md Collaborator, U S D A (2, 1908) 
Schroeder, E F , Ph D G D Searle & Co , P O 
Box 5110, Chicago 80, R1 Research Biochemist 
(2, 1938) 

Schroeder, Henry A , M D Dept of Internal Med- 
icine, Hypertension Div , Washington Umv , 
640 S lOngshighway, St Louis 10, Mo (1, 1947) 
Schubert, Maxwell, PhJD New York Univ Col- 
lege of Medicine, 477 First Ave , New' York 
City 10 Adjunct Assoc Prof of Chemistry 
(3, 1947) 

Schuck, Cecelia, Ph D Purdue Univ , Dept of 
Home Economics, Lafayette, Ind Prof of Nu- 
trition (5, 1941) 

Schucler, Fred W , Ph D State Umv of Iowa 
College of Medicine, Dept of Pharmacology, 
Iowa City Asst Prof (3, 1949) 

Schultz, Edwin William, M D Stanford Umv , 
743 Cookse} Lane, Stanford, Calif Prof of 
Bacteriology and Exper Pathology (4, 1927 , 6, 
1928) 

Schultz, Fred H , Jr , Ph D Commercial Solvents 
Corp , Terre Haute, Ind Dir , Pharmaceutical 
Research (3, 1948) 

Schultz, W H , Ph D 241 W Broadway, Long 
Beach, N 1 Prof Emeritus of Pharmacology, 
Lnw of Maryland (IR, 1907 , 3R, 1909) 
Schultze, Max O , Ph D Umv of Minnesota, Div 
of Agricultural Biochemistry, St Paul 8 Pro- 
fessor (2, 1938) 

Schweigert, B S , Ph D Umv of Chicago, Amer- 
ican Meat Inst Foundation, 939 E 67th St , 
Chicago 37, Rl Asst Prof of Biochemistry, 
Head, Du of Biochemistry and Nutrition, Ameri- 
can Meat Inst Foundation (2, 1949, 5, 1950) 
Schweizer, Malvina, Ph D New York Univ , 
Washington Square College of Arts and Sci- 
ences, New York City Asst Prof of Biology 
(1, 1944) 

Schwerma, Henry, Ph D 107 Upper Terr , San 
Francisco 17, Calif (1, 1948) 

Schwert, George W , Ph D Duke Umv School 
of Medicine, Dept of Biochemistry, Durham, 
N C Asst Prof (2, 1949) 

Schwimmer, Sigmund, Ph D Enzj'me Research 
Lab , 800 Buchanan St , Albany 6, Calif Chem- 
ist, U S Bureau of Agricultural and Industrial 
Chemistry (2, 1947) 


Scott, Charles Covert, Ph D , M D Inlow Clinic, 
Shelby'ville, Ind Internist (3, 1945) 

Scott, David Alymer, Ph D Connaught Labs , 
Umv of Toronto, Toronto 5, Ontario, Canada 
Research Member (2, 1935) 

Scott, Donald, Jr , Ph J) Umv of Pennsylvania 
Med School, 243 Anatomy Bldg , Philadelphia 
4 Asst Prof , Dept of Anatomy, Assoc , Dept 
of Neurology (1, 1950) 

Scott, Ernest L , Ph D 64 South St , Bogota, N J 
Assoc Prof Emeritus of Physiology, Columbia 
Umv (IR, 1914, 2, 1916) 

Scott, Fredenck Hughes, Ph D , M B Umv of 
Minnesota, Minneapolis Prof Emeritus of Phys- 
iology (IR, 1908 , 2, 1909) 

Scott, James K , M D Umv of Rochester School 
of Medicine and Dentistry, Atomic Energy 
Project, Rochester 7, N Y Chief, Pathology 
Section, ABC, Assoc in Pathology (4, 1949) 
Scott, John C , Ph D Hahnemann Med College, 
Philadelphia, Pa Prof and Head of Dept of 
Physiology (1, 1936) 

Scott, R W , M A , M D City Hospital, Cleve- 
land, Ohio Physician in Chief, Prof of Clin 
Medicine, Western Reserve Umv (1, 1917, 3, 
1917) 

Scott, V Brown, Ph D , M D Inlow Chnic, Shel- 
bjrville, Ind Internist, Div of Medicine (1, 
1941) 

Scott, W W , Ph D , M D Brady Urological Inst , 
Johns Hopkins Hospital, Baltimore 6, Md (1, 
1943) 

Scrimshaw, Nevin S , Ph D , M D Instituto de 
Nutncion de Centro Amenca y Panama, Guate- 
mala City, Guatemala, Central Amenca Dir of 
Div of Nulrtiion, Pan American Sanitary Bu- 
reau (5, 1949) 

Scud!, John V , Ph D Nepera Chemical Co , Inc , 
Nepera Park, Yonkers 2, N Y Dir of Research 
(2, 1942, 3, 1950, 6, 1946) 

Seager, Lloyd D , M S , M D Umv of Arkansas 
Med. School, Little Rock Prof and Head, Dept 
of Physiology and Pharmacology (3, 1939) 
Sealock, Robert R , Ph D Iowa State College, 
Ames Assoc Prof of Chemistry (2, 1940, 3, 
1941) 

Seastone, C V , Jr , M D Umv of Wisconsin 
Med School, Madison Prof and Chairman of 
Med Bacteriology (6, 1939) 

Sebrell. W H , Jr , M D Natl Insts of Health, 
Bethesda 14, Md Dir , Nall Insts of Health, 
Professorial Lecturer on Nutrition, George IT ash- 
ington Univ (2, 1938, 5, 1937) 

Seecof, David P , M D 1970 Daly Ave , Bronx, 
New York City (4, 1927) 

Seegal, Beatrice Came, M D Columbia Umv 
College of Physicians and Surgeons, 630 W 
I68th St , New York City 32 Assoc Prof of 
Bacteriology (6, 1949) 
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Seegal, David, M D Maimonides Hospital, Brook- 
lyn, N Y Dir of Med Services (6, 1930) 
Seegers, Walter H , Ph D Wayne Univ College 
of Medicine, 1512 St Antoine St , Detroit 26, 
Mich Prof of Physiology (1, 1947, 2, 1941) 
Seevers, Maurice Harrison, Ph D , MJD Univ 
of Michigan, Ann Arbor Prof of Pharmacology 
(1, 1933, 3, 1930) 

Segaloff, Albert, M D Alton Ochsner Med Foun- 
dation, 3503 Prytania St New Orleans, La 
Dir of Endocrine Research (4, 1946) 

Seibert, Florence B , Ph D Univ of Pennsyl- 
vania, Henrj’- Phipps Inst , 7th and Lombard 
Sts , Philadelphia Assoc Prof of Biochemislry 
2, 1925) 

Seidell, Atherton, Ph D 2301 Connecticut Ave , 
Washington, D C Special Expert, Nall Insls 
of Health (2, 1924) 

Seifter, Joseph, M D W\ eth Inst of Applied 
Biochemistrj , Philadelphia, Pa Director (3, 

1940) 

Seifter, Sam, Ph D New York State Umv Med 
Center at New York City, 350 Henr}^ St , Brook- 
Ijm 2, N Y Assoc Prof of Biochemistry (2, 
1946) 

Selkurt, Ewald E , Ph D Western Reserve Umv 
School of Medicine, Cleveland 6, Ohio Assoc 
Prof of Physiology (1, 1945) 

Selle, Wilber Arthur, Ph D Umv of California at 
Los Angeles Med School, Los Angeles Prof 
and Head, Dept of Biophysics (1, 1938) 

Sellers, E A , M D , Ph D Umv of Toronto, 
Dept of Physiology, Toronto, Ontario, Canada 
Assoc Prof of Physiology, Assoc Prof in Ban- 
ting and Best Dept of Med Research (1, 1947) 
Selye, Hans, M D , Ph D Inst of Exper Medi- 
cine and Surgery, Univ of Montreal, Montreal, 
Quebec, Canada Prof and Dir (1, 1934) 
Sendroy, Julius, Jr , Ph D Naval Med Research 
Inst , Natl Naval Med Center, Bethesda 14, 
Md Chief Chemist (2, 1928) 

Sevag, M G , Ph D Umv of Pennsylvama School 
of Medicine, Dept of Bacteriology, Philadel- 
phia 4 Assoc Prof o} Bacteriology (2, 1949 , 6, 

1941) 

Sevringhaus, Elmer L , M A , M D Hoffmann- 
La Roche Inc , Nutlej 10, N J Dir of Clin 
Research, Clin Prof of Medicine, New York 
Med College (2, 1923, 5, 1939) 

Shaffer, C Boyd, Ph D Mellon Inst , Pittsburgh 
13, Pa Sr Fellow (3, 1950) 

Shaffer, Morris F , Ph D Tulane Umv School of 
Medicine, Dept of Bacteriology, New Orleans, 
La Professor (4, 1939, 6, 1937) 

Shaffer, Philip A , Ph D Washington Univ Med 
School, St Louis 10, Mo Distinguished Service 
Prof of Biological Chemistry (2, 1906) 

Shanes, AbrahamM , Ph D Natl lusts of Health, 


Exper Biology and Medicine Inst , Bethesda 
14, Md (1, 1946) 

Shank, Robert E , M D Washington Univ School 
of Medicme, St Louis 10, Mo Prof of Preventive 
Medicine (2, 1947) 

Shannon, James A , Ph D , M D Squibb Inst 
for Med Research, New Brunswick, N J Di- 
rector (1,1933,3,1945) 

Shapiro, Herbert, Ph D Henry Phipps Inst , 7th 
and Lombard Sts , Philadelphia 47, Pa Research 
Assoc (1, 1937) 

Sharpless, George R , Sc D Lederle Labs , Pearl 
River N Y Research Biochemist (5, 1942) 
Shaw, J C , Ph D Umv of Maryland, Dept of 
Dairy Husbandry, College Park, Md Professor 
(1, 1947) 

Shaw, James H , Ph D Harvard School of Denial 
Aledicino, Boston, Mass Assoc in Nutrition 
(5, 1948) 

Shaw, Myrtle, Ph D 11 S Lake Ave Albany, 
N Y )Sr Bacteriologist, Div of Labs and Re 
search, N Y State Dept of Health (6, 1937) 
Shay, Harrv, M D Temple Umv School of Medi- 
cine, Philadelphia Pa Dir of Eels Research 
Inst and Clin Prof of Medicine (1, 1944) 
Shear, M J , Ph D Natl Cancer Inst , Bethesda, 
14, Md Chief of Chemotherapy Section (2, 1930) 
Sheard, Charles, Ph D Mayo Foundation, Roch- 
ester, Minn Chief of Div of Physics and Bio- 
physical Research, Prof of Physiological Optics 
and Biophysics, Univ of Minnesota (1, 1925) 
Sheehan Donal, M D , D Sc New York Umv , 
Bellevue Med Center, 477 First Ave , New 
York City (1, 1938) 

Shelesnyak, M C , Ph D Weizmann Inst of 
Science, Dept of Exper Biology, Rehovoth, 
Israel Sr Scientist (1, 1948) 

Shelley, Walter B , Ph D , M D 353 Inwood Rd , 
Ardmore, Pa (1, 1946) 

Shemin, David, Ph D Columbia Univ College of 
Physicians and Surgeons, 630 W 168th St , New 
York City 32 Assoc Prof of Biochemistry (2, 
1944) 

Sheppard, C W , Ph D Oak Ridge Natl Lab , 
Biology Div , Oak Ridge, Tenn Physicist (1, 
1950) 

Sheppard, Fay, M S Umv of Oklahoma Med 
School Oklahoma Citv Inslr in Biochemistry 
(2, 1936) 

Sherman, F G , Ph D Brovn Univ , Dept of 
Biology , Providence 12, R I Asst Prof (1, 
1950) 

Sherman, Henry C , Ph D Columbia Umv , New 
York City Mitchell Prof Emeritus of Chemis- 
try (IR, 1923 , 2, 1906 , 5R, 1933) 

Sherman, William C , Ph D Ralston Purina Co , 
St Louis, Mo Hoad of Biological Labs (5, 1949) 
Sherwin, Carl Paison, Sc D , M D , Dr PH 6 
Carstensen Rd Srarsdale, X Y Dir of Mela- 
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boltc Service, Si Vincent’s Hospital, Assoc 
Physician, French Hospital (2, 1917) 

Shemood, Noble P , Ph D , M D Univ of Kan- 
sas, 517 Snou Hall, Laurence Prof of Baclen- 
ology (6, 192S) 

Sherwood, Thomas Cecil, Ph D , M D 1824 Rob- 
ert St , Neu Orleans, La Southern Baptist Hos- 
pital Staff Member, Internal Medicine (1, 1938) 
Shettles, Landrum B , Ph D , AI D Columbia 
Univ , College of Phjsicians and Surgeons, Bo\ 
330, 622 W 16Sth St , Neu York City (1, 1946) 
Shideman, Frederick E , Ph D , M D Univ of 
Michigan, Dept of Pharmacology, Ann Arbor 
As«oc Prof (3, 1944) 

Shils, Maurice E , Sc D 600 W 168th St , New 
York Citj 32 Asst Prof of Nutrition, School of 
Public Health, Columbia Univ (5, 1950) 
Shlmkin, Michael Boris, M D Umv of California 
Med School, San Francisco Bir , Lab of Exper 
Oncology, Laguna Honda Home (4, 1940) 
Shinowara, George Y , Ph D Ohio State Umv 
College of Medicine, Columbus Assoc Prof , 
Dept of Pathology, Chem Pathologist, Umv 
Hospital (2, 1949) 

Shipley, Reginald A , M D Western Reserve Umv 
School of Medicine, Cleveland 6, Ohio Asst 
Prof of Medicine (1, 1945) 

Shipley, Robert E , M D Lilly Lab for Clin Re- 
search, Indianapolis City Hospital, Indianap- 
olis, Ind (1, 1945) 

Shive, William, Ph D Umv of Tevas, Austin 
Assoc Prof of Chemistry (2, 1948) 

Shlaer, Simon, Ph D Bov 1663, Los Alamos, 
N M (1, 1938) 

Shock, Nathan W , Ph D Baltimore City Hos- 
pitals, Baltimore 24, Md Chief, Section on 
Gerontology, USPHS, Natl lasts of Health, 
Bethesda, Md (1, 1942) 

Shoemaker, Harold A , Ph D Umv of Oklahoma 
School of Medicine, 801 N E 13th St, Oklahoma 
Clt^ Prof of Pharmacology (3, 1941 
Shope, Richard E , M D Ridge Road, Kingston, 
N J Merck Inst for Therapeutic Research (4, 
1934) 

Shorr, Ephraim, M D New York Hospital, 525 E 
68th St , New York City Asst Attending Physi- 
cian, Asst Prof of Medicine, Cornell Untv 
Med College (1, 1931, 3, 1942) 

Shrigley, E W , Ph D , M D Indiana Umv Med 
Center, Dept of Microbiology, 1040-1232 W 
Michigan St , Indianapolis 7 (6, 1946) 
Shwartzman, Gregory, M D 230 E 50th St , New 
York Cit}’’ Head of Dept of Bacteriology, Mount 
Sinat Hospital, Prof of Bacteriology, Columbia 
Umv (4, 1929 , 6, 1930) 

Sichel, F J M,PhD Umv of Vermont College 
of Medicine, Burlington Prof and Chairman of 
Dept of Physiology and Biophysics (1, 1939) 
Sickles, Grace M , B A 2201 Twelfth St , Troy, 


N Y Assoc Bacteriologist, Div of La'is and 
Research, New York State Dept of Health (6, 
1932) 

Sickles, Gretchen R , A B New York State 
Dept of Health, Div of Labs and Research, 
Albany, N Y Asst Bacteriologist (6, 1937) 
Siebenmann, Charles O , D Eng Connaught 
Med Research Labs , Umv of Toronto, Toronto 
5, Ontario, Canada Research Assoc , Assoc 
in Hygiene and Preventive Medicine (3, 1946) 
Siebert, Walter J , M D Lutheran Hospital, 
St Louis, Mo Dir of Labs , Pathologist, Asst 
Prof , Washington Umv (4, 1932) 

Siegmund, Otto Hanns, D VJA 409 B St , Davis, 
Calif Jr Veterinarian, Asst Prof , Univ of 
California School of Veterinary Medicine (3, 
1950) 

Sigel, M Michael, Ph D Children’s Hospital, 
1740 Bambridge St , Philadelphia 46, Pa Assoc 
in Virology, Univ of Pennsylvania (6, 1950) 
Silber, Robert H , Ph D Merck Inst , Rahway, 
N J Head, Dept of Biochemistry (2, 1948) 
Silberberg, Martin, M D Snodgras Lab of Path- 
ologj% 1430 Carroll St , St Louis 4, Mo Asst 
Prof of Pathology, Washington Univ School of 
Medicine, Pathologist, Hospital Div , City oj St 
Louis (4, 1944) 

Silberberg, Ruth, M D Snodgras Lab of Path- 
olog}"', 1430 Carroll St , St Louis 4, Mo Asst 
Prof of Pathology, Washington Umv School of 
Medicine, Pathologist, Hospital Div , City of 
St Louts (4, 1944) 

Silverman, Milton, Ph D Natl Insts of Health, 
Bethesda 14, Md Scientist, Exper Biology and 
Medicine Inst (2, 1950) 

Silvette, Herbert, Ph D Meharry Med Col- 
lege, Nashville, Tenn Visiting Prof of Pharma- 
cology (1, 1933 , 3, 1940) 

Simmonds, Sofia, Ph D Yale Umv , Osborn Bo- 
tanical Lab , New Haven 11, Conn Asst Prof of 
Microbiology and Biochemistry (2, 1948) 

Simonds, James P , Ph D , M D 2033 W Morse 
Ave , Chicago 45, 111 Prof Emeritus of Pa- 
thology, Northwestern Univ Med School (4, 
prior to 1920) 

S monsen, Daisy G , Ph D Los Angeles County 
Hospital, 1200 N State St , Los Angeles 33, 
Cahf Chemist and Toxicologist, Inslr in Medi- 
cine, Univ of Southern California Med School 
(2, 1949) 

Simonson, Ernst, M D Umv of Minnesota, Lab 
of Physiological Hj'giene, Stadium South Ton er, 
Minneapolis 14 Assoc Prof of Physiology if, 

Simpson, Miriam E , Ph D , M D Umv of Cali- 
fornia, Berkeley Prof of Anatomy (1, 1946) 
Singal, Sam A , Ph D Med College of Georgia, 
Augusta Assoc Prof of Biochemistry (2, 1948) 
Singer, Thomas P , Ph D Western Reserve Univ , 
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Cleveland, Ohio Asst Prof of Biochemistry 
(2, 194S) 

Sizer, Irwin W , Ph D Massachusetts Inst of 
Technologic Cambridge Assoc Prof of Physi- 
ology (1, 1944) 

Skinner, John Taylor, Ph D The Grapette Co , 
Camden, Ark Chief Chemist (2, 1946) 

Slaughter, Donald, M D Umv of South Dakota 
School of Med Sciences, Vermillion Dean (3, 
1938) 

Slonaker, James R , Ph D 334 Kingsley Ave , 
Palo Alto, Calif Prof of Physiology, Leland 
Stanford Jr Univ (IR, 1917) 

Smadel, Joseph Edwin, M D Army Med Dept , 
Research and Grad School, Washington 12, 
D C Chief, Dept of Virus and Rickettsial Dis- 
eases (4, 1940 , 6, 1937) 

Small, James C , M D 101 S 39th St , Philadel- 
phia, Pa Assoc in Medicine, Univ of Pennsyl- 
vania Grad School of Medicine (4, 1927) 
Smetana, Hans F , M D Armed Forces Inst of 
Pathology, 7th St and Independence Ave , 
Washmgton 25, D C Chief, Dept of Pathology 
(4, 1934) 

Smith, Arthur H , Ph D Wayne Univ College of 
Medicine, Detroit 26, Mich Prof of Physio- 
logical Chemistry (2, 1921 , 5, 1933) 

Smith, Austin Edward, M D American Med As- 
soc , 535 N Dearborn St , Chicago, 111 Editor, 
JAMA (3, 1942) 

Smith, Clarence A , Ph D Standard Brands, Inc , 
595 Madison Ave , New York City Technical 
Dir , Agricultural Dept (1, 1921) 

Smith, David T , M D Duke Hospital, Durham, 
N C Prof of Bacteriology and Assoc Prof of 
Medicine (5, 1943 , 6, 1949) 

Smith, Dietrich Conrad, Ph D Umv of Maryland 
School of Medicine, Lombard and Greene Sts , 
Baltimore Assoc Prof of Physiology (1, 1937) 
Smith, Douglas E , Ph D Argonne Natl Lab , P 
0 Box 5207, Chicago 80, 111 (1, 1947) 

Smith, Edwin L , Ph D Umv of Texas Dental 
School, Houston Pro/ of Physiology (1, 1948) 
Smith, Elinor Van Dorn, Ph D Smith College, 
Northampton, Mass Assoc Prof of Bacteriol- 
ogy (6, 1940) 

Smith, Elizabeth R B , Ph D % Dr Paul K 
Smith, 1335 H St , N W , Washington 5, D C 
(2, 1938) 

Smith, Emil L , Ph D Umv of Utah School of 
Medicine, Salt Lake City 1 Prof of Biochemis- 
try, Research Prof of Medicine (2, 1946) 

Smith, Erma A , Ph D , M D S H Camp Co , 
Jackson, Mich (1, 1928) 

Smith, Falconer, Ph D 6020 Tilden Lane, Rock- 
\ille, Md Scientist (officer), USPHS, Research 
in Radiobiology (1, 1950) 

Smith, George H , Ph D Yale Unn School of 
Medicine, New Ha\ on, Conn Prof of Immunol- 


ogy and Asst Dean, Chairman of Dept of Bac- 
teriology, Yale Univ (6, 1918) 

Smith, H P , M S , M D Columbia Umv Col- 
lege of Pliy'sicians and Surgeons, 630 W 168th 
St , New York City 32 Delafield Prof of Pathol 
ogy (1,1937,4,1925) 

Smith, Homer W , Sc D New York Univ , Belle- 
vue Med Center, 477 First Ave , New York 
City Prof of Physiology (1, 1923, 2, 1930) 
Smith, Janice M , Ph D Umv of Illinois, Dept 
of Home Economics, Urbana Prof and Chief 
of Nutrition (6, 1947) 

Smith, John R , AM, M D Washington Univ 
School of Medicine, St Louis 10, Mo Asst 
Prof of Medicine (1, 1947) 

Smith, Lawrence Weld, M D 119 E 26th St , 
Nev\ York City 10 (4, 1927) 

Smith, Lee Irvin, Ph D Univ of Minnesota School 
of Chenustry, Minneapolis 14 Prof and Chief of 
Div of Organic Chemistry (2, 1942) 

Smith, Margaret Cammack, Ph D El Encanto 
Estates, Tucson, Ariz (5, 1933) 

Smith, Margaret H D , M D , B es lettres Tu- 
lane Umv , 1430 Tulane Ave , New Orleans, La 
Asst Prof of Pediatrics (G, 1950) 

Smith, Maurice I , M D 8415 Lymbrook Dr , 
Bethesda, Md Principal Pharmacologist, Re- 
tired, USPHS (IR 1920, 3R, 1916) 

Smith, Paul K , Ph D George Washington Umv 
School of Medicine, 1335 H St , N W , Washing- 
ton 5, D C Prof of Pharmacology and Exec 
Officer of Dept (2, 1937, 3, 1937) 

Smith, Paul W , Ph D Umv of Oklahoma School 
of Medicine, 801 E 13th St , Oklahoma City 
Assoc Prof of Pharmacology (1, 1933) 

Smith, Philip Edward, Ph D Columbia Umv , 630 
W 168th St , New York City 32 Prof of Anat- 
omy (1, 1923) 

Smith, Ralph G , M D , Ph D Federal Security 
Agencj% Food and Drug Admin , Washmgton 
25, D C Med Officer, Chief of New Drug Sec- 
tion (3, 1929) 

Smith, R Blackwell, Jr , Ph D Med College of 
Virginia, Richmond 19 Assoc Prof of Pharma- 
cology (3, 1944) 

Smith, Sedgwick E , Ph D Cornell Umv , Dept 
of Animal Husbandry, Ithaca, N Y Animal 
Physiologist (5, 1945) 

Smith, Susan Gower, M A Duke Umv , Durham, 
N C Assoc in Dept of Medicine and Nutniion, 
School of Medicine (5, 1939) 

Smith, Sybil L , A M 1421 44th St , N W , Wash- 
ington, D C (5, 1940) 

Smith, V ilbur Kenneth, M D Umv of Roclicster 
School of jMedicine and Dcntistrj , Rochester, 
N Y Assoc Prof of Anatomy (1, 1939) 

Smith, Willie W , Ph D Natl Insts of Health, 
Bethesda, Md Physiologist (1, 1941) 

Smithbum, Kenneth C , M D Rockefeller Foun- 
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dation, 49 W 49th St , Nei^ York Cit 3 ' Staff 
Member, International Health Div (6, 1937) 
Smolens, Joseph, B S Children’s Hospital, 1740 
Bainbndge St , Philadelphia, Pa (6, 1943) 
Smythe, C V , Ph D 5000 Richmond St , Phila- 
delphia, Pa Head of Biochemistry, Rohm & 
Haas Co (2, 1934) 

Snape, William J , M D Jefferson Med College, 
Philadelphia, Pa Assoc in Physiology (1, 1948) 
Snell, Albert M ,MD Palo Alto Climc, 300 Homer 
St , Palo Alto, Calif (4, 1930) 

Snell, Esmond E , Ph D Univ of Wisconsin, 
Madison 6 Prof of Biochemistry (2, 1942, 5, 
1946) 

Snider, Ray S , Ph D Northwestern Umv School 
of Medicine, 303 E Chicago Ave , Chicago 11, 
111 Assoc Prof of Anatomy (1, 1949) 

Snyder, Charles D , Ph D 4709 Kesmek Rd , 
Baltimore, Md Prof Emeritus of Exper Physi- 
ology, Johns Hopkins Umv (IR, 1907) 

Snyder, Franklin Faust, M D Boston Lying-In 
Hospital, Boston, Mass (1, 1936) 

Snyder, John Crayton, M D Harvard School of 
Public Health, 695 Huntington Ave , Boston, 
Mass Prof of Microbiology (6, 1950) 

Sobel, Albert E , Ph D Jewish Hospital of Brook- 
lyn, 555 Prospect PI , Brookljn 16, N Y Head 
of Dept of Chemistry, Special Lecturer, Long 
Island College of Medicine (2, 1939) 

Sobin, Sidney S , M D , Ph D 405 N Bedford 
Drive, Beverl}'- Hills, Calif Research Assoc 
tn Physiology, Umv of Southern California 
(I, 1949) 

Sobotka, Harry H , Ph D Mount Sinai Hos- 
pital, Fifth Ave and 100th St , New York 
City 29 Head of Dept of Chemistry (2, 1932, 5, 
1933) 

Solandt, Donald Young, M D , Ph D Univ of 
Toronto, Toronto, Ontario, Canada Prof of 
Physiology in charge of Biophysics, Faculty of 
Medicine, Prof and Head of Dept of Hygiene, 
School of Hygiene (1, 1937) 

Sollmann, Torald, M D 14327 Superior Rd , 
Cleveland, Ohio Dean and Prof Emeritus of 
Pharmacology , Western Reserve Umv (IR, 1902, 
2, 1906,3, 1908) 

SolotoroTsky, Morns, Ph D 203 W 5th St , Plain- 
field, N J Merck Inst for Therapeutic Research, 
Rahway, N J , Research Assoc in Chemotherapy 
(6, 1946) 

Soraogyi, Michael, Ph D 216 S Kingshighway, St 
Louis, Mo Biochemist, Jewish Hospital of St 
Louis (2, 1927) 

Sonnenschein, Ralph R , M D , Ph D Univ of 
Rlinois, College of Medicine, Chicago 12 Re- 
search Asst in Psychiatry (1, 1950) 

Soskin, Samuel, M D , Ph D Michael Reese Hos- 
pital, 29th St and Ellis Ave , Chicago 16, 111 


Med Dir and Dir of Research Inst , Dean, 
Postgrad School (1, 1930, 5, 1933) 

Soule, Malcolm H , Sc D Umv of Michigan, 
Ann Arbor Prof of Bacteriology, and Chairman 
of Dept of Bacteriology (4, 1927, 6, 1925) 

Spam, Will C . M D 116 E 63rd St , New York 
City Clin Prof of Medicine, Post-Grad Med 
School, Columbia Univ (6, 1923) 

Spaulding, Earle H , Ph D Temple Umv , School 
of Medicine, Broad St at Ontario, Philadelphia 
40, Pa Prof of Bacteriology, Head of Dept (6, 
1950) 

Spealman, C R , Ph D Dept of Commerce, Civil 
Aeronautics Admin , Washington 25, D C (1, 
1940) 

Specht, Heinz, Ph D Natl Insts of Health, 
Bethesda, Md Scientist, USPHS (1, 1941) 
Sped or, Harrj, Ph D Quartermaster Food and 
Contamer Inst for the Armed Forces, 1849 W 
Pershing Rd , Chicago 9, R1 Chief, Nutrition 
Div (5, 1950) 

Speirs, Mary, Ph D Georgia Agricultural E\per 
Station, Experiment Head of Dept of Home 
Economics (5, 1949) 

Sperry, Roger W , Ph D Umv of Chicago, Dept 
of Anatomy, Chicago 37, HI (1, 1946) 

Sperry, Warren M , Ph D New York State Psychi- 
atric Inst , 722 W 168th St , New York City 32 
Principal Research Biochemist, Assoc Prof of 
Biological Chemistry, Columbia Umv (2, 1929, 
5, 1933) 

Spicer, Samuel S , M D Natl Insts of Health, 
Bethesda 14, Md Commissioned Officer, USPHS, 
Surgeon (1, 1950) 

Spiegel, Ernest A , M D Temple Umv School of 
Medicine, Broad and Ontario Sts , Philadelphia, 
Pa Prof of Exper Neurology (1, 1936) 
Spiegel-Adolf Mona, M D Temple Umv School 
of Medicine, Broad and Ontario Sts Phila 
delphia. Pa Prof and Head of Dept of Colloid 
Chemistry (2, 1933) 

Spiegelman, Sol, Ph D Umv of Illinois, Dept 
of Bactenologj , Urbana (1, 1946) 

Spies, Tom D , M D Hillman Hospital, Burning 
ham, Ala Dir of Nutrition Clinic (3,1941,4, 
1940, 5, 1938) 

Spink, Wesley W , M D Umv of Minnesota Hos 
pital, Minneapolis Assoc Prof of Medicine, 
Umv of Minnesota Med School (C, 1940) 
Spohn, Adelaide, PhD Elizabeth McCormick 
Memonal Fund, 848 N Dearborn St , Chicago, 
HI Nutritionist (5, 1933) 

Spoor, Herbert J , Ph D , M D 6705A 186th Lane, 
Flushing, L I , N Y Dir , Dermatological Re 
search. New York Med College (1, 1945) 
Sprent, J F A , Ph D Umv of Toronto, 43 
Queens Park, Toronto 5, Ontario, Canada Asst 
Prof, Sr Research Fellow, Ontauo Research 
Foundation (6, 1949) 
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Sprinson, David B , Ph D Columbia Umv Col- 
lege of Physicians and Surgeons, Dept of Bio- 
chemistry, 630 W 168th St , New York City 32 
Research Assoc (2, 1949) 

Sproul, Edith E , M D Columbia Umv College 
of Physicians and Surgeons, Dept of Pa- 
thology, 630 W 168th St , New York City 32 
Assoc Prof (4, 1941) 

Spmnt, Douglas H , M D , MS Univ of Ten- 
nessee, Memphis Prof of Pathology, Head 
of Dept of Pathology and Bacteriology (4, 1934, 
6, 1936) 

Stacy, Ralph W , Ph D Ohio State Umv , Dept 
of Physiology, Hamilton Hall, Columbus 10 
Asst Prof (1, 1949) 

Stadie, William C , M D 821 Maloney Clinic, 36th 
and Spruce Sts , Philadelphia 4, Pa John Herr 
Musser Prof of Research Medicine, Unw of 
Pennsylvania (2, 1922) 

Stanley, Wendell M , Ph D Umv of Califorma, 
Rm 223, Forestry Bldg , Berkeley 4 Prof and 
Chairman of Dept of Biochemistry, Dir of Virus 
Lab (2,1936) 

Stanuard, James Newell, Ph D Umv of Roches- 
ter Med School, Atomic Energy Project, Roch- 
ester 7, N Y Assoc Prof of Radiation Biology 
(1, 1938) 

Stansly, Philip G , PhJD Amencan Cyanamid 
Co , Stamford Research Labs , Stamford, Conn 
Microbiologist, Chemotherapy Dept (2, 1950) 
Stare, Fredrick J , Ph D , M D 695 Huntington 
Ave , Boston 15, Mass Prof of Nutrition, Har- 
vard Vntv (2, 1937 , 5, 1942) 

Starr, Isaac, M D Hospital of the Umv of Penn- 
sylvania, Philadelphia Hartzell Prof of Re- 
search Therapeuiics (1, 1929 , 3, 1942) 

Stavitsky, Abram B , Ph D , VAI D Western Re- 
serve Umv School of Medicme, 2109 Adelbert 
Rd , Cleveland 6, Ohio Asst Prof of Micro- 
biology (6, 1950) 

Stavraky, George W , M D Umv of Western On- 
tario, Med School, London, Ontano, Canada 
Prof of Physiology (1, 1937, 3, 1944) 

Stead, Eugene A , Jr , M D Duke Umv , Dept 
of Medicme, Durham N C (1, 1945) 

Stearns, Genevieve, Ph^D State Umv of Iona, 
College of Medicine, Iona City Research Prof 
of Pediatrics (2, 1932, 5, 1937) 

Steel, Matthew, Ph D New York State Univ 
hied Center at New York Citj , 350 Henry St , 
Brooklyn, N Y Prof of Biological Chemistry 
(2, 1909) 

Steele, J Murray, hi D Third (N YU) Research 
Div , Goldnater hlemorial Hospital, Welfare 
Island, New York Citj Assoc Prof of Medi- 
cine, New York Univ , Dir of Srd Med Dii , 
Welfare Hospital (1, 1936) 

Steenbock, Harry, Ph D Unu of Wisconsin, 
hladison Prof of Biochemistry (2, 1912, 5, 1933) 


Steffee, C Harold, M D , Ph D U S Marme 
Hospital, Dept of Pathology, New Orleans 16, 
La Resident (4, 1950) 

Steggerda, F R , Ph D Umv of Rlinois, 416 
Natural History Bldg , Urbana Assoc Prof 
of Physiology (1, 1934) 

Stehle, Raymond Louis, Ph D McGill Umv , Fac- 
ulty of Medicine, Montreal, Quebec, Canada 
Prof of Pharmacology (2, 1920, 3, 1922) 
Steigman, Alex J , M S , M D Louisville General 
Hospital, E Chestnut St , Louisville 21, Ky 
Consultant Clin Epidemiologist, Nat’l Founda- 
tion for Infantile Paralysis (6, 1949) 
Steigmann, Frederick, M S , M D 348 S Hamlin 
Ave , Chicago, HI Assoc in Medicine, Umv 
of Hlinois, College of Medicine, Assoc Attend- 
ing Physician, Cook, County Hospital (3, 1942) 
Steiman, S E , Ph D , M D 23 Broad St , Lynn, 
Mass Asst Physician, MetropoliLian State Hos- 
pital, Waltham, Mass (1, 1939) 

Stem, George J , Ph D 406th Med General Lab 
APO 500 %P M , San Francisco, Calif Chief, 
Section of Bacteriology and Serology (6, 1947) 
Stem, William Howard, Ph D Rockefeller Inst 
for Med Research, 66th and York Ave , New 
York City 21 Assoc in Chemistry (2, 1946) 
Steinbach, H Burr, Ph D Umv of Minnesota, 
Dept of Zoology, Minneapolis (1, 1934) 
Steinberg, Bernhard, M J) Toledo Hospital Inst 
of Med Research, Toledo, Ohio Dir of Toledo 
Hospital Inst , Chief Pathologist and Dir of 
Labs , Toledo Hospital (4, 1928 , 6, 1946) 

Steiner, Paul E , M D Umv of Chicago, Chicago, 
HI Prof of Pathology (4, 1939) 

Steinhardt, Jacinto, PhJD 4004 Laird PI , Chevy 
Chase 15, Md Dir , Operations Evaluation- 
Group, Mass Inst of Technology (2, 1939) 
Stemhaus, Arthur H , Ph D 5316 Drexel Ave , 
Chicago, HI Prof of Physiology, George Wil- 
liams College, Hyde Park (1, 1928) 

Stekol, Jakob A , D Sc Lankenau Hospital Re- 
search Inst , Philadelphia 30, Pa Assoc Mem- 
ber (2, 1936) 

Stem, Kurt G , Ph D Polytechmc Inst of Brook- 
lyn, 99 Livingston St , Brooklyn 2, N Y Adjunct 
Prof of Biochemistry (2, 1938) 

Stetten, DeWitt, Jr , M D , Ph D Public Health 
Research Inst of The Citj of Nen York, Inc , 
Foot of E 15th St , Neil York Citj 9 Chief, 
Div of Nutrition and Physiology (2, 1944) 
Stetten, Marjorie R , Ph D Public Health Re- 
search Inst of The Citj of Non York, Inc , 
Foot of E 15th St , Nei\ York Citj 9 Assoc , 
Div of A utrition and Physiology (2, 1947) 
Stevens, S Smith, Ph D Hnriard Umv , Memor- 
ial Hall, Cambridge, Mass Prof of Psychology, 
Dtr of Psychological Labs (1, 1937) 

Stevenson, James A F , M , M D CAI Univ 
of Yestern Ontano, Dept of Med Research, 
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London, Ontario, Canada Assoc Prof , Lec- 
turer 771 Physiology (1, 1950) 

Stewart, Dorothy R , Ph D Rockford College, 
Rockford, Rl (1, 1947) 

Stewart, Fred W , M D Memorial Hospital, 444 
E CSth St , NeT\ York Citv Pathologist, Prof 
of Pathology, Cornell Med School (4, 1928) 
StcvfaTt, Harold L, MD Aatl Cancer Inat , 
Betliesda, Md Chief of Pathology Seelion (4, 
1936) 

Stewart, Wellington B , M D Columbia Univ 
College of Physicians and Surgeons, 630 W 168th 
St , New York City 32 Assoc in Pathology (4, 
1950) 

Stewart, Winifred Bayard, M D ,M A 1930 Spruce 
St , Philadelphia, Pa Prof of Neurology, Wo- 
man’s Med College of Pennsylvania (1, 1941) 
Stickney, J Clifford, PhD West Virginia Univ 
School of Medicine Morgantown Assoc Pi of 
of Physiology (1, 1944) 

Sfiebeling, Hazel K , Ph D U S Dept of Agri- 
culture, Washington, D C Chief, Bureau of 
Human Niitntion and Home Economics (6, 1933) 
Stier, Theodore J B , Ph D Indiana Univ Med 
School, Bloomington Assoc Prof of Physiol- 
ogy (1, 1938) 

Still, Eugene U , Ph D Bo\ 991, Sarasota, Fla (1, 
1929) 

Stimmel, Benjamin F , Ph D Rees Stealy Med 
Research Fund, Ltd , 2001 Fourth Ave , San 
Diego, Calif Research Biochemist (2, 1947) 
Stock, Aaron H , M D Children’s Hospital of 
Pittsburgh 125 De Soto St , Pittsburgh, Pa 
(6, 1947) 

Stockton, Andrew Benton, M D 655 Sutter St , 
San Francisco, Calif Asst Clin Prof of Medi- 
cine (3, 1931) 

Stoerk, Herbert C , M D Merck Inst for Thera- 
peutic Research Rahway, N J Bead of Dept 
of Cancer Research (4, 1948) 

Sfoesser, Albert V , M D , Ph D Univ of Minne 
sota Med School, 1409 Willow St , Lonng Park, 
Minneapolis Clin Assoc Prof of Pediatrics 
(6, 1049) 

Stohlman, Edward F , LL B Natl Insts ot 
Health, Bethesda, Md Assoc Pharmacologist 
(3, 1948) 

Stokinger, Herbert E , Ph D A E Project, Univ 
of Rochester, P 0 Bo\ 287, Station 3, 
Rochester N Y Assoc Prof of Pharmaco- 
logy, Chief of Industrial Hygiene and Toztcology 
(3, 1950, 6, 1947) 

Stokstad, E L Robert, Ph D Lederle Labs , Pearl 
River, N Y Asst Dir , Nutrition and Physiol- 
ogy Dept (2, 1947, 5, 1942) 

Stoland, O O , Ph D 1845 Learnard Ave , Law- 
rence, Kan Prof of Physiology and Pharma- 
cology, Univ of Kansas (1, 1913) 

Stone, Gilbert C H Ph D City College of New 


York, Dept of Chemistry, Convent A\c and 
140th St , New York City 31 Asst Prof (2, 
1950) 

Stone, William E , Ph D Umv of Wisconsin, 
Dept of Physiology, Madison Asst Prof of 
Physiology (1, 1945) 

Stormont, Robert T , Ph D , M D American Med 
Assoc , 535 N Dearborn St , Chicago, 111 
Sec of Council on Pharmacy and Chemistry 
(3, 1941) 

Sforvick, Clara A , Ph D Oregon State College, 
School of Home Economics, Corvallis, Ore 
Assoc Prof of Foods and Nutrition (5, 1947) 
Stotz, Elmer, H , Ph D Umv of Rochester School 
of Medicine and Dentistry, Rochester 20, N \ 
Prof of Biochemistry (2, 1939) 

Stoughton, Roger W , Ph D Malhnckrodt Chem- 
ical Works, 3600 N Second St , St Louis, Mo 
Research Chemist (3, 1939) 

Strong, Frank M , Ph D Univ of Wisconsin, 
Dept of Biochemistry, Madison 6 Prof of Bio- 
chemistry (2, 1941) 

Struck, Harold Carl, Ph D Creighton Unn 
School of Medicine, 302 N 14th St , Omaha 2, 
Nebr (1, 1940) 

Stuart, Charles A , Ph D 372 LloyM Ave , Provi- 
dence, R I Assoc Prof of Biology, Brown 
Umv (6, 1935) 

Stumpf, Paul K , Ph D Univ of California, Div 
of Plant Biochemistry , 3048 Life Science Bldg , 
Berkeley 4 Asst Prof (2, 1950) 

Sturgis, Cyrus Cressey, M D Simpson Memorial 
Inst , Ann Arbor, Mich Dir of Thomas Henry 
Simpson Memorial Inst for Med Research, 
Chairman, Dept of Medicine, Univ of Michigan 
Hospital (4, 1927) 

Sfurkie, Paul D , Ph D Rutgers Umv , New 
Brunswick, N J Assoc Research Specialist in 
Poultry Husbandry, Assoc Prof of Poultry Hus 
bandry (1, 1948) 

Stufzman, Jacob W , Ph D , M D Boston Umv 
School of Medicine, Boston, Mass Assoc Prof 
of Pharmacology (1, 1946 , 3, 1948) 

Sugg, John Y , Ph D Cornell Umv Med College, 
1300 York Ave , New York City Assoc Prof 
of Bacteriology and Immunology (6, 1938) 
Sulkin, S Edward, PhD Southwestern Med 
College, Dallas, Tex Prof and Chairman of 
Dept of Bacteriology and Immunology (6, 1944) 
Sullivan, Michael Xavier, Ph D Chemo-Medical 
Research Inst , Georgetown Umv , 37th A 0 
Sts , N W , Washington, D C Dir and Research 
Prof of Chemistry (2, 1909) 

Sulzberger, Marion B , M D 999 5th Ave . iNcw 
York City Assoc Clin Prof of Dermatology 
and Syphilology, N Y Post-Grad Med School 
of Columbia Untv , Assoc Dir of Skin and Can 
cer Unit of N Y Post-Grad Hospital (G, 1930) 
Summerson, William H , Ph D Med Dn , Vrmy 
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Chemical Center, Md Chief, Biochemistry Sec- 
tion (2, 1942) 

Sumner, J B , Ph D Cornell Univ , Ithaca, N Y 
Dir , Enzyme Chemistry Lab (2, 1919) 
Sunderman, F William, MD ,PhD Gradj Mem- 
orial Hospital, 36 Butler St , S E Atlanta 3, 
Ga Dir , Chn Labs , Prof , Clin Medicine, 
Emory Uiiiv (2, 1931) 

Sundstroem, Edward S , M D Univ of Califor- 
nia, Berkeley 4 Prof Emeritus of Biochemistry 
(2, 1919) 

Sure, Barnett, Ph D Univ of Arkansas, Fa} ette- 
ville Head of Dept and Prof of Agricultural 
Chemistry (2, 1923 , 5, 1933) 

Sutherland, Earl W , Jr , M D Washington Univ 
School of Medicine, Dept of Biological Chem- 
istry, St Louis 10, Mo Asst Prof (2, 1950) 
Sutherland, George F , hi D Duke Univ School 
of hledicine, Durham, N C (1, 1939) 

Sutton, T Scott, Ph D Ohio State Univ , Colum- 
bus Prof , Dir of Inst of Nutrition and Food 
Technology (5, 1936) 

Svirbely, Joseph L , Ph D 1002 Faw cett kve , 
hIcKeesport, Pa (3, 1945) 

Swam, Robert E , Ph D 634 Mirada Ave , Stan- 
ford Umv , Calif Prof Emeritus of Chemistry 
(2, 1909) 

Swann, Howard G , Ph D Univ of Texas Med 
School, Dept of Ph 3 ^siology, Galveston Asst 
Prof of Physiology (1, 1940) 

Swanson, Marjorie A , Ph D Bowman Gray 
School of Medicme, Dept of Biochemistry, 
Winston-Salem 7, N C Asst Prof (2, 1950) 
Swanson, Pearl P , Ph D Ion a State College, 
Ames Prof of Foods and Nutrition, Dept of 
Foods and Nutrition (6, 1933) 

Swanson, William W , M S , M D 2376 E 71st 
St , Chicago, HI Asst Prof of Pediatrics, 
Northwestern Univ (2, 1938) 

Sweeney, H Morrow, Ph D Aero-hled Lab , 
Wnght-Patterson Air Force Base, Daj'ton, 
Ohio (1, 1939) 

Sweet, J E , M D , Sc D UnadilH, N Y Prof 
Emeritus of Surgical Research, Cornell Univ 
Med College (IR, 1913) 

Swendseid, Marian E , Ph D Univ of hlichigan, 
Simpson Memorial Inst , Ann Arbor Research 
Biochemist (2, 1950) 

Smft, Homer, M D , D Sc S8S Park Ave , Xen 
T^ork CiD Member, Rockefeller Inst for Med 
Research, Physician to Hospital of Rockefeller 
Inst for Med Research (G, 1920) 

Snift, Rajinond W, PhD Penns^hanla State 
College, State College Prof and Head of Dept 
of Animal A utrition (5, 1934) 

Smngle, Wilbur Willis, Ph D Princeton Uni\ , 
Princeton, X J Prof of Biology (1, 1924) 
Smnjard, Enart A , Ph D L ni\ of Utah, Salt 


Lake City Prof of Pharmacy, School of Phar- 
macy (3, 1948) 

Sydenstricker, V P , M D Med College of Geor- 
gia, Augusta Prof of Medicine (5, 1944) 

Sykes, Joseph F , Ph D U S Dept of Agricul- 
ture, Bureau of Dairy Industry^ Beltsville, Md 
Physiologist (1, 1942) 

Syverton, Jerome T , M D Univ of Minnesota, 
Minneapolis, hiinn Prof and Head, Dept of 
Bacteriology and Immunology (4, 1940, 6, 1947; 
Szego, Clara M , Ph D Univ of California, Med 
School, Los Angeles ylsst Prof of Zoology (1, 
1946) 

Szent-Gyorgyi, Albert, Ph D , M D Natl Insts 
of Health, Bethesda 14, Md (2, 1949) 
Szepsenwol, Josel, M D Emory Univ School of 
Medicine, Emory University, Ga Asst Prof 
of Anatomy (1, 1948) 

Tabor, Herbert, MD Natl Insts of Health, 
Pharmacology Section, Exper Biology and 
Medicine Inst , Bethesda 14, Md Surgeon, 
USPHS (3, 1947) 

Tager, Morris Western Reserve Univ , Cleveland, 
Ohio Dept of Microbiology (G, 1948) 

Tainter, M L , M A , M D Sterling-Winthrop 
Research Inst , 33 Riverside Ave , Rensselaer, 
N Y Director (1, 1929, 3, 1927) 

Talbot, Samuel Armstrong, Ph D Johns Hopkins 
Hospital, Baltimore, Md Instr in Physiological 
Optics, Johns Hopkins Univ (1, 1940) 
Taliaferro, William H , Ph D Umv of Chicago, 
Dept of Bacteriology^ Chicago, 111 Eliakim 
H Moore Distinguished Service Prof of Para- 
sitology and Dean of Div of Biological Sciences 
(6, 1930) 

Tannenbaum, Albert, M D Michael Reese Hos- 
pital, 29th St & Elhs Ave , Chicago, HI Dir 
of Dept of Cancer Research (4, 1942) 

Tarr, H L A , Ph D Fishenes Exper Station, 898 
Richards St , Vancouver, B C , Canada Sr 
Bacteriologist, Dept of Bacteriology (2, 1950) 
Tarver, Harold, Ph D Umv of California, Div 
of Biochemistry, Berkeley 4 Asst Prof of Bio- 
chemistry (2, 1947) 

Tashiro, Shiro, Ph D , M D Umv of Cincinnati 
College of Medicme, Cincinnati, Ohio Prof 
of Biochemistry (1, 1913, 2, 1913) 

Tatum, Arthur L , Ph D , M D Service Memorial 
Inst , Umv of Wisconsin, Madison Prof of 
Pharmacology (1, 1913, 3, 1919) 

Tatum, Edward L , Ph D Stanford Umv , School 
of Biological Sciences, Stanford University, 
Calif Prof of Biology (2, 1947) 

Tauber, Henry, Ph DVD Venereal Disease 
Exper Lab , USPHS, Chapel Hill, X C Sr 
Biochemist Issoc Prof of Exper Medicine, 
School of Public Health I nii of Aorlh Carolina 
(2, 1933) 

Taylor, A N , Ph D Umv of Oklahoma School 
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of Medicine, Oklahoma Citj Asst Prof and 
Chairman of Dept of Physiology (1, 1948) 

Taylor, Alton R , Ph D Parke, Davis & Co , 
Detroit 32, Mich Sr Researcher, Research Div 
(2, 1947) 

Taylor, Craig L , Ph D Umv of Califorma, Dept 
of Engineering, Los Angeles Assoc Prof of 
Engineering (1, 1945) 

Tajlor, Dermot B , M B , B Ch , B A 0 Univ of 
California Med Center, San Francisco 22 As- 
soc Prof of Pharmacology (3, 1950) 

Taylor, Fred A , Ph D 320 E North Ave , N S , 
Pittsburgh, Pa Biochemist, Singer Memorial 
Lah (2, 1933) 

Tayloi^ Haywood M , Ph D Duke Univ School of 
Medicine, Durham, N C Prof of Toxicology 
and 4«soc Prof of Biochemistry , Biochemist 
and Toxicologist to Duke Hospital (4, 1942) 

Taylor, Henry Longstreet, Ph D Univ of Minne- 
sota, School of Public Health, Mmneapobs 
Prof of Physiological Hygiene (1, 1944) 

Taylor, John Fuller, Ph D Waahmgton Umv 
School of Medicine, Euclid and Eangshighway, 
St Louis, Mo Asst Prof of Biological Chemis- 
try (2, 1944) 

Taylor, M Wight, Ph D New Jersey Agricul- 
tural Exper Station, New Brunswick Assoc 
Biochemist in Nutrition and Assoc Prof of 
Agricultural Biochemistry , Rutgers Umv (5, 
1944) 

Taylor, Norman Burke, M D Umv of Toronto, 
Toronto 5, Ontario, Canada Prof of Physiology 
(1, 1922; 

Ta)Ior, Richard M , Rockefeller Foundation, 66th 
St and York Ave , New York City Member 
Staff, Internatl Health Div (6, 1949) 

Taylor, Robert D , M D Ciimcal Research Div , 
Cleveland Foundation, Cleveland 6, Ohio Mem- 
ber (1,1945) 

Teague, Robert S , Ph D , M D Medical College 
of Alabama, Dept of Pharmacology, Birming- 
ham 5 Prof and Chairman of Dept of Phar- 
macology (3, 1942) 

Templeton, Roy D , B S 133 Handley St , San 
Antonio, Tex (1,1935) 

Ten Broeck, Carl, M D 94 Battle Rd , Princeton, 
N J (4R, 1932) 

Teply, Lester J , Ph D Umv of Wisconsin, En- 
zyme Inst , 1702 University Ave , Madison 
Project Assoc (2, 1950) 

Tepperman, Jay, M D State Univ of New York 
School of Medicme, Dept of Pharmacology, 
Sj racuse, N Y Assoc Prof of Pharmacology 
(1, 1944) 

Terplan, Komel L , M D Umv of Buffalo School 
of Medicine, Buffalo, N Y Prof of Pathology 
(4, 1935) 

Terry, Roger, M D Um'v of Rochester School of 


Medicine and Dentistri, Dept of Pathology, 
Rochester 7, N Y Instr in Pathology (4, 1919) 
Thannhauser, S J , M D , Ph D Pratt Diagnos 
tic Hospital, 30 Bennet St , Boston, Mass 
Assoc Chief, Prof of Chn Medicine, Tufts Mai 
School (2, 1937) 

Thatcher, Jonathan S , M D , Ph D State College 
of Washington, Finch Memorial Hospital, Pull 
man Staff Physician (1, 1949) 

Thauer, Rudolf, M D 5628 Tiber St , Philadelphia 
41, Pa Physiologist, Research IFod in N A M C 
U S Navy (1, 1949) 

Thayer, Sidney Allen, Ph D 1402 S Grand Blvd , 
St Louis 4, Mo Assoc Prof of Biochemistry, 
St Louis Univ School of Medicine (2, 1933) 
Therman, Per-Olof, M D 111 N 49th St , Phila- 
delphia 39, Pa Neurophysiologist, Pennsylvania 
Hospital, Asst Prof , Umv of Pennsylvania 
(1, 1950) 

Thlenes, Clinton H , M D , Ph D Umv of South- 
ern Califorma School of Medicine, Los Angeles 
Prof and Head of Dept of Pharmacology and 
Toxicology (3, 1928) 

Thomas, Arthur W , Ph D Columbia Umv , New 
York City 27 Prof of Chemistry (2, 1924) 
Thomas, Byron H , Ph D Iowa State College, 
Ames Prof and Head of Animal Chemistry and 
Nutrition, Iowa Agnc Exper Station (5, 1933) 
Thomas, Caroline Bedell, M D Johns Hopkins 
Hospital, Baltunore, Md Assoc Prof of Medi- 
cine, Johns Hopkins Umv School of Medicine 
(1, 1939) 

Thomas, J Elarl, M D Jefferson Med College, 
Philadelphia, Pa Prof of Physiology (1, 1922, 
3, 1924) 

Thomas, Lewis, M D Tulane Umv Med School, 
New Orleans, La Assoc Prof of Medicine (6, 
1950) 

Thompson, Marvin R , Ph D 67 Greenu ich Ave , 
Stamford, Conn (3, 1944) 

Thompson, Randall L , Sc D , M D Indiana 
Umv , Med Center, Indianapolis 7 Prof of 
Bacteriology (6, 1937) 

Thompson, William R , Ph D 1 Darroch Rd , 
Delmar, N Y 5r Biochemist, Div of Labs 
and Research, New York State Dept of Health 
(2, 1934) 

Thomson, David Landsborough, Ph D AIcGill 
Umv , Montreal, Quebec, Canada Prof of 
Biochemistry and Dean of Faculty of Grad Stud- 
ies and Research (2, 1929) 

Thorn, George Widmer, M D Peter Bent Brigham 
Hospital, Boston, Mass Prof of Medicine, Har- 
vard Umv (1, 1939) 

Thorp, W T S , D V M , M S Natl Insts of 
Health, Bethesda, Md Chief, Section on Com 
parative Pathology and Hematology (4, 1948) 
Tidwell, Herbert C , Ph D Southwestern Med 
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School, 2211 Oak LaA\n Ave , Dallas, Tc\ Prof 
and Chairman of Dept of Biochemistry (2, 194S) 
Tillett, William S , M D Now York Umv College 
of Medicine, Dept of Bacteriology, 477 First 
Ave , Nen York City Prof of Medicine (G, 
1927) 

Tilt, Jennie, Ph D 1011 Lincoln Blvd , Santa 
Monica, Calif (5, 1939) 

Tipson, R Stuart, Ph D hlellon Inst of Indus- 
tnal Research, Umv of Pittsburgh, Pittsburgh, 
Pa Sr Fellow, Dept of Research in Pure Chem- 
istry (2, 1937) 

Tipton, Samuel R , Ph D Umv of Tennessee, 
Dept of Zoologj'^, Knowille Prof of Zoology 
(1, 1940) 

Tislow, Richard, M D Sobering Corp , Bloom- 
field, N J Dir of Biological Labs (1, 1944, 
3, 1950) 

Htus, Harry W , Ph D Lime Crest Research Lab , 
R F D 1, Newton, N J Technical Counsellor 
and Dir of Nutritional Research (2, 1929, 5, 
1933) 

Tobias, Julian M , M D Umv of Chicago, Chi- 
cago, 111 Inslr in Physiology (1, 1944) 
Tocantins, Leandro Mau6s, M D Jefferson Med 
College, Philadelphia, Pa Assoc Prof of Medi- 
cine (1, 1939) 

Todd, Wilbert R , Ph D Umv of Oregon Med 
School, Portland, Ore Assoc Prof of Biochem- 
istry (2, 1948 , 5, 1948) 

Todhunter, Elizabeth Neige, Ph D Umv of Ala- 
bama, Umversity Prof of Nutrition (5, 1939) 
Toennies, Gernt, Ph D Inst for Cancer Research 
and Lankenau Hospital Research Inst , Phila- 
delphia 11, Pa Head, Dept of General Biochem- 
istry (2,1934) 

Tolle, Chester D , Ph D Federal Security 
Agency, Food and Drug A dmin , Washington, 
D C Sr Biochemist (5, 1942) 

Toman, James E P , Ph D \bbott Laboratories, 
Pharmacological Labs , North Chicago, Rl (1, 
1945, 3, 1950) 

Tomarelli, Rudolph M , Ph D Wyeth, Inc , Nutri- 
tional Div , Mason, Ingham County, Mich 
Sr Nutritional Investigator (2, 1950 , 5, 1950) 
Tomlinson, Wray Joseph, M D 1017 E 4th Ave , 
hlitchell, S Dak Chief of Labs , St Joseph and 
Methodist State Hospitals, Consulting Pathologist, 
St Johns Hospital, Huron (4, 1945) 

Tompkins, Edna H , M D Cancer Research Inst , 
New England Deaconess Hospital, 195 Pilgrim 
Rd , Boston 15, Mass Research Assoc (4, 1941) 
Torda, Clara, Ph D , M D Cornell Umv Med 
College, Nen York City Research Assoc in 
Pharmacology (1, 1943 , 3, 1944) 

Toth, Louis A , Ph D Louisiana State Umv 
School of Medicine, Dept of Physiolog}’’, New 
Orleans 13 Assoc Prof of Physiology (1, 1940) 
Totter, John R , Ph D Umv of Arkansas School 


of Medicine, Little Rock Assoc Prof , Dept 
of Biochemistry (2, 1946) 

Tourtcllotte, Dee, D Sc Charles B Knox Gelatin 
Co , 4th and Erie Sts , Camden, N J Head of 
Nutrition Lab (5, 1935) 

Tower, Sarah Sheldon, M D , Ph D Johns Hop- 
kins Univ , Baltimore, Md Asst Prof of Psy- 
chiatry (1, 1932) 

Trager, William, M D , Ph D Rockefeller Inst 
for Med Research, 66th and York Ave , New 
York City 21 Associate^ (4, 1947) 

Traub, Frederick B , M D 405 E 72nd St , New 
York City 28 Assoc Bacteriologist, Jewish Hos- 
pital of Brooklyn (G, 1946) 

Travell, Janet, M D Cornell Umv Med College, 
New York City Asst Prof of Clin Pharmacol- 
ogy (3, 1933) 

Travis, Lee Edward, Ph D Umv of Southern 
California, Los Angeles Prof of Psychology 
and Dir of Psychological Center, Major, Y A AF 
{Yuma, Am ) (1, 1929) 

Treadwell, Carleton R , Ph D George Washing- 
ton Umv School of Medicine, Dept of Bio- 
chemistry, 1335 H St , N W , Washington, D C 
Assoc Prof of Biochemistry (2, 1944 , 6, 1949) 
Treffers, Henry P , Ph D Yale Med School, 
Dept of Immunology, New Haven, Conn As- 
soc Prof of Immuno-chemistry (6, 1942) 
Trimble, Harry C , Ph D Harvard Med School, 
25 Shattuck St , Boston, Mass Asst Prof of 
Biological Chemistry (2, 1929, 5, 1936) 

Trurnit, Hans Joachim, M D Med Div , Army 
Chemical Center, Md Research Biophysicist 
(1, 1950) 

Tuba, Jules, Ph D Umv of AJberta, Dept of 
Biochemistry, Edmonton, Alberta, Canada As- 
soc Prof (2, 1950) 

Tuft, Louis H , M D 1530 Locust St , Philadel- 
phia, Pa Asst Prof of Medicine, Temple Univ 
Med School, Chief of Clinic of Allergy and Ap- 
plied Immunology, Temple Univ Hospital (6, 
1928) 

turn Suden, Carolme, Ph D Med Div , To\i- 
colog)'^. Army Chemical Center, Md (1, 1936) 
Tunturi, Archie Robert, Ph D Umv of Oregon 
Med School, Portland Asst Prof of Anatomy 
(1, 1946) 

Tuohy, Edward B , M S , M D Georgetown Umv 
Hospital, 3800 Reservoir Rd , Washington, 
D C Prof of Anesthesiology (3, 1941) 

Turner, Abby H , Ph D Mount Holyoke College, 
South Hadley , Mass Prof of Physiology (IR, 
1928) 

Tuttle, Waid Wnght, Ph D State Umv of Iowa, 
Iowa City Prof of Physiology (1, 1925) 

Tweedy, Wilbur R , Ph D Veterans Admin Hos- 
pital, Radioisotope Unit, Hines, 111 Assoc 
Director (2, 1931) 

Tyler, Albert, Ph D California Inst of Tech- 
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nolog 3 , Pasadena, Calif Assoc Prof of Em- 
bryology (6, 1916) 

Tylell, Alfred A , Ph D Univ of Cincinnati 
College of jMedicine, Eden and Bethesda Aves 
Cincinnati 19, Ohio Assl Prof of Biological 
Chemistry (6, 1950) 

Tyler, David B , Ph D Carnegie Inst of Washing- 
ton, Dept of Embrj'ology , Wolfe and Madison 
Sts , Baltimore 5, Md Member of Staff (1, 1943) 
Udenfnend, Sidney, Ph D Natl Insts of Health, 
Natl Heart Inst , Dept of Chemical Pharma- 
cology, Bethesda 14, Md Biochemist (2, 1950) 
Umbreit, Wayne W , Ph D Merck Inst for Thera- 
peutic Research, Rahi\ay% N J Assl Dir (2, 
1947) 

Ungar, Georges, M D , D Sc Rheumatic Fever 
Research Inst , 3026 S California Ave , Chicago 
8, 111 Research Assoc (1, 1950) 

Unna, Klaus R W , M D Univ of Rlinois College 
of Medicine, 1853 W Polk St , Chicago 12, HI 
Assoc Prof , Dept of Pharmacology (1,1941,3, 
1944, 5, 1942) 

Upton, Morgan, Ph D Rutgers Umv , Dept of 
Psychology, New Brunswick, N J (1, 1934) 
Urban, Prank, Ph D , M D 302 Northern Bldg , 
Creen Bay , Wis Physician and Surgeon (2, 
1932) 

Utter, Merton F , Ph D Western Reserve Umv , 
Dept of Biochemistry, Cleveland, Ohio Assoc 
Prof of Physiological Chemistry (2, 1946) 
Vahlteich, Ells McCollum, Ph D 310 Walnut St , 
Englev ood, N J (5, 1933) 

Valle, J R , M D Escola Paulista de Medicina, 
Cai\a Postal I44-A, Sao Paulo, Brazil Prof 
of Pharmacology (3, 1947) 

Vander Brook, Milton J , Ph D The Upjohn Co , 
Kal vmazoo 99, Mich Pharmacologist (3, 1950) 
Vanderscheer, James, Ch E 136 Linwood Ave , 
Ridgevood, N J Research Chemist, Lederle 
Labs (6, 1946) 

Van Dyke, H B , Ph D , M D Columbia Umv 
College of Phy sicians and Surgeons, 630 W 168th 
St Eev \orkCit\ 32 Hosack Prof of Pharma- 
cology (1, 1925, 3, 1927) 

ran Harreveld, Anthome, M A , M D Califorma 
Inst of Technology^ Pasadena Prof of Physi- 
ology (1, 1941) 

Van Liere, Edward J , M D , Ph D West Virginia 
Univ School of Medicine, Morgantovsm Prof 
of Physiology and Dean (1, 1927) 

Van Middlesworth, Lester, Ph D Umv of Ten- 
nessee, Memphis Instr in Physiology (1, 1948) 
Van Slyke, Donald D , Ph D , M D Brookhaven 
Natl Lab , Upton, L I , N Y Asst Dir ,Depls 
of Biology and Med Sciences, Member Emeritus, 
Rockefeller Inst (2, 1908) 
van Wagenen, Gertrude, Ph D Yale Umv School 
of hledicine. New Haven, Conn Assoc Prof 
(1, 1932) 


van Wagtendonk, Willem J , Ph D Indiana Unu 
Dept of Zoolog}', Bloomington Assoc Prof 
(2, 1946) 

Van Winkle, Walton, Jr , M D American Med 
Assoc , 535 N Dearborn St , Chicago 10, 111 
Sec’y , Therapeutic Trials Committee (3, 1939) 
Varney, Philip L Washington Umv School of 
Medicine, St Louis, Mo Asst Prof of Bacteri- 
ology (6, 1948) 

Vars, Harry M , PhD Umv of Pennsy Ivama 
Med School, Harrison Dept of Surgical Re- 
search, Philadelphia Assoc Prof of Physio- 
logical Chemistry (2, 1935, 5, 1935) 

Velick, Sidney Frederick Washington Umv 
School of Medicine, Dept of Biochemistry^, 
Euclid Ave and ICngshighway, St Louis 10, 
Mo Asst Prof of Biochemistry (2, 1946) 
Vennesland, Birgit, Ph D Univ of Chicago, Dept 
of Biochemistry'^, Chicago, HI Assoc Prof (2, 
1944) 

Venning, Eleanor H„ Ph D Umv Clime, Royal 
Victoria Hospital, Pine Ave , Montreal, Que- 
bec, Canada Asst Prof of Medicine, McGill 
Umv (2, 1938) 

Vesthng, Carl Swensson, Ph D Umv of Hlinois, 
Noyes Lab , Urbana, HI Asst Prof of Biochem- 
istry (2, 1946) 

Vickery, Hubert B , Ph D Connecticut Agrio 
Evper Station, New HaVen Biochemist in 
Charge, Dept of BiochemisCry, Lecturer in Physi- 
ological Chemistry, Yale Umv (2, 1923) 

Victor, Joseph, M D Camp Detnck, Frederick, 
Md Chief, Pathology Branch (4, 1935) 

Villee, Claude A , Jr , Ph D Harvard Med 
School, 26 Shattuck St , Boston 16, Mass 
Assl Prof of Biological Chemistry (2, 1948) 
Virtue Robert W , Ph D , M D Denver General 
Hospital, Denver 4, Colo Anesthesiologist (2, 
1939) 

Visscher, Frank E , Ph D Upjohn Co , Kalama- 
zoo 99, Mich Research Scientist, Dept of Phar- 
macology and Endocrinology (1, 1947) 

Visscher, Maunce B , Ph D , M D Umv of Min- 
nesota, Minneapolis Prof and Head of Dept 
of Physiology (1, 1927) 

VoegtHn, Carl, Ph D Umv of Rochester Med 
School, Rochester, N Y Lecturer in Pharma- 
cology (IR, 1908, 2, 1908, 3, 1908) 
von Haam, Emmerich, M D Ohio State Umv , 
Columbus Prof of Pathology (4, 1938) 

Von Oettingen, W F , M D , Ph D Natl Insts 
of Health, Lab of Physical Biology, Exper 
Biology and Medicine Inst , Bethesda, Md 
Med Officer, Toxicology (3, 1925) 

Vons, LeRoy, PhD Natl Research Council, 
2101 Constitution Ave , Washington 25, D C 
Exec Sec , Food and Nutrition Board (5, 1949) 
Vorwald, Arthur J , Ph D , M D Saranac Lake, 
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N Y Dir , Edxoard L Trudeau Foundation and 
Saranac Lab (4, 1937) 

Vos, Bert J , Ph D , M D Food and Drug Admin , 
Div of Pharmacology, Washington, D C Phai- 
macologist (3, 1941) 

Wachstein, Max, M D St Catherine’s Hospital, 
Brooklyn, N Y Dir of Lab , Research Assl , 
Ml Sinai Hospital (4, 1947) 

Waddell, James, Ph D E I duPont de Nemours 
& Co , New Bruns\^^ck, N J Dir of Biological 
Lab (2, 1930, 5, 1935) 

Wadsworth, Augustus B , M D Manchester, Vt 
(4, 1935, 6, 1920) 

Waelsch, Heinrich, M D , Ph D 722 West 168th 
St , New York City 32 Assoc Research Bio- 
chemist, N Y State Psychiatric Inst and Hos- 
pital, Assoc Prof of Biochemistry, Columbia 
Univ (2, 1941) 

Wagman, Irving H , Ph D Jefferson Med College, 
Dept of Physiology, Philadelphia 7, Pa Assl 
Prof of Physiology (1, 1946) 

Wainio, Walter W , Ph D Rutgers Umv , Bureau 
of Biological Research, Box 515, New Bruns- 
wick, N J Assoc Research Specialist (2, 1950) 
Waisman, Harry A , M D , Ph D Univ of Bhnois 
Med School, 1819 W Polk St , Chicago 12 
Asst Prof of Pediatrics (2, 1944) 

Wakeman, Alfred J , Ph D Hatfield Hill Rd , 
Bethany, Conn Retired (2, 1906) 

Wakerlin, George E , Ph D , M D Umv of Hh- 
nois Med School, 1853 W Polk St , Chicago 
Prof and Head of Dept of Physiology (1, 1933, 
3, 1934) 

Wakim, Khalil G , M D , Ph D Mayo Clinic, 
Rochester, Minn Consultant, Prof of Physi- 
ology, Mayo Foundation (1, 1942) 

Waksman, Byron H , M D 52 Phillips St , Boston 
14, Mass Research Fellow, Massachusetts Gen- 
eral Hospital, Teaching appointment. Harvard 
Med School (G, 1950) 

Walcott, William W , Ph D Columbia Umv Col- 
lege of Physicians and Surgeons, Dept of Physi- 
ology, New York City 32 Instructor (1, 1947) 
Wald, George, Ph D Harvard Umv , Biological 
Labs , Cambridge, Mass (1, 1934 , 2, 1950) 
Walker, A Earl, M D 601 N Broadway, Balti- 
more 5, Md Prof of Neural Surgery, The Johns 
Hopkins Umv (1, 1950) 

Walker, Arthur M , M D Veterans Admin , Wash- 
ington 25, D C (1, 1932, 3, 1939) 

Walker, Burnham S , Ph D , M D Boston Umv 
School of Medicine, SO E Concord St , Boston, 
Mass Prof of Biochemistry (2, 1940) 

Walker, Ernest Linwood, Sc D 50 Winchester 
Dr , Menlo Pk , Calif (3R, 1631) 

Walker, Harry A , Ph D Emorj Umv School of 
Medicine, Emory University , Ga Asst Prof 
of Pharmacology (3, 194S) 

Walker, Sheppard M , Ph D Unii of Louisxnllc 


School of Medicine, 101 W Chestnut St , Louis- 
ville, Ky Asst Prof of Physiology (1, 1946) 
Wallen-Lawrence, Zonja, Ph D 4534 W Pine 
Blvd , St Louis 8, Mo (2, 1937) 

Walter, Annabel W 29 Perry^ St , New York City 
14 Bacteriologist, Neiv York City Dept of Health, 
Bureau of Labs (6, 1946) 

Walter, Carl W , M D Harvard Med School, 25 
Shattuck Street, Boston, Mass Asst Clin Prof 
of Surgery, Sr Assoc in Surgery, Peter Bent 
Brigham Hasp (4, 1942) 

Walters, Orville S , Ph D , M D McPherson, Kan 
Physician (1, 1936) 

Walton, Robert P , Ph D , M D Med College of 
the State of South Carolina, Charleston Prof 
of Pharmacology (3, 1933) 

Walton, Seth T , V M D , Ph D Lab , Veterans 
Hospital, Oteen, N C Dir of Labs and Re- 
search (G, 1936) 

Walzer, Matthew, M D 20 Plaza St , Brooklyn, 
N Y Attending in Allergy, Jewish Hospital of 
Brooklyn (6, 1924) 

Wang, Chi Che, Ph D U S Veterans Admin 
Hospital, Hines, B1 Research Biochemist in 
charge of Metabolic Lab , Assoc Prof of Dept 
of Exper Medicine, Northwestern Univ Med 
School, Chicago, III (2, 1922, 5, 1933) 

Wang, Shih-Chun, M D , Ph D Columbia Umv 
College of Physicians and Surgeons, 630 W 
168th St , New York City 32 Assoc Prof of 
Physiology (1, 1943) 

Wangeman, Clayton P , M D Broadway Med 
Center, Associated Anesthesiologists, Seattle, 
Washington (3, 1946) 

Wangensteen, Owen Harding, M D Univ Hos- 
pital, Minneapolis 14, Minn Prof of Surgery, 
Univ of Minnesota (1, 1947, 4, 1931) 

Ward, Arthur A , Jr , M D Umv of Washington, 
School of Medicine, Div of Neurosurgery, Se- 
attle Asst Prof of Surgery, Head of Div (1, 
1949) 

Ward, Walter E , Ph D , M D Cutter Labs 
Fourth and Parker Sts , Berkeley 1, Calif Assoc 
Med Dir (G, 1947) 

Ware, Arnold G , Ph D Los Angeles County^ Hos- 
pital, Mam Lab , 1200 N State St , Los Angeles 
33, Calif Head Chemist, Asst Prof of Biochem- 
istry, Umv of Southern California (2, 1949) 
Warner, Emory D , M D Med Labs Bldg , low a 
City, la Prof of Pathology (4, 1937) 

Warner, Robert C , Ph D New York Umv Col- 
lege of Medicine, 477 First Ave , New York City 
16 Asst Prof of Chemistry (2, 1946) 

Warren, James V , M D Emory Umv School of 
Medicine, Atlanta, Ga Prof of Physiology, 
Assoc Prof of Medicine (1, 1947) 

Warren, Joel 7415 L^nnhurst St , Chev i Chase, 
Md Chief, Virus Research Section, Army Med 
Dept Research and Grad School (6, 1949) 
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'O arren, Marshall R , Ph D Univ of Tennessee 
College of Medicine, Memphis Assoc Prof 
of Pharmacology (3, 194S) 

Warren, Shields, M D 195 Pilgrim Rd , Boston, 
Mass Prof of Pathology, Harvard Med School, 
Dtr , Dll’ of Biology and Medicine, USAEC (4, 
1929) 

Wartman, William Bechmann, M D Northwestern 
Umv , 303 East Chicago Ave , Chicago 11, HI 
Mornson Prof and Chairman of Dept of Path- 
ology (4, 1940) 

Wasteneys, Hardolph, Ph D Univ of Toronto, 
Toronto, Ontario, Canada Prof and Head of 
Dept of Biochemistry (2, 1915) 

Waterman, Robert E , B S Sobering Corp , 86 
Orange St , Bloomfield, N J Vice-Pres (2, 
1940) 

Waters, Ralph Milton, M D R R #3, Bo\ 456, 
Orlando, Fla (3, 1937) 

Watson, Cecil J , M D , Ph D Umversity Hos- 
pital, Dept of Medicine, Minneapolis, Minn 
Prof and Head of Dept of Medicine (4, 1941) 
Watson, Dennis W Univ of Minnesota Med 
School, Dept of Bacteriolog}'- and Immunology, 
Minneapolis Assoc Prof (6, 1949) 

Watson, John B , Ph D Bov 526, Westport, Conn 
(1, 1907) 

Wafts, Daniel T , Ph D Univ of Virginia Med 
School, Dept of Pharmacologj'', Charlottesville 
4ssoc Prof of Pharmacology (3, 1950) 

Waud, Russell A , M D , Ph D Univ of Western 
Ontano Med School, London, Ontario, Canada 
Ptof and Head of Dept of Pharmacology (3, 
1931) 

Waugh, David F , Ph D Massachusetts Inst of 
Technologj', Dept of Biologj'^ and Biological 
T ngineering, Cambridge Asst Prof of Physical 
(1, 1943) 

Maj, E Leong, PhD Univ of California Med 
( filter, San Francisco, Calif Asst Prof of 
>'ha>macology (3, 1947) 

P earn, Joseph T , M D Lakeside Hospital, Cleve- 
1 iniJ Ohio Dtr of Medicine, Prof of Medicine, 
H e'^tern Reserve Umv (1, 1921) 

Vtalherby, J H , Ph D Med College of Virginia, 
Dept of Physiology and Pharmacology, Rich- 
ie -’luJ, Va Assoc Prof of Pharmacology (3, 
191D 

V eber, Clarence J , iM D , Ph D 5641 Tahoe Lane, 
JviiNas Citi 3, Kans Chief, Lab Service, V A 
Hi ipital, Wadsworth (2, 1931) 
ebsfer, Bruce, M D , C M Cornell Umv Med 
College, 1300 York Ave , New York City Asst 
Prof of Medicine, Assoc Attending Physician, 
\eic Yorl Hospital (5, 1935) 

\4eed, Lewis H, MD, PhD Natl Research 
Council, 2101 Constitution Ave , Washington, 
D C (IR, 1919) 

Wegria, Ren5, M D Presbj tenan Hospital, Dept 


of Medicine, 622 W 16Sth St , New York Citj 
Asst Prof of Medicine (1, 1941,3,1950) 
Weichert, Charles K , Ph D Umv of Cincinnati, 
Cincinnati, Ohio Prof of Zoology (1, 1935) 
Weichselbaum, Theodore E , Ph D Washington 
Univ School of Medicine, Dept of Surgery, 
4580 Scott Ave , St Louis 10, Mo Research 
Assoc (2, 1960) 

Weil, Alfred J , M D The Bronx Hospital, New 
York City Dir of Dept of Bacteriology (6, 
1940) 

Weil, Arthur, M D 952 5th Ave , New York Citj 
(4, 1940) 

Weil, Leopold, Ph DUS Dept of Agriculture, 
Eastern Regional Research Lab , Chestnut Hill 
Station, Philadelphia IS, Pa Chemist (2, 1942) 
Weil, Marvin Lee, M D Army Med Dept Re- 
search and Grad School, Armj Med Center, 
Washington, D C Captain, Med Corps (G, 
1960) 

Weinhouse, Sidney, Ph D Lankenau Hospital 
Research Inst , Fox Chase, Philadelphia 11, 
Pa Head, Metabolic Chemistry (2, 1948) 

Weir, Everett G , Ph D 231 S 13th Ave , May- 
wood, ni (1, 1941) 

Weiser, Russell S , PhD Umv of Washington 
School of Medicine, Seattle 5, Washington 
Assoc Prof of Microbiology (6, 1948) 

Weiss, Charles, Ph D , M D Jewish Hospital, 
York and Tabor Rds , Philadelphia, Pa Dir 
of Labs (4, 1934,6,1920) 

Weiss, EmiJ, M D , Ph D 5036 Bernard St , Chi- 
cago, 111 Pathologist, People’s Hospital (6, 
1927) 

Weiss, Paul, Ph D Umv of Chicago, Chicago, 
HI Prof of Zoology (1, 1936) 

Welch, Arnold D , Ph D , M D Western Reserve 
Umv School of Medicine, Cleveland, Ohio 
Prof and Dir of Dept of Pharmacology (2, 
1950 , 3, 1942 , 6, 1944) 

Welch, Henry, Ph D U S Food and Drug Ad- 
min , Rm 6171 S Agriculture Bldg , Washing- 
ton, D C , Chief of Div of Penicillin Control 
and Immunology (6, 1932) 

Weld, Charles Beecher, M A , M D Dalhousie 
Umv , Halifax, N S , Canada Prof of Physi- 
ology (1, 1936) 

Weld, Mrs Julia T Columbia Umv College of 
Physicians and Surgeons, 630 W 168th St , 
New York City Research Assoc in Pathology 
(6, 1920) 

Welker, William H , Ph D 534 N Elmwood Ave , 
Oak Park, HI Prof Emeritus of Biological 
Chemistry, Univ of Illinois College of Medicine 
(2, 1906) 

Weller, Carl Vernon, M D 1130 Fair Oaks Park- 
way, Ann Arbor, Mich Prof and Chairman of 
Dept of Pathology, Univ of Michigan, (4, 1023) 
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Wells, Herbert S , M D Univ of Minnesota, Min- 
neapolis 14 Prof of Clin Physiology (1, 1932) 
Wells, Joseph Albert, M D , Ph D Northwestern 
Univ Med School, Chicago, 111 Assoc Prof 
of Pharmacology (3, 1944) 

Welsh, John H , Ph D Harvard Univ , Biological 
Labs , 16 Divinity Ave , Cambridge 38, Mass 
Assoc Prof of Zoology (1, 1946) 

Wendel, William B , Ph D Tulane Univ School 
of Medicme, 6501 St Charles Ave , New Orleans 
16, La Prof and Head of Dept of Biochemistry 
(2, 1932) 

Werber, Erna A , Ph D 44 W S3rd St , New York 
City Dir of Research Lab , Jexmsh Hospital of 
Brooklyn (6, 1948) 

Werkman, C H , Ph D Ion a State College, Sci- 
ence Hall, Ames Prof and Head of Dept of 
Bacteriology (2, 1942) 

Werle, Jacob M , M D 2000 W 25th St , Cleve- 
land 13, Ohio Surgeon (1, 1943) 

Werner, Harold W , Ph D The Wm S Merrell 
Co , Lockland Station, Cincinnati, Ohio Dir 
Pharmacology Research (3, 1942) 

Wertenberger, Grace E , Ph D Univ of Indiana, 
Dept of Physiologj’^, Bloomington (1, 1943) 
Werthessen, Nicholas T , Ph D Shrewsbury, 
Mass Worcester Foundation for Evper Biology 
Sr Fellow (1, 1946) 

Wertz, Anne W , Ph D Univ of Massachusetts, 
Nutrition Research Labs , Home Economics 
Dept , Amherst Prof , Research, Home Econom- 
ics Nutrition (5, 1950) 

Wescoe, W Clarke, M D Cornell Univ Med 
College, 1300 York Ave , New York City 21 
Asst Prof of Pharmacology (3, 1949) 

Wesson, Laurence G , Ph D Forsjdh Dental In- 
firmary, Boston, Mass Research Biochemist 
(2, 1929, 3, 1932) 

Wesson, Laurence G , Jr , Ph D New York Umv 
College of Medicine, Dept of Physiology, New 
York City 16 Asst Prof (1, 1949) 

West, Edward S , Ph D Univ of Oregon Med 
School, Portland Prof of Biochemistry (2, 
1925) 

West, Harold D , Ph D Meharry Med College, 
Nashville 8, Tenn Prof and Head of Dept of 
Biochemistry (2, 1946) 

Westerfeld, Wilfred Wledey, Ph D State Univ 
of New York, iMed Center at Syracuse Univ , 
Siracuse 10, N Prof of Biochemistry (2, 
1944) 

Westfall, B A , Ph D Umv of Missouri School of 
Medicine, Dept of Phjsiologj'' and Pharmacol- 
ogy, Columbia Prof of Pharmacology (1, 1949, 
3, 1950) 

Weston, Ra>Tnond E , M D , Ph D Montefiore 
Hospital, Med Du , New York Citj 67 Asst 
in Medicine (1, 1947) 

ejTnouth, Frank W , Ph D Stanford Unia , 


Calif Prof and Exec of Dept of Physiology 
(IE, 1917) 

Wheeler, Albert H, MS, MSPH, Dr PH 
Umv of Michigan Hospital, Serology Lab , 
Ann Arbor Research Assoc (6, 1960) 

Wheeler, George W , M D New York Hospital, 
625 E 68th St , New York City Asst Dir (6, 
1920) 

Wheeler, Mary W , M A New York State Dept 
of Health, Div of Labs and Research, Albany 
Assoc Bacteriologist (G, 1933) 

Wheelon, Homer, M S , M D Umv of Washing- 
ton, Seattle, Wash Prof of Medicine (1, 1919) 
Whipple, George H , M D , Sc D Umv of Roches- 
ter, Rochester, N Y Prof of Pathology and 
Dean of School of Medicine and Dentistry (1, 
1911, 4, 1913) 

White, Abraham, Ph D Umv of Califorma School 
of Medicme, Los Angeles 24 Prof and Chairman 
of Dept of Physiological Chemistry (2, 1934, 6, 
1937) 

White, Alan G C , Ph D Tulane Umv , Dept of 
Biochemistry, New Orleans, La Asst Prof of 
Biochemistry (2, 1949) 

White, Colin, B S Med School, Hospital Centre, 
Dept of Physiology, Birmingham 15, England 
(1, 1949) 

White, Florence R , Ph D % Dr Julius White, 
Natl Insts of Health, Natl Cancer Inst , 
Bethesda 14, Md Biochemist (2, 1946) 

White, Frank D , Ph D Umv of Mamtoba, Fac- 
ulty of Medicine, Bannatjme Ave , Winnepeg, 
Manitoba, Canada Prof of Biochemistry , Bio- 
chemist, Winnipeg General Hsopital (2, 1931) 
White, Harvey Lester, M D Washington Umv 
Med School, St Louis 10, Mo Prof of Physi- 
ology (1, 1923) 

White, Julius, Ph D Natl Insts of Health, Natl 
Cancer Inst , Bethesda 14, Md Head Chemist 
(2, 1937) 

White, Paul Dudley, M D Massachusetts Gen- 
eral Hospital, Boston, Mass Physician (in 
charge of Cardiac Clinics and Lab ), Lecturer in 
Medicine, Harvard Med School (3, 1921) 
Whitehead, Bichard W , M A , M D Umv of 
Colorado School of Medicme, 4200 E Ninth 
Ave , Denver Prof of Physiology and Pharma- 
cology (1, 1933,3, 1928) 

Whitehorn, William V , M D Umv of Illinois 
College of Medicine, Chicago Asst Prof of 
Applied Physiology (1, 1947) 

Whittenberger, James L , M D Har\ ard School 
of Public Health, Dept of Phjsiologv', 55 Shat- 
tuck St , Boston 15, Mass Asst Prof and Head 
of Dept of Physiology (1, 1949) 

Wiener, Alexander S , M D 64 Rutland Rd 
Brooklin, N Y Bacteriologist and Scrologist 
to Office of Chief Med Examiner of New 1 orl 
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Ciiy, Head of Transfusion Div , Jeimsh Hospital 
of Brooklyn (6, 1932) 

Wiercinski, Floyd J , Ph D Hahnemann Wed 
College, 235 N 15th St , Philadelphia, Pa 
Prof tn Physiology (1, 1950) 

Wiersma, Cornells A G , Ph D California Inst 
of Technology, Pasadena Assoc Prof of Physi- 
ology (1, 1941) 

Wiese, Alvin C , Ph D Umv of Idaho, Dept of 
Agricultural Chemistr}’^, Moscow Prof and Head 
of Dept (5, 1960) 

Wiggers, Carl J , M D , Sc D Western Reserve 
Umv Med School, Cleveland, Ohio Prof and 
Dir of Physiology (1, 1907, 3R, 1909) 

Wiggers, Harold C , Ph D Union Umv , Albany 
Med College, Dept of Physiology and Pharma- 
cology Albany 3, N Y Prof and Chairman of 
Dept (1, 1938) 

Wigodsky, Herman S , Ph D , M D 420 E Hous- 
ton St , San Antonio 5, Te\ (1, 1943) 

Wilder, Abraham, M D USPHS Hospital, Lexing- 
ton, Ky Sr Surgeon (R) (3, 1944) 

Wilber, Charles G , Ph D St Louis Umv , 1402 
S Grand Blvd , St Louis 4, Mo Dir of Biolog- 
ical Labs (I, 1947) 

Wilde, Walter S , Ph D Tulane Umv School of 
Medicine, Station 20, New Orleans, La Assoc 
Prof of Physiology (1, 1944) 

Wilder, Russell M , Ph D , M D Mayo Climc, 
Rochester, Minn Prof of Medicine, Mayo Foun- 
dation, Univ of Minnesota (1, 1921, 4R, 1924, 
5, 1933) 

Wiley, Frank H , Ph D Federal Secunty Agency', 
Food and Drug Admin , Washmgton 25, D C 
Chief Div of PharmaceulicalChemistry (2, 1933) 
Wilhelmi, Alfred E , Ph D Emory Umv School 
of Medicine, Emory Umv , Ga Prof of Biochem- 
istry (2, 1942) 

Wilhelmj, Charles Martel, M D Creighton Umv 
School of Medicine, Omaha, Neb Prof of 
Physiology (1, 1931) 

Wilkerson, Vernon A , M D , Ph D Med Arts 
Bldg , 61 K St , N W , Washington, D C Bio- 
chemical Consultant (2, 1936) 

Williams, Carroll M , Ph D , M D Harvard Umv , 
Biological Labs , Cambridge, Mass Asst Prof 
of Zoology (1, 1947) 

Williams, Harold H , Ph D Cornell Umv , Fer- 
nov Hall, Ithaca, N Y Prof of Biochemistry 
(2, 1938, 6, 1936) 

Williams, Horatio B , M D , Sc D Box 893, Green- 
wich, Conn Dalton Prof Emeritus of Physiol- 
ogy, Columbia Umv (1, 1912) 

Williams, J W , Ph D Umv of Wisconsin, Chem- 
istry Bldg , Madison Prof of Chemistry (2, 
1944) 

Williams, Ray D , M S , M D 6834 Waterman St , 
St Louis, Mo Asst Prof of Clin Medicine, 
Washington Untv (5, 1941) 


Williams, Robert Hardin, M D Umv of Wash 
mgton. Dept of Medicine, Seattle Prof and 
Exec Officer (4, 1940) 

Williams, Robert R , D Sc 297 Summit Ave , 
Summit, N J Dir of Grants, Research Corp 
(2, 1919, 5, 1941) 

Williams, Roger J , Ph D Umv of Texas, Dept 
of Chemistry, Austin Prof of Chemistry, Dir 
of Biochemical Inst (2, 1931) 

Williams, W Lane, Ph D Umv of Minnesota 
Med School, Minneapolis 14 Assoc Prof of 
Anatomy (1, 4, 1947) 

Wills, J H , Ph D Med Div , Pharmacology Sec- 
tion, Army Chemical Center, Md (I, 1943) 

Wilson, Armine T Alfred I DuPont Inst , Wil- 
mington 99, Del Chief Bacteriologist, Pcdtalrt- 
ctan-in Chief (6, 1949) 

Wilson, David Wright, PhD Umv of Pennsvl- 
vama Med School, Philadelphia Benjamin 
Rush Prof of Physiological Chemistry (1, 1916, 
2, 1915) 

Wilson, Eva D , Ph D 256 E Irvin Ave , State 
College, Pa (5, 1947) 

Wilson, Frank N, MD Umv Hospital, Ann 
Arbor, Mich Prof of Medicine, Untv of Mich- 
igan (4, 1926) 

Wilson, J Walter, Ph D Brown Umv , Dept of 
Biology, Providence 12, R I Chairman of 
Dept of Biology, F L Day Prof of Biology 
(1, 1949,4, 1950) 

Wilson, John W , Ph D Wright-Patterson Air 
Force, Aero-Med Lab , Dayton, Ohio Research 
Physiologist (1, 1948) 

Wilson, Karl M , M D Umv of Rochester School 
of Medicine, Rochester, N Y Prof of Obstetrics 
and Gynecology (4, 1927) 

Wilson, P W . Ph D Umv of Wisconsin, Dept 
of Agricultural Bacteriology, Madison Prof 
of Agricultural Bacteriology (2, 1939) 

Wilson, Robert H , Ph D U S Dept of Agricul- 
ture, Western Regional Research Lab , 800 
Buchanan St , Albany , Calif Sr Pharmacologist 
(3, 1937) 

Winder, Claude V , Sc D Parke Davis and Co , 
Detroit, Mich Research Pharmacologist (1, 1938, 
S, 1948) 

Windle, William Frederick, Ph D Umv of Penn 
sylvania Med School, Philadelphia Prof of 
Anatomy (1, 1937) 

Winkenwerder, Walter LaF , M D 1014 St Paul 
St , Baltimore, Md Assoc tn Medicine, Johns 
Hopinns Med School (6, 1938) 

Winnick, Theodore, PhD Umv of Iona Med 
School, Iona City Assoc Prof of Biochemistry, 
Radiation Research Lab (2, 1946) 

Winter, Charles A , Ph D Merck Inst for Thera- 
peutic Research, Rahn ay, N J Research Assoc 
(1, 1940) 

Winter, Irwin Clinton, Ph D , M D G D Searle 
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and Co , P 0 Box 5110, Chicago SO, III Dir 
of Clin Research (3, 1941) 

Winternitz, M C , M D Natl Research Council, 
2101 Constitution Ave , Washington 25, D C 
Chairman, Div of Med Sciences (4, 1913) 
Wintersteiner, Oskar, Ph D Squibb Inst for 
Med Research, New Brunswick, N J Member, 
Head, Div of Organic Chemistry (2, 1930) 
Wintrobe, Maxwell Myer, M D , Ph D 175 E 
21st St , S , Salt Lake City 15, Utah Prof and 
Head, Dept of Internal Medicine, Untv of 
Utah College of Medicine, Physician-tn-Chief, 
Salt Lake County General Hospital (4, 1940) 
Winzler, Richard J , Ph D Univ of Southern Cali- 
fornia Med School, Dept of Biochemistry, 
Los Angeles 7 Professor (2, 1946) 

Wiseman, Bruce Kenneth, M D Ohio State Univ , 
Kinsman Hall, Columbus Prof and Chairman 
of Dept of Medicine, Asst Dir of Med Re- 
search (4, 1932) 

Wislocki, George B , M D Harvard Univ Med 
School, 25 Sbattuck St , Boston, Mass Park- 
man Prof of Anatomy (1, 1924) 

Wissler, Robert W , M D , Ph D Albert Merritt 
Billings Hospital, 950 E 59th St , Chicago 37, 
HI Asst Prof of Pathology, Univ of Chicago 
(4, 1949) 

Witebsky, Ernest, M D Buflfalo General Hospital, 
100 High St , Buffalo, N Y Prof and Head of 
Dept of Bacteriology and Immunology (6, 1935) 
Wittich, Fred W , M D 401 LaSaUe Med Bldg , 
Minneapolis 2, Minn Sec -Treas of American 
College of Allergists, Chairman of Exec Commit- 
tee, International Assoc of Allergists (6, 1944) 
Wolbach, S Burt, MD Children’s Hospital, 
Boston, Mass Shattuck Prof Emeritus of Path- 
ological Anatomy, Harvard Med School, Dir 
of Nutritional Research, Children’s Hospital (4, 
prior to 1920) 

Wolf, Abner, MD Columbia Umv College of 
Physicians and Surgeons, New York City 32 
Assoc Prof of Neuropathology (4, 1948) 

Wolf, Arnold Veryl, Ph D Union Univ , Albany 
Med College, Albany^ N Y Assoc Prof of 
Physiology (1, 1946) 

Wolf, Stewart, M D Cornell Umv Med College, 
New York City Asst Prof of Mcdtanc (1,1948) 
Wolff, Harold G , ]M D , M A Nen York Hospital, 
525 E 6Sth St , Nen York City Assoc Prof 
of Medicine, Cornell Umv Med College, Assoc 
Attending Physician, New York Hospital (1, 
1930, 3, 1942) 

INoirr, William A , Ph D Wake Forest College, 
Bov man Gray School of Medicine, Whnston- 
balem <, N C 4ssl Prof of Biochemistry (2, 
1947) 

W omack, Mndelyn, Ph D U S Dept of Agricul- 
ture, \gricultural Research Vdmin , Poods and 


Nutrition Div , Washington 25, D C Biochem- 
ist (5, 1947) 

Wood, Earl H , Ph D , M D Mayo Foundation, 
Rochester, Minn Assoc Prof of Physiology, 
Grad School, Univ of Minnesota, Consultant in 
Physiology, Mayo Clinic (1, 1943, 3, 1949) 
Wood, Harland G , Ph D Western Reserve Umv , 
Dept of Biochemistry, Cleveland 6, Ohio Prof 
of Biochemistry (2, 1944) 

Wood, Horatio C , Jr , M D , PhJVI 319 S 41st 
St , Philadelphia 4, Pa Prof of Pharmacology, 
Philadelphia College of Pharmacy and Science 
(3R, 1908) 

Wood, John L , Ph D Univ of Tennessee School 
of Biological Sciences, 875 Monroe Ave , Mem- 
phis 3 Assoc Prof of Chemistry (2, 1947) 
Woodbury, Robert A , Ph D , M D Umv of 
Tennessee, Dept of Pharmacology, Memphis 
Prof and Chief of Div of Pharmacology (1, 
1936, 3, 1941) 

Woods, Alan C , M D Johns Hopkins Hospital, 
Wihner Ophthahnological Inst , Baltimore, Md 
Dtr of Inst and Ophthalmologist-in-Chief, Act- 
ing Prof of Ophthalmology, Johns Hopkins Univ 
(6, 1918) 

Woods, Ella, Ph D Umv of Idaho, Moscow Home 
Economist, Exper Station (2, 1925, 6, 1933) 
Woods, Lauren A , M D , Ph D Umv of Mich- 
igan, Dept of Pharmacology, Ann Arbor Asst 
Prof (3, 1949) 

Woodward, Alvalyn E , Ph D Umv of hlichigan, 
Ann Arbor Asst Prof of Zoology (1, 1932) 
Woodyatt, Rollin T , M D 237 E Delaware Place, 
Chicago, lU Prof of Medicine, Rush Med Col- 
lege, Umv of Chicago (2, 1912) 

Wooley, Jerald G Natl Insts of Health, Exper 
Biology" and Medicine Inst , Bethesda, Md Sr 
Biologist (6, 1949) 

Woolley, D Wayne, Ph D Rockefeller Inst for 
Med Research, 66th St and York Ave , New 
York City Member (2, 1946, 5, 1941) 

Woolpert, Oram C , M D , Ph D Camp Detrick, 
Fredenck, Md Tech Dtr of Biological Div , 
Chemical Corps (6, 1947) 

Woolsey, Clinton N, MD Umv of Wisconsin, 
Service Memorial Insts , Madison Charles Sum- 
ner Shchter Research Prof of Neurophysiology 
(1, 1938) 

Wortis, S Bernard, hi D New York Univ Col- 
lege of Medicine, Dept of Psynhiatry", New York 
City 16 Prof and Chairman of Dept of Psychi- 
atry, Dtr of Psychiatric Div of Bellevue Hos- 
pital (1, 1947) 

Wnght, Angus, M D Unn of Southern Califor- 
nia Med School, 657 S W^cstlake Arc , Los An- 
geles Pathologist, California Hospital (4, 1935) 
W’nght, Arthur W , M D Albam hied College, 
New Scotland A\c , Albany, X Y Prof of 
Pathology and Bacteriology (4, 1941) 
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Wnght, Charles Ingham, Ph D Natl lusts of 
of Health, Bethesda, Md Sr Pharmacologtsl, 
USPHS (1, 1936, 3, 1936) 

Wright, George G , Ph D Camp Detrick, Fred- 
erick, Md Chief, Special Procedures Branch, 
S-Div (6, 1943) 

Wright, Harold N , Ph D Umv of Minnesota, 
Minneapolis Prof of Pharmacology (3, 1931) 
Wright, Lemuel D , Ph D Sharp and Dohme, 
Inc , Med Research Div , Glenolden, Pa , Dtr 
of Nutritional Research (2, 1946, 5, 1946) 
Wright, Paul A , Ph D Univ of Michigan, Dept 
of Zoology, Ann Arbor Asst Prof (1, 1950) 
Wnght, Sydney L , Ph D Endsmeet Farm, Wyn- 
cote. Pa (2, 1933) 

Wu, Hsein, Ph D Med College of Alabama, Birm- 
ingham 5 Visiting Prof of Biochemistry (2, 
1960) 

Wulff, V J , Ph D Umv of lUmois, Dept of 
Zoology and Physiology, Urbana Asst Prof 
of Physiology, Special Research As8t (1, 1949) 
Wulzen, Rosalind, Ph D Oregon State College, 
Corvalhs Asst Prof of Zoology (IR, 1916) 
Wyckoflf, Ralph W G , Ph D USPHS, Natl Insts 
of Health, Bethesda, Md Sr Scientist (6, 1940) 
Wyman, Jeffries, Jr , Ph D Harvard Umv , Bio- 
logical Labs , Cambridge, Mass Assoc Prof 
of Zoology (1, 1928) 

Wyman, Leland C , Ph D Boston Umv , College 
of Liberal Arts, 676 Commonwealth Ave , Bos- 
ton, Mass Prof of Biology (1, 1927) 

Wynne, Arthur M , Ph D Umv of Toronto, Dept 
of Biochemistry, Toronto, Ontario, Canada 
Prof of Biochemistry (2, 1940) 

Yager, Robert H , VM C Army Med Dept Re- 
search and Grad School, Arm’s Med Center, 
Washmgton 12, D C Lt Col , Dtr , Veterinary 
Div (6, 1960) 

Yerkes, Robert M , Ph D Yale Umv School of 
Medicme, New Haven, Conn Prof Emeritus 
of Psychobiology, Yale Umv (IR, 1904) 
Yonkman, Frederick F , Ph D , M D Ciba Phar- 
maceutical Products, Inc , S ummi t, N J Dir 
of Research at Ctba, Lecturer in Pharmacology, 
Columbia Univ College of Physicians and Sur- 
geons (3, 1931) 

Youmans, John B , M D Vanderbilt Umv School 
of Medicme, NashmUe, Term Dean (5, 1948) 
Youmans, William Barton, Ph D , M D Umv of 
Oregon Med School, Portland Prof of Physi- 
ology (1, 1939, 3, 1949) 

Young, A G , Ph D , M D 620 Commonwealth 
Ave , Boston, Mass Asst Prof of Therapeu 
tics, Boston Umv School of Medicine, Med Dir 
of Corey Hill Hospital, BrooLline (3, 1925) 
Y^oung, E G , Ph D Natl Research Council of 


Canada, Maritime Regional Lab , Halifax, N S 
Director (2, 1925) 

Youngburg, Guy E , Ph D Route 2, Bo-^ 268 
Mesa, Anz Emeritus (2, 1927) 

Youngner, Julius Stuart, M S , Sc JD Umv of 
Pittsburgh, School of Medicme, Virus Research 
Lab , Pittsburgh, Pa Asst Research Prof of 
Bacteriology (6, 1950) 

Yuile, Charles L , M D , C M Umv of Rochester 
School of Medicme and Dentistry, Rochester, 
N Y Assoc Prof of Pathology (4, 1941) 
Zamecnik, Paul, M D Alassachusetts General 
Hospital, Fnut St , Boston 14, Mass Asst Prof 
of Medicine and Tutor in Biochemical Sciences, 
Harvard Umv (2, 1960) 

Zapp, John A , Jr , Ph D 916 Harper Ave , Drexel 
Hill, Pa Asst Dir , Hashell Lab of Industrial 
Toxicology, E I duPont de N^emours & Co (1, 
1960) 

Zarrow, M X , Ph D Purdue Umv , Dept of 
Biological Sciences, Lafayette, Ind (1, 1949) 
Zechmelster, L , Dr Ing California Inst of Tech- 
nology, Pasadena Prof of Organic Chemistry 
(2, 1941) 

Zeckwer, Isolde T , M D Umv of Pennsylvania 
School of Medicine, Philadelphia Assoc Prof 
of Pathology (1, 1934, 4, 1927) 

Zeldman, Irving, M D Umv of Pennsylvama 
School of Medicine, Dept of Pathology, Phila- 
delphia Associate (4, 1949) 

Zeldis, Louis J , M D Brookhaven Natl Lab , 
Med Dept , Upton, Long Island, N Y Patholo- 
gist, Div of Pathology and Brookhaven Natl Lab 
Hospital (4, 1945) 

Zilversmit, D B , Ph D Umv of Tennessee, Dept 
of Physiology, Memphis 3 Instructor (1, 1949) 
Zimmerman, Harry M , M D Montefiore Hos- 
pital, Gun Hill Rd , Nev York City 67 Chief, 
Lab Div , Prof of Pathology, College of Physi- 
cians and Surgeons, Columbia Umv (4, 1933) 
Zirkle, Raymond E , Ph D Umv of Chicago, Chi- 
cago, ni Prof of Botany and Dir of Inst of 
Radiobiology and Biophysics (1, 1948) 

Zittle, Charjes A , Ph D U S Dept of Agricul- 
ture, Eastern Regional Research Lab , Phila- 
delphia 18, Pa Chemist, Protein Div (2, 1946) 
Zucker, Marjorie B , Ph D New York Umv 
College of Dentistry, Dept of Physiology, 209 
E 23rd St , New York City 10 (1, 1947) 

Zweifach, Benjamin W , Ph D New York Hos- 
pital and Cornell Umv Med College, Dept of 
Medicine, 525 E 68th St , New York City 21 
Asst Prof of Physiology H. 1945) 

Zwemer, Raymond L , Ph D 5003 Batterj Lane, 
Bethesda 14, Md Chief, Science Div , Library 
of Congress, Washington, D C (1, 1930) 
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SUMMARY OP MEMBERSHIP 

The American Phj Biological Society 1238 

American Society of Biological Chemiata 882 

American Society for Pharmacology and E\perimental Therapeutics 468 

The American Society for Expenmental Pathologj' 362 

American Institute of Nutrition 357 

The Amencan Association of Immunologists 384 

Total membership of Federation 3671 


DECEASED MEMBERS 


Babkin, B P (1, 1924) May 3, 1960 
Baudisch, Oskar (2, 1931) March 28, 1950 
Bazett, Henry C (1, 1921) July 11, 1950 
Boivin, Andre (6, 1949) March 1, 1950 
Cope, Otis M (1, 1929) January 28, 1950 
Emmett, Arthur D (2, 1908, 6, 1933) June 11, 1947 
Fnedemann, Ulrich (6, 1938) November 16, 1949 
Gray, Samuel H (4, 1939) August 18, 1949 
Groat, William A (6, 1917) 1946 
Gutierrez-Noriega, Carlos (3, 1948) November 
1950 

Haythorn, Samuel R (4, 1925) December 6, 1949 
Hertz, Saul (4, 1935) August 2, 1960 
Howe, Percy R (5, 1935) February 28, 1950 


Kurotchkin, Timothy J (6, 1946) Apnl 29, 1949 
Lehmann, Gerhard (3, 1939) November 1948 
Munro, P L (2, 1948) April 8, 1950 
Murphy, James B (4, prior to 1920) August 24, 
1960 

Pemberton, Ralph (5, 1933) June 1949 
Perlzweig, William A (2, 1924, 5, 1944) Decem- 
ber 10, 1949 

Petersen, William F (4, 1923) August 21, 1950 
Pohlman, Augustus G (1, 1934) March 31, 1960 
Reed, Howard S (2, 1909) May 12, 1950 
Robbie, W A (1, 1947) September 7, 1949 
Stillman, Ernest G (6, 1930) December 16, 1949 
Toomey, John A (6, 1943) January 1, 1950 




UST OF MEMBERS BY LOCATION 


ALABAMA. 

Auburn 

Aladaua PoLTTEcnNic Inst 

R W Engel, 5 W D Salmon, 2, 5 

E L Hove, 5 A E Schaefer, 5 


Birmingham 
Baptist Hosp 


A E Casey, 4 



Hillman Hosp 

T D Spies, 3, 4, 5 


Med College op Alabajja 

R D Baker, 4 

P Hitchcock, 3 

J M Bruhn, 1 

T W Robinson, 1 

E B Canmchael, 1, 

2 R 8 Teague, 3 

R L Driver 1 3 

H Wu 2 


Unit op Alabama 

J S McLester, 5 

E N Todhunter, 


W W Pigman, 2 

Alabama— Unclasalfled 

R A Lambert 4 

ALASKA 

L Irvujg, 1 

ARIZONA 

Tucson 

Univ op Abuona 

A R Kemmerer, 5 

Arizona— Unclasalfled 

B O Barnes, 1 G E Youngburg, 2 

A L Lieberman, 1 

ARKANSAS 

Camden 

The Gbapette Co 

J T Skinner, 2 


Berkeley 
Cotteb Labs 

W E Ward, 6 

State Dept Poblic Health 
E H Lennetto 4, 6 


Unit op Califobnia 


F W Alen, 2 

A P Krueger, 4, 6 

H A Barker, 2 

S Lepkovsky, 2, 5 

L L Bennott, 1 

C H Li, 2 

M M Brooks, 1 

G Meiklejohn, 5 

M Calvin, 2 

A F Morgan, 2, 5 

F H Carpenter, 2 

M M Nelson, 5 

I L Chaikoff, 1 

J H Northrop, 2 

M Doudoroff, 2 

R Okey, 2, 5 

H M Evans, 1 

J Jt D Olmsted, 1 

H O L Fisoher, 2 

N Face 1 

C R Gran, 5 

W 0 Reinhardt, 1 

D M Greenberg 2, 5 

M E Simpson, 1 

W Z Hassid 2 

W M Stanley, 2 

H B Jones, 1 

P K. Stumpf, 2 

P L Kirk, 2 

E 8 Sundstroem, 2 

C A Knight, 2 

H Tarv er, 2 

Bebkelet— Unclassified 

L J Bogert, 2 

H C Bradley, 1,2 

W A Sawyer, 4 

Beverly Hills 

H.B Fnedgood,! 

R F Riley, 3 

H EL MitcheU, 6 

M Prinzmetal, 3 

S S Sobm, 1 


Davis 

Uni\ op Califobnia 

H H Cole, 1 F H Kratzer, 5 

J B Ennght 6 S A Peoples, J 

H Goss 2, 5 OH Siegmund, 3 

M Kleiber, 1 5 

La Jolla 

ScBipps Inst op Oceanogbapht 


Fayetteville and Little Rock 


N W Rakcstravr, 2 


Unit op Aekansab 


ScBipps Metabolic Clinic 


J E Davis 1 , 3 
P L Day, 2, 5 
F E Emerj,l 
M C Kik, 5 
A Nettleship, 4 


L D Seager, 3 
B Sure 2 5 
H C Nicholson, I 
J R Totter, 2 


CALIFORNIA 


Albany 


Westebn Regional Lab, USDA 


A M Anbrose 3 
B Asclrod, 2 
A K Balls 2 
F DcEds 2 3 
O U Emerson 2 
H L Fraenkcl Conint, 2 
J D Greaves, 2 


E F Jansen 2 
J C Lems, 2 
H Lineiveav er, 2 
H P Lundgren, 2 
IL S Olcott, 2 
S Schmmmcr 2 
R IL INTlson 3 


E M Mackay, 1 


Los Angeles 
Bio SEBnCE Labs 


O J Golub, 6 


Cedabs op Lebanon Hosp 

N B Fnedtnan, 4 E Hans 2 

H Goldblatt 14 PE Rckcis, 4 

Childben’s Hosp 

R E Knutti 4 

CoLLFOE of Med Evangelists 

H. K Davus, 4 
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Los 4.NGELES ConSTT Hosp 


H E Pearson, 6 
D G Sunonsen 2 


A G Ware, 2 


J M AdEuns, 4 
T H BuPock, 1 
F CresatelU, 1 
M S Dunn, 2 
T L Jahn, 1 
H W Magoun, 1 


TJmv OP California 

S Eoberts, 1 2 
W A Selle, 1 
C M Sxego, 1 
C L Taylor 1 
A ETute, 2 5 


Uni\ op Socthebn Calipohnia 


W H Bachrach 1 
F M Baldwin, 1 
J W Buchanan, 1 
H J Deuel, Jr , 1, 2, 5 
D B Drury, 1 
B H Er3ho£f,S 
E Geiger, 5 
P O Greeley, 1 
C Hyman, 1 


J Slarmoraton, 6 
W Marx 2 
J W Mehl, 2 
L E Morehouse, 1 
L A Sapirstam, 1 
C H Thienes, 3 
L E Travis 1 
R J Winiler, 2 
A Wnght, 4 


J 0 Enokson, 6 


Veterans 4.ninNisTBATiov 
) R L Libby, 5 


Los ^NOBLES — Unclassified 


W M Cahill, 2 
P A Cavelti, 6 
W G Clark 1 3 
T J Haley, 3 


H J Almquist, 2, 5 


R W Lippman, 1 
M H Nathanson, 3 
B 0 Raubton 3 


Modesto 
Grange Co 


Alameda Countt Inst 


R J Parsons, 4 


F R Goetsl, 1 


Permanente Foundation 


Olive View 

Olive View Sanatobicm 


M C D’Amour, 1 


A M. Snell, 4 


G A AUes, 1,3 


Palo Alto 
Palo Alto Clinic 


Pasadena 

Alles Labs. 

C H Ellis, 1 


Caltfobnia Inst of Tech. 


H. Borsook, 2 
D H Campbell, 6 
J W Dubnoff, 2 
N H. Horowiti, 2 
C G Niemann, 2 


A. Tyler, 6 
A Van Harreveld, 1 
C A. G Wiersma, 1 
L Zechmeiater, 2 


* Port Huenemo 

Naval C D Research Lab 


H MoKennis, Jr , 2 


San Diego 


Paradise Valley Hosp 


H A. BaU, 4 


Rees-Stealt Med Research Fund 


B F Sbmmel, 2 


Veterans Administration 


H M Dixon, 4 


San Francisco 

College op Phtbicianb and Surgeons 


H J Ralston 1 


G R.Blaklnd, 4 
S O Byeis, 1 


Mt Zion Hosp 


M Fnedman, 1 


Stanford Untv 


A. L Bloomfield, 3, 4 
A. J Cox, Jt , 4 
W C Cutting, 3 
R H Dredsbaoh, 3 


P J Hanilik, IR, 3R 
H. W Newman, 3 
L A Rants, 3 
D A. Rytand, 3 


Untv of California 


H B, Bierman, 3 
W L Bostick, 4 
J L Carr, 4 
J J EilBr,2 
H. W Elliott, 3 
N E Freeman, 1 
L D Greenberg, 2 
N Halliday, 5 
C H Hine, 3 
E Jawets, 6 
W J Kerr 3 
H I Kohn, 1 


Y Chin, 3 
R P Ellrod 6 
H B Foster 6 
J J Sampson, 1 


F E Bischofl, 2, 5 


M Sahyun, 2 


B Libet,l 
S Lindsay 4 
8 R Mettier, 4 
K.F Meyer, 4 6 
H D Moon, 4 
B W Page, 1 
J F Rmehart, 4 
P P T Sah.3 
M B Shimkin, 4 
D B Taylor 3 
E L Way, 3 


Unxlassified 


H Schwonna, 1 
G J Stein, 6 
A B Stockton, 3 


Santa Barbara 
Cottage Hosp 


A E Koehler, 2 


Sahtun Labs 


Santa Monica and Vallejo 


Kabat Kaiser Inst 


O L Huddleston,! 


M Levine, 6 


Unclabsified 


J Tat, 5 



December 1960 


J P Baumberger, 1 
C 51 Child, IR 
J 51 Cnsmon, 1 
G A Feigen, 1 
C 8 French, 1, 2 
F A Fuhrman, 1 


LIST OF IVIEMBERS BY LOCATION 

St Fbancib Hosp 


Stanford 
Stanford Univ 

J 51 Luck, 2 
W H 5Iamvanng, 4, 6 
S Raffel, 6 
0 H Robertson, 4R 
E W Sohults, 4, 6 
J R Slonaker, IR 


S J 5Iartin, 1 


R A Cortner, Jr , 5 


Middletown 
■yVESiiBYAN Unit 

UNCDASSIFtED 


R Grant, 1 

R E Swam, 2 

E G Schneider, IR, 2 


A. C Gnfifin, 2 

E L Tatum, 2 


V E Hall, 1 

r W Weymouth, IR 


New Haven 

H S Lonng, 2 


Conn 

Aonic Enper Station 


California— Unclassified 

C I Bliss, 3 

H B Vickery, 2 

B W Beadle, 2 

W S Lawrence, 3 

R B HubbeU, 2, 5 


G W Clark. 2 

51 E 5Iarsh, 1, 5 



P 51 Dawson, IR F H Scharles, 5 

New Haven Hosp 

R A Kocher, 2 

E L Walker, 3R 

D C Darrow , 2 



COLORADO 

Pierce Foundation 


Denver 

L P Hemngton, 1 


Denver General Hosp 


Yale Univ 

R Virtue, 2 




R J Anderson, 2 

H D Hoberman, 2 



G A Baitaell, 1 

51 E Howard, 4, 6 


Umv OF Colorado 

D H Barron, 1 

W A Krehl, 2, 5 

F A Cajon, 2, 5 

B B langwell, 2 

W Bergmann, 2 

L 8 Ruble, 4 

F D’Amoiir, 1 

C A 5Iaaake, 1 

F G Blake, 4, 6 

D 51 Kydd, 5 

W B Draper 1 

3 C G 5Iaokeniie 1, 2, 5 

W D Blake, 1 

H Lamport, 1 

H H Gordon, S 

J B 5IcNaught, 4 

E J Boell, 1 

R B Livmgston, 1 

R M Hni 2 

R 51 Mulligan, 4 

D N Bonner, 2 

C N H Long, 1, 2 

J H Holmes, 1 

R W Whitehead, 1, 3 

D D Bonnjoastle, 3 

E B 5Ian, 2 

R C I,ewi3, 2 5 


J R Brobeck, 1 

J L Meliuok, 2, 6 



C H. Bunting 4 

W R.5Ii1c3, 1 


Denver— Unclassified 

H G Cassidy, 2 

L N Nahum, 1 

H J Corper, 2 

G K I/ewiB 5 

F R Sabin, IR 

G R CowgUI, 1 , 2, 5 
E C Cumen, 6 

J S Nicholas, 1 

J R Paul 4, 6 


J English, Jr , 2 

J P Peters, 2 


Fort Collins 

J S Fruton, 2 

P D Rosahn, 4 


J F Fulton, 1 

W T Salter, 1, 3, 5 


Colorado A A 51 College 

S Gelfan, 1 

S Simmonds, 2 

F X Gassner, 1 


R H Green, 5 

G H. Simth, 6 


H 8 N Greene, 4 

H P Treffeis, 6 


Colorado — Unclassified 

H W Haggard, 1, 2 

G Van Wagenen, 1 


R G Harrison, 1 

R 51 Yerkes, IR 

J 51 Beaiell, 1 

E 8 Fetcher, 1 

D I Hitchcock, 2 



H Bourqmn, 1 


C R Schmidt, t 


CONNECTICUT 
East Hartford 
United Aircraft Corf 

S E Pond, 1 

Greenwich 

St Luke’s Convalescent Hosr 
\ A Albancsc, 2 

Greenwicd — Un'clabsified 
H L Amosj, 4, 6 H B Williams,! 

Hartford 

Conn State Deft of Health 
O R Bcnham 6 

Inst of Living 


Rockville 

Eastern State Farmers’ Enchanoe 
W E Anderson 2 5 

Rocky Hill 

State Veterans Hosf 


H F Pierce 1 


Stamford 

American Ctanamid Co 


J T Litchfield Jr , 3 
R O Robhn Jr , 2, 6 


P G Stanaly, 2 

American Oftical Co 


O \V Richards, 1 


Storrs 

Unmv or Connecticut 
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T Libcr^on 1 


E G Boctti^cr 1 
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Connecticut— Unclassified 


A.RMT, CWS 


n L Amof‘:,4 6 
K. Blunt 2 
H L Campbell 5R 
r L Dc>,l 
\\ J Elser 6 
C S Leonard 3 


AI C Pease 5 
J M Rogoff, 1 3 
E Sachs IR 
M R Thompson, 3 
A J Waheman, 2 
J B Batson, 1 


DELAWARE 


Wllmlnftton 

Alfred E DuPont Inst 

P B Hamilton 2 J A Zapp, Jr , 1 

A T Bdson 6 


Delaware— Unclassified 


D Marine IR 4 


J H Defandorf, 3 HA Kuhn, 3 


Arjied Forceb Inst of Patuoloot 


H G Grady, 4 

H F Smetana, 4 


Armv JIed Center 

H C Batson, 6 

H L Ley, Jr 6, 

W S Gochenoiir 

Jr , 6 R P Mason 6 

D E Gregg. 1 

F D Maurer 6 

M Hillcman, 6 

J E Smadel, 4, 6 

E B Jackson, 6 

M L Weil, 6 

J F Kent, 6 

R H Yager, 6 

h R Kuhn, 6 



Army, SGO 

C J Koehn, 5 



DISTRICT OF COLUMBIA Atomic Enerot Commission 



Dept op Health 

P B Pearson, 2, 5 


H Rabat 1 



Commerce 

Food and Aoricultore Organ 

B G King, 1 

C R Spealman, 1 

C Chalficld, 5 


Food and Drug Admin 

Geohoe Washinoton Untv 

H A. Braun, 3 

E M Nelson, 2, 5 



J H Dmite, 3 

W I Patterson, 2 

E C Albntton 1 

M L Robbins 6 

0 G Fitxbugh, 3 

C Pnee 6 

A Griffin 6 

J H Roe, 2, 5 

R L Grant, 2 

W A. Randall, & 

C E Leese, 1 

P K. Smith, 2, 3 

0 L Klme, 5 

R G Smith, 3 

L B Parr 4 

C R TreadweU, 2. 5 

E P Laug 2, 3 

C D ToUe, 5 



A J Lehman, 3 

B J Vo3,3 


Georgetown Univ 

A. A Nelson, 4 

H Welch, 6 

F Foretcr, 1 

E De Savitsch, 4 

E E Nelson, 3 

F H WHey, 2 

W C Hess 2 

31 X Sullivan 2 



T Koppanjn, 1, 3 

E B Tuohy 3 


Navy, Med Dept 

C F Morgan, 1,3 


A R Behnke 1 

D H Moore,! 



H T Karsner, 4 

R, A Phillips, 1 

Harbjb Research Labs 



M Hams, 2 



Naiy ONR 



W V Consolaao 2 

F H Quimby, 1 


Howard Univ 

J Field, H, I 

0 E Resmolds, 1 

W M Booker,!, 3 

A H Maloney, 3 



J L Johnson 1 


Public Health Service 



W M Ashby, 6 

0 Mickclsen, 2 

Natl Research Council 

L T FairbaU, 2 


AI 0 Lee 1 5 

M C Wintermti, 4 



L Vorta, 5 


Veteranb Administhatiov 



A H Lawton, 1, 3 

A M Walker, 1,3 


Library op Conoress 



R L Zwemer, 1 


District of Columbia— Unclassified 



M H Fnedman, 1 

E R B Smith 2 


Pa Central Airlines 

D D Donahue 3 

S L Smith, 5 

L G Lederer, 1 


D B Jones, 2 5R 

V A Wilkerson 2 



G B Roth, IR, 3R 



U S Government 


FLORIDA 


Agriculture 


Coral Gables 

C Adams, 5 

P E Howe 1, 2 5 


Untv op Miami 

C M Coons, 5 

G W Irving, Jr ,'2 



D L Espe, 1 

F L 3Ieyer 5 

C Brooks, 1, 3 

E Larson, 1, 3 

M L Hathaway , 5 

0 Schreiner, 2 

D H Cook, 2 

V H Moon, 4 

E 31 Hewston 5 

H K. Stiobeling 5 



AI J Horn 2 

31 Womack, 5 


Gainesville 


Air Force, 6GO 


H G Armstrong 1 


A P Gagge, 1 


Uviv OF Florida 

T J Cunha, 5 G K Davis, S 
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Lakeland 

Flobida Southern CoLLBaE 
W H Eddy. 2, 5R 

Orange Park 

Yebkes Lab op Primate Bioloot 
K. S LasUey, 1 

Pensacola 

Sacred Heart Hosp 

C W Duval, 4 

U S Naval Air Station 

A. Greybid, 1 

Tallahassee 
Florida State Untv 

K. Dittmer, 2 MR Handels, 5 

Florida— Unclasslfled 


IDAHO 
Moscow 
Univ op Idaho 


T B Keith, 5 
A. C Wiese, 5 


E Woods, 2, 5 


G R Cnaler, 1 
N Fell, 6 
N Ghckman, 1 
J W Jobimg, 4R 


GEORGIA 
Atlanta 
Emory Univ 

W F Fneden-ald, 4 J V Warren, 1 

Grady Memorial Hosp 
F W Sundennan, 2 

Augusta 

Med Colleoe of Geoboia 


R P Ahlquist, 3 
L AUen, 1 
A. P BngEs, 2 
P Dow, 1 
W K. Hall, 2 


H M Ades, 1 
S W Gra\ , 1 
J Haldi 1 
M Hines 1 
G C Knoll Iton, 1 
G T Lewis 2 
J L Mornson, 3 


W F Hamilton, 1 
J W Remington, 1 
S A Smgal 2 
V P Sydenstneker, 5 


Emory Unlrerslty 
Emory Umi 


E Papageorge 2 
A P Richardson 3 
J A Russell 1 
J Szepsenii ol 1 
H A iialker 3 
^ E Bilhelmi,2 


Eipciimcnt 

Geoboii Acme Exper Statioa 


M Spcirs, 5 


G Baehmann, IR 


G O Burr 2 5 
W A Gortner, 2 
\ R Lamb 2 5 


Georgia— Unclassified 

IL\B AH 

Honolulu 

C D MiUcr 5 
T Nelson 6 


ILLINOIS 

Chicago 

American Colleoe op Suroeonb 
G H Miller, 3 

American Dental Absn 

J K Doty, 2 

American Med Absn 


O Riddle, IR 

L G Rowntree, IR, 2, 3R 4 
E U Still,! 

R M Waters, 3 


F T Jung, 1 
R Hussey, 4 
A E Smith, 3 


E E Hal'S, 2 


R T Stormont, 3 
W Van Winkle, Jr , 3 


Armour Labs 


Army, QMC, Food A Container Inst 


G H Berryman, 1 
H. L Fei-old 2 


H D Lightbody, 2 
H Specter, 5 


AEG, Aboonne Lab 


A M Braes, 1 
H Lisco, 4 


H M Patt, 1 
D E Smith 1 


Albert Merritt Billinos Hosp 
R W Wissler, 4 

Bjorksten Research Labs 

E L Gustus 2 

Chicaoo Lyivo-In Hosp 

M E Davis, 3 W J Dieckmann, 3 

Chicago Med School 


G Clark, 1 
P P Foa 1 


L B Nice 1 
A H Ryan, 1 


Children’s Memorial Hosp 
T B Friedman 6 

CooE. County Hosp 

B llortimer 1 H Popper 4 


Elizabeth McCorsiick Mem Fund 


A Spobn, 5 


G D SriBLE A Co 


R T Dillon 2 4 L Rajmond 2 

D M Green 13 E F Schroedcr, 2 

i\ E Hambourger 3 I C iilnter 3 

George Williams College 
4 H. Stemhaus 1 


O Fclscnfcld, 6 
L Hektoen 6H 


Hektoes REsrencii Inst 

B S Ilollmann 2 
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Hoffmann La Roche, Inc. 

M J SchifTnn, 1 

Lab 

FOB Cun PHYaiOLOor 

E Jacobson 1 

Loyola Meo School 

A G Mulder, 1 

Michael Reese Hosp 

C Cohn.l 

S Rodbard, 1 

H B Gutennan, 1 

B B Rubenstein 1 

R Isaacs 4 

0 Saphir, 4 

L N Kata, 1 

S Soskin, 1, 5 

R Levine, 1 

A Tannenbaum, 4 

H Necheles, 1 

Mt Sinai Hosp 

I Davidsohn 4 6 

Nobthwestern Univ 

J H Annegeis, 1 

0 Hepler, 4 

J M Bearelt 1 

K K. Jones, 1 

W C Buchbmder, 1 

E W Knox, 2 

H BuU, 2 

A J Kosman, 1 

C A Dragstedt I, 3 

M M Kunde, 1 

C J Fanner, 2 

J H Last, 3 

L S Fosdick, 2 

A Lem 1 

S Freeman, 1 

S L Osborne, 1 

T E Fnederoann, 2 

J P Simonds, 4 

J S Gray, 1 

R 8 Smder, 1 

R R Greene 1 

W W Swanson, 2 

H Greengard, 1 

W B Wartmann, 4 

F 8 Grodins, 1 

J A Wells 3 

S C Hams, 1 

People's Hosp 

E Weis., 6 

Pbesbtterian H 08 P 

R G Gould 2 

A Hiller 2 

G Hass 4 

D A MacFayden 2 

Rheumatic Fever Research Inbt 

A F Cobum, 6 

G XJngar 1 

E Eagle 1 

Swift A Co 

H E Robinson, 5 

W Adams, 1 

Untv of Chicago 

W L Doyle 1 

J C Allen 1 

L R Dragstedt, 1 

A S Alving 1 

K P Dubois, 3 

H S Anker 2 

L Eicholbcrger, 2 

E S G Barron, 2 

E A Evans, Jr , 2 

E P Benditt, 4 

C F Failey,^ 

S Black 2 

R N Feinstem, 2 

K Bloch, 2 

N W Fugo, 3 

W Bloom, 4 

H Gaffron, 2 

N R Brewer, 1 

E M K. Geihng 1, 2, 3 

M C H Brookes 5 

R.W Gerard 1 

\\ Burrows, 6 

I Gersh, 4 

P R Cannon, 4 6 

G Gomon, 4 

A J Carlson 1 5 

W C Halstead,! 

J H Ceithaml, 2 

M E Hanke, 2 

T B Coohdge 2 

R W Hamson, 6 

J M Coon 3 

T R. Hogness 2 

A Horfman, 2 

C B Huggins,! 
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E M Humphreys, 4 

J W Moulder, 2 

J O Hutchens, 1 

F J Mllllin, 1 

F E Kelsey, 3 

W D Neff.l 

F K O Kelsey 3 

H Oldham, 5 

A T Kenyon 3 

J F Perlans, Jr , 1 

N Kleitman, 1 

T Porter 5 

H Kluver, 1 

F W Putnam, 2 

H G Kobrak,! 

H T Ricketts, 1 

H R Kraybill,2 

I Sandilord, 2, S 

A L Lehninger, 2 

B 8 Schweigert, 2, 5 

J H Lewis, 4 

R W Sperry, 1 

R 8 Lilhe,lR,2 

P E Steiner, 4 

M A Lipton, 2 

W H Taliaferro, 6 

G G Loosh, 4 

J M Tobias, 1 

A B Luokhardt, 1 

B Vennesland, 2 

Q H Marmont, 1 

P Weiss, 1 

F C McLean 1,2 3 

R. T Woodyatt, 2 

C P Miller, 4 5 

R E Zirkle, 1 

M Morse, 2 

D I Abramson 1 

Untv of Ilunoib 

E R Kirch, 2 

A Arkm, 1, 3 

C A Krakower 4 

A. Baohem, 1 

A Leimdorfer, 1 

P Bailey, 1 

S A. Levinson, 4 

G A Bennett, 4 

J P Marbarger, 1 

0 Bergeim 1, 2 

W. 8 McCulloch, 1 

O A Besaey 2, 5 

H A MoGuigan, IR, 2, 3R 

S B Bmkley, 2 

E E Painter, — 

J E Bourque, 1 

C C Pfeiffer, 3 

G R Bucher, 1 

C B Pucetow, 1 

P C Buoy ! 

C I Reed 1 

N 0 Calloway, 3 

8 R Rosenthal, 1 4 

W J R Camp, 3 

A. A Schiller, 1 

H R Catchpole 1 

R R Sonnensohem, 1 

C W Darrow, 1 

F Steigmann, 3 

E R Grant, 1 

K R W Unna 1, 3, S 

M I Grossman, 1 

H. A Waisman, 2 

R C Ingraham, 1 

G E Wakerlin, 1,'3 

A. C Ivy 1, 5 

W H Welker, 2 

N R. Joseph 2 

W V Whitehom, 1 

R W Keeton 1,3 

C E Graham, 2 

Wilson Labs. 

8 W Hier, 2 


Chicago — Unci/Assified 

L Arnold, 4, 6 M T Hanke 2 

F C Berg, 2, 5 KM Howell, 6 

F A Gibbs 1 

Elfiln 

Elgin State Host 

M K, Horwitt, 2, 5 

Evanston 

Northwestern Umt 

F A. Brown, Jr, 1 S Malki^l 6 

I M Klots, 2 B Riegel 2 

D B Lindsley 1 

Hines 

Veterans Adminibtbation Hosp 
W R. Tweedy, 2 C C Wang, 2, 5 

North Chicago 
Abbott Rebearch Labs 

R. D Cogbill, 2 A E Oaferberg 2 

G M Everett 3 R K. Richards 1,3 

D V A Frost, 2, 5 L. W Roth 1 3 

r> W Maccoitinodale, 2 J E P Toman 1 3 
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Peoria 

Allied Mills, lie 

J E Hunter, 5 

HSDA, North Eeqional Research Lad 
R TP Jactson, 2, 5 


Quincy 

Qdinct Bpectalties Co 

J W MuU, 2 

Rockford 

Roceford College 

X> R. Stewart, 1 


Rockford Mem Hosp 


6 Natelion, 2 


Urbann 

Hniv op Illinois 


H E Carter, 2, 5 
T K. Cureton, Jr , 1 
G B Eraenkel, S 
I C Gunsalus, 2 
T S Hamilton, 2, 5 
L M Henderson, 2 
M Hinncha, 1 
B C Johnson, 2, 5 
R E Johnson, 1, 2, 5 


HjH Mitchell, 2,5 
C L Prosser, 1 
W C Rose, 2 5 
J M Smith, 5 
S Spiegelman, 1 
F R Steggerda, 1 
C S Vcatling, 2 
V J mi£f,l 


Wilmette 

American Inst of Baking 


W B Bradley 1 


lUlnols— Unclaaslfled 


J I Farrell,! 
H G Glass, 3 
H C Mason, 6 


S E Owen, I 
S B Raska, 1 
E G Weir I 


INDIANA 


Bloomington 
Indiana Unii 


H G Day, 2, 5 
P M Harmon, I 
F A Haurowitz, 2 6 
L S McClung 6 
P A Nicoll 1 


S Robinson 1 
H H Rostorfer, 1 
T J B Sticr, 1 
B J A^an M agtendonk 2 
G E Wertenberger, 1 


Elkhart 
AIiles Labs 

L A Crandall Jr , 1, AH Free, 2 5 


ETansTllic 

Mead Johnson snd Co 

M M Co\ Jr 2 5 r G AtcDonald 2 5 

0 N Masscngalc 2 

Indianapolis 
Eli Lilly "ind Co 

O K Behrens, 2 P \ Hams 3 

IC K Clicn 13 F G Henderson 3 

G H A Clowes 2 6 M A Jamieson 6 

H A Dettmler 6 H M Poncll 6 


Indiana Hniv 


D E Bowman, 2 
V V Colo, 3 
L W Freeman, 1 
R B Forney, 3 


R N Harger, 2, 3 
H R Hulpieu, 3 
E W Shngley, 6 
R L Thompson, 6 


Indianapolis General Hosp 


0 M Helmer, 2 R E Shipley,! 

K G Kohlstaedt, ! 

Pitman Moore Co 

B E Abreu, 3 C A Bunde, ! 


R C Corley, 2 
S M Hauge, 5 
W A Hiestand, ! 
E T Merti, 2 


Lafayette 
Purdue Hntv 

F W Quackenbush, 2 
C Sohuck, 5 
M X Zarrow, ! 


Shelbyville 
Inlow Clinic 

C C Scott, 3 V B Scott, ! 

Terre Haute 

Commercial Solvents Cobp 
F H Sohultr, Jr , 3 


Indiana— Unclassified 

S Ansbacher, 2 F Neuwelt, ! 

C E Bnia, 2, 5 


G Everson 5 
8 W Foi, 2 
E A Hewitt ! 
P M Nelson, 5 
F Schlenk, 2 


IOWA 

Ames 

Iowa State College 

R R Sealock, 2, 5 
P P Swanson, 5 
B H Thomas 5 
C H Werkman, 2 


Iowa City 

State Untv op Iowa 


8 B Barker, ! 

C P Berg 2, 5 
J H Bodme, ! 

S C Cullen, 3 
T C E-vans ! 

R IL Featherstone, 3 
R B Gibson, 2 
E G Gross, !, 2, 3 
H. M Hmes, ! 

S M Horvath, ! 

W R Ingram ! 

R G Janes, ! 

P C Jeans 5 


G Kalmtaky, 2 
G Afarah ! 

H A. Mattill ! 2 5 
A P McKee 6 
W 0 Nelson, ! 

I H Pierce 3 
J R Porter 6 
J I Routh, 2 
F W Schueler, 3 
G Steams, 2 5 
IV M Tuttle,! 

E D Mamer 4 
T Winnick 2 


Iowa— Unclassified 

A L Daniels 2 5R \\ M Parkin* IR 


KANSAS 

Kansas City and LawTcncc 
Unh of Kan'sas 


C M Downs 6 
T R Hamilton 4 
R M Lcnbergcr 3 
K Jochim I 
G N Loofbourrow 1 


D J Mulford 2 
C F Nelson 2 
N P Sherwood 6 
O O Stoland 1 
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L. Aicham 5 
J S Hughes, 2, 5 


Manhattan 

Kan-sas State Colleqe 
M Kramer, 5 


Tulane TJntv 


Wadsworth 

VeTEBANB i-DUINlSTUATION HoSP 

C J Weber, 2 

Wichita 

VeTEBANS AoinNISTRATION Hosp 

K r Blau, 2 

Kansas— Unclassiflcd 

V G Haury 3 OS Walters 1 

M 6 Pittman, 5 

KENTUCKY 
Fort Knox 

AniiT Med Dept Field Research Lab 


R Clarke 1 
R G Daggs 1, 5 
H Jensen, 2 


A D KoUer,l 
W F Kocholaty, 2 
G W Molnar, 1 


Lexinftton 
Univ oe Keotooet 


G D Buckner, 2 
J C Humphries, 6 


A J Eisenman, 2 
H labcU, 3 


J T Bradbury, 1 
P K Knoelel, 3 
H Lawson 1 


J S McHargue, 2 
M Soherago, 6 

USPHS 

A. WiUer, 3 

LoulstlUe 

Untt of LoOIsriLLE 

W' S Rehm, Jr , 1 
S M Walker, 1 


LotnsviLLE General Hosp 


L M N Bach, 1 
C E Dunlap 4 
G A. Goldsmith, 5 
W H Hams, 4 
R Hodes, 1 
H E King, 1 
R Koster, 3 
B Kun 3 
F N Martin, Jr , 3 


H S Mnyeisoa, 1 
H P Sarott 2, 5 
M r Shaffer 4, 6 
M H D Smith, 6 
L Thomas, 6 
W B \\ondel,2 
A G C White, 2 
W S Wilde, 1 


USDA, SotrrHEKN Reoional Research Lab 
A M Altschul 2 


U S Marine Hosp 


C H Steffee,4 


MAINE 

F G Benedict, IR, 2R P Kyes, 6R 

MARYLAND 
Army Chemical Center 
U 8 Armt CHEinCAL Center 


L E Chadwick 1 
W H. Chambera, 1, 5 
F N Craig, 1 
D B DiU, 1,2, 5 
S H. Durlacher, 1 
A. J Diiemian, 1 
E R Hart 3 
C M Herget 1 
H E Himwich, 1 
R G Horton, 1 


B J Jandorf, 2 
A S Marraisi, 1 3 
B P McNamara 3 
H 0 Michel 2 
F W Oberst 2, 3 
W H Summorson, 2 
H J Trumit 1 
C Turn Suden, 1 
J H Wills, 1 


Baltimore 

Balthiobe Citt Hospitals 


M Landowne, 1 
R. K. MoDonaldrl 


N W Shock, 1 


Carnegie Institution of WASHiNaToN 


L B Fleiner 1, 2 
8 R M Reynolds, 1 


D B Tyler,! 


t J ^teigman, 6 


Htnbon Westcott anb Donnino 
J H. Brewer 5 


Kentucky— Unclassiflcd 

h L Adams, 3 


LOUISIANA 


Baton Rouge and New Orleans 
Louisiana State Univ 


R ^«hman 1 
K U Brauer 3 
G J Buddingh 4 
R L Holman, 4 


G W McCoy, 6H 
C Reynolds, 3 
L L Rusoff 5 
L A. Toth,! 


Johns Hopkins Hosp 


F B Bang, 4 
R. J Bmg, ! 

E A. Bliss, 6 
A M Cheaney, 4 
W M Firor 1 
J 8 Fnedenwald, ! 
W H Gantt ! 

L N Gay 6 
A M Haney !, 3 
J E Honard ! 

C C Hunt, ! 

O R. Langworthy ! 


J L lallenthal, Jr , 1 
J W Magladcry, ! 

M M Mayer, 6 
V A Najjar, 2 
E V Newman 1 
A. G Osier 6 
E A. Park, 4 
A. R Rich, 4 
C P Richter 1 
W W Scott 1 
A C Woods, 6 


OcHSNEB Clinic 

T Findley, Jr , 1 A Scgnloff, 4 

0 Schales 2 

Southern Baptist Hosp 

T C Sherwood ! 


Johns Hopkin’s Umv 

E C Andrus, 1 
A M Baetjer, 1 
P Bard, ! 

D Bodmn, 6 
F Brink Jr 1 


R B Bromilcy 1 
D W Bronk, 1 
C A Chandler 6 
A Chapanis, ! 

B F Chow 2 5 6 
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W M Clark, 2 
B Cohen, 2 
8 P Colowiok, 2 
P W I>avnes 1 
E H Dearborn 3 
V G Detheu-, 1 
R. H FoUis, Jr 4 
G O Gey, 1 
R G Gronell, 1 
H K Hartline, 1 
L Hellerman, 2 
R M Hemott, 2 
W A. Himwich, 1 
E Howard 1 
H. A Howe, 6 
T P Hughes, 6 
N 0 Kaplan, 2 
8 W Kuffler, 1 
IL G Larrabee, 1 


D H K Leo, 1 
P H Long, 3 
T H Maron, 3 
E K Marshall, Jr , 1. 2 3 
E B McCollum, 5 
E V McCollum, 2, 5 
W D McElroy, 1 
G S Minck, 5 
C T Morgan, 1 
V B Mountcastle, 1 
J E Rose, 1 
M Rosenfcld, 3 
E B Sehoenbach, 

C D 8nydor, IR 
S A Talbot,! 

C B Thomas, 1 
8 8 Tower, 1 
A E Walker,! 

W La F Winkenwerder, 6 


Mabtland TnBERCnLOSia Assa 
G C Robinson, !R 


L A Hcppol, 2 
R Hertz, 1 
B Highman, 4 
B L Horccker, 2 
W C Huoper, 4 
J M Hundley, 5 
L Karel, 3 
J C Kcrcsztesy, 2, 5 
L Kilhnm, 6 
A Kornberg, 2 
C L Larson, 6 
R D LiUie, 4 
E Lorenz, 4 
R C Maccardlc, 4 
L H Marshall, ! 

W H Marshall,! 

H 8 Mason, 2 
M E Maver, 2 
A Meister, 2 
H. P Moms, 2, 5 
B J Olson, 6 
M E Reid, 5 
8 M Rosenthal, 3 


R E 8cantlobury, 1 
W H SebroU, Jr , 2, 5 
A 8eidoll, 2 
A, M Shanes, ! 

M J Shear, 2 
M Silverman, 2 
M I Smith, IR, 3R 
W W Smith,! 

H Specht, ! 

8 8 Spicer, 1 
H L Stewart, 4 
E F Stohlman, 3 
A Szent-G 3 mrgyi, 2 
II Tabor, 3 
W T 8 Thorp, 4 
8 Udonfriend, 2 
W F Von Oettmgen, 3 
F R White, 2 
J White, 2 
J G Wooley, 6 
C I Wnght, 1,3 
R.W G Wyokoff, 6 


Sinai Hobp L^bs 


Naval Med Reseabch Inst 


D LMaoht,!R, 3 


H 8 Marine Hosp 


L L Ashbum, 4 


HSPHS 


J E Birren, ! 


Univ of Martland 


W R Amberson, ! 
M A,,Andersoh, 2 
C J Carr, 3 
C W Chapman, 3 
F P Ferguson, ! 


O G Hame, ! 

J C Blrantz, Jr , 3 
G Lu 3 
R H. Oster, 1 
D C Smith, ! 


BeltsviUe 


USDA, Natl Aoricitlture Research CintTEH 


M Adams, 2 
H. G Barott, 5R 
B L Batchelder, 5 
H. R Bird, 5 
E C Callison, 5 
C A. Cary, 2 
F A Csonka, 2 
N R Elhs 2 5 


T D Fontaine 2 
R M Fraps, ! 

M W Kies. 2 
E W Ligon, Jr 3 
L A Moore, 5 
E Orent-Kedes, 2, 5 
J F Sykes, ! 


L A Bames, 6 M F Morales, ! 

K 8 Cole, ! J Sendroy, Jr , 2 

D Minard, ! 

CoUeiie Park 
Untv of Martland 

J C Shaw,! 


Fort Howard 

Veterans ADinNiSTBAxiON Hosp 
W Fleochmann, ! 


Frederick 
Hood College 

J D McCarrell, ! 


IJ 8 Abut CnEincAL Corps, Camp Detrick 


J B Bateman 1 
A K. Boor 2 
C R Brewer, 2 
L A Chambers 1, 6 
8 8 Elberg, 6 


L D FothergUl, 6 
F B Gordon, 4 
J Victor, 4 
O C Woolfiert, 6 
G G Wnght, 6 


Perry Point 


Beth cs da 


Veterans Adminibtration Hosp 


Natl Inbts 

OP Health 

S F Howrell 2 


G H Algire 4 

D Bark, 2 


Rockville 

P D AUland, 1 

ChalUey,! 


Chestttdt Lodge Savitarutii 

E M Anderson, 1 

F S Daft, 2 5 



H B Andcn^out, 4 

A. J Dalton 4 

D M Uioch 1 


C B Anfinson Jr, 2 

I N Dubin 4 


USPHS 

H D Baematcin, 2 

T B Dunn, 4 


J H Baxter 3 

H M Dyer 2 5 

F Smith 1 


E Y BecV 1 

H Eagle 3 4 



M Bclkm 3 

W R, Earle 4 


Towson 

T Benzmgcr 1 

B E Eddy 6 


GouenER College 

B J Bowen 1 

N B Eddj 3 



J Botico\nch 6 

E \\ Emmart 3 

P J Cnttenden 

1 3 

J H Bmgdon 4 

S E Branham, 6 

K. >r Endicott 4 

A, B Eachcnbrcnner, 4 


M ary la n d — Un cla ss i fi cd 

G Brecher 4 

L D Felton 6 

M G Banus 1 

J Stcinhardl, 2 

B B Brodie 2 3 

H Goldie 6 

J L Kang IR 

J Warren 6 

K Drvan 1 4 

J P Greca*;tem 2 

R L Rile\ 1 
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MASSACHUSETTS 

Amherst 

Ajihehst College 

■\ C DcTvey, 2 G W Kidder. 2 

O C Glaser IR 


Unit of Massachosettb 

A D Holmes 2 5R H S SGtchell, 2, 5 

J O Holmes 2 5 AW WerU, 5 

Boston Area 


Boston Citt Hosp 


t\ B Castle, 4 

S Maddock, 4 

C S Davidson, 5 
M Finland, 6] 

G Schmidt 2 

C Flojd, 6 

G K Mallory, 4 

Boston Dispensabt 

Boston Health Dept 

Boston Unit 

E E Baker, 6 

B R Lutz, 1 

D L Belding, 4 

G L Malson, 1, 3 

G Edsall, 6 

W L Mendenhall, I : 

G P Fulton, 1 

J W Stutsman, I, 3 

A, H Hegnauer, 1 

B 8 Walker, 2 

S B Hooker 6 

L C Wyman, 1 

E R Loew 1 3 
F C Lowell 6 

A G Young 3 

Beth Israel Hosp 

H L Blumgart, 1 

M J Sohlesinger, 4, 5 

Evans Memorial 

E M Follensby, 6 

J F Ross 4 

Foesith Dental Infiruart for Children 

I G Messon, 2, 3 

Harvard Unit 

O T Bailey, 4 

J L Gamble, 2, 5 

E G BaU, 2 

O Gates, 4 

A C Barger, 1 

R P Geyer 5 

G P Berxj , 6 

A Goldstem, 3 

E S Castle 1 

AY T Goodale 1 

P 0 Chatfield, 1 

R 0 Creep 1 

H A Christian 4 

R E Gross 4 

F J Cohn, 1 2 

J H Hanks 6 

M Cohn, 2 

A B Hastings 1,2,5 

J B Conant, 2 

r W Haynes, 1 

A. H Coons 6 

D M Hegsted, 5 

M F Crawford, 1 

r L Hisaw, 1 

\\ J Crozier 1 

M E Koehland, 

M D Eaton 6 

0 Krayer 3 

T T Edsall 2 

E M Landis, 1 

T F Enders, 6 

R A JIcFarland 1 

3 Farber, 4 

R \V McKee, 2 

C H Fiske, 2 

G A Miller 1 

A Forbes 1 

J H Mueller 2 4,6 

H S Forbes IR 

P L Munson 2 

\\ H Forbes, 1 

J P O’Hare 4 

R M Ferry, 2 

J R Pappenheimcr, 1 

E H Fneden 2 

G H Parker IR 

R Galambos 1 

M C Qumby, IR 


D S Riggs, 3 

C A Villee.Jr 2 

H F Root, 5 

G Wald 1,2 

S J Samoff, 1 

C W Walter, 4 

J H Shaw, 5 

S Warren, 4 

F F Snyder, 1 

J H. Welsh 1 

J C Snyder, 6 

J L IVhittenberger, 1 

F J Stare, 2, 5 

C M Williams, 1 

S S Stevens, 1 

G B Wislocki,! 

G W Thom.l 

S B Wolbach, 4 

H C Tnmble, 2, 5 

J Wyman, Jr 1 


Lahet Clinic 

F N Mian, 4 


Abthdb D Little, Inc 

M G Gray, 3 

R C D Hickman, 2 

Massachusetts General Hosp 

J Aub, 1, 5 

T B Mallory, 4 

W Bauer, 1 

B F Miller 2 

H. K Beecher, 3 

I T Nathanson, 1 

M A. B Brasier 1 

F M Raokemann, 6 

L Dienes 6 

B H Waksman, 6 

L L Engel, 2 

P D White, 3 

F Lipmann 2 

P Zamacmk, 2 


Massachubetts Inbt op Tech 

R. 8 Hams, 5 I W Sizer, 1 

J C R LicUider, 1 D F Waugh, 1 

F O Schmitt 1 

Neit England Deaconess Hosp 

E P Joshn, 5R EH Tompkins, 4 

H B Kenton, 6 


New England Med Centeb 
J H Pmtt, 1,3, 4 


Tofts College 

E B Astnood, 1 
A Bliss, 1 
E A. Brown 6 
A Canzanelli 1 
B B Clark, 3 
H N Christensen, 2 

Vetebans Adminibtbation Regional Office 
J M Loonej , 2 


W H Fishman, 2 
Z Hadidian, 1 
D Rapport 1 
J M Reiner, 1 
S J Thannhauser, 2 


Boston Area— Unclassified 

G P Gmbfield 3 7 B Miller 2 

J W Maior, IR A M Pappcnheimer 4 

Lawrence 

U 8 Army QMC Climatic Research Lab 
H 8 Bolding 1 

Lynn 

Metropolitan State Hosp 

S E Steiman, 1 

Medford 
Tofts College 

L Carmichael, 1 K D Roeder 1 



December 1960 


LIST OF MEMBERS BY LOCATION 


737 


Northampton 
Suirn Cou-EOE 

M Sampson, 5 E V Smith, 6 

Shrewsbury 
WoBCESTER Foundation 

M C Chang, 1 G Pmctis, 1 

0- M Hechter, 1 NT Werthessen, 1 

H Hoagland, 1 

South Hadley 
Mt Holtoke College 

C Haywood,! A H Turner, IR 

J Muus, 2 

Springfield 
Springfield College 

P V Karpovich, 1 

Waverly 
McLean Hosp 

J Folch, J 

West Newton 

New England Mutual Life Inburance Go 
P H. McCrudden, 2 


WUUamstown 
W n.T.TAitH College 

S A Matthews, 1 


Worcester 

Worcester State Hosp 
F Elraadiian 1 H. Freeman, 1 


Massachusetts— Undasslflcd 

T M. Carpenter, IR, 2 SR W T Longcope 3R, 4 6R 
C K. Drinker, 1 A P Mathen’s, IR, 2 

F S Hammett IR 2 F W Maurer, 1 

H L Higgins, 1,5 T S Potter 5 

R, G Hcakins IR F H Pratt, IR 

S D Kramer, 6 AC Redfield 1 

MCHIGAN 
Ann Arbor 


Detroit 

Children’s Fund 


I JI Hooblcr, 2, 5 

Henrt Ford Hosp 

P D Bartlett, 2 

V G Behrmann, 1 

0 H Gaeblcr, 2 

F W Hartman, 4 

G H Mangun, 2 

J W Rebuck, 4 


Harper Hosp 

A J Derbyshire, 1 

Parke Davis & Co 

O Bird, 2 

A C Bratton, Jr , 3 
R A Brown, 5 

G Chen, 3 

A J Glaiko, 1 

O M Gnihzit, 4 

0 Kamm, 2 

D A. MoGmty, 1 

1 W McLean, Jr , 6 
J J Pfiffner, 1, 2, 5 
A. R. Taylor, 2, 6 

C V Winder, 1, 3 


Sherman Labs 

P A. Kober, 2 

Unit op Detroit 

E B Gerheim, 1, 5 

Wayne Univ 

V A Drill, 1,3 

E Gardner,! 

M M Gueet 1 

H. W Hays, 3 

C G Johnston, 1 

A, C Kuyper 2 

A U Orten 5 

J M Orten, 2, 5 

T L Patterson, 1 

D J Sandweiss, 1 

C L Schneider, 1 

W H Seegors, 1, 2 

A H Smith, 2, 5 


East Lansing 

Michigan State College 

D C Coderquist 5 
W D CoUings, 1 
M.Dye,2 5 

R. M Herbst 2 

C A Hoppert, 5 

C F Huffman, 5 

R W Luecke, 5 

J Meitea, 1 

M A, Ohlson, 5 

E P Reineke 1 


Jackson 
S H Camp Co 

E Smith, 1 


Kalamazoo 
Upjohn Co 


Univ 

OF Michigan 

G C Bond, 6 

M H Kuuenga, 2 

J \Y Bean, 1 

H B Lewis 1 2 5 > , 

G F Cartland, 2 

C r Meyer 2 

F H Bethell 4 

L H Louis 2 

W M Govier, 3 

M J Vander Brook, 3 

D F Bohr, 1 

L MiUcr,2 

D J Ingle, 1 

r E Visschcr 1 

C R Brasafield 1 

G C Brown, 6 

F G Novy 2 4R, 6H 

W J Nungester, 6 


Lnnsln^ 

J P Chandler, 2 5 

J J Quilhgan 6 

State Dept of Health 

M B Chonoweth 3 

A A, Chnstnian, 2 

M H Seexera, 1, 3 

F E Shidcman 3 

R. Y Gottschall, 6 

C W Muehlbergcr 3 

J B Conn 5 

M H Soule 4, 6 


Mason 

F M Da\cnport 6 
n C Eckstein, 2 

C C Sturgis 4 

M E Swendscid 2 


Wteth Inc. 

T Fmncia, Jr 4 6 

C V WcUer 4 

R. M TomnrcUi, 2, 

5 

R L Gamer, 2 

R Gcscll 1 

H Wheeler 6 

F N Bllson 4 


Midland 

S B Hooblcr 1 

M B Johnston 2, 5 

L A Roods 3 

A E Roodwnrd 1 


Dow Chehical Co 

R L Kahn, 4 6 

P A Rnght 1 

D D Insh 3 

C J Hcmck IR 



73S 


FEDERATION PROCEEDINGS 


Volume 9 


S II Bartley, 1 
C L Hess. 1 


Michigan— Unclassified 

E C Mahon, 4 

hUNNESOTA. 

Austin 
Hohmei, Inst 

B C Lnndberg, 2 

Minneapolis 
Gekebai, Mills, Inc 

L E Booher, 2, 5 

Minn Mem Blood Bank, Inc 
G A Matson, 6 


Univ or Minnesota 


W D Armstrong, 2 
A B Baker, 4 
C P Bamum, Jr , 2 
E T Bell, 4 
R N Bieter, 3 
E A Boyden, 1 
E B Brovm, Jr , 1 
J Broiek, 1 
B Campbell, 1 
S L Cohen, 2 
E JI Cranston, 3 
J R Dawson, Jr , 4 
G T Erans, 1 
G Fahr, IR, 3 
E Gellhorn, 1 
D GUck 2 
M Graubard 1 
A. Hemingway 1 
A, F Henschel 1 
C Kennedy, 2, 5R 
A, Keys 1, 2 
J T King, 1 


A. Kirachbaum, 4 
F J Kottke 1 
W G Kubicek, 1 
N Lifaon, 1 
I McQuame, 1, 4 5 
A. T Rasmussen, 1 
O H Schmitt, 1 
F H Scott, IR, 2 
E Simonson 1 
L I Smith, 2 
W W Spink, 6 
H B Steinbach, 1 
A V Stoesser 6 
J T Syierton 4,6 
H L Taylor, 1 
M B Visscher, 1 
O H Wangensteen, 1, 4 
C J Watson, 4 
D W Watson, 6 
H S Wells 1 
W L Williams, 1, 4 
H N Wnght 3 


Rochester 

Mayo Clinic and Foundation 


R C Adams, 3 

G M Higgins 5 

A Albert 1 

W H HoUmsbead, 1 

W C AhTirei IR 3R 

V Johnson, 1 

S Amberg IR, 3, 3R 

A G Karlaon 4 

E J Baldcs, I 

N SI Keith, 1 3, 4 

J Berkson, 1 

E C Kendall, 1, 2, 4 

R G Bickford I 

E H Lambert, 1 

J L Bollman, 4 

J S Lundy, 3 

H B Burchell, 1 

T B Slagath, 1 

H R Butt, 5 

F C Slann, 1 4R 

C F Code 1 3 

F U Slann, 1 4 

Iv. B Corbin, 1 

H L Slason 2 

J E Ed^\’aTd», 4 

SI H Power, 2 

H E Essex, 1 3 

G St Roth 1 

A Faulconer, Jr , 3 

A H Sanford, 6R 

H Feldman, 4 

C Sheard, 1 

E V Flock 2 

K G AVakira, 1 

J H Gnndlaj , 1 

R SI Wilder 1 4R 5 

G A Hollenbeck, 1 

E H Wood 1 3 

J F Hcmck 1 



St Paul 

Univ 

OF SIlNNESOTA. 

P D Boyer, 2 

W F SIcLimaufl, 6 

D R Bnges 2 

W E Petersen, 1 

G "M Bnggs, 5 

M H Roepke 3 

J M XiCicbsennng 5 

SI O Bchultie 2 


E D Brown IR, 3R 
R E Scaromon, IR 


Minnesota— Unclassified 

F W Wittlch, 6 


hUSSlSSIPPI 


University 
Unit or Mississippi 

A C Guyton 1 J C Rice 3 

Mississippi— Unclassified 


J T Halsey, 3R 


B Blabey, 5 
S Brody, 2, 5 
M M Ellis,! 
A. Guhok, 1, S 


MISSOURI 

Columbia 
Univ or Missouei 


A G Hogan 2, 5 
D T Mayer, 2 
B A WestfaU, 1, 3 


Klrksvllle 

Kirksville Colleqe or Osteopathy 
J S Denslow, 1 I SI Korr, 1 

St Louis 

Ckntbal Inst poh the Deat 


H Davis, 1 


M S Fleisber, 4 6 


W J Siebert, 4 


Jewish Hosp 

M Somogyi, 2 

Lutheran Hosp 


Mallinckbodt Chemical Works 
R W Stoughton 3 

Ralston Purina Co 

W C Sherman 5 

St Louis Univ 


G O Broun 4 
B De Boer, 1, 3 
E A Doisy 2 
H E Ederatrom, 1 
R H K. Foster, 1 3 
F E Franke, 1 
A B HerUman, 1 
P A Katzman, 2 


K K Kimura, 3 
B J Luj et, 1 
C H Neilson 2 
H, Pinkerton, 4 
W C Randall, 1 
S A. Thayer 2 
C G Wilber, 1 


Wasbinoton Univ 


C 

C 


M E Allen 1 
G H Bishop, 1 
J J Bronfenbrenner 4 6 
M V Buell 2 
S C Bukantz 6 
Camithers 2 
F Con, 2 3 
G T Con 2,3 
E W Dempsej 1 
E J Dizon Jr , 6 
J Erlangcr IR 
R F Furchgott, 2 
A. S Gilson, Jr , 1 
H T Graham 1 3 
C G Harford, 6 


A F Hartmann, 2 
P Hembeoker, 1 
E S Hill, 2 
F E Hunter, Jr 2 
M D Kamen 2 
E Kirk 2 
E Ivrahl 2 3 
L Kreeier I 
Loeb, IR 4 
H Lon ry, 2 3 
V Moore 4, 5 
A Moore, 4 
W Preislcr 2 
Roberta 2 
Ronzoni 2 
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A Roos, 1 J R Smith, 1 

G Saslow.l E W Sutherland, 2 

J A Saxton, Jr , 4 J F Taylor, 2 

G il Sohoopfle, 1 PL Vamoy, 6 

H A Schroeder, 1 S F Vclick 2 

P A Shaffer, 2 T E Weichaelbaum, 2 

R E Shank, 2 H L ttTiite, 1 

M Silherberg 4 R D Williama, 5 

R Silherberg 4 

Sprlnftffeld 

Fabmehs Assn JIiluno Co 
S R Johnson, 5 


Hoboken 

Thos j LrtTov, Inc 

M L Anson, 2 

Jersey City 

Maboabet Hague Matebnitt Hosp 
E C Chesley, 1 

Morristown 
Maltbib Chemical Co 

R L Cahon, 3 


Missouri— Unclassified 

Z Wallen-Lawrence, 2 R L Ferguson, 4 

NEBRASKA 

Lincoln 

Univ of Nebraska 

R G Gustavson, 2 C Olsen Jr , 4 

H G 0 Hoick, I, 3 DM Pace, 1 

R M Leverton 5 

Omaha 

Creigbton Univ 

J Ferguson 1 H C Struck, 1 

V E Levine 2 CM Wilhelmj 1 

R K. Lun, 1 


New Brunswick 

E I Dupont be Nemoubs and Co 
J Waddell, 2, 5 

N j College fob Women 

M A Reid 1 

Rutgebs Univ 

J B Alhson, 2, 5 P D Sturkie 1 

A A Boyden, 6 MW Taylor, 5 

V Groups, 6 M Upton, 1 

J H Leathern, 1 W W Waimo, 2 

W C Russell, 2, 5 


Univ of Nebbaska 

L Bennett, 1 S Morgulis, 1 2 

R McIntyre, 1, 3 JR Schenken, 4 

NEW HAMPSHIRE 
Durham 

Untv of New Hampshibe 
E G Ritsman, 5R 

Hanover 

Dartmouth College 

R P Forster, 1 

New Hampshire— Unclassified 

0 It Barlow 3 E S Robinson, 6 

W Hale IR 3R 

NEW JERSEY 
Bayonne 
Best Foods Inc 

D Melnick, 2, 5 

Bloomfield 
ScuEBiso Coup 

R Tislon 1,3 RE ttaterman, 2 

Wallace and Tiernan Pboducts 
L Reiner, 2 6 


Camden 

Knox Gehtine Protein Products Inc 
D Tourtcllotte, 5 


Cabboll Dunham Smith Phabmaceutical Co 
J M Ort, 2 

E R SauiBB AND Sons 

C R Linegar 3 
C M McKee, 6 
C Nigg 6 
J W Palmer 6 
G W Rake, 6 
J A Shannon, 1 3 
O Winterstemer, 2 

ZoNTTE Products 

A P Locke 6 

Newton 

Lime Crest Research I ab 

H W Titus, 2 5 

Nutlcy 

Hoffmann La Roche, Inc 

J X Bauemfeind 5 S H Rubin, 2 5 

L O Randall 2 3 EL Sevnnehaus 2 S 

Princeton 
PmNCETON Unti 

H F Blum I E N Harvei 1 2 

A M Chase I A K Parpart, I 

R S Cooper 6 \t tt Swingle 1 

Rockefeller Inst for Med Research 

L Pearce 4 C TcnBrocck 4R 6 


R W Bates 2 
W E Bunney 6 
J D Dutcher, 2 
J Fried, 2 
D Hatnre, 6 
A Holm, 6 
W L Koerber, 5 
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Rahway 


Buffalo 


Merck ard Co 


G E Boier 2 
H F Golfer 1 
G A Emerson 5 
K. Folkcrs 2 
J E Hawkins, Jr , 1 
R T Major, 2 
H MoUtor I 3 
C W Jlushett 4 
B H Ott 5 


R L Peck, 2 
E J Qumn, 2, 5 
H J Robinson, 3 
R E Shope, 4 
R H saber 2 
M Solotorovaky, 6 
H C Stoerk, 4 
W W Hmbreit, 2 
C A Wmtor, 1 

Raritan 


Ortho Research Foundation 


Bofpalo General Hosp 

E Witebsky, 6 


K Haro, 1 


Children’s Hobp 

E Ncter, 6 

Unit op Bupealo 


E M Bridge, 2 
J G Edwards, 1 
F R. GrlfBth, Jr , I, 5 
R S Hubbard 1,2 
H K Iwamoto, 3 


G F Koepf, I 
W Ijangloy, 2 
J F Mohn 6 
K L Terplan, 4 


C G Hartman 1 N MiUman I 

P Levine 5 


Veterans Adiunibtration Hobp 

A Golden, 4 


Summit 

ClBA PHARUACEtmCAL PRODUCTS, InC. 

B N Graver, 3 A J Plummer 3 

E Oppenheimer, 3 F F Yonkman, 3 


Cooperstown 

Mart Iuoqene Bassett Hosp 

J Bordley HI, 1 G M Mackeniie, 6R 

C V Z Hawn 4 


Research Corp 


R R WiUiama, 2, 5 


Genova 

N Y State Aqric. Enpeb. Station 


New Jersey— Unclaasifled 


E B Hand 2 


F M Berger, 3 R H Muller, 6 

L W Famulener 6R EL Scott, IR, 2 

E C Haj, 1 EM Vahlteioh 5 

B MaoPhiUaroy, 6R 

NEW MEXICO 
Los Alamos 

U S Atomic Enebot Comm 
C C Lusbbaugh 4 S Shlaer 1 

Now Mexico— Unclasslfled 


E A Pinson, 1 


NEW YORK 
Albany 

Albany Med Colleoe 


0 E Anderson, 1 
J A Baker, 4 
L J Darnel, 2 
H H Dukes 1 
J A. Dye, 1 
H M Hauok, S 
F A Johnston, 5 
H S Liddell, 1 


Ithaca 

Cornell Univ 

J E. Loosb, 5 
L A. Maynard, 2, 5 
C M McCay, 2, 5 
L C Noms, 2, 5 
8 E Smith 5 
J B Sumner, 2 
H H. Wniiams, 2, 5 


New York City Area 
Adelphi Colleoe 


L N EUis 5 


American Home Producib Cobp 


G P Chad 3 
R S CunmnEham, I 
W B Deichmann 3 
A Knudson, 2 5 


H C Wiggeia, I 
A V Wolf 1 
A W Wngbt 4 


N Y State Dept op Health 


R Brown, 6 
J M Coffej, 6 
S M Cohen, 6 
G Dalldorf, 4 
I Gordon 6 
A H Hams, 2nd, 6 
T L Hendry 6 
C Lange, 6 


H W LyaU, 6 
M C Pangbom, 2 
M Shaw, 6 
G M Sickles 6 
G R Sickles 6 
W R Thompson 2 
M W BTieelcr 6 


Alfred 

Alfred Unit 


H O Burdick, 1 


Batavia 

Veterans Adiunibtration Hosp 


J T Roberts, 1 


R, P Herwick, 3 

Ateb Foundation Ophthalmic Research Lab 
W H Buschke, 1 


Babies Hosp 


D H AnderaeD, 4 


Beth Israel Hosp 

A, A Epatem, 2 EH Flshberg 2 

I Saphra, 6 


N Molomut, 6 


M Hardy 1 


H J Spoor, 1 


Biolooical Labs 


BrearleY School 


Bristol Myers and Co 
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Bboitc Hosp 


A C KJbnck, 2 


A J WeJ,6 

Bbookbavbn Natl. Lab 


H J Curtis, 1 
A, Edelmann, 1 
L E Farr, 4 
W M Hale, 4, 6 
J R Klein, 2 


H G Albaum, 2 
R H Cheney, 3 


H H Burnell, 2 


8 C Madden, 4 
L F Nims, 1 
J Sacks, I, 3 
D D Van Slyke, 2 
L J Zeldis, 4 


Bbookltn Colleqe 


D Fetter, 1 
R M Guttman, 1 


Bunzell Labs 


Campbell PHAEMACEtrncAL Co 
R A, Lehman, 3 


M Cnttcll, 1, 3 
P F Do Gara, 6 
E F Dubois, IR, 3, 5R 
V DuVigncaud 2, 5 
D J Edwards, 1 
N C Foot, 4 
H Gold, 3 
J C Hinsey, 1 
A Kellner, 4 
C J Kensler, 3 
J G Kidd 4 6 
J MacLeod, 1 


C Coten, 3 


L Buchbinder, 6 
C R Falk, 6 


D B Melville, 2 
A T Milhorat, 1, 3, 5 
W ModeU, 3 
J M Ned, 6 
R F Pitts, 1 
J R Rachele, 2 
W F Riker, Jr , 3 
J Y Sugg, 6 
C Torda, 1, 3 
J Travell, 3 
B Webster, 5 
W C Wescoe, 3 


Cbeadmore Inst 


Dept op Health 


A It Walter, 6 


Dept op Public Health and Preventive Medicine 
N Choucroun, 6 


College op the City of New York 


E Borek, 2 

A. Masur, 2 

A J Goldforb, 1 

R W Root, 1 

B Hamny, 2 

G C H. Stone, 2 


Columbia ITniv 

T H AUen. 1 ' 

C Inndis, 1 

J A. Bohre, 2 

L Levin, 2 

B N Berg, i 

R L Levy 3 

R W Bcrlmer, 1 

C C Lieb, IR, 3R 

M T Bogert, 2 

S Lieberman 2 

S E Bradley, 1 

G MacLeod, 2, 5R 

£ Brand 2 

F A Mettler 1 

M L CaldweU, 2. 5 

K Meyer, 2 

E Chargaff, 2 

E G Miller, Jr, 2 

A, R Clark, 6 

D Nachmansohn, 1 

H. T Clarke. 2 

W L Nastuk. 1 

R C Darling 1 

J M Nelson, 2 

C R Dawaon, 2 

J L Nickerson, 1 

I J Deyrup, 1 

E T Oppenhcimer, 1 

Z Diache, 2 

E M Papper 3 

R* C Elderfield, 2 

F H Pike 1 

H EUtman, 1 

M M Rapport, 2 

E T Engle, 1 

D Rittenberg, 2 

E E Fiachel, 6 

W S Root, 1 

G L Foster 2 

H M Rose, 6 

A, Gellhom 3 

R Hugh, 1 

^ J Gies 1R,2,3R 

B C Seegal, 6 

A Gilman, 1 3 

D Shemin, 2 

C H Graham, 1 

H C Sherman, IR, 2, 5R 

C Grant, 1 

L B Shettles 1 

M I Gregersen, 1 

M E Shils 5 

H Grundfeat, 1 

H P Smith, 1 4 

A B Gutman 2 

P E Smith 1 

S P Halbert, 6 

W C Spam 6 

F Hanger, 6 

D B Spnnson, 2 

S S Hudack, 4 

E Sproul, 4 

J W Jailer, 1 

\\ B Stewart 4 

C W Jungeblut 4 6 

A. W Thomas, 2 

Knrahan 2 

H B Van Dyke 1 3 

H Kaumtz, 4 

V 1\ Walcott, 1 

F E Kendall, 6 

S Wang 1 

H D Kesten, 4 

J T Weld, 6 

G B Koelle, 3 

A Wolf 4 


Cornell Univ Med School 

S Baj-ueJoncs, 4 6 R " Bonsnes 2 

H M Bird 1 A. Bnin«chv,ig, 4 
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JiAntoviDEa Hoap 


D Sccgal 6 


Neu York State Uki^ Med Center 
AT N Y C CoLEEQE OF 
Medicine 


Memorial Ho3p 

0 BodansKj 2, 3 B ^ Rawson. 1 

ELL Espenince 6 CP Rhoads, 4 

G T Pack, 1 F W Stewart, 4 


Metropolitan Life Inbohancb Co 

L R Blathennck, 1, 2, 5 H W Larson, 2 

E F Beach, 2, 5 


Mildank Memorial Fond 
H D Kruse, 2, 5 

Montifiore Hosp 

E J Baumann, 2 RE Weston, 1 

H. Haimoiici, 1 H M Zimmerman, 4 

H R MiUer, 1 


Mt Sinai Hosp 


H. A Abramson, 2 
A L Florman, 6 
F HoUandor, 1, 2 
M MendlowiU, I 
E P Pick, 3 
H PoUack, 1.5 


B Sohiok, 6 
S 8 Schnenson, 6 
G Shwartiman, 4, 6 
H H Sobotka, 2, 5 
M Wachstein, 4 


Nassao Hosp 


E Ponder, 1 


Natl Dairt Research lama , Ino 
L K Riggs 2 


Nepera Chemical Co , Inc 
J V Scudi, 2 3, 5 


C M Brooks, 1 3 

E Jluntwj Icr, 2 

J R DiPalma, 1 

J R Oliver, 1, 4 

J B Hamilton, 1 

J Schiller, 1 

B Kramer, 1, 2 

6 Seilter 2 

W Lmtz, 6 

M Steel, 2 

T P Magill, 6 



New York Unit 

W P Anslow Jr , 2 

A S Keston 2 

C V Bailey 2 SR 

H S Kupperman, 

R C Batterman, 3 

M Le\ y, 2 

M B Bender, 1 

0 Loewi, 3H 

J G Benton, 3 

C M MacLeod, 6 

M Bniger, 2, 5 

A. G Marshak, 1 

R K Cannan, 2 

N Nelson 2 

G L Cantoni, 3 

C Neuberg, 2 

R Chambers, IR 

I Neuwirth, 2, 3 

H Chasis 1 

S Ochoa 2 

H A Chanpper, 1 

A M Pappenheiit 

L R Christensen, 6 

E Hacker, 2 

A. L Copley, 1 

E P Ralli, 1, 5 

A F Coumand, 1 

B Ratner, 4 6 

R C de Bodo, 1, 3 

S Ratner, 2 

A. C DeGraff, 1, 3 

M N Richter, 4 

M E Dumm 1 

E A. Rovenstine, 

D P Earle Jr , 1 

A Sandow, 1 

L W Eichna, 1 

M Schubert, 3 

M Galdston, 1 

M Schweuer, 1 

A 0 Gettlor, 2 

D Sbeeban, 1 

W Goldnng, 1 

H W Smith, 1, 2 

E D Goldsmith, 1 

J M Steele 1 

A. S Gordon, 1 

I Graef 4 

M B Sulzberger, i 

C H Greene, 1,2,4 

W 8 TiUett, 6 

I Greenwald 2 5 

R C Warner, 2 

C W Hampel. 1 

L G Wesson, Jr , 

0 M Helff, 1 

S B Wortis, 1 

L E Holt Jr , 2, 5 

M B Zucker, 1 


Notrition Foundation, Ino 


Neurolooical Inst op N Y 

P F A. Hoefer, 1 W M Sperry 2, 5 

E A. Kabat 2, 6 H Waolsch, 2 

N Kopeloff, 6 


C G King, 2, 5 

Chas Pfizer A. Co , Ino. 

G L. Hobby, 6 S Y P’An, 3 


New York Hosp 


C Forman, 4 
A. Goldfeder, 1 
H D Lauaon, 1 
R E Lee I 
S Z Levme, 5 
M H Loveless 6 
C Neumann, 1 
J M Pearce 4 


P Rezmkoff, 1 
F E Sammis, 6 
E Shorr, 1, 3 
G W Wheeler, 6 
S Wolf, 1 
H G Wolff 1,3 
B Vf Zweifach, 1 


New York Med Colleqe 

R J Block, 2 IS Kleiner, 1, 2, 3R, 5R 

L J Bojd,3 D Lehr, 3 

C Haig, 1 il- G Mulmos, 3 

New York Skin and Cancer Hosp 
C N Mjeis 2 

N Y State Dept op Health Labs 


Policlinic Med School 


F M Allen, IR. 4 


POLTTECHNIC INST 


K. G Stem, 2 

Presbtterian Hosp 

L. Bauman, 2 MO Lipman, 6 

A. R Dochei, 4R, 6R C T Nelson, 6 

M Heidelbeiger, 2 6 R. W6gna, I, 3 

N a R Maluf 1 


Public Health Research Inst 

J Freund. 6 H Stelten, Jr , 2 

M C Morris, 6 MR Stetton 2 


Rockefeller Foundation 

R M Archibald, 2 
J C Bugher 4 
M B Chase 6 
A E Cohn, IR 3 


andIn-st fob Med Researcr 

L C Craig 2 
R J Duhos 6 
D D Dziowiatkowski, 2 
n S Gasser, I, 3 


E L Hazen, 6 
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W F Goebel, 2, 6 

P K Olitsky, 6 

S Gramck, 2 

W B' 01i\or, 4 

r L Horsfall Jr , 6 

E L Opio IR, 4, 6R 

R, D Hotchkiss, 2 

W J V Ostorhoiit, 1 

W A Jacobs, 2, 3 

M 1 Ostorhout 1 

M Kumtz, 2 

T M Rivers, 4, 6 

R. C Lancoheld, 6 

P Rous 4 

D P C Lloyd 1 

H a Sohnoidor, 5 

R Lorente de N6, 1 

K C Sinithbum, 6 

M McCarty 6 

W H 'Jtein 2 

P D McMuster, 4 

H Swift, 5 

A E Mirskj, 2 

R M Taylor, 6 

S Moore, 2 

W Trager, 4 

R 8 Monaon, 1 

D W B'oolley, 2, 5 

J B Nelson, 4 

W W Brandes, 4 

Roosevelt Hosp 

R A Cooke 6 

Russell Bade Inst of Patholoot 

J D Hardy 1 

St Luke’s Hosp 

L B Dotti, 1 

8t Vincent's Hosp 

C G de Gutierrez Mahoney, C P Sherwin, 2 

L4 

SCHIEFFELIN i. Co 

E W Blanchard 1 

Sloan Ketterino Inst 

A. Bendich 2 

M L Petermann, 2 

G B Brown, 2 

F S PhUips, 3 

K Dobnner, 2 

D Pressman, 5 

T F Gallagher, 2 

P M Roll, 2 

Standard Brands, Inc 

G A. Smith, 1 

C N Frey, 5 

J P Holt, 1 

Standard On, Co 


SnoAB Reseabch Foundation, Inc 
R. C Hockett, 2 


TuBEBCDLOStB ReSEABCH LaB 

B D Davis, 6 

U S Marine Hosp 
B L K, Hamilton, 2 

H S Phabuacopeia 

L C Jlillcr, 3 

Warner Inst 

S Krop, 13 N Ercob, 3 

Weixcoue Research Labs 

J C Castillo, 3 G H Hitchings 2 

E J de Beer, 3 

Bored Health Oroanization 

S Ingalls 6 


Yeshiva Uviv 

B Klsch, 1 

New York Cut Area — Unclabshted 

S Baez 1 N JoUiffe, 1 

\V N Berg, 2 R O Loebel, IR 

D A Boroff 6 F Maltnncr, 6 

K L Bowman, 6 L C Mark, 3 

T E Boyd 1 J E Nadler, 3 

11 D Dakin, 2 ME Penmngton, 2 

C Funk, 2 E Perlman, 6 

W Goldtarb, 1 DP Seecol, 4 

F Gudernatseb, 1 L W Smith, 4 

J B Herrmann, 3 A. B'eil, 4 

A M Hjort, 2 

Norwich 
Eaton Labs 

R J Mam, 1 

Poughkeepsie 
Vassar Colleoe 

R E Conkbn, 1 

Rensselaer 

STimiJNQ WlNTHROP RESEARCH InsT 

A Arnold, 5 F P Luduena, 3 

J O Hoppe, 3 E W McChesney, 1 

A M Lands, 1, 3 ML Tamter, 1, 3 

J R Lewis, 3 

Rochester 

DsrnxATioN Products, Inc 

S R Ames 2 PL Hams, 2, 5 

N D Embree,2 M L Quaife, 2 

Eastman Kodak Co 

D W Fassett, 3 


Hntv OP Rochester 


E F Adolph, 1 

J J Morton, 4 

E L Ailing, 4 

J R Murhn, IR, 2 , 5 

W F Bale, 1 

E S Nasset, 1, 5 

H a Blair, I 

W F Neuman, 2 

W R Bloor, IR, 2 

A B Otis 1 

J H Clark, 1 

H E Pearae, 4 

8 W Clausen 2 

W T Pommerenke, i 

E A K CuUer, IR 

H Rnhn, 1 

A. L Dounce 2 

F S Robecheit- Robbins, 1, 4 

W 0 Fenn, 1 

A Rothstem, 1 

F L Ha\on, 2 

H W Scherp 6 

W B Hawkins 4 

J K Scott 4 

E E Hawley, 5 

W K Smith, 1 

H C Hodge 2.3 

J N Stannard, 1 

J W Howland, 1 

H E Stokinger, 3, 6 

C D Kocbakian, 1, 2 

E H Stotz, 2 

K. E Mason 5 

R Terrj , 4 

E A Maynard, 3 

C Vocgtlin IR, 2 3 

W S McCann 2 5 

C H WTiipplo 1,4 

F B’ McKee 4 

K- M \\ilson 4 

G B Midcr 4 

C L \uilo 4 

L.L Mdler, 2 



Saranac Lake 
Trudeau Fousdatios 

F Klemperer 2 A J Vorwald, 4 
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Saratofin Springs 
SMtAioQA. Spa 

^\ 6 McClellan,! 

Sunmount 

Vetebanb ABinrnSTRATioN Hosp 
E M Medlar, 4 


Otecn 

VETEBAlqB ADilUnSTRATtON HOBP 
S T !!alton, 6 

Raleigh 

Univ o? Kobth Cabouna 
G H Satterfield, 2, 5 


Symeuao 

Beistoi, Labs , Inc 

R H Broh l.abn , 1 N Rakietea, 1 

H L DicKison, 3 

State Uni\ Med Center at Byracdbe, 
CoLDBQE OF Medicine 


Winston-Salem 

Bowman Gray Schooi. of Medicine 


C Artom, 2 
W E ConmtiBT, 2 
H D Green, 1 3 
R A. Groat, I 


J M Little, 1, 3 
M A, Swanson,! 
W A. Wolff, 2 


P B Armstrong, 1 
A D Bass, 3 
M S Dooley, 3R 
W J EvoTBole, 1 
H A. Feldman, 6 
R. Gaunt, I 
S 8 Kalter 6 
r P Knowlton, IR 


V F Lmderoan, ! 
J M MoKibbm, 2 
G K Moe, 3 
0 H Mnller, 1 
J B Robb, 1 
O W Sartonus, 1 
J Tepperman 1 
W W Westerfeld, 2 


North Carolina— Unclasslfled 

M H Givens, 1, 2 RE Remington, 2, 5R 

H Laurens, IR 

NORTH DAKOTA 
Fargo 

North Dakota Aohic Coddeqe 


Troy 


D F Evelcth, 2 


Behb Manning Corp 

S E Hill, 1 


OHIO 

Akron 


Valhalla 


ClTT HosP 


Gbasblands Hosp 


L Catron 4 


A, La Belle, 1 


Clndonatl 


New York— Unclassified 


a. Cole 4R, 6R 
E JL Fraukel, 2 
W Morse, 2 


I M Mountam, 6 
W H Sobulti, IR, 3R 
J E Sweet, IR 


Children’s Hosp , Research Foundation 

M L Cooper, 6 8 Rapoport, 2 

G M Guest 2 

Christ Hosp 


NORTH CAROLINA 


H B Hughes, 2 L H Schmidt, 2, 3 


Chapel HIU 

Univ op North Carolina 


C E Andereon, 2 
J C Aodrews, 2 
K. M Bnnkhous, 4 
T C Butler, 3 
P W Elhs, 3 
J H Ferguson, 1 
E P Hiatt, 1 


J L Irvm, 2 
J H Iawis, 1 
H Lowenbaoh 1 
W D MaoNider, 1, 2, 3, 4 
H J Magnuson, 4 
A T Miller, Jr, 1 
H Tauber 2 


Cincinnati General Hosp 

E A. Gall, 4 c A. Mills, 1, 2 

L G Herrmann, 4 I Ruchman, 6 

Jewish Hosp 

M B Jlncbt, 1 


lajNaviEW State Hosp 


Durham 


E C Rosenow, 4 6 


J W Beard, 4 6 
F Bembeim, 2 3 
G S Esdie, 1, 3 
F L Engel, I 
K, 8 Gnmson, 1, 3 
F G Hall 1 
P Handler 2, 5 
J P Hendm, 3 
W Kempner, 1 
F Lamu, 6 


Dhke Univ 

J E MarLee, 1 
F D McCrea, 1, 3 
K E Penrod 1 
C H Sawyer, 1 
G W Schwert, 2 
D T Smith, 5 6 
S G Smith, 5 
E A Stead, Jr , 1 
G F Sutherland 1 
H M Taylor 4 


McCain 

North Carolina Sanatorium 


Mat Inst fob Med Research 


I A Musky, 1 


Wm S 

F J Murray, 6 

Dvrv 

G H Acheson 1, 3 
M A Blankenhorn 4 
G Ectstem, 1 
M H Fischer 1, 2 
F F Heyroth 2 
U A Kehoe, 1 
M A Logan, 2 


Mebbell Co 

H W Werner, 3 

OF Cincinnati 

A Sabin, 6 
B Schmidt Nielsen, I 
K Schmidt-NieLon I 
S Tashiro 1,2 
A A Tytell, 6 
C K Weichcrt 1 


J D Recee, 4 
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Clcvclnnd 
CiTT Hosp 

T D Kinney, 4 R W Scott, I, 3 

J D Pilcher, 3R 

Cleveland Clinic Foundation 

A. C Corcoran, 1 G M G JInsson, 1 

A. A Green, 2 I H Pago, 1, 2 

L A Lems, 1 R D Taylor, 1 

Lakeside Hosp 

C S Beck, 4 C H Lenhart, 1 

J M Hayman, Jr , 1, 3 J T Wcarn, 1 

H Hmchmann, 2 


Rossford 

Internatl Minerals and Chemical Cohp 
M J Bliah, 2 

Toledo 
Mercy Hosp 

E L Bums 

Toledo Hosp 

8 A Corson, 1 B Steinberg, 4, 6 

L A Lovison, 6 

Wooster 

Ohio AorucuLTirRAL Ekper, Station 


St Luke’s Hosp 

R. Dominguei, I 


• Western Reserve Univ 


R. S Alexander 1 
G A Brccher, 1 
E Bueding 2 3 
C E Carter, 2 
H N Cole 3 
M.E CoUett 1 
J H Dingle, 6 
I Dorfman 2 
E Ecker 4, 6 
W Eokstein 1 
E Feller, 6 
J Gerstenberger 5R 
W Heinle 5 
A Hunscher 5 
0 Krampitz 2 6 
J 0 Lampen 2 
J R Leonards 2 
P Lorber 1 
P A Mattis 3 


A R Monts 4 
J A Munti 2 
D F Opdyke, 1 
R F Parker, 4 6 
L Peters, 3 
L PiUemer, 2, 6 
C H Rammelkamp, Jr , 6 
K C Robbins, 6 
W Bakami, 2 
E E Selkurt, 1 
R A Shipley, 1 
T P Singer, 2 
T SoUman, IR, 2 3 
A B Stavitsky, 6 
M Tager, 6 
M F Utter, 2 
A D Welch, 2, 3, 5 
C J Wiggera, 1, 3R 
H G Wood, 2 


Unclassified 

F R Mautr 1 

Columbus 

Ohio State Dept of Health 

M Koehne, 5 


Ohio 

C A Angerer, 1 
E Boiler 1 
J B Brown 2 5 
R A Brownell, 1 
G M Curtis 1,4 
C A Doan 4 
Sr Dodd 6 
E P Durrant, IR 
R C Grubbs, l 
F A Hartman 1 
E D Hondlc^ , 1 


State Unfv 

F A Hitchcock, 1, 5 
J F Lyman, 2, SR 
E Ogden 1 
I Rothchild, 1 
S Saslow 6 
H G Schlumbcrger, 4 
G Y Shmowara, 2 
R W Stacy 1 
T S Sutton 5 
E ion Haam 4 
B K Wiseman, 4 


Dayton 

USAF, Aero Med Lab 

J S' Heim 1 H M Sweenej , 1 

J P Henry 1 J W Wilson, 1 

H 0 Barrack, 1 


R M Bethke, 2, 5 


W E Krauss, 2, 5 


Yellow Springs 
Antioch College 

F GoUan, 1 P W K, Rothemund, 2 


Ohio — Unclasslfled 

W D Block, 2 D E Jackson, IR, 3R 

A W Bosworth, 2, 5R R. F Khne, 1 

A Goudsmit, Jr , 1 J M Werlo, 1 


OKLAHOMA 


Oklahoma City 
Untv op Oklahoma 


M R Everett, 2 
A A Eellbaum, 1, 3 
H C Hopps, 4, 6 
A Kurtz, 2 
E C Mason 1 


F Sheppard, 2 
H A Shoemaker 3 
P W Smith, 1 
A N Taylor 1 


Stillwater 

Oklahoma A & M Colleqb 

W D Gallup, 2 R MaoVicar, 2 

V G Heller, 2,5 

OREGON 

CorvaUts 

Oregon Agiucultural Evper Station 
J R Haag, 2, 5 

Oregon State College 

J S Butts 2, 5 H M Krueger, 1, 3 

V H Cheldelm, 2, 5 C A Storvick, 5 

M L Fmcko, 5 R Wulien IR 


W F Alen, IR 
C H Beattj , 1 
J M Brookhart, 1 
N A David, 3 
R S Dow 1 
H F Haney 1 
C G Heller 1 
M A Kcnnard, 1 


Portland 
Univ op Oregon 

E L McCawIey, 3 
N M Phatak, 3 
F B Queen 4 
W R Todd 2 5 
A R Tuntun, 1 
E S West 2 
W B 'ioumans, 1,3 


^ G Rogers IR 


Obcrlln 

Oberlin Colleoe 


A R Moore 1 


Untv of Portland 
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Orcfton— Unclnsslfled 

A SI Eahrs, I AC Kirchhof 3 

J E Grca\C 9 2 I A Man\ille I 

PENNSYLVANIA 

Bradford 


J A Harrison 6 
W M Hart 1 
J A. Kolmer, 6 
S A Komarov 1 
A. E Livingston, 1, 3 
V Menkin, 14 6 
M J Oppenheimer, 1 


G C King 1 
H W Robinson, 3 
H Shay, 1 
E H Spaulding 6 
E A Spiegel 1 
M Spiegel Adolf, 2 
L H Tuft 6 


Dorsi Lab for SIed Research 


USDA Eastern Reqional Research Lab 


A, Dury, 1 

PhUadelphIa Area 
CnnaiREv s Hosp 

S S Cohen, 2 M M Sigel, 6 

T N Hums, 6 J Bmolens, 6 

W Henle, 6 

CoLLEOE OF PHTSiaANS OP PHlLADELPHtA 

J H Austin 2 

Daniel Bauoh Inst of Anatomy 
R r Becker, 1 


Hahnemann Med Colleoe 


T C Barnes 1 3 
A Bondi, 6 
M J Boyd 2 
J E Gregory 6 
J 8 Hepburn, 2 


J F McClendon IR, 2 5R 
E A Reed, 1 
S W Sappington, 6R 
J C Scott 1 
r J Wiercinski, 1 


Inst for Cancer Research 

G L Miller 2 


Jefferson Med Colleoe 


A Cantarow 1, 3 

M P Munro 2 

J 0 Cnder I 

K E Paschkifl, 1 

8 A D'Angelo 1 

W H Pearlman, 2 

M H F Fnedman 1 

H A. Heimann, 4 

K, Goodner 6 

I J Pincua 1 

C M. Gruber, 1, 3 

J J Schneider, 2 

C M. Gruber Jr 3 

W J Snape 1 

C P Kraat* 3 

J E Thnmafl 1, 3 

F R Miller 4 

L M Tocantins, 1 

H. L Motley 1 

I H Wagman, 1 

Jewish 

Hosp 

C Weiss, 4, 6 


Lankenau Hosp 

Heseabch I^aT 

M A Bennett 2 

J A Stckol,2 

T F Lavine, 2 

G Toenmes 2 

Q Medea 2 

S Weinhouse, 2 

8 P Reimann, 1, 4 


Rohm and 

Haas Co 

C V Smythc, 2 



Sharp and Dohme, Inc 


L E Amow, 2 
R H Barnes, 2 5 
K. H Beyer 1 3 
D K Bosshardt 5 


J W Huff, 2 
L A Kaxal, 2 
L D Wnght 2 5 


Temple Univ 


J R. Bobb, 1 
W E Chamberlain 1 
D A CoUins I 


S Ellis 3 
E J Fellows, 3 
E M Greisheimer, 1 


W G Gordon, 2 L Weil, 2 

8 R Hoover, 2 C A ZitUe, 2 

T L MoMeelon 2 

U S Naval Air Enper Station— Aero Med Lab 
J R Poppen 1 R. Thauer, 1 

Univ or PENNaTLVANiA 


^ H F Addison, IR 
J D Aronson, 4, 6 
D M Aviado, Jr 3 
C Bachman, 2 
W P Boger 3 
P E Boyle, 4 
C Breedis 4 
J M Buchanan, 2 
W W Chambers 1 
B Chance, 1 2 
E R Clark, IR 
D R Coman, 4 
J H Comroe Jr , 1, 3 
F C Dohan, 1 
D L Drabkin, 2, 5 
R D Dnpps 1, 3 
P R Dumke 3 
J E Eckenhoff, 1 
M R Ehrenstein 2 
W Ehnoh 4 
J R Elkinton 1 
L K Ferguson, 4 
J A Flick, 6 
E W Flosdorf, 6 
W S Fowler 1 
T S Githens, IR 
S Goldschmidt 1 2 
S Gunn, 2 
P Gyorgy 2 5 
J H Hafkenschiel Jr , 1 
L V Heilbninn, 1 
R Hober, IR 
J Huggins, I 
M H Jacobs, 1 
J H Jones, 2 5 
R Jones Jr 3 
R A Kelser 4 
8 S Ket> , I 3 
E B Krumbhaar, IR 4 


C J Lambertsen, 3 
F H Lewey 1 
W H LewisplR 
J C Ldly 1 
E Lodholz, 1 
E R Long 4 
B Lucke 4 
r D Lukens 1 
M B Lime, 4, 6 
G P McCouch, 1 
M McCutcheon, 4 

0 Meyerhof, 2 

H itontgomery, 1 
S Mudd 1,4 6 
L H Peterson, 1 
H L Ratchffe, 4 

1 8 Ravdin 1, 4 
J G Reinhold, 2 
R Rhinos, 1 

J E Rhoads 1 
A N Richards IR, 2 3R 
C Riegel 2 

0 Rosenthal, 2 
J L Roth I 

C F Schmidt 1 3 
D Scott Jr , 1 
F B Seibert, 2 
M G Sevag 2 6 
H Shapiro 1 
J C Small, 4 
W C Stadie 2 

1 Starr 1 3 

P Therman, 1 
H M Vars, 2, 5 
D W Wilson 1 2 
W F Windle 1 
H C Wood, Jr , 3R 
I T Zeck-wcr 1, 4 
I Zeldman 4 

Colleoe 

M E Maifield, 1 
W B Stewart, 1 


Women’s Med 

P A Bott 2 
M Fay 2 

H R. Halkeabnng, 1 


Wyeth, Inc 

G E Farrar, Jr , 3 J Seiftcr 3 

E F Boberts 6 

P fTTT. ADELpniA Ahea — Unclabhified 

R Beutner IR, 3 L J Saul 1 

C P Brown, 6 C E Scbradicck, 6 

8 KleUien 5 W B Shelley, 1 
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PittaburSh 

ALLEGHEI.T GENERAL HOSP 


R C Grauer, 4 


A H Stock, 6 


Children’s Hosr 


Merct Host 


H H Permar, 4 

Singer Mem Lab 

F A Ta>lor, 2 


Unit 

F S Cheeier, 6 
G J Cox, 2, 5 
L H Cretcher, 2 
T S Banowski, 1 
B F Daubert, 2 
C C Guthne 1, 3 
yf M Hammon, 4, 6 
K Hofmann, 2 
D Hooker, 1 
T K. Kruse, 1, 3 
G R Lacy, 4 


OP Pittsburgh 

M A Lauffer, Jr , 2 
H E Ixmgenecker, 2, 5 
R H McCoy, 2, 5 
W McEUroy, 2 
P L MoLam, 1, 3 
C Moses, 1 
A G Renfrew, 2 
J E Salk, 6 
C B Shaffer, 3 
R S Tipson, 2 
J S Younger, 6 


Western Pennstlvania Hosp 

E Axelrod, 2, 5 R R Mellon, 6 

B Hadley, 4R 


SOUTH DAKOTA 
Brookings 

South Dakota Agric Exper Station 
A L Moxon, 2 


Mitchell 

St Joseph’s Hosp 


W J Tomlinson 4 


Vermillion 

Unit op South Dakota 

D Slaughter, 3 
TENNESSEE 
KnoiTille and Memphis 
Umv op Tennessee 


R. S Anderson, 1 


R H Alden, 1 
R V Brown I, 3 
8 R Bruesoh 1 
A. D Dulaney, 6 
C C Enckson 4 
F Harrison 1 
G R Houck, 1 
R C Little, 1 
F L MacLeod, 2 5 
L Van Middlesworth 1 
D B Momaon 2 


T P Nash Jr, 2 
R R Overman, 1 
J P Quigley, 1, 3 
H C Sohmeisser, 4 
D H Sprunt, 4, 6 
S R Tipton, 1 
M R Warren, 3 
J L Wood, 2 
R A Woodbury, 1, 3 
D B Zilversmit, 1 


State College 


Nashvlllo 


Pennbtltania State College 


Meharbt Med College 


A Black, 5 
R, V Boucher 5 
M L Dodda, 5 
R A. Dutcher, 2, S 
E B Forbes, IR, 5R 
D E Frear, 2 


C E French, 5 
N B Guerrant, 2, 5 
R C MiUer 5 
R W Swift 5 
E D Wilson, 5 


Swarthmore 


SWARTBMORE COLLEGE 


P F Scholander, 1 

Pennsylvania— Unclassified 

M S McCouch, 1 

J L Svirbely, 3 

J H Howetaon, 5 

L H Weed, IR 

£ 8 Mendelson, 1 

8 L Wright, 2 

C F Asenjo, 2 

PUERTO RICO 

Donald 8 Martin 6 

J H Axtmajer 5 

R M Reinecke, 1 

M Goettach,2 5 

L J Roberts, 5 

G C Kykcr, 2 



RHODE ISLAND 
Prosldcnco 
Brown Unit 

P F Fenton, 1, 5 C A Stuart, 6 

P H Mitchell, 2 J W Itilson, 1 4 

F G Sherman, 1 


SOUTH CAROLINA 
Charleston 

Med College or the State op South Carolina 


P F Hahn 1, 4 
D T RoUe 1 

Veterans 
G R Monecly, 4 

Vanderbilt Unit 


F R Blood, 1 
M T Bush, 3 
W J Darby, 2, 5 
W E Garroy, IR, 2 
E W Goodpasture, 4 
C M Greer, 3 
M E Greig, 3 
J M Johlin, 2 


H Silvette, 1, 3 
H D West, 2 

Administration Hosp 

N S Olsen, 1, 2 


C E King, I 
P D Lamson, 1, 3 
H C Meng, 1 
A 8 Mmot, 1 
R L Post, 1 
B H Robbins, 3 
C 8 Robinson 2 
J B Youmans 5 


Oak Ridge 

Atomic Energt Commission 

H D Bruner, 3 A Hollaender, 1 

W E Cohn, 2 C W Sheppard 1 

J Furth 4 


Whitehaven 

Ginns Med Research Lab 

O 8 Gibbs, 3 

Tennessee— Unclasslfiea 
O T Avery 4 , 6R 

TEXAS 

Austin 

Untv op Texas 


T G Bcrathal 1 
F M Kinard 1 


M H Kniselj , 1 
R, P Malton, 3 


E Bccrstechcr Jr 2 
R E Eakin, 2 
J W Foster 2 


E J Lund 1 
B Shive 2 
R, J Williams 2 
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Collcfio Station 
A (I, M CoLLEOE OF Texas 

J R Couch 5 CM Lyman, 2 

R, T Holman, 2 L R Richardson, 5 

K. A KuiVen, 2 

Dallna 

Batlob Univ 

S Haberman, 6 

Daixas >Ied a StJRQ CuNIO 


F T Roficrs, 1 

M F Mason 2 


Pabkeand Hosp 


SOETHTIXSTERN MeD SCHOOL 


Lab op Clin Patholoot 
H J Schattenberg, 4 

Teias— Unclnsslfled 

F Peatcy, I H B 'Wigodaky, 1 

R D Templeton, 1 

UTAH 

Lodan 

Utah State Aobiciiltobal Colleoe 
H A Greeairood, 3 L L Madsen, 5 

Salt Lake City 
Holt Cbosb Hosp 

C MoNeU, 6 


A Goth, 3 
A Grollman, 1, 3 
M N Huffman, 2 
R W Lackey, 1 


C A. Moyer, 1 
S E Sulkin, 6 
H C TidweU, 2 


Fort Sam Houston 
Med F^eld Sehvice School 

E A, Blair, 1 

Fort Worth 
TEEBELL’a Labs 

H H Beard, 2 


Salt Lake Counts General Hosp 
M M Wintrobe 4 


Unit op Utah 


F Binkley, 2 
H L Bonson, 1 
H W Davenport, 1 
V D Davenport, 1 
T F Dougherty, 1 
C Penning, 1 
L S Goodman, 1, 3 
F D Gunn, 4 


F H Johnson, 1 
W S Loewe, 3 
8 Marcus, 6 
M Nickerson, 3 
L T Samuels 2, 3, 5 
G Sayers 1, 3 
E L Smith, 2 
E A Swinyard, 3 


C R Allen, 1 
D B Calvm, 1 2 
G A. Emerson, 3 
P L. Ewing, 3 
J C Finerty, 1 
R Greenberg, 1 
R L Gregory, 1 
W H Griffith, 2, 5 
G E HaU, 1 
A E Hanson, 4, 5 
B M Hendnx, 2 


Galrcston 
Unit of Texas 

G R, Herrmann, 4 
C D Leake, 1, 3 
R M Moore, 1 
W W Nowinski, 1 
A Packchanian, 6 
C M Pomerat, 1 
E L Porter, 1 
E J Foth, 1 
R H Rigdon, 4 
H G Swann, 1 


K. L Burdon, 6 
J A Greene, 1 
C A, Handley, 3 
A. S Hams, 1 


Houston 

BatlobUniv 

LL E Hoff, 1 
R A. Huggins, 3 
P E Kellaway, 1 


E L Smith, 1 


Univ of Texas 


Veterans AnsnNiSTBATioN Host 


B Halpcrt, 4 


Randolph Field 

U S School of Aviation Medicine 


P Adler, 1 
C Allen, 1 
I Chinn, 1 


A. W Hetbermgton, 1 
U C Luft 1 
W K. Noel], 1 


San Antonio 


Foundation of Applied Reseabch 


VERMONT 
Burlington 
Unit of Vermont 

A H Chambers, 1 H B Pierce, 2, 5 

N B Dreyer, 3 W Raab, 1 

P G Le Fevre, 1 F J M Sicbel, 1 

Vermont— Unclassified 
A B Wadsworth, 4, 6 


S W Button, 1 
J R Cash, 4 
A Chanutm 2 
H F Chase, 3 
E L Corey, 1 


VIRGINIA 
Charlottcsvlllo 
UnTT of VlBtrlNIA 

C L GemmlU 1, 2, 3 
E C G jessing, 2 
S Ludewig, 2 
J F A McManus 4 
D T Watts, 3 


Falls Church 
Hazleton Labs 


L W Btaileton 3 


Richmond 

Med College of Viboinia 


L D F Abbott, Jr 2 
F L Apperlj,4 
L E Edwards, I 
E 1 Evans, 1 
J K. Finnegan, 3 
E Fischer 1 
J C Forbes, 2 
H B Haag 3 


F A. Hellebrandt, 1 
E C Hoff 1 
E G Huf 1 
P S Larson, 1, 3 
R W Ramscj I 
R B Smith. Jr, 3 
J H Wcathcrby,3 


J B Loefer, 1 
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A H Robins Co 

E L Jackson, 3 

Virginia— Unclassified 

G K Cotta, 3 

WASHINGTON 

Pullman 

Finch Meu Hosp 

J S Thatcher, 1 

Seattle 

Associated Anesthesiologists 


C P Wangeman, 3 

E D Clark, 2 

Natl Canners’ Assn 

Uvrv OP Washington 

H. S Bennett, 1 

E R Noma, 2 

L D Carlson, 1 

H D Patton, 1 

J M DiUe 3 

J I Rowntree, S 

A E Farah, 3 

T C Ruch, 1 

H N Harkins, 1 

R F Rushmer, 1 

8 W Lippmcott, 4 

A A Ward, Jr , 1 

T a Loomis, 3 

R S Weiser, 6 

A W Martin Jr , 1 

H Wheelon, 1 

H Neurath 2 6 

R H Wilhama, 4 

WEST VIRGINIA 

Morgantown 

West Virginia Untv 

D F ilarsh, 3 

J C Stickney, 1 

D W Northup, 1 

E J Van Liere 1 

WISCONSIN 

Madison 

Unhv of Wisconsin 

D M Angevine, 4 

W H MeShan, 2 

C A Baumann, 2, 5 W J Meek, 1 

H D Bouman, 1 

R, K Meyer, 1 

R. H Buma 2 

J A Miller, 2 

P F Clark, 4 6 

P R, Momson, 2 

P P Cohen, 2 

Q R Murphy, 1 

W W Cravens, 5 

0 8 Orth, 1 3 

H F Deutsch, 2 

H T Parsons, 2 5 

C A, Elvehjem, 2, 

5 W H Peterson, 2, 5 

J A, E Eyater, 1 

3R P H-PhiUips, 2 5 

J D Feny, 2 

V R Potter, 2 

D E Green 2 

A F Rasmussen, 6 

E B Hart, 2, 5 

H P Rusch, 4 

C Heidelberger, 2 

C V Seastone Jr , 6 

R. C Hemn, 1 

E E 8nell 2 5 

M R Irwin, 6 

H 8teenbock, 2, 5 

M J Johnson, 2 

W E Stone, 1 

F L Korelka 3 

F M Strong, 2 

J J Lfllich, 4 

A L Tatum, 1, 3 

H A Lardy, 2 

L J Teply 2 

E M Larsen 1 

J W Williams 2 

G A. Le Page, 2 

P W V’Hson, 2 

K P lank, 2 

C N Woolaey, 1 


Milwaukee 
Mauquette Untv 

A D Ander»on 4 M Laskowaki, 2 

11 Beckman 3 \ } Quick, 2 3 

J C Bock 2 


Wisconsin— Unclassified 

H Levine, 2, 5 B H Schlomovits, 1 

V E Nelson, 2 F Urban, 2 

WYOMING 

Sheridan 

Veterans Administration Host 
J Blumenstook, 1 

CANADA 

Alberta 

Natl Defense Board, Sdfpield EtPER Station 
M K MoPhail, 3 

Univ of Alberta 

A W Downs, IR H V Rice, 1 

H. B ColUer, 2 J Tuba, 2 

L W MeElroy, 5 

British Columbia 
Fisheries E-cper Station 

H L A Tarr, 2 

Univ of Britibh Columbia 

F C Black, 1 S M Fnedman, 1 

C E Dolman, 6 

Manitoba 

Defense Research Northern Lab 
K C Fisher, 1 

Untv of Manitoba 

J Doupe, 1 F D White, 2 

V H K Moorhonse 1 

New Brunswick 
Lancaster Hosp 

E A G Branch, 4 

St John’s Tuberculosis Hosp 

R J ColUns, 3 

Nova Scotia 
Dalhousie Univ 

C B Weld 1 

Natl Research Council 

E G Young, 2 

Ontario 

Canadian Breweries Ltd 
W D MoF arlane, 2 

Dept of Natl Health and Welfare 

J Gibbard 6 LB Pctt,2,5 

C A Morrell, 3 LI Pogslej , 2 

Ontario Aoiuc. College 

H D Branion 5 

Ontario VcTEmNART College 
A L MacN’abb 6 
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Ontario — Continuctl 
QOEE^’fl TJniv 

E M Bojd, 3 C n Ettinger 1 

No 2 RCAF Reseabcu Unit 
G W Manmng 1 

ROVAL SflLITAnt COLLEOE 
>r E M Satv3 er, 1 

UnIA of OtTAtVA 

J R Johnson 1 


Umv OF Torosto 


E Baer 2 

G H W Lucas, 2, 3 

C H Best, 1 2 

J F Manery 1 

G C Butler 2 

J Marhowits, I 

J Campbell 1 

E W McHenrv, 2 S 

W R Campbell, 2 

B Mendel, 2 

T G H Drake 5 

E C Robertson, 5 

J K W Ferguson, 1,3 

D A Scott, 2 

A M Fisher, 2 

C 0 Siebenmann, 3 

D T Fraser, 6 

E A Sellers 1 

R E Haist, 1 

D Y Solandt, 1 

A W Ham, 4 

J F A Sprent, 6 

W 8 Hartroft, 4 

N B Taylor, 1 

A Hunter 2 

H Wasteneya, 2 

C C Lucas, 2 

A M Wynne, 2 

Untf 

OF Western Ontario 

A C Burton 1 

R L Noble, 1 

J B CoUip, I 2 

R J Ross iter, 2 

C W Gowdoy 3 

G W Stavraky, 1, 3 

G E HaU 1 

J A F Stevenson, 1 

F R MiUer 1 

A. B Macallum, 2 

R A Waud, 3 


Quebec 

Canadian Dept of AoBiotiLTURE 

C E Rico, 6 


Jewish General Hosp 

H Lubraski, 6 

Laval Umv 

R. Bernard, 1 

L P Dugal, 1 

E Pago, 1 


McGill Umv 

E W Crampton, 5 

K. I Melville, 3 

W Bourne 3 

R, H More 4 

J b L Browne 1 

E G D Murray, 6 

A, S V Burgen, I, 3 

W G Penfield, I 

R A, Cleghom 1 

J H Quastol, 2 

0 F Denstedt, 2 

I M Rabinowitch, 2,5 

S Dworkin, 1 

R L Steble 2, 3 

K.A.C Elhott, 2 

D L Thomson, 2 

H H Jasper, 1 

F C Macintosh, 1,3 

E H Vennmg, 2 

Unit of Montreal 

V Fredette, 6 

H Selye, 1 


Saskatchewan 
Uotf of Sabkatchewai. 

L B Jaques, 1 

Canada— Unclassified 

C B Benson, 2 C E MaePherson, 2 

J Hunter 1 ML Menten I 4 


MEXICO 
Mexico D F 


E C Del Pozo, 1 

F Guerra, 3 

J J Izquierdo, 1 

H Mendez, 3 

A. Rosenbluelb, 1 

OUTSIDE NORTH AMERICA 


Argentina 

V Deuloteu, 2 

B Houssav, IH 


Australln 

A Bolliger, 2 

Brazil 

0 Bier, 6 

J G Lacorte, 6 

J R Valle, 3 


Belgium 

F Bremer, 111 

British West Indies 

D E S Brown, 1 

C A Foresander, 1 

I F 8 Mackay, 1 


China 

\\ H Adolph, 

H C Hou, 5 

L G Kdborn, 1 


Colombia 

K Jlessej 3 

Denmark 

H Dam, 2, 5 

E Jacobsen, 3 

H M Kalckar,2 


Ecuador 

H E Munsell, 5 

Egypt 

W C Boyd, 6 

England 

E D Adrian, IH 

H. H Dale, 3H 

0 G Edbolm X 

J Gross, 1 

A V Hill,IH 

G Hunter 2 

J B Leathes 2 

W D Lotspeich, 1 
C Ehemngton, IH 
C IVhite 1 


Finland 

P K Rome, 5 

France 

J H. Bauer, 4 

L Lapicque, IH 


Greece 

J Cammopetros 6 

Guatemala 

N S Sennsbaw, 5 

India 

H N Chatter) ce, 6 
R N Chopra, 3H 

N N De, 3 

E D Mason, I 

B Mukberji, 3 
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Israel 



Poland 

SI C SheleanyEk, 1 


L 

Hlrssfcld, 6 

J Kaulbersi, 1 


Lebanon 



Scotland 

H H Anderson, 3 

J 0 Pinkston, 1 3 

E 

P Catbcart 5R 

J H Gaddum, 3 

S E Kerr, 2 

Malaya 

SI 

P Fitsgerald, IR 

Sweden 

W SI Boothby, IR, 

2, 3R, 

G 

Liljestrand, IH 


4R 

Norway 



Swltterland 

J SloUand, 3 


SI 

SI Ebot, 5 

R Sleier, 3 

Philippines 

W 

R Hess, IH 

USSR 



E Bnlatao, 1 

I Concepcion, 1 

F 0 Santos, 5 

L 

A Orbeli, IH 
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Dalldouf, G The Coxsackie viruses, 569 
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Decarboxylation and transamination, 556 
Deceased members, 725 
Deficiency diseases, 592 
Dietary survey methods, 598 
Directory of special mefetings, 483 
Discussion panel, 549 

EnzTlTues, 556 

Executive Committee, Federation, 609 
Exhibits, 1950 meeting, 477 

Ft mob ilizing agents, 506 
Facer, E W , J L Eosenberg and H Gapfron 
Intermediates m photosynthesis, 535 
Federation 

By-lavs, 612 
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Executive committee, 609 
Honorary members, 641 
Joint session, 402, 501 

Meetings, Atlantic City, 401, Cleveland, 607 
Membership list 
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Placement Service, 616 

Cjtaffron, H , 535 
Genetics, 512 
Glyceric acid, 535 

Gunsalhs, I C Decarboxylation and transamina- 
tion, 556 

Hovitt, Beatrice F Isolation and differentia- 
tion of the Coxsackie group of viruses, 574 
Hj drogenase activitj and photoassimilation, 543 

Immunologists, Association of 
Abstracts, 1950 meetmg, 376 
Constitution and By -lavs, 637 
Officers, 637 

Program, 1950 meeting, 472 
Sjunposium on Coxsackie group of viruses, 569 
Iinmunologi and Coxsackie viruses, 585 
Isolation of nmses, 574 

J oiXT Session Program, 402 

K amex,M D H\ drogenase actiMtj and pliolo 
assimilation, 543 
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Kend^li.L C Studies related to adrenal cortev, 

501 

KiLnoensi , L D Diverse manifestations of in- 
fection nitli n strain of Covsackie varus, 581 
KniFT, Li‘'HFTii M, 585 

Lh’mwn, F, 524 
Lipotropic aRonts, 50G 

M vLM-TnirioN, 502, 504, 592 
Alammalian biosi'nthcsis of nucleic acids, 617 
MwNAnu, L A Evaluation of dietarj survej 
methods, 598 

Melmik, J L AN’0 Lisbetii M Kraft DifTcren- 
tiation of immunological types among the Co\- 
siu kic \ iruscs, 585 
Ml mhershi]!. Federation 
Vlplmbetical list, 041 
Deceased members, 725 
Geographical classification, 727 
Honoran members, 041 
hurnmar} , 725 

Nevioi \di and, signs of malnutrition seen in, 

502 

Nucleic acids, 517 

Nutritional appraisal of human subjects, 502, 664 
Nutrition and diotarj survey methods, 598 
Nutrition, Institute of 

abstracts 1950 meeting, 351 
Constitution and Bj -laws, 634 
Officers, 634 

Program, 1950 meeting, 460 
Sa mposium on nutritional appraisal of human 
subjects, 562, 692 

Ochoa, S , 524 
Olitskv, P K,570 

P ATHOLOGi , Society for Expenmcntal 
Abstracts 1950 meeting, 327 
Constitution and By-laws, 632 
Officers, 631 

Program, 1950 meeting, 400 


Pharmacologj and Expenmental Therapeutics, 
Societj for 

Abstracts 1950 meeting, 252 
Constitution and By-laA\s, 028 
Officers, 627 

Program, 1950 meeting, 445 
Photosjmthcsis, 524, 536, 643 
Physiological Society 

Abstracts, 1950 meeting, 3 
Constitution and By-laws, 619 
Officers, 017 

Program, 1950 meeting, 403 
Discussion panel, 549 
Poliomy'elitis, 509, 581 

RESPinATORY physiology, 602 
Rosfnberg, J L , 635 

Special meetings, directory of, 483 
Standardization of terms in respiratorj physiol- 
ogy, 002 

Statistics and nutntional data, 664 
Symbols, standardization of in respiratory physi 
ology, 602 

Symposia, Atlantic City meeting 

Chemical transformations in photosynthesis, 
524 

Coxsackie group of viruses, 569 
Nutntional appraisal of human subjects, 562, 
592 

Transaaiination, 560 

Viruses, Coxsackie group, 509, 670, 574, 681, 
685 

Vitamins, symptoms of deficiency, 592 

lEHL, Dorothy G Statistical appraisal of nu- 
tritional data, 564 

Wilder, R M Signs of malnutntion seen in New- 
foundland, 562 
Wood, H , 524 




FEDERATION NOTICE 

Regulations for Subtnisston of Abstracts 

1951 Annual Meeting — ^April 29-May 3 
Cleveland, Ohio 

The 36th Annual Convention of the Federation will be held in Cleveland, Ohio, Ap^ 29- 
May 3, 1951 The headquarters hotels will be the Statler (Physiology, Pharmacology, Pathol- 
ogy) and the Cleveland (Biochemistry, Nutrition, Immunology) Scientific sessions null be 
held m the Cleveland Pubhc Auditonum 

Deadhne for Abilracts, January 1 3, 195 1 In order to have the abstracts of jpapera tmbe- 
presented on the program pubhshed and distributed to all members and subscribers' to^ 
Federation Proceedings m advance of the Annual Meetmg, the date of January. 13 has been 
set as the deadhne for the auhmisaion oj abstracts to the Society Secretaries This applies to 
both members and non-members who rvish to present papers at the scientific sessions The , 
followmg regulations for the preparation of abstracts and titles, and for ordenng reprints ^ 
of abstracts, if desired, must be carefully followed to msure the appearance of the paper ^n 
the program 

1 Abstracts may not e'^ceed 276 words or equivalent space, including title, auth ors ’ na^Sj 
institutional connections, references and acknowledgments The tevt of the abstract should 
consist of a single paragraph Structural chemical formulae, figures or footnotes cannot be 
used Tabular data are discouraged but, if used, must allow setting in a single column, and 
each line of a table and its headmgmust be counted as ten tevt words 

2 The Title heading must be arranged as follows Line 1 Title 

Line 2 Auihor/s The name of each non-member author collaborating with member- 
authors 18 to be followed by the phrase “(by invitation)’’ Names of non-members who are 
introduced, i e , who are not collaborators with member-authors, are to be foDowed by the 
phrase “(introduced by )’’ 

Line S Laboratory of origin (as bnef as possible) 

Line It If applicable, one of the following should be stated (a) Read bj’' title , (b) Motion 
Picture Put also at the top of the abstract sheet 
Examples See Federation Proceedings, March, 1950 (^’ol 9 No 1, Part I) for einmples 
of form and stj le to be followed 

3 The body of the abstract, typed double space, should follow the title heading If more 
than one sheet must be used the sheets must be stapled together 

4 Abstracts must be submitted m quadruplicate to the Secretarj of the Societ) of mem- 
bership, to reach him not later than Januarj 15, 1951 

5 Abstracts should be letter-perfect since there w ill be no opportunitj for proof reading 
bj authors Iloweier, proMSion will be mode for the correction of pnnter’s errors in the 
June, 1951, issue of Federation Proceedings, if these are reported to Dr M 0 Lee, 2101 
Constitution A\cnue, Washington 25, D C , within two weeks after the Annual Meeting 

Requests for extra hotel resen ation forms or extra repnnt order forms maj be addressed 
to Societx Secretaries or to the Fedei-\,ion Secrelarj , 2101 Constitution Axe , Washington 
25.D C 





f 'P#." 




'•r ' 






'TW®S!^ 


' v’’ ' ■' ' l" 

Ssistiiomei^^dnii Sefvites 




'■I >■ ' 




mm 

i"” -»• #i'-' t' V v^y : ' 


Standard nuclear, instruments for virtually every radiation 
counting requirement have been developed and proved in step with the 
rapid progress of nuclear research. From a pen*si2e radiauon monitor to 
a complete laboratory, Nuclear offers precision-made eqmpment of wide 
versatility and estabhshed performance ability 

For speaal techniques and unusual applications, Nuclear research and 
engineering personnel are ready and wiUing to work with you to pro- 
vide matched Nuclear Instruments to fit your requirements . . Or to 

assist m development of special equipment where the need is indicated. 

• Scaling Instruments • Monitoring Instruments 

• Radiation Detectors • Uranium Prospecting Units 

• Radioactivity Demonstration • Complete accessories for the 

Equipment nuclear laboratory 

9 Complete Counting Systems • Special Instruments 


SEND FOR THIS COMPLETE CATALOG 
Full data on all Nuclear Instruments 
and related equipment 
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SELECTED 
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BOOKS 


The Rat in Laboratory 
Investigation 


edited b) Edmond J Farna, Ph D , Associate Member in Anatom ) , 
Exeaitiie Director, The JFistar Institute of Anatomy and Biology, 
and John Q Griffith, Jr , M D , John Q Griffith, Jr , Research 
Foundation, Philadelphia formerly AssocuUe in Medicme, University 
of Pennsylvania 
With 29 Contributors 


Ti iis definitive book on the albino rat, which was developed at 
the Vi'ibtar Institute for laboratory investigation, is revised in a new, second edition 

Current findings in the economical feedmg and breeding of the 
rats and their use in experimental biology are presented The material on drugs by 
Dr Harald Hoick of the University of Nebraska has been entirely revised and reset, 
and the tables on dosage and the resulting effects are brought up-to-date There is 
new iiiatenal on histologic, staining and calcification methods 

Contributions by 29 authorities in the field make up the text, 
including a chapter on "Gross Anatomy” by Eumce C Greene Here is a compre- 
hensive and rehable source book on the use of the albino rat in laboratory research 
New, 2nd Edition 542 Pages 179 Hlustrations $15 00 


I 

I J B LIPPINCOTT COMPANY, E Washington Square, Phila 5, Pa 
1 Please enter my order and send me 

j Q Farris & Griffith, The Rat in Laboratory Investigation, S15 00 

I Name—— Q Cash enclosed 

I Addre‘!s_ — Q Send COD 

I Citj, Zone, State □ Charge m) account 
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SUNDERMAN DIRECT READING 


CONDUCTIVITY OUTFIT 

FOR THE MEASUREMENT OF SERUM TOTAL BASE 



CONDUCTIVITY OUTFIT, Sunderman Direct Reading Type, A H T Co Specification 
For rapid routine determinations of the electrometric conductivity’’ of small quantities of 
biological fluids, and particularly for the measurement of serum total base and the estimation 
of serum sodium Tests can be made mth only 1 6 ml of sample 

The bndge is an improved, direct reading model of that originally described by F William 
Sunderman, American Journal of Clinical Pathology, Vol 19, No 7 {July, 1949), p 669 It 
IS of the Wheatstone tjqie, mth direct reading dial graduated 5 to 21 m 0 1 di-visions, indicat- 
ing specific conductance expressed as mhos (reciprocal ohms) X 10~’ at 25°C It is furnished 
mth temperature cell constant compensators and “mapc eye” null point indicator, and is 
entirely self-contained, requirmg only the connection of the conductmty cell 

The Conductmty Cell, pipette form, is convenient for the collection of samples from small- 
mouthed vessels and for subsequent recovery of the sample for further tests Each cell is in- 
dividually calibrated and permanently marked mth cell constant 

4031 Conductivity Outfit, Sunderman Direct Reading Type, consisting of Conductivity 
Bridge and Conductmty Cell, as above described. Water Bath 2-J^ X 4-J^ X 6 
inches. Thermometer Holder of Stainless steel, and Thermometer 0 to 40°C in 0 2° 
divisions Complete mth directions for use and author’s nomogram for calculating 
serum total base, 5 ft cord and plug For 115 volts, 50 or 60 cycles, a c 149 00 

4031*D CodnctlTity Bridge Sanderman Direct Readinc Type, onlj, as supplied with abov-e outfit, with directions 
for use and author a nomograin Tor 116 \olts, 60 or 60 cycles, a c 106 00 

4031-E Condnctivlly Coll Pipette Form Sunderman Improved Trpe as Bupplicd Nvith above outfit with platm- 
ued electrode^ 30 inch leads jjlass bead valve 20 inches of ruDoer tubing, mouthpiece and rub^r 
closure for tip With directions for use and author’s nomogram 34 45 

More detailed information sent upon request 

ARTHUR H. THOMAS COMPANY 

RETAI L— WHOLESALE— EXPORT 

LABORATORY APPARATUS AND REAGENTS 

WEST WASHINGTON SQUARE PHILADELPHIA 5, PA , U S A 

CABLE ADDRESS BALANCE" PHILADELPHIA 


FEDERATION 

PROCEEDINGS 

Pvbhshed by the 

FEDERATION OF AMERICAN SOCIETIES 
FOR EXPERIMENTAL BIOLOGY 

COMPOSED OF 

The American Physiological Society 
American Society of Biological Chemists 
American Society for Pharmacology and Experimental Therapeutics 
The American Society for Experimental Pathology 
American Institute of Nutrition 
The American Association of Immunologists 


Editorial Board 

Wil li am H Chambees, Chairman 
Eric G Ball Morton McCutcheon 

Arthxje P Locke McKeen Cattbll 

A H Smith 

Milton O Lee, Managing Editor 
2101 Constitution Ave , Washington, D C 


Federation Proceedings is published quarterly by the Federation of American 
Societies for Experimental Biology The March issue consists of the program (Part 
II) of the Amnual Meeting of the Federation, and the Abstracts (Part I) of the papers 
presented at the scientific sessions The program mcludes an author index The 
abstracts are arranged alphabetically according to the first author and segregated as 
to Societies The June and September issues contam symposia and other special 
papers presented at Federation meetmgs as selected by the Editorial Board The 
December issue contains the membership list and other matters pertment to the 
Constituent Societies of the Federation 

Pnce Schedule 

The subscription price is S4 60 ($5 25 foreign) payable in advance Single issues 
may be purchased, if ordered in advance, at the following prices No 1 (Part I, 
March, Abstracts), S3 00, No 1 (Part II, March Program), 50(5, Nos 2 and 3 (June 
and September), SI 50 an issue. No 4 (December), $2 00 Subscriptions and orders 
should be sent to the Federation of American Societies for Experimental Biology, 
2101 Constitution Ave , Washington 25, D C 


Entered aa second-olaaa matter March 16, 1942, at the Post OfiSce at Baltimore, Maryland, under the Act 

of August 24, 1612 



MY-B-DEN 

(ADENOSINE-S-MONOPHOSPHATE, Bischoff) 

now freely available in purer form 
for clinical and biochemical research 


Realization of the biochemical lole and therapeutic potentiahties 
of iiy-B-den (Adenosine-5-monophosphate, Bischoff) inll now be 
facihtated by the availabihty of adequate supplies in exceptionallj'- 
pure form 

Recent technical improvements^ devised by Bischoff 
research scientists, have enabled the preparation of this compound 
m a much higher state of punty than hitherto my-B-den is now 
offered as the crystalhne free acid with a punty of 99 5% Complete 
analytical data, pertainmg specifically to the individual mt-B-den 
preparation released, accompames each shipment 

Biochemically, adenosine-5-monophosphate, is a punne 
nucleotide present in cozjnnase and the Warburg-type respii- 
atorj'' enzyme, and is a fundamental participant m phosphory- 
lation reactions 

Additional compounds of biochemical sigmficance now 
being released by the Ernst Bischoff Company include Tki-B-ben 
and GxJANOsnsrE tri-B-den is the dibanum salt of Adenosme- 
tn-phosphate, and is of the highest purity Analysis data is sent 
with each shipment Further packaging and pncing information 
available on request 

cBischoff) 

ERNST BISCHOFF COMPANY, INC • IVORY TON, CONNECTICUT 




nuclear model l-i 63 

R(tciioisolo[)e Analyst for 
iliscnminately detecting 
alpha, beta and gamma radiation 


FOR SIMPLE, SENSITIVE 


nuclear 


MEASUREMENT 


T he selection of n complete Counting 
System for your work program has 
many’ advantages over the unplanned 
purchase of separate instruments 
NUCLEAR systems consist of a selected 
group of matched components, each one 
designed for best use in conjunction with 
the other units to do a precise and com- 
plete research job There is no complicated 
rewiring or reconnecting to be done in 
order to make unmatched instruments 
work together NUCLEAR offers a line 
of complete systems designed and per- 
fected to meet the most exacting require 
ments of nuclear research Before you 
buy, get all the facts about these and other 
NUCLEAR products and services 

SEND FOR THIS NEW 
COMPLETE CATALOG! 

Complete information on 
oil instrument!, including 
applications, specifications, 
features, dimensions, etc 
Also details on 
NUCLEAR S special 
services and products 
No organization en- 
gaged In nucleonics 
should bo without this 
complete catalog I 



MODEL 111 —Parallel plate Alpha Counting System 
for counting low activity alpha samples having rela 
tivcly large area Consists of parallel plate "pulse type" 
ion chamber and three stage preamplifier in one unit, 
plus a scaling unit with integral high voltage supply 


MODEL 117— Methane Flow Alpha Proportional 
Counter for counting alpha particles in the presence 
of strong beta activity The only commercial instru 
ment of its kind, it embodies a methane llowpropor 
tional counter, variable, high gain linear amplifier, 
impulse recorder, high voltage supply, and a scaling 
circuit of 256 


MODEL L-163 -Radioisotope Analyst is especially 
planned for analyzing radioisotopes This precise sys 
tern, which will discriminately detect alpha, beta, and 
gamma radiation, consists of NUCLEAR’S exclusisc 
”Q Gas” Counter, plus Model 163 Count o matic 
Scaling Unit 

MODEL L-165 —Packaged Laboratory is a group of 
instruments which permits precise research or mom 
toring It includes a complete scaling unit, a thin mica 
end window counter, an aluminum Geiger tube mount, 
and cables and sample dishes 


nuclear INSTRUMENT & CHEMICAL CORPORATION 

223 233 West Erie Street • Chicago 10, Illinois Cable Address i "Nuclear' 

• Scaling Units for Evory Typo of Radiation Counting • Gloss Wall Mica Window, and Wlndowlest Counleri J 

• Complete "Packaged" Counting Systems • Portable Count Rale Meters 

• Hoolth Monitoring Instruments for Personnel Protection • Complete Lino of Accessories for the Nuclear Laboratory ^ 
nUClGOr "PRECISION INSTRUMENTATION FOR NUCLEAR MEASUREMENTS 





For 

symptomatic 
relief in 

POSTOPERATIVE 

ABDOMINAL 

DISTENTION 

and Gastric 
or Urinary 
Retention 



AVAILABLE IN 

Bottles of 100, 5 mg tablets for oral use only 

And cartons of six 1 cc ampuls, 5 mg per cc , for 
subcutaneous mjection only 


TTRECHOLiNE Chloeide, an effective 
U parasympathonumetic drug, has 
proved extremely useful m the rehef of 
postoperative abdommal distention, by 
virtue of the improvement it brmgs m 
muscular tone and the stimulation of 
normal rhythmic peristalsis 

This agent is highly effective m the 
prevention and rehef of the distressmg 


S5rmptoms of gastric atony and retention 
foUowmg vagotomy 

Urechohne Chloride also has proved 
beneficial m the treatment of neurogemc 
bowel disorders, and m the prevention or 
rehef of postoperative urmary retention 
and atony of the bladder 

Literature concerning Urechohne Chlo- 
ride IS available upon request 


URECHOHNE® CHLORIDE 

(Brand of Bethanechol Chloride) 

(Urethane org-Metlnlchohne Chloride Merck) 



MERCK & CO., Inc. Wiertu^/^ RAHWAY, N. J. 
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'pCACriONATIONpROBLEMS? 

here’s help for you . . . 

THIS tireless servant in your laboratory will automatically 
• collect any number (up to 200) of rigidly controlled samples 
of predetermined fluid volumes Each collected sample may 
comprise any number of drops from one to four hundred As 
each separate sampling is completed, the carnage automat- 
ically advances to repeat identical collections consecutively 
until the whole fractionation has been made 
1 All you have to do is to set it up for the conditions of the 

W chosen experiment, short or long, and then leave it alone 

The machine will plod along without attention hour after hour, 
all day (and night) long When the [ob's done, it will shut 
itself off 

The Technicon Fraction Collector has been thoroughly 
tested in actual laboratory installations, where it has proven 
invaluable to busy research staffs We shall be happy to send 
you details 

Ref Chromatography of Amino Acids on Starch Columns— 

W H Stem and S Moore, JrnI Biol Chem 176, 337,(1948) 


saves time and labor 

relieves laboratory staff of the fretful and time- 
consuming chore of fraction-cutting releases workers 
for other duties 


^ triples work output 


you can run it twenty-four hours a day, continuously, 
to triple fractionation output as compared with on 8 
hour laboratory day 

gives greater resolution 

by collecting a large number of small fractions, 
rather than c few gross ones, you'll get more data 
from a given fractionation, eg a chromatogram, or 
a fractional distillation 

assures accuracy 

because the possibility of human error Is automati- 
cally ruled out Now fraction-collection becomes a 
straightforward mechanical procedure 


TECHHICOM chromatographt cor? , ^ 

215 East 
Hew York 51, N 

on the Technicon Aui 
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ADAMS FLASHLIGHT POINTER 

for the lecturer using slides, motion pictures and 

charts 


V. 


• Piojects a brilliant, elongated spot on the screen, enabling the 
lecturer to highlight the specific structure or area under 
discussion 

• Can be focused sharply on the screen fiom any location in the 
lecture hall Has both coarse and fine adjustments for easy 
focusmg 

• Completelj’’ seK-contained Powered by three standard fiash- 
hght batteiies, uses a standard flashlight bulb 

• Switch permits either continuous or intermittent operation 

• Supplied w ith 1 emovable clicker for notifjnng projectionist when 
to change slides 

A-1520 Adams Flashlight Pointer, with bulb but w^thout 
batteries each $10 00 

Set of tluee batteries 30 

Order from your Surgical Supply Dealer 


Clay-Adams Company, inc 

I4I EAST 25th STREET NEW YORK lO 

St«wr»»«» alo a, ]oi Writ WaiMrflra SIrrrt CHICAOO I ILU 





apparatus for the 

PHYSIOLOGIST 

The Bird Kymograph — 



70-060 




The Biid Kymograph, pictuied as cat 70-060 
represents the most advanced design along mth 
practical, convenient and exceptionally nigged con- 

11 electncally powered, operates on 

110\ AC, and has foui speeds 2 2, 11 0 54 and 
270 cm/mm The drum is 154 mm high mth a diam- 
eter of 159 mm and is adjustable veitically thiough 
140 mm tiavel on its center lod 

For long paper work the auvihaiy dnim, cat 

70-130 and the extension ann, cat 70-125 are 
available Length of extension can be adjusted from 
45 to 85 cm for various paper lengths Where record- 
ing on smoked drum is prefei red, the smoking stand 
and burner, cat 70-150 is supplied This affoidsan 
easy, efficient means of dium piepaiation 

Write foi oui latest catalog, “Tools for Biophys- 
ics”, which lists complete 
equipment for instruction, 
control 01 research m Phy- 
siology and Pharmacology 

L-L 
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70-130 


70-125 



PHIPPS & BIRD i„c. 

303 SOUTH 6th STREET RICHMOND, VIRGINIA 

Manufacturers of Physiology Equipment 









"HAND" MOCfSS/NG 

7h» Hsiu*, lying at rati maraly slaaping In a 
raagant. It turroundad by a "skin" of rala- 
llvaly Inattivo lolullon farmaallon Is slow, 
yntarlain 


XaSSli 


"AUTOTeCHNICON" nOClSSING 
Tha littuo movat about In Iht 0uld, as It 
ravolaat In tha carriar batkal Frath turfatas 
ara constantly baing prasanlad for panalra- 
Hon by a raagant which It, Itsalf, In a tiala 
of gontla agitation through tha constant ro- 
tation of fh* baskat 


^active displacement" that does it 


Not only does the Autotechnicon relieve the laboratory 



A brochure describing 
the Aulolechnicon Is 
ovollable on request 


Staff of the tedious task of processing tissues "by hand," 
but it also completes the chosen technique faster, more 
thoroughly, more uniformly, more dependably The Auto- 
technicon IS versatile . . it fixes, dehydrates, washes, 

stains . delivers beautifully finished tissues ready for 
diagnosis 

And because it needs no human intervention, it knows no 
"working day ” To-day’s tissues, processed overnight 
by your own technique, will be waiting for you in the 
morning 



automatic tissue processing 
by any histologic technique 


TECHNICON company 

215 EAST 149th STREET • NEW YORK 51, N Y. 




research 



QUALITY 

RESEARCH 

ETHICS 




As commerce strives, advancement is spurred, 
for competition demands new and better products 
This mcentive requires reinvestment 
of a large portion of earnings 
in searching for improvement 

Self-endowed research in the pharmaceutical 
industry affords more poiv^erful weapons 
for medicme’s war on disease and pam 
Antianemia products, the commercial development 
of Insulin, and superior sedatives, 
antiseptics, antihistammics, and antibiotics 
are but a few examples 
Such medical discoveries as these 

continue to flow from the Ldly 
Research Laboratories as a result 
of the Amencan economic system 


ELI LILLY AND COMPANY, INDIANAPOLIS 6, INDIANA, USA 




American Society of Biological Chemists 

Sympomm on Ammo Acid Metabolism^ 

Chairman Joseph S Fruton 


CATALYTIC ACTION OF THE METAL PEPTIDASES^* 

Emil L Smth 

From 1/ie Laboratory jor the Study of Hereditary and Metabolic Disorders and the Departments 
of Bioloqical Chemistry and Medicine, University of Utah School of Medicine 

SALT LAKE CITY, UTAH 


Irotein metabolism m the animal begins with 
proteolysis The proteolytic enzymes of the gas- 
tro-mtestmal tract and other tissues hydrolyze 
the peptide bonds of the proteins to form peptides 
of varymg size and finally free amino acids It is 
customary to classify the proteases m two groups 
the true protemases which can attack the high 
molecular weight proteins and the peptidases 
which can attack the smaller umts, the peptides 
Thanks to the work of Bergmann, Fruton and 
their collaborators (1) we know that this classi- 
fication IS not entirely vahd These mvestigators 
have shown that protemases can hydrolyze simple 
peptide derivatives Thus, trypsm attacks such a 
simple compound as alpha-benzoyl-L-arginin- 
anude at the amide linkage A more vahd classifi- 
cation was imtiated by these mvestigators (1) m 
distmgmshmg between the endopeptidases and 
the exopeptidases This means that the endopep- 
tidases can attack at the mtenor of completely or 
partially substituted peptide chains while the evo- 
peptidases generally attack peptides or their de- 
rivatives at bonds adjacent to a free alpha-ammo 
or alpha-carboxyl group or both Hence the termi- 
nology wluch distmgmshes between ammopepti- 
dases, carbox-j^ieptidases and dipeptidases Both 
the endo- and exopeptidases show a marked 
specificity toward peptide bonds miolnng par- 
ticular ammo acids For example, pepsm attacks 
compounds hke carbobenzoxyglutamjdphen 3 dala- 

* Detroit, j^fichigan, April 20, 1949 

= Much of the ongmal work reported in this 
paper b\ the author and his collaborators uas 
aided bi grants from the United States Public 
Health Scr\ ice 


nin e or carbobenzoxyglutamyltyrosme The only 
known compounds which pepsm can attack con- 
tain the aromatic nngs of tjTosme or phenyl- 
alanme residues S imil arly, we speak of leueme 
ammopeptidase smee this enzyme has a markedly 
rapid action on leueme peptides 
Most mvestigators agree that enzymes must 
form defimte chenucal compounds with then sub- 
strates This thesis, first clearly stated by Michae- 
hs and Menten (2), has been demonstrated by 
kmetic studies on a large number of enzymes 
Keihn and Mann (3) found that peroxidase forms 
a complex with hydrogen peroxide, and, recently. 
Chance (4) has studied the spectroscopically well- 
defined compounds that are formed by catalase 
and peroxidase with their substrate, hydrogen 
peroxide In 1926, Euler and Josephson (5) sug- 
gested that the polar groups which are reqmred in 
the substrates of the peptidases mdicate that the 
enzyme combmes with its substrate not only at 
the sensitive peptide hnkage but also uitb the 
free polar groups of the substrate, they spoke of 
this as the di-aflfimty concept In other words, the 
enzyme has a two-pomt combmation uitli its 
substrate 

Some 3 ’^ears ago, Johnson and his co-workers 
(6) made the extremel 3 ’’ important observation 
that many of the peptidase actiinties obtamed 
from animal and plant tissues were greatl 3 ’’ in- 
creased b 3 ^ the addition of certain metal ions 
For example, it was found that leueme ammopep- 
tidase IS strongly activated b 3 ’’ manganese or 
magnesium ions It now appears that the role of 
the metals in the xanous peptidase 53 stems is to 
form the complex between the protems and the 
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bubstratcb E\adeute of tins comcb in jiiit fioni 
the essentiahtj^ of the metal Leueme ammopep- 
tidase and other peptidases are inhibited by such 
tj'pical metal poisons as cyamde, sulfide etc It 
IS also demonstrated by the fact that when the 
enzyme is purified the activity decreases unless 
metal ions are added back to the system (7) 

The metal does not act simply as an activator 
of the en 2 yme but appears to be linked m true 
chemical combmation with the protem of the 
whole enzyme system This may be illustrated by 
the studies on purified leueme ammopeptidase 
When protem, metal and substrate are added 
simultaneously, the activity is, at first, qmte low 



Fig 1 Combination of leuctne aiunopep- 
TiDASE AND Mn"*^ The curve is the theoretical 
one from the mass law equation for combination 
of one Mn"*^ per active group of enzyme (8) 

uith slow hydrolysis of the substiate, this is 
follou ed by a rapidly mcreasmg rate of reaction 
In contrast to this, if the metal is allowed to stand 
inth the protem for some time before its addition 
to the substrate, then it is found that the hydroly- 
sis of the substrate proceeds qmte rapidly foUow- 
mg the usual kmetics of a first-order reaction 
The occurrence of such a tune-reaction between 
the metal and the protem must be mterpreted as 
due to formation of a new compound (7) Sumlar 
tune-reactions have also been found with many 
other enzymes, e g , various peptidases, phospha- 
tase and argmase 

If a complex is formed, then the combmation 
between metal and protem should follow the usual 
mass action law for such a dissociable compiev 
Tlie effect of Mm++ on leueme ammopeptidase 
does show the type of curve to be eiqiected for the 
mass law equihbnum (8) The theoretical curve 
which 18 drawn through the data m figure 1 mdi- 
cates the requirement of one atom of manganese 
for each active group of the enzyme 

An example of how the metal is bound mth its 


substrate can bo shown wath the enzyme ivliich 
has been called glycylgljcme chpeptidase (9) 
From present information it appears that tins 
enzyme is exceedmgly specific, it is known to 
attack only this one peptide, glycylglycme Tlus 
enzyme is strongly activated by the addition of 
cobaltous ions and a defimte spectroscopic com- 
plex IS formed between glycylglycme and cobalt 
This suggested that the enzyme-substrate com- 
plex might be formed by combmation of the 
metal with the substrate on one hand and with 
the protem on the other Therefore, many com- 
pounds were tested both for their abihty to be 
hydrolyzed by the enzyme and for then abihty 
to form complexes with cobalt The structures are 
mdicated m the foUowmg diagram 



If one hydrogen on the free ammo group is re- 
placed with a methyl group to form the compound 
sarcosylglycme, there is complex formation be- 
tween tlie substrate and the metal and this com- 
pound IS susceptible to hj'^drolysis If, however, 
both hydrogens on the ammo group are replaced 
to make N-dimethylglycylglycme, this compound 
IS not hydrolyzed by the enzyme nor does it form 
a complex with cobalt If the hydrogen at the 
sensitive peptide bond is substituted by a methyl 
group to make glycylsarcosme, there is no com- 
plex formation with cobalt and no hydrolysis by 
the enzyme If the carboxyl group is altered to 
make glycylglycinamide, a spectroscopic com- 
pound IS formed with cobalt but there is no 
hydrolysis by the enzyme The complex formed 
between glycylglycmamide and cobalt has its 
maximal absorption position shifted about 40 m/j 
as compared to that given by cobalt and glj'cyl- 
glycme It is clear that the chelation, the combi- 
nation between cobalt and glycylglycmamide, 
must be different from the combmation between 
cobalt and the substrate glycylglycme This 
marked parallelism has also been found with a 
number of other compounds but they cannot all 
be mentioned here Perhaps one more would be of 




September l9Jf9 


CATALYTIC ACTION OF METAL-PEPTIDASES 


583 


interest in tins connection The compound / 3 - 
alanylglycme is not hydrolyzed by the enzjTne 
nor does it form a spectroscopic complex mth 
cobalt It IS n ell known that cobalt tends to make 
chelate compovmds, that is nng compounds m 
which there are onl}" five members, and that is 
the tjTie of complex given by glycylglycme and 
cobalt With /S-alauylglycme a six-membeied rmg 
would be necessarj' but such compounds aie very 
rare m the cobaltous senes 
It appears from this, as a first approxiraation, 
tliat the abihtj’^ of a compound to be susceptible 
to the action of this enzyme requires that the 
compound can form a complex mth cobalt Ob- 
nously, this is a necessary condition but not a 
sufficient condition smee many peptides, for ex- 
ample, L-leuc)dglycme, can form complexes with 
cobalt but these compounds are not hydiol3^zed 
by this enzyme On the other hand, such a com- 
pound as glimyl-L-leucme, the isomenc peptide, 
does not form a strong complex with cobalt Thus, 
there is axhibited the remarkable specificity of a 
metal ion m formmg a strong complex ivith leucyl- 
glycme and a poor complex mth glycylleucme 
This specificity is mdeed at a very low level 
While we are all famihar with the concept that 
proteins are extremely specific m their combma- 
tion with various substances, it is mterestmg to 
find such a specificity at the dipeptide level 
From the probable mode of combmation of 
metal and substrate, we can begm to understand 
the differences between a dipepidase and an 
ammopeptidase Glycylglycme dipeptidase re- 
quires m its substrate a free ammo group, a free 
hji-drogen at the peptide mtrogen and a free 
carboxyl group, it appears that cobalt forms 
a complex with three nilences bound to the sub- 
strate and probably with three valences bound to 
the protem = On the other hand, wath leueme 
ammopeptidase it must be assumed that the 
metal, either manganese or magnesium, com- 
bmes only with the free ammo group and with 
the nitrogen at the peptide bond A free carbox-jd 
group IS not required since the enz3me canh3'dro- 
lyze leucmamide just as rapidl3'^ as it can the 
dipeptide, leuc3 Ig^'cme 0 ) Thus, we haie an 
explanation m terms of the metal bindmg with 


* It had preanoush been assumed that Co"^ 
possessed a coordination number of four in the 
enz\ nie-substrate complex (9) A more reasonable 
description of the data is gia cn b\ assuming that 
Co"^ is bound m a six-coordinate complex 


these substrates of the difference between an 
ammopeptidase and a dipeptidase 
If the general thesis is coriect that tiie exopep- 
tidases require free polar groups m their sub- 
stiates because the metal combmes with these 
polar groups, then w e must examme carboxypep- 
tidase Tins enz3me was first isolated m crystal- 
Ime form b3’' Anson ( 10 ) some years ago, but no 
attempt appears to have been made to ascertam 
whether a metal is present It was found ( 11 ) 
that carboxypeptidase is strongly inhibited by 
such typical metal poisons as cyamde, sulfide, 
pyrophosphate, orthophosphate, citrate, oxalate 
etc TJiere is, theiefore, a stiong mdication that a 
metal is present m carboxypeptidase Examina- 
tion, m a sensitixm spectrograph, of the ash of a 
large amount of ciystallme carboxypeptidase 
showed that the only metal present m significant 
amounts w as magnesium It was ex'tremely grati- 
fying that those metal ions that were used durmg 
the purification of the enzyme could not be de- 
tected m the final ashed material 
The first part of the thesis is confirmed m the 
sense that these exopeptidases, oi the majonty of 
them, appear to be metal proteins Unlike the 
substrates for ammopeptidases and dipeptidases, 
the substrates for carboxypeptidase do not con- 
tam free ammo groups The best substrates for 
carboxypeptidase are those m which the ammo 
group IS blocked by an acylatmg group ( 12 ) For 
example, a typical substrated is carbobenzoxy- 
glycyl-L-phenylalanme The termmal carboxyl 
group IS essential for the action of the enz3me 
The peptide hydrogen is not essential for the 
action of this enzyme as is shown b3'^ the fact that 
the enzyme can hydrol3’’ze such a compound as 
carbobenzoxytryptoph3dprolme ( 13 ) Smee pro- 
Ime IS an immo acid, there is no hydrogen at the 
peptide bond The unessential character of the 
peptide mtrogen is shown very stnkmgl3^ by the 
discoier3'- of Snoke, Schwert and Neurath ( 14 ) 
that carbox3q>eptidase can h3'drol3^e esters of the 
correct configuration, such a compound as hip- 
pur3dplien3dlactic acid is hi drol3"zed b3' carboxy- 
peptidase Therefore, if it is assumed that the 
metal combines uith the substrate m carboxy- 
peptidase, tlie metal must bind mth the free 
carbox3d group and mtli the keto grouji at the 
peptide bond and not mth the mtrogen at ail An 
interesting correlation appears from tins m lint 
the chehte nngs formed bi the metal watli (he 
substrate m each case m\ oh’c linkages at opposite 
sides of the ^ensitii e peptide bond (lo) It would 
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appear that the evijlanation of the distinction be- 
tn een the tliree kinds of exopeptidases that have 
been discussed is in terms of the nature of the 
groups bound by the metal m each enzyme 
Smee the metal m carbovypeptidase is tightly 
bound, it becomes possible to do quantitative m- 
hibition studies in order to determme how many 
valences of the metal are available for combma- 
tion vuth the substrate or, alternatively, for com- 
bmation vuth an mhibitor vluch bmds with the 
metal It was found that each active group of 
carbovypeptidase is capable of bindmg two cya- 
mde atoms or one orthophosphate or one sulfide 



Fig 2 DiAQRAil INDICATES SPATIAL RELATION- 
SHIPS of the binding of an acylated dipeptide by 
carbovjqieptidase 

From these data it would appear that there are 
two free valences available for combination with 
the substrate or with an mlubitor (11, 15) This, 
then, IS the true di-afiomty as first defined by 
Euler and Josephson, but it may now be ascribed 
to the characteristic bindmg "with the metal m 
the enzyme 

Obviously, m addition to the bmdmg of the 
substrate by the metal through the polar groups, 
there are additional bmdmg forces exerted by the 
protem moiety of the enzyme through the side 
chains of the substrate For example, carbo- 
benzox-yglycylglycme is a pool substrate for car- 
boxypeptidase, but carbobenzovyglycylphenylala- 
mne is an excellent substrate (12) Tins indicates 
that the protem of carbovypeptidase binds very 
strongly with the tennmal phenyl residue, and we 
can speak of this as the R group binding by the 
protein 

The polyaffimty concept first suggested by 
Bergmann and Ins co-workers (16) indicates that 
there must be a coiTect steric relationship be 
tween the polar groups of the substrate and the 
side cham branches of the substrate Hence, 


carbov 5 ’peptidase hydrolyzes only compounds in 
the L senes and not m the n senes (17, 18) A 
sunple diagram (fig 2) may be dranm to mdicate 
this polyaffimty relationship for carbovypepti- 
dase The polar groups are bound through the 
metal, presumably magnesium, and the R groups 
are bound by the protein From the polyaffimty 
concept and the knowledge that the metal is con- 
cerned m binding the polar groups, a beginning 
may be made m evplainmg the substrate speci- 
ficities and inhibition properties of this enzyme 
It IS known that compounds uhich have free 
amino groups are either not hydrolyzed at all or 
are acted upon extremely slowly by this enzyme 
(12) It may be supposed that the metal has a 
greater affimty for the aimno group than it does 
for the terminal carboxyl group, and a different 
type of complex is formed than in the usual en- 
zyme-substiate complex Such a combmation 
mth a free dipeptide is not a frmtful combmation 
m that the substrate is not hydrobcied An ex- 
planation for the lack of action is that the linkages 
are not on opposite sides of tlie peptide bond but 
are on the same side (15) 
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In the same way we can evplam why an l- 
ammo acid hke L-phenylalamne is not an inhibi- 
tor for carbovypeptidase, the combmation given 
by an L-ammo acid with the enzyme vould be a 
weak one smee no chelate nngs are formed How- 
ever, Elkms-Kaufman and Neurath (19) found 
that D-ammo acids are strong competitne m- 
hibitors of tins enzyme We must suppose that the 
reason for this is that in the n-amino acid the R 
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group binding is extremely stiong and that with 
this orientation a carboxyl group is not presented 
to the enzyme, but instead, a fiee ammo group 
(15) 

The vabdity of this concept can be partially 
tested by mlubition studies of vanous kinds Foi 
example, the enzjune may be mhibited by block- 
mg the metal portion of the enzyme or by block- 
mg the R group position oi both Ideally, ue 
should exiiect that the strongest inlubitoi-s would 
be those that w ould bmd both irnth the metal and 
with the R group position of the protem From 
the tjTie of scheme tliat has been mdicated, ne 
can piedict the type of substances which would 
be expected to inhibit tins enzyme The sensi- 
tivity of the known substrates mdicates that the 
strongest bmdmg at the R position of the protem 
IS gii'en by those compounds that contam aro- 
matic residues (12, 13, 17) It is also to be ex- 
pected tliat those compounds that contam car- 
boxyl groups would bind noth the metal It was 
found that benzylmalomc acid is such a com- 
pound It has two carboxyl groups and it has a 
side cliom much like that of phenylalanme, and it 
IS mdeed a strong inhibitor of carboxypeptidase 
(20) It was found that one mole of benzyhnalomc 
acid combmes with each active group of the en- 
zyme Interestmgly enough, the unsubstituted di- 
carboxyhc acid, malomc acid, is only an extremely 
poor and doubtful inhibitor of carbox3rpeptidase 
Malomc acid at 0 5 m gives only shght inhibition 
m contrast to the 50 per cent inhibition produced 
by benzj^lmalomc acid at 0 003 M Smularly, other 
compounds w'hich can block the R group position 
and n hich bmd with the metal also proved to be 
strong inhibitors Such a compound as benzoic 
acid IS a weak inhibitor but phenylacetic acid is 
qmte a strong inhibitor Likeii'ise, mdolacetic 
acid and indolpropionic acid have been found to 
be strong inlubitors of carboxj’peptidase From a 
series of inlubitors of different configuration, we 
can begm to ei aluate and understand the precise 
limits of the configurations required for bmdmg 
ivith tlie R group and with the metal simul- 
taneously We can measure the distances m terms 
of the number of carbon atoms between the func- 
tional groups, v e can x-arj the substituents on the 
aromatic rmg, and v e can xorj’’ the kmds of func- 
tional groups Such studies are now m progress 
^^^lat further can be done wath these ideas of 
metal binding \nth the substrate^ As ve haie 
indic ited the normal enzi me-substrate combina- 
tion occurs through chelate ring formation of the 


metal and the polai groups of the substrate We 
must assume, as is known from many studies of 
moigauic and organic compounds, that the chela- 
tion IS extremely strong indeed and that where 
ling formation is not possible, only weak combma- 
tion ocem-s How strong the chelation is between 
metals and amino acids or peptides is beautifully 
illustiated by an observation made by Neuberg 
and Mandl (21) They found that the metal ions 
known to be important m biological systems could 
not be precipitated as metal sulfides when ammo 
acids or peptides were present Moreover, they 
found that when an ammo acid or peptide was 
added to an insoluble sulfide hke zme sulfide, the 
sulfide went back mto solution This mdicates 
that the combmation of the metal vnth ammo 
acids or peptides is extremely strong mdeed, and 
such a stiong combmation must be what is occur- 
rmg m the enzyme-substrate complexes of the 
peptidases The combmation m the enzyme sug- 
gests that a strong electromc pull is exerted by the 
metal through the polar groups of the substrate 
to produce an electromc distortion or deformation 
at the sensitive peptide hnkage (15) This defor- 
mation IS presumably made still stronger tlirough 
the combmation of the metal with the protem, m 
other words, we must assume that the r61e of the 
protem, or part of the r61e of the protem m en- 
zymes, IS to make the metals even more electro- 
positive than they normally are The strong 
electropositive character mcreases the deforma- 
tion at the peptide bond and that is what we 
mean, then, by the lowermg of the free energy of 
the activation In other words, the r6le of the 
enzyme as a catalyst is to lower the free energy of 
activation, and ive can assume that tins is caused 
m some way by the electromc pull through the 
metal If tins hypothesis is true, the real hj-^droly- 
sis of the peptide bond is probablj'^ due to the 
acidic or basic catalysis of the hydrogen and 
hydroxyl ions of the aqueous solution Hydrogen 
and hj droxyl ions can catalj^ze the hydrolj^sis of 
the peptide bonds Normallj’’, this hjdrolj'sis 
occurs only in strongly acid or stronglj’- alkahne 
solutions, but mth a low er free energj of actu a- 
tion through the mediation of the enzjTne, this 
catalj’sis non occurs m neutral solution 
As a consequence, the enzjunatic hx droh sis of 
the peptides should follow mam of tlie rclation- 
slups which go\cm acid and base catahsis For 
axample, it is well known that with a 'cnea of 
related esters or amides the rate of the In droh -is 
is a function of the strength of the acid which ls 



586 


FEDERATION PROCEEDINGS 


Volume S 


linked in the ester or amide bond (22) Examina- 
tion of knovm substrates for carboxypeptidase 
shmvs this relationship to hold For example, 
chloroacetylphenylalanine is hydrolyzed very 
much more rapidly than acetylphenylalanme 
Obviously, chloroacetic acid is a far stronger acid 
than acetic acid Similarly, it was reported last 
year (23) that carbobenzo\y-^-alanylphenylala- 
nme is hydrolyzed about a thousand times more 
slowly than carbenzoxyglycylphenylalanme 
Agam it has been found that carbobenzoxy-/S- 
alanme is a much weaker acid than carbobenzoxy- 
glycme (20) In other words, a substantial portion 



Fig 3 AonoN OF lepctnb ajuinopeptidase on 
various aliphatic amino acid amides The loga- 
rithm of the relative first order velocity constant 
IS plotted as a function of the mass (molecular 
weight) of the side chain bound to the alpha 
carbon The initial slope indicates that the rate of 
hydrolysis is directly proportional to the 
mass (24) 

of what has been called the specificity of an en- 
zyme IS not specificity at all but is a function of 
the free energy of the bond which is exposed to 
the action of the enzyme 
Thus, a beginmng may be made m evaluatmg 
a number of distmct factors concerned in the 
specificity of these enzymes First of all, as al- 
ready mdicated, there is the di-affimty concept of 
Euler and Josephson We mterpret this as the 
abihty of the metal to form a chelate complex 
with the substrate Secondly, there is the poly- 
affimty concept of Bergmann and his collabo- 
rators The R groups must he m a definite spatial 
position m relation to the polar groups This is a 
second factor m specificity A third factor, which 
was mentioned just a moment ago, is the free 
energy of the sensitive bond m terms of the acid 
strength of the carboxyl group which is Imked m 


the peptide bond Correspondmgly, the energetic 
contribution of the ammo group, immo group or 
ester group will also play a rdle m detemunmg the 
rate of hydrolysis of such substrates 

A fourth factor may be termed the true speci- 
ficity as determmed by the protem, namely, the 
bmdmg of the R group by the protem itself and 
the contribution made by this bmdmg in terms of 
lowermg the free energy of activation The R 
group specificity has been measured very care- 
fully with leucme ammopeptidase (24) Here w'e 
fiind, m contrast to former assumptions that this 
peptidase attacks only leucme compounds, that 
this enzyme hydrolyzes a variety of peptides con 
tammg different ahphatic residues The simplest 
compounds are the homologous ahphatic ammo 
acid amides and stnctly comparable data have 
been obtained for their hydrolysis It appears 
from these data (fig 3) that the bmdmg by the 
protem of the side cham is a function of the mass 
of the side cham m terms of its molecular weight 
This suggests that the bmdmg forces mvolved 
may perhaps be those of Van der Waal’s forces 
smce it is difficult to msuabze other forces which 
are capable of bmdmg ahphatic side chams Here 
IS a fourth effect which determmes the spe- 
cificity of these enzymes 
A fifth factor is one which appears to be a 
stenc effect With leucme ammopeptidase we find 
that L-leucmamide is hydrolyzed very rapidly , on 
the other hand, n-leucmamide is hydrolyzed at 
less than one-ten thousandth of the rate (7, 24) 
We cannot fix this m absolute terms smce it is 
almost impossible to make absolute kmetic meas- 
urements mvolvmg such a slow hydrolysis The 
difference m rates between these n and n com- 
pounds IS obviously due to the polyafiimty rela- 
tionship, namely, the isobutyl side chain of the 
D-ammo acid amide hes m such a position that it 
cannot combme with the protem at the same time 
as there is a combmation of the ammo group and 
the peptide mtrogen with the metal When the 
relative rate of hydrolysis of n-leucyl-n-alamne is 
compared to n-leucyl-D-alanme a different optical 
effect IS observed Here the n-compound is hydro 
lyzed about 25 times more rapidly than its dias- 
tereoisomer, irleucyl-n-alanme (24) Smce the 
residue attached to the mtrogen of the sensitive 
peptide bond does not appear to have any affinity 
for the protem, this must be mterpreted as a steric 
effect m which the methyl group of the n-alanme 
hes in such a position as to mterfere vnth the com- 
bmation of the metal with the peptide mtrogen 
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The residue attached to the peptide nitrogen does 
not seem to be bound by the protein, because the 
rates of hydrolj^ for a vanety of compounds are 
almost identical, L-leucmauude, irleucylglycme, 
L-leucyl-L-alanine, and n-leucyl-0-alanme aie all 
hydrolyzed at the same rate so that the presence 
or absence of a carboxyl group or the change m 
position from an a-ammo group to a /3-ammo 
group has no effect whatsoever Thus, there is a 
fifth effect which is stenc and which can influence 
the specificity of these enzymes 
To summarize, it may be remarked that while 
most earher concepts of enzyme specificity were 
represented almost exclusively m terms of vague 
concepts such as lock and key mechanisms, we 
can non utilize the available information to eval- 
uate separately at least five factors which deter- 
mme the specificity of an enzyme Undoubtedly, 
many other factors will also be discovered The 
peptidases represent an extremely favorable 
group of enzjmes m which to mvestigate these 
factors because the genius of Emil Fischer and 
Max Bergmann has giien us the techmques for 
mrjTng the potential substrates almost at will 
Our concepts of how enz 3 mes work has been 
presented for the peptidases because we seem to 
be in a better position to do so with tins group of 
enzjmes Obnouslj^, two questions emerge m 
terms of the general tlieorj’' which has been pre- 
sented First of all, do these concepts applj' to 
other metal enzjmes’ Perhajis the simplest illus- 
tration as to how thei apph niai be shown with 
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carbomc anliydiase (15) Here is an enzjme which 
contams zinc as the active metal as shown by the 
woik of Keihn and Mann (25) The substrate, 
bicaibonate ion, is exiiremely simple m character 
and tlieie can be no great concern about R group 
bmding with the protem In fact, this factor may 
be neglected completely and we may suppose that 
zmc foims a chelate complex with the protem 
on one hand and with two of the oxygens of bi- 
carbonate ion on the other Smce the bicarbonate 
ion has a resonatmg structme it doesn’t matter 
which tw'o aie postulated Hydrolysis is obviously 
a basic catalysis After the sphttmg occurs, carbon 
dioxide IS bound to one valence of the zmc and 
hydroxyl ion with the othei Smce this enzyme 
18 reversible m its action, these are the bmdmgs 
that lead to the formation of bicarbonate ion It 
should be emphasized tJiat the types of hnkages 
that have been postulated are not hjqiothetical 
Zmc bmds strongly with carbonate and zmc car- 
bonate IS an extremely insoluble substance with 
httle tendency to dissociate Likewise at pH 7 0 
it IS well-knowm that zmc forms subcarbonates 
which are mixed compounds contaming both hy- 
droxyl ions and carbomc acid Thus, the types 
of linkages that have been assumed for the re- 
versible action of carbomc anhydiase are identical 
with those known to exist for ordmary morgamc 
combmations of zmc 

Similarly, the ^-keto-carboxyhc acids like 
oxalosuccmic acid and oxaloacetic acid form beau- 
tiful spectroscopic chelate complexes with metal 
ions as reported by Komberg, Ochoa and Mehler 
(26) In fact, with some of these compounds the 
combmation with the metal is suflicient to lower 
the free energy of activation enough so that de- 
carboxjdation proceeds With others, the protem 
IS required m order to make the metal more elec- 
tropositive and to low er the free energj’’ of activa- 
tion still further Oxalosuccmic acid is rather 
unstable at pH 7 0 m the absence of any outside 
agents, adding a trace of metal whicli forms a 
chelate complex lowers the free energj' of actu a- 
tion enough to allow the decarboxwlation to pro- 
ceed On the other hand, acetoacetic acid is ratlier 
stable in aqueous solution and combination with 
metal alone does not lower the free energj of 
actuation suflicientlj Here the specific protein 
IS required In a similar manner, these concepts 
of the chelate complexing of metals ma\ lie ap- 
plied to aanous other metal enzjTnes such a- the 
phosiihatases, phosphorj lases, etc 

A second question is, what about tlio=c enzjancs 
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which do not contain metal ions The discovery 
of the metal m carboxypeptidase represents an 
object lesson m our type of thinking Perhaps 
other enzymes which are known to exist m fairly 
homogeneous form should be tested for the pres- 
ence of metal ions On the other hand, there are 
many enzymes like crystalbne trypsm, which do 
not contam metal ions We examined the action 
of vanous substances on crystalline trypsin and 
could not find any inhibition whatsoever by the 
usual metal poisons (11) Here our thinkmg must 
be different 

Smce it IS probable that all en 2 ymes function 
by a fundamentally similar mechanism, let us 
assume that the chelate character of the enzyme- 
substrate combmation is correct, and that the 
low'ermg of the free energy of activation is due 
in each instance to electiomc deformation Then, 
where there is no metal present, the r61e of the 


metal ion must be taken over by other groups 
within the protein itself There are extremely 
electropositive and electronegative groups in pro 
terns It would be useless at the present tune to 
speculate as to the nature of these active group 
mgs m the vanous enzymes This is an experi 
mental task for the future However, it is well to 
recall at this point the extremely valuable and 
fundamental observations of Bergmann, Fruton 
and their collaborators (1) on the synthetic sub 
strates of trypsm and other protemases Trypsin 
hydrolyzes synthetic peptide denvatives which 
contam free polar groupmgs, benzoylargmin- 
amide contains a free guanido group, benzoylly- 
sinanude contains a free epsilon ammo group We 
must suppose that there is a combination between 
these polar groupmgs and groups at the peptide 
linkages with as yet unknown groups m the 
enzymes 
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The uptake of labeled ammo acids by tissue 
proteins has been construed by ivorkers m this 
field to be the same as protem synthesis We shall 
return to this topic later Assummg, for the 
moment, this to be true, there can be no question 
that those who have entered the field were m- 
fluenced by the work of Schoenheimer and his 
colleagues (1) who proved that the rate of protem 
degradation and resynthesis in mm was much 
faster than was envisaged m the theory of en- 
dogenous and exogenous protem metabolism We, 
m the Pasadena laboratory, had come to this con- 
clusion some years earher (2) Our evidence was 
mainly mdirect, some additional evidence came 
from crude labelmg experiments, and some was 
inferred from data on the free energy of forma- 
tion of the peptide bond We referred to the 
dynamic steady state of breakdown and synthesis 
of protem as the ‘contmumg metabolism’ of 
mtrogen The response to tins view, generally, 
uas unsjmpathetic The direct and mcontro- 
vertible evidence came from the experiments of 
Schoenheimer and his colleagues on the feedmg 
of N’‘ labeled ammo acids and ammoma This 
work and the clearmg up of the problems of crea- 
tine (3-5) and of creatimne (6-S) formation cut 
aw ay all the support of the theory of endogenous 
and exogenous metabolism of protem 

We were emboldened then to look with labeled 
amino acids for evidence of protem synthesis in 
mtro 

In iitro studies emplo 5 ang tracers appear to 
offer the best chance, at present, of gainmg some 
insight into the mechanism of the biological S 3 ’n- 
thesis of protein The follomng considerations m- 
dicate the expenmentol problem of findmg en- 

' The ex-periment il data of the authors pre- 
sented here were obtained m a project under the 
joint sponsorbhip of the United States Atomic 
Uncrp\ Commission and the Office of Xa\ il Rc- 
searcli 


dence of protem synthesis in miro The minimum 
duration of the in mvo expenments uith Ni‘ 
labeled ammo acids was 3 days, in vUro the maxi- 
mum time IS about 6 hours On the basis that 
the rates in miro would be the same as in vivo the 
concentrations of labeled ammo acids hkely to be 
m a tissue protem were, therefore, m the in mtro 
axperiments 1/12 or loughly 10 per cent of those 
in vwo Fm^thermore, whereas the whole organs 
or carcasses of several animals are available for 
analysis after an in mvo experiment, only 100 mg 
of protem or less may be available after in miro 
expenments, especially where one wishes to make 
a senes of comparisons Roughly, then, the 
amount of a labeled ammo acid to be measured 
after an in miro experiment is about 1 per cent 
or less of that aftei an in mvo ex-peiiment With 
radioactive isotopes such as and S“ tins can 
be done easily One tenth of a microgram of a 
labeled ammo acid with a specific actinty of 
100,000 count/mm/mg can be measured We 
have been able to use leueme and lysme with 
specific actixnties as low as 6000 counts/mm/mg 

C'^ IS the isotope which has been used most m 
in mtro work so far, it is especially convement be- 
cause of its long half life of 5100 5 'ears and ease of 
measurement S“ has a half hfe of 87 daj'S 
Tntium lias been made aiailable recentljq its 
half hfe is 31 j'ears 

Table 1 gives some figures on the amounts of 
different labeled ammo acids taken up in mtro bj 
intact cells of different ammal tissues Ammal 
tissue shces or cells were suspended m a saline 
solution contammg the labeled addituc and in- 
cubated at 36 to 3S° The experimental time 
xaned from 2 to 6 hours, the figures gnen rcjire- 
sent approximate!}' the maximum uptike and 
indicate the orders of magnitude in tlie longe-t 
time it IS useful to run ex-penments of tlii'' kind 

The tible sliovt that both inciiqiea^ ible ami 
dispensable ammo acid« arc taken i/i mtro In 
tissue proteins E\or\ tL==ue <=0 far te-twl has 
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taken up everj’^ labeled amino acid presented to 
it 

Of the normal tissues so far mvestigated the 
uptake was fastest m bone marrow cells The 
rates were slower and approximately equal m 
hver shces and m diaphragm It is mterestmg that 
the CO: of bicarbonate is so rapidly taken up 


Table 1 Uptake of labeled amino acids 
BT INTACT cells IN VITRO 


REFER 

ENCE 

LABELED 

ADDITIVE 

AltT OF LABELED AlONO 

ACm/GU PROTEIN 



Rai litter dtsM 

(0) 

NoHCOj 

0 76 mg Aspartic + glutamic 

(10) 

DL ^Innine 

0 15 mg Alanine 

(11) 

DL Methionine 0 0069 mg Methionme + 



0 0028 mg Cjstemo 



Ral Diaphragm 

(12) 

L Leucine 

0 23 mg Leucme 

(12) 

Glycme 

0 16 mg Glycine 

(12) 

L-LjTime 

0 054 mg Lysine 


Rahbxi Bant Afarroio CelU 

(12) 

L Ijeucine 

1 15 mg L«ucme 

(12) 

L Lyame 

0 67 mg lij’sme 

(12) 

Glycme 

0 58 mg Glycme 


E Colt, Non pToltferaiino 

(13) 

DL-Methionme 0 68 mg Methionme 

Table 2 

Uptake 

OF AMINO ACIDS BY NORMAL, 


ADULT 

AND OTHER TISSUES 


iETER- LABELED COUNTS/ltlN/ilO 

ENCE ADDITIVE ACE PHOTEIN 


Eai Liver Homogenate 
(15) Glycine Fetal 375 

Adult 11 

AUT OF LABELED AITIEO 
TVPE Aao/OIL PROTEIN 

Rat Liver Slices 

(10) DL-Alamne Hepatoma 1 12 mg alanine 

Fetal 0 88 mg alanine 

Normal 0 15 mg alanine 


mto the dicarboxyhc acids of protems The rapid 
uptake of labeled amino acids by bone marrow 
cells and diaphragm mdicate that these tissues 
may be useful biological objects for a variety of 
physiological and pathological studies 
The figures on the amounts of labeled ammo 
acids taken up have, as thej’' stand, only an opera- 
tional significance From figures such as these one 
can calculate how many counts one is hkely to 
find m the protem A more relevant presentation 
of the results is as percentage of the labeled 
ammo acids in the protem which had become 


labeled, and to compare those figures mth com- 
parable ones obtamed by Schoenheuner and his 
colleagues with labeled ammo acids in mvo 
For example, the latter workers found that after 
feedmg labeled leucme to a rat for 3 daj's 8 
per cent of the leucme m the hver protems was 
labeled (1) , we may say, therefoi e, that m 4 hours 
about 0 5 per cent was labeled Our figure for 
bone marrow cell protems in vitro m 4 hours is 1 
per cent In rat h\ er shces Melchior and Tanker 

Table 3 Uptake of amino acids by intact 

AND broken cells 

UPTAKE IN 


REF 


INTACT CELLS 

ER 

LABELED HOW 

UPTAKE IN 

ENCE ADDITIVE BROKEN 

Rat Liver 

BROKEN CELLS 

(11) 

DL Methi Homogenised 
omne 

4to« 

(16) 

Glyo ne Homogemrod 

3 


Rat Diaphragm 

02) 

Glj cine Homogenised 

4 

(12) 

L-Leucme Homogenized 

4 

(12) 

L Lyaine Homogenized 

6 


Rabbit Bone Marrow 

(12) 

Glycme Cytolyied with 
water 

No uptake m broken celts 

(12) 

t-Leucmo Cytolyied with 

No uptake m broken cells 


water 

* 

(12) 

L Lyime Cytolyied with 
watei 

No uptake in broken cells 

(12) 

Glycme Lyophilizcd 

No uptake m broken cells 

(12) 

L-Leuane Lyophihied 

No uptake m broken cells 

(12) 

L Lyeme Lyophihied 

No uptake m broken cells 

(12) 

Glycme Frozen and thawed 

6 times 

No uptake m broken cells 

(12) 

i#-Leucme Frozen and thawed 

0 times 

No uptake in broken cells 

(12) 

Giycine Cytolyzed with 
ether 

Almost no uptake 

(12) 

L-Leucme Cytolyied with 
ether 

Almost no uptake 


found 0 3 per cent of the methiomne labeled m 4 
hours, Zamecnik el al found 0 23 per cent of the 
alamne labeled m 4 hours and 5 tunes this amount 
m hepatoma cells The uptake of L-lysme by hver 
homogenate is about as fast as in mvo (14) These 
estimates, rough as they are, are sufficient to 
mdicate that the uptake of labeled ammo acids 
by tissue protems is of the same order of magm- 
tude in miro as in mvo 
The uptake of labeled ammo acids is much 
faster m embrjmmc and mahgnant than m normal 
adult tissues (table 2) Rabbit bone marrow cells 
which have the fastest uptake of any tissue m 
normal pTumals so far tested belong, of course, 
with embryomc tissues 

Mechamcal damage to cells reduces the rate at 
which their protems take up labeled ammo acids 
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(tables 3 and 4) Tlie impoitant point is that liver 
homogenate (table 5) does take up glycine, leu- 
cine and lysine at a considerable rate The rate 
of uptake of glycine by an homogenate is, to be 
sure, slower than in hvei slices, but only one third 
slower, and the rate of uptake of lysine is as fast 
as tn mm The uptake of l 3 'suie by liver homoge- 


Table 4 Uptake of amino acids bi liveh 

HOMOGENATES EFFECT OF VARIOUS 
TREATMENTS 





RELATIVE 

xtrtJL 

LABELED 


ACTIVITY OF 

irsxE 

ADDITIVE 

TEtAniEOT 

PROTEIN 



Rat 



m 

Gl> Cine 

None 

100 



Homogenued mth dia 
tilled irater 

Froren and thaired 6 


19 



times poor to beinp 
homogemred 


6 



Cfuinea Ptg 

WHOM 

SEDI- 

ItENTED 




aroifoo- 

FEAC 




ENATE 

TION 




pH 6J 

pH7A 

m 

L Lysme 

None 

100 

100 



Ether 

Froten and thaived 6 

78 

72 



times 

no 

90 


Table 5 Uptake of amino acids bt whole 

LIVER HOMOGENATE AND SEDIMENTED 

fraction 


up diffeient ammo acids (table 6) The differences 
in the absolute lates me much gi eater than that 
of the relative rates Thus bone man on cells 
take up the 3 ammo acids five times as fast as 
diaphiagm although the ordei is the same 
In the one case tested so fai, that of tysme, the 
L-isomer is taken up by hvei homogenate piotem 
much fostei than the unnatural n-form (table 7) 
A part certainly, and possibly all, of the effect 
with the D-lysme may be ascribed to the small 
amount of the L-form m the n-preparation used 
In the course of an experimental run the rate of 
uptake of labeled ammo acids by labbit mairow 
cells and rat diaphragm is nearly hneai up to 3 


Table 6 Relatii B uptake of gltcine, l- 

LEUCINE, AND D-LTSINE BI DIFFERENT 
TISSUES 


RABBIT BONE 
HARROW CELLS 

i 

RAT DlAPHRACil j 

GUINEA PIG LU ER 
SEDIUENTED 
FRACTION 

(12) L JLeucino 

100 

( 12 ) L Ijeucme 100 

(12) L L>sine 

100 

i.-Lysine 

73 1 

L-Lj-sine 79 

Glycine 

34 

Glycine 

61 

Glycine 34 

p-Leueme 

29 


Table 7 Uptake of L-ltsinb and D-lysine 

BY GUINEA PIG LIVER HOMOGENATE 


lETEX- IABHETi Acxmiv OF PaoTElN 

ENCE ADOmVE COtJNTS/jnN/jIO PIOTEIA 


REFER 

LABELED 

LIVER 

Ajrr OF AUINO Acn)*/G 1 L 

ENCE ADDITIVE 

FRACTION 

PROTEIN 

(16) 

Glycme 

Whole 

015 mg Senne + glycme 


Glycme 

Sedimented 026 mg Senne 

at 2500 ff 4- 

004 mg Gb cme 

Guinea Pig 

(14) 

L Lysmo 

Whole 

0 13 mg Lysme 


L-Lj’SZDO 

Sedimented 
at 2600 g 

0 33 tag hysiae 

(12) 

Gljclne 

Sedimented 
at 2500 g 

0 13 mg Glycme + senne 


D-Leueme 

Sedimented 
at 2500 g 

0 11 mg Leueme 


nate appears to be a special case of winch we 
shall have more to saj’' later 

But an homogenate is neither an enzjTne solu- 
tion nor a suspension of insoluble protem A large 
fraction of tlie suspension consists of organized 
particles such as nuclei and mitochondria Wlien 
vorkmg mth homogenates ve are not free of 
organized structures, and the leiel of organiza- 
tion of the particles is mucli higher than ea en that 
of proteins 

Tissues differ in the rates at vluch tliey take 


(14) L-Ljsine 2 5 

D-Lysine’ 0 6 

* Contained 7-15% L-lysine 

to 5 hours (fig 1) In the case of glycme (fig 2) 
with hver homogenate the rate is logantlumc up 
to 6 hours (when uptake is plotted against the 
loganthm of the time a straight hne is obtained) 
In all of these cases nhetber tlie rate is Imear 
or logantlumc it does not decime appreciablj' up 
to 3 to 4 hours Lysine m liver homogenate agam 
is an axception, the reaction comes to a stop in 
2 hours (fig 2) 

The dependence of the rate of uptake on tlie 
imtial concentration of labeled ammo acid is in 
all cases but one up to a concentration of 50 mg 
per cent, (approximate!} 0 005 niohl) loganth- 
mic (figs 3, 4 and 5) High concentrations nnj 
be somenlnt mlubitoia’’, as has been obsened in 
other enzjmiatic reactions with ammo acid*- The 
exception agam is tlie uptake of Ijsinc b} lucr 
homogenate (fig 5) Tlie relation of upt ike to 
initial concentration of lalieled 1} -me is m coiitri- 
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distinction to all the other cases linear instead of 
logaritliniic 

The inipoitant point in the data of figures 3, 4 
and 5 is that the concentrations of labeled ammo 
acids from which tissues can mcorpoiate them 
mto their piotems are of the order of those m the 
blood And the dependence of the rate of uptake 
on the concentration of labeled ammo acid is 
greatest m the physiological range of concentra- 
tion 


RAT DIAPHRAGM 



RABBIT BONE MARROW CEaS (121 



Fig 1 Rates of uptake of aimno acids (12) 


RAT LIVER HOMOGENATE GUINEA PIG HOMOGENATE 
GLYCINE L- LYSINE 

WINNICK Ef AL 116) BORSOOK ET AL 1141 



HOURS HOURS 

Fig 2 Rates of uptake of ammo acids 


Some years ago we determmed the free energy 
of formation of the peptide bond m a number of 
simple di- and tn-peptides It was clear that over 
the pH range from 4 to 8 and at any practical 
ammo acid concentration the equihbnum posi- 
tion was beyond 99 9 per cent hydrolysis of the 
peptide Ionization constants and solubilities were 
taken mto account Peptide synthesis, under 
ph} siological conditions, could not, therefore, be 
a simple mass action reversal of hydrolysis (2) 
The process must be coupled with an energy 
donatmg reaction Most of the protem m the cell 
IS unhj’-drolyzed , and not because the system is 
mert, Schoenliemier and Ins colleaguess proved 
that the proteins of all tissues are contmually 
bemg broken down and resynthesized At thermo- 
d5'namic equilibuum the protem of the body 


would be practically all hydrolyzed if not coupled 
with eneigy donatmg reactions The steady state 
with regard to protems is mamtamed where it is 
by the respiration of the cell 
It was to be expected, therefore, that if the up- 
take of the labeled ammo acids by tissue proteins 


RABBIT'BOfE'MARRCW CEUS 1121 



I 9 to SO DO SOO 1000 


INITIAL COCENTRATION MG PER CENT 

Fio 3 Effect on uptake of concentration of 
ammo acids The abscissa is on a loganthmic 
scale, ordinates for each curve are fractions of the 
maximum 



9 1 5 10 

INITIAL CONCENTRATION MG PER CENT 


Fig 4 Effect on uptake of concentration of 
amino acids The abscissa is on a logarithmic 
scale, ordinates for each curve are fractions of 
the maximum 

IS, mdeed, peptide synthesis that this process 
would be inhibited by mhibition of lespiration 
Figure 6 shows that this is the case The effects 
of dmitrophenol and of arsenate suggest that 
respu-ation piomotes peptide synthesis by way of 
phosphorylation 

The foregomg observations are m accord ivitli 
those of all other workers Thus Melchior el al 
(13) found that the uptake of methiomne by E 
coh was inhibited by azide, fluonde and cyanide, 
Winick et al (16) found that oxygen consumption 
and glycme uptake by rat hver homogenate went 
together and that the process nas inhibited by 
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anaerobiosis Frantz el al found that nnaerobi- 
osis (17) and dinitrophenol (18) inhibited tlie up- 
take of alanme by rat liver shoes 
Tlie exception, agam, is the uptake of lysine 
by the proteins of guinea pig hver homogenate 
Table 8 summanzes some of the major differences 
m the process of l3'Bme uptake by hver and that 
of all other ammo acids m all tissues so far e\- 
amined Lysme is taken up by at least tv o differ- 


RAT LIVER HOHOCENATE GUlfEA PIG UVER HOMOGENATE 
aVCINE SEOIHENTEO FRACTION 

wiuM r «. 116) L-LYSINE 



Fig 6 Effect on uptake of concentration of 
ammo acids The abscissae for the gl3mine and 
l3'sme curves are logarithmic and Imear, respec- 
tivel}'', ordinates are fractions of the maximum 


RABBIT BONE MARROW ii2i 

of Of (soATivngwE of 


Honffirron 

mmmiti 

mnwma. 

WBtn 

ASSDinE 


m»«rroB 

««R06OSO 

O'ftKPttMJ. 

AflSENITE 

«tSEH»TE 

AZOE 


3 M 40 60 60 (000 M 40 AO 60 fOO 0 



NONE 

NONE 

NOftE 

HONE 

MffE 

NONE 




(tots 

NONE 


RAT DIAPHRAGM lui 
0 204060001000 10 to iO to 100 0 iofoyooco 


NONE 

NONE 


Fio 6 Uptake of aiuino acids in presence of 
oxidation and phosphorylation inhibitors The 
concentration of the inhibitors vas 0 001m 


ent processes m hi’^ homogente, characterized 
b3' differences m pH optimum, dependence on 
calcium ions, 6ensitixat3’’ to fluonde and to oxida- 
tion and phosphoiydation mlubitors (14) 

The findmgs with lysme caution against gen- 
eralization even with respect to so elementaiy a 
condition as dependence of ammo acid uptake on 
respiration S3Tithesis of peptides b3^ coupled 
reactions between peptides and h3'drol3'tic en- 
Z3Tnes, as disco\ered b3’- Beigmann and Ins col- 
laborators (19), ma3’^ pla3' a part, and these vould 
not depend on respiration Or s3Titheses analogous 
to those of disaccharides bv sucrose phosphoiy- 
lase discmered b3 Doudoroff d al (20) maa 


occur In the latter case most of the free energy 
of the bond is retained in a complex of the enzyme 
and one cleavage pioduct Another cleavage prod- 
uct may then recombme mth that on the enzyme 
and so reconstitute a peptide bond, and this 
process would be mdependent of respiration 
We have surveyed the effects of metal ions such 
as cobalt, copper and manganese on the one hand 
because of the well known effects of cobalt and of 
copper on hemoglobm and red cell formation, and 


Table 8. Comparison of conditions affecting 


THE UPTAKE OF AMINO ACIDS IN DIFFERENT 

tissues (12) 


OLVONE, LEUCDfB 
AFJD L\SINE IN BONX 



UABHOW CELLS AND 



DIAPHBAGir AND 

LYSINE 

GLYCINE IN LIVElt 

Whole 

Sedimented 

HOMOGENATE 

Homogenate 

Fraction 


Optimum pH 
Froien and 
thawed 
Dependence 
on calcium 
Anaerobiosi* 

Aiaenite 

Arsenate 

Ande 

Dmitro 
phenol 
Dependence 
on concen 
tration of 
ammo acid 


7 3-7 5 

100% inhibition 
None 

100% inhibition 

100% inhibition 
80-95% inhibi- 
tion 

85-76% mhibi- 
tion 

100% inhibition 
Loeantbmic 


6 2 7 6 

No mhibition No mhibition 

Obligatory Sight 

No inhibition Slight mhibi 
tion 

50% inhibition No inhibition 
24% inhibition No inhibition 

20% inhibition 8% mhibition 

28% mhibition No mbibit on 

Linear Linear 


Concentration of mhibitora was 0 001 u 


on the other because the actmty of a number 
of peptidases depends on these ions 

In bone marrow cells cobalt, copper and man- 
ganese were mhibitor3’' with all 3 ammo acids o\ er 
a range of 005 to 0001 molal The final concen- 
trations of the free metal ions m the reaction 
medium were certainly much less than these 
SubstantiaU3'' the same effects uere obsened m 
diaphragm Of the 3 metal ions copper uas the 
most inlubitory and manganese the least In In cr, 
copper uas mlubitor}' at an addetl concentration 
of OOOIm or higher Manganese uas not mhibi- 
tor3' and at concentrations belou OOOIm there 
ina3’’ have been a slightl3 increased rate of iiji- 
take These findings argue against participation 
of peptidases m the uptake of laliclcd amino acids 
b3 tissue proteins 

The effects of cobalt m Iner lioniogcnate uerc 
especiall3 interesting and jioint to the need of 
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caution in interpreting the effects of metal ions 
Table 9 shows that the addition of cobalt (Co Cli) 
increased the counts which could not be washed 
out of the protem after the homogenate had been 
meubated with labeled leueme or glycme But 
after the proteins (which had been exliaustively 
extracted mth tnchloroacetic acid) were treated 
with the ninhydrm reagent the COj hberated gave 
a larger fraction of the counts ongmally m the 
protem As the mnliydim reagent hberates COa 
from the carboxyl groups of ammo acids only 
when both their carboxyl and ammo groups are 
free, we have mterpreted tins result as mdicatmg 


Table 9 Effect of cobalt on uptake of 

L-LEUCINB AND GLYCINE BY OmNEA PIG 
LIVER HOMOGENATE SEDIMENTED FRACTION (12) 


COVCEVTRA 

TION OF 

CoCh ADDED, COTTNTSAiIN/ 
MOLAL MG PEOTEIN 

APTEE NINHYDRIN 
TEEATUENT OF PEOTEIN 

counts/min/mo 

PEOTEIN 

Calculated 
m COi remaining 

hberated in protem 

INHIBITION 
OF VTTAKE 
% 


h-Leucine 



0 

3 0 

0 

3 0 


0 005 

10 0 

9 5 

0 5 

83 

0 001 

2 5 

1 4 

1 1 

63 

0 0005 

2 6 

0 7 

1 9 

36 

0 0001 

4 2 

0 1 

4 1 

0 



Glycine 



0 

7 4 

0 

7 4 


0 005 

9 3 

6 3 

3 0 

59 

0 001 

4 1 

1 8 

2 3 

68 

0 0005 

7 7 

1 3 

6 4 

13 

0 0001 

8 5 

0 6 

7 9 

0 


the formation of a protem-cobalt-ammo acid 
complex Similar results were obtamed with ly- 
sme, but as the latter ammo acid was labeled m 
the 6-position treatment with the ninhydrm re- 
agent could not be used to demonstrate the 
protem-cobalt-ammo acid complex Table 9 shows 
that as far as the actual mcorporation of ammo 
acids mto the proteins is concerned, cobalt was 
inhibitory, as it was m marrow cells and m 
diaphragm 

The degree of complex formation is greater the 
greater the concentration of added cobalt Not 
all proteins form this complex with cobalt to the 
same degree The most active we have found are 
those m the sedimented fraction of hver homoge- 
nate, diaphragm proteins come next, bone mar- 
row protems and egg albumm are the least active 
Amm o acids also vary m their abihty to partici- 


pate m this complex formation Of the 3 anlmo 
acids we have tned the ordei of effectiveness is 
leueme, glycme and lysme The fonnation of tins 
complex takes about 6 hours to reach completion 
at 38°, it does not proceed below pn 6 0, and in- 
creases progressively at pH values above that 
Havmg several tissues each of which was cap- 
able of takmg up glycme, leueme and lysme we 
were m a position to examme whether the amin o 
acids mutually influence them uptake The re- 
sults summarized m figure 7 show that glycme, 
leueme and lysme are taken up mdependentlj' m 
the 3 tissues tested The counts m the protein 
when all 3 ammo acids were added together was 
the sum of the 3 added separately 
In other ex-perunents addition of 2 radio-mac- 
tive ammo acids together with one winch was 
radio-active did not affect the uptake of the 
latter Nor did the addition of a mixture of ammo 


eumiA PIC OVER 
srowENKD rniimw 


m 


ajc i-tac 

KIS. 


m 


1305 


10 70 


RATOMPWMCM 


37 

37 
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•173 


-857 
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PfCTEB 
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Fig 7 Uptake of amino actds added sepa- 
rately and together (12) 


acids approximatmg the composition of casern or 
of hemoglobm affect the uptake of labeled glycme, 
leueme or lysme 

This result needs to be correlated or reconciled 
with the observations m feedmg experiments (21- 
25) It was found m those expenments that an 
mdispensable ammo acid is meffective for growth 
or recovery from protem depletion unless it is 
fed withm a few hours of other necessaiy ammo 
acids In all of the in vitro expenments so far the 
tissues no doubt contamed all the normal ammo 
acids to some extent 

A major assumption underlymg all this aork 
18 that radioactivity m the protem after incubat- 
mg a ti^ue with a radioactive ammo acid means 
that the labeled ammo acid has been mcorporated 
mto it by peptide bonds The whole structure of 
mterpretation rests on this assumption It has 
not been proved 

After it was found possible to identify with the 
mnhydrm reagent the bmdmg of labeled ammo 
acids to protem by cobalt aU the crucial expen- 
ments with bone marrow cells, diaphragm and 
hver homogenate with glycme and leueme vere 
repeated and the nmhydnn test apphed to their 
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radioactmt)’- The test is apphcable to our glycine 
and leucine, nhich were labeled in their COOH 
groups, but not to the lysme, wluch was labeled 
m the e-po3ition The CO 2 hbeiated by mnhj’-drm 
from all the radioactive protems, in those evpeu- 
ments m which no cobalt nas added, gave no 
counts We may conclude, then, that the labeled 
ammo acids were bound in such manner that 
either their COOH or them ammo groups were 
masked, possibly by participation in peptide 
bonds but possibly also m bonds of some other 
kind 

In many of the experiments by other workers 
and m all of ours the labeled amino acid was re- 
covered as such after acid hydrolysis of the pro- 
tem This showed that the radioactivity was 
earned mto the protem by the labeled ammo acid 
m such form that the ammo acid could be re- 
covered as such after complete acid hydrolysis 

The results of this test and of the nmhydrm 
test were necessary but they are not sufficient 
evidence, they are not proof that the labeled 
ammo acids were mcorporated by peptide bond 
formation 

It would be proof if a peptide cou'd be isolated 
and identified among the partial hydrolysis prod- 
ucts of a radioactive protem To obtam such 
endence bone marrow protem was obtamed 
radioactive by meubatmg the cells mth labeled 
leucine An ahquot of the protem was treated 
mth mnhydnn and the CO- evolved gave no 
counts The protem was partially hydrolyzed 
with a mixture of strong acetic and hydrochlonc 
acids for 10 da}^ at 38°, and tlie hydrol 3 wte nas 
then chromatographed on a starch column ac- 
cordmg to the method of Moore and Stem (26) 
The effluent fractions were analj'zed with the 
nmhj'dnn reagent for ammo mtrogen and also for 
radioactivity One region was found of comcidmg 
mnliydnn color and of radioactivity The posi- 
tion of this region n as m advance of the position 
of leueme, m fact 2 non-radioactive nmhj’-dnn 
bands mtervened between it and the leucine band 
0\er 90 per cent of the radioactmt}’" ongmally 
m the protem n as m the one radioactn e band 

Fractions at the peak of the radioactive band 
1' ere pooled and completely hj'^drolj'zed mth HCl, 
and the hydrolj’sate n as again chromatographed 
The complete hidrolysate gaw a starch chro- 
matogram indicating 17 or more ammo acids m 
the In droh sate All of the radioactmti n as con- 
fined to the leueme plus isoleucine band Gamer 
isolation Mas then applied to this radioactn e 


fraction and all of the radioactnnty was identified 
as being m the leucine These results showed that 
partial hydrolyses of the radioactive protem liber- 
ated the mcorporated radioactive leueme m a 
large peptide 

Hie objection to this particular piece of evi- 
dence IS that the radioactive fraction m the 
partial liydrolysate emerged from the starch col- 
umn too soon for good lesolution, and the peptide 
fraction m n Inch the radioactivity was found was 
too complex for determmation of its structure 

We have repeated this experiment several times 
on bone marrow protem contammg labeled gly- 
cme, leueme and lysme Among the partial hydro- 
lyzed products a large peptide n as found contam- 
ing leueme and lysme 

This land of evidence brmgs us closer to ngor- 
ous proof that the labeled ammo acids taken up 

Table 10 Synergistic action of fractions of 

GUINEA PIG LIVER HOMOGENATE ON 
UPTAKE OF GLYCINE (12) 

INCUBATED WITH rRACTIONS RADIO- TOTAL RADIO- 

SEDDIENTED AT ACTIVm OF EIGHT OF ACTTVITV OF 


2500 f 

30 000s 

PROTEIN 

PROTEIN 

PROTEIN 

-h 

_ 

Cls/mtnlmi 

0 69 

m 

60 

Cis/mttt 

— 

+ 

0 14 

59 

+ 

-f- 

0 72 

124 

89 


by the protem are mcorporated by means of pep- 
tide bonds, but it is not yet proof It will be 
necessary to identify the peptides, isolate them 
and show that the labeled ammo acids are con- 
stituent ammo acids of the peptides 
However the endence at hand, as far as it 
goes, is m accord mth the mterpretation that the 
labeled ammo acids are taken up by tissue pro- 
tems m peptide bonds Tliere are no discrepancies 
and the evidence is qmte x-aned m chaiacter 
Multiple labehng of protem followed by partial 
hydrolj'sis and isolation of the peptides promises 
to be a new and useful method of determining 
the detailed ammo acid pattern of proteins 
Workers m tlie field of biological oxidations are 
findmg that they have to deal with organizal 
cjinplasmic particles We haxe found this in the 
methjlation of guanidoacetic acid b\ methionine 
m luer homogenate We are now finding the 'inie 
in this field Table 10 summanzes a result we 
liaxe obtamed with labeled gheme in guinei jng 
hx'cr homogenate Tlie fraction =erhnicnto<l it 
2500 g wluch consists largeh of mitorhondn i, 
takes up gh cine actn eh , the fraction ‘^ciiimcntt-fl 
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above 30,000 g, microsomes largely, take up much 
less, vhen the two fractions are mcubated to- 
gether the amount of glycme taken up is about 
double the sum of the tvo when mcubated sep- 
arately There is clearly a synergistic action be- 
tween the two sets of particles 
A summary of the situation m this field at 
present runs somewhat as follows All the tissues 
so far tested can take up in mtro mto their proteins 
every labeled ammo acid which has been pre- 
sented to them The most active normal tissue 
m adult animals is bone marrow The uptake of 
every ammo acid m every tissue, with one excep- 
tion, IS immediately dependent on respiration 


The exception is the uptake of Ijsine by hver 
homogenate The effective range of labeled ammo 
acid concentration is vathm the order of that m 
the plasma, and the rate of uptake is of the order 
of that in VIVO Glycme, leucme and lysme are 
taken up mdependently of each other The en- 
dence mdicates that the ammo acids are taken 
up m peptide bonds, but this pomt is not yet 
proved There is evidence m the case of hver 
homogenate, at least, of a synergistic action be- 
tween two sets of mtracellular particles 
A one sentence summary is that the field of the 
biological synthesis of protem is now wide open 
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MECHANISM OF PEPTIDE BOND FORMATION 
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TThe present understanding of the mechanism 
of peptide synthesis deiives maml 3 '' from the 
stud}'’ of relatively simple reactions The ammal 
body has fortunately supphed a number of model 
reactions for the study of synthesis of peptidic‘ 
links m two-component ^tems Reactions of 
such a type are found among the so-called deto-a- 
cation reaction, hippunc acid synthesis as well 
as acetylation of aromatic amme are relatively 
convement model systems The study of the 
acetylation of aromatic ammes (1) m particular 
has relatively early furnished valuable detail 
which appears now rather generally apphcable 
It will, therefore, be advantageous to s umm arize 
first results obtamed with this reaction 

ACEITIATION OF AROMATIC AMINES 

Our mterest m this leaction had ongmally been 
aroused by the finding of acetyl phosphate as an 
intermediary in a reaction cham geared appar- 
ently on generation of energy-nch phosphate 
bonds (2) The emergence of this particular mole- 
cule, however, suggested that it might not only be 
a link, as it mdeed can be, m a phosphate transfer 
cham It was suggestive to imply that acetyl 
phosphate may, with the appropnate catalyst, 
also offer its orgamc part m a state of activation 
for synthesis (3) This expectation lead rather 
early to the generalization tliat carboxyl activa- 
tion b}"- phosphorylation may be a major phase m 
biosynthesis (3) 

After imtial disappomtments mth the use of 
sjmthetic acetjd phosphate, it was observed that 
acetate plus adenyl pyrophosphate (ATP) would 
sene m pigeon liver extract as acetj'l donor to 
aromatic anunes (1) Usmg a protem fraction of 
pigeon hver extract a near eqmvalence of ATP 

* To Eimphf} the follomng discussion, the term 
"peptidic link” IS introduced as generic name fora 
^NH CO-link between anj amino or carboxjl 
group The term “peptide link” is then rcseried 
for the l-carbo\j 1,2-amino-link between two alpha 



bieakdown and sulfonamide acetylation was ob- 
tained (4) 

In table 1 a closely related reaction is included, 
namely, the activation of acetate by ATP to 
form hydroxamic acid m the piesence of hydroxyl- 
amme With a somewdiat gieatei activity for 
hj'dioxamic acid formation in this exdract, the 
stoichiometnc lelationslup between acetylation 
and phosphate mmeialization appears more 
cleaily than m the case of sulfonamide acetyla- 
tion The overall condensation leaction is thus 
foimulated ’ 

CHaCOOH -b Ad~P~P + NHa R 

— > CH> CONH R -f- AD~P -t- Pinorg 

R stands here for either aromatic residue or the 
hydroxyl group of hydi oxylamme 

The hydroxamic acid reaction has proven a 
very helpful tool m the investigation of acyl ac- 
tivation Some tune ago, quite accidentally, we 
had become aware of an ex-plosive, non-enzymatic 
bberation of moigamc phosphate from acetjd — ■ 
or other acyl — phosphate on addition of liydroxyl- 
amme The correspondmg hj'droxamic acid is 
formed which gives wutli ferric ion a deeply puiple 
colored complex Tins reaction is used now foi a 
colorimetric determmation of the acyl phospliate 
(5) Furthermore, if added to an enzjmatic sj's- 
tem, hydroxjdamme maj' act as a trap for acti- 
vated carboxyl groups winch therebj’’ become 
accessible to detemunation by the color reaction 
(6, 9, 10) Due to the great reactmtj of hy- 
droxjdamme, the evaluation of such results re- 
quires well controlled conditions (cf 7) 

Tlie further establishment of the carbo\-jl 
group as the site of actuation m peptidic sjm- 
thesis appeared important In new of tlie exist- 
ance of an energj -rich N-P phosjiliate bond in 
creatine phosphate, the possibihtx of a prinian 
phosphorj lation of tlie amino group apjicarcd 
plausible As mentioned i)rc\aou‘^lj , cx])cnments 

: VD~P~P = VTP, \.d-P •= \DP, \d = 
adcnjhc acid 
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•uith synthetically prepared acetyl phosphate as 
acetyl donor for amines had proven unsuccessful 
More recently, however, Dr I^aplan studied m 
our laboratorj’’ a compound formed by enzymatic 
phosphorjdation of acetate with ATP, or phos- 
phopyruvate plus ADP, m extracts of E coli He 
found it to differ m some respects from synthetic 
acetyl phosphate This 'natural’ ATP-acetate 
reaction product appeared active as acetyl donor, 
the compound was sliown to condense with for- 

Table 1 Compabison of phosphate mineb- 

ALIZATION AND AMINE ACETYLATION OB HT- 
DBOXAMIC ACID FOBMATION IN FBACTION8 OF 
PIGEON LIVEB EXTRACT^ 


i 

ADDITIONS 1 

J’lNoao 

ACETYL 1 
BULF 
ANIL- 
KUJDZ 

HYDEOX- 

Ainc 

Acm 


fiif 

for mid 

tiU 

formed 

flif 

formed 


0 

0 

0 

ATP 

0 79 


1 

“ -t- sulfanilamide 

1 24 

0 64 

1 

“ -f hydroxylamme 

1 83 


' 1 4 


^ All samples contain acetate and coenzyme A 


Table 2 Sulfanilamide acetylation with 
‘natubal’ acetyl phosphate' 


ACETYL PHOSPHATE | 

ATP 1 

COENmUt 

A 1 

SULFANIL- 

AlODE 

ACETYLATED 

fliT 




8, synthetic 

1 

+ 

0 15 


10’ 


0 85 

6, natural 

6, natural 

i 

1 

+ 

1 

0 78 

0 23 


' 1 ml pigeon liver extract incubated 2 hrs at 
25° 

- + acetate 


mate m extracts of E coli yieldmg pyruvate It 
also acts, as shown in table 2, as acetyl donor 
for aromatic ammes, significantly still requirmg 
coenzyme A (8) 

This obsen’'ation then allows us to divide the 
o\ erall reaction mto two steps, 

acetate +Ad~P~P — >acetyl~P +Ad~P (1) 

acetyl P + amme 

acetyl-amme + Pinorsonio (2) 

The mtermediate formation of an acyl phosphate 
m the symthesis of a peptidic link is therewith 
established It remains, however, still doubtful 


if the two steps represent separable enzyme 
systems ® 

glutamine 

We now turn to the discussion of a very similar 
but more truly ‘peptidic’ reaction, the synthesis 
of glutamme Speck found this reaction m acetone 
pigeon hver extract (9) prepared analogously' to 
the one used m our sulfonamide acetylation e\- 
penments In such an extract, glutamic acid, ATP 
and ammoma yield anaerobically glutamme when 
cysteme and magnesium ion are present So far 
no mdication for an mvolvement of coenzyme A 
m this reaction has been found It is significant 
that hydroxylamme is practically as effective an 
acceptor as ammoma This reaction is very rapid 
In the experiment shown m table 3, 0 15 ml ex- 
tract were used only and m 15 rmnutes nearly 2 
micromoles of glutamme were formed 


Table 3 Glutamine synthesis in pigeon liveb 
extracts' 


SYsmi 

WITH 0 01 U NHlCl 

WITH 0 3 It 
NHsOH 

Amide 

formed 

Inorganic 

phosphate 

formed 

Hydro! 
amic aad 
formed 


pu 

pu 

pi! 

Complete 

1 91 

2 46 

1 41 

Without ATP 

0 08 


0 14 

Without glutamate 

0 13 

0 64 

0 11 


' Speck, J F / Biol Chem 168 402, 1947 


With this rapid synthesis and a relatively low 
background ATP-decomposition the stoichio- 
metnc relationship between ATP breakdown and 
glutamic acid-ammoma condensation appears 
most clearly Such rapid phosphate transfer fol- 
lowed immediately by' condensation leading 
eventually to phosphate hberation is remarkable 
It should make one very' cautious not to mistake 
an ATP-decomposition of such a type for ATP 
hydrolysis For instance, with some ammomum 
ion present, as is the rule in any crude tissue ex- 
tract, an ATP breakdown with added glutamate, 
due to glutamme formation, could easily be mis- 
taken for a ‘glutamate-catalyzed ATP-ase’ effect 

Simultaneously with Speck, Elhott in Cam- 
bndge, England, found m acetone brain exiract 
(10) and m bacterial preparations (11) an analo- 
gous glutamme and glutamhydroxamic acid syn- 

’ Recently a separation of the two enzymes, 
catalyzing steps 1 and 2, vas accomplished by 
acetone fractionation of pigeon hver ex-tract in 
the cold (14) 



September 1949 


PEPTIDE BOND FORMATION 


599 


thesis (table 4) Although Speck as well as Elhott 
was not able to show an ac}’’! phosphate accumu- 
lation m the absence of an acceptor, the leaction 
mth hydroKylamme strongl}’- indicates carboxyl 
activation as a primary reaction 

mppunic ACID 

A third peptidic synthesis of this t 3 T)e was 
found to be hippunc acid condensation Tlie p- 
anunohippunc acid synthesis has been studied ex- 
tensively by Cohen and his group (12) m rabbit 
hver homogenate In this case the synthetic 
activity IS particle-bound Tlie figure 1 from 
Cohen’s paper (12) shows anaerobic synthesis due 
to addition of ATP Because of the considerable 

Table 4 Gldtam-htdboxamic acid in brain 

EXTHAGTSl 


SYSTEM 

HYDEOX 

AltATE* 

PHOS- 

PHATE* 

Complete 

2 3 

1 9 

No glutamate 

0 

0 1 

No ATP 

0 

0 

No Mg 

0 3 

0 2 


' Elliott, W H Nature 161 12S, 1948 
* Data for hydroxamate formation and phos- 
phate liberation m iiu/sample 


z 



Eig 1 Support of anaerobic hippunc acid for- 
mation by ATP Rat liver homogenate in nitro- 
gen (12) 

background decomposition of ATP, a large excess 
of this reagent has to be applied m such a particle 
suspension, winch obnates experiments on the 
stoichiometry 

These tliree examples of peptide bond forma- 
tion summarized m figure 2, we may conclude, 
present a thoroughlj’- analogous situation the 
energ}’^-nch phosphate of ATP acts as immediate 
energj source, attaclung itself primarily to the 
carboxj'I component Certamlj’' tins is so in the 
case of acet 3 ’'lation and presuniabl} also m gluta- 


mine and liippurate synthesis The mabihty to 
isolate the primary reaction products m tissue 
experiments at least, may be due to the presence 
theie of a very active acyl phosphatase m such 
preparations (13) It should be pomted out, how- 
evei, that m Speck’s expenments glutamic acid 
alone causes only httle if any specific ATP break- 
down And, conversely, no ATP breakdown oc- 
cuin with ammonia and hydroxylamme alone 
Tins may be due to a special construction of the 
enzyme which pemuts reaction only if both the 
primary phosphate acceptor and the second par- 
ticipant m the condensation reaction are present 
Or, the equihbnum conditions or the transfer 
from ATP allow no appreciable accumulation of 
the reaction product The defimte answer to such 
rather important questions of finer reaction mech- 
anism may be obtainable by fractionation of 
pigeon hver extract and such experiments are m 


CHjCOO » 

CH, CO NH 


ATP 


(SAU 


AOP * Pi«o«c 


ACtTYUATlON) 


cf-O r NHj ♦ ATP 


ADP Piwutf 

CH, 

CH, 


12) CH, 

CH, 

HCET 

CHNH, 

CHNH, 

AMinATIONl 

COO 

COO 



( 3 ) 


NHi CHj COO » ATP 

cases' 

CHj COC * ADP ♦ Piwo a« 

^ ' sththcs?; 


Fig 2 Synopsis of ATP-dependent peptidic 
S 3 mtheseB Two-component systems 


progress Presently, we have only found that 
glutamme synthesis and acetylation may qmte 
easily be separated on fractionation with am- 
momum sulfate (14) 


GLUTATHIONE 

So far we have considered only tn o component 
s 3 'steins and it is not too surprising that at tins 
still exploratory stage best mformation on the 
mechanism is available with these relative^" sim- 
ple reactions Promismg progress, honeier, nas 
made recently with the study of the mechanism 
of synthesis of a tnpeptide, nameb glutathione 

After the use of isotopes had sliomi i rapid 
turnover rate with this abundant cell con'^tituent, 
Bloch reported to ha\ e obtained in In er homo 
genate support of anaerobic incorporation of radio- 
actne gl 3 Cine alien 4TP aas added (15) No ex 
change occurred in the absence of a iilioqihafe 
donor He now has been able to obtain the rr ic 
tion in acetone jiigcon Incr extract, a Inch '<•< in- 
to be an almost inaxhau-tible -oune of IIP 
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bnked reactions These recent results were kindly 
made available to me by Dr Bloch before pubhca- 
tion (16) and are represented in table 5 
The glycine mcorporation mdicates here an 
ATP-dnven synthesis of a true peptide hnk be- 
tween the cysteme and glycme (cf fig 3) The 
rather rapid rate of mcorporation suggests this 
system as a good startmg pomt for the exploration 
of the synthesis of more comphcated structures 

BELATION TO PROTEIN SYNTHESIS 

It IS of course uppermost m our inmds how far 
the expenence gamed nnth few-component sys- 


00 - 


-HN CH co- 


-HN 


is, 
in, 

Ah nh, 

Aooh 

Y^uiamyl q/sie%nyl-~ 

Fig 3 Formuea of glutathione 


Ah, 

Aooh 


-^yc%nt 


Table 5 Incorporation of c'^-glycine into 

GLUTATHIONE IN EXTRACTS OP ACBTONE-nRIEB 
PIGEON LIVERI 

Each flask contained 5 ml of centrifuged ex- 
tract (0 5 gm acetone pigeon liver), 1 2 ml of 0 32 
M glutamate, 1 2 ml of 0 16 m C^^-gl} cine (relative 
specific activity 100,000 cts/min ), 0 4 ml 0 16 m 
cysteine, 1 ml 0 16 m KCl, 2 6 ml of 0 1 m phos- 
phate buffer (pH 7 4) and 0 6 ml 0 15 m MgSO< 
Total volume, 12 2 ml The solutions were incu- 
bated in Nj at 37° for 1 hr 



RIXATIVE SPECITIC ACTIV 
ITYIN GLYCINE ifOIZTY OE 
GLUTATBIONE 

ADDITION 

Cts 0*/min 

klP 0 001 M 

3316 

None 

73 

ATP 0 001 M 

NH,C1 0 002 M 

2194 


* Bloch, C J Btol Chevi In press 


terns may be apphcable to the understanding of 
the synthesis of a specific protem structure The 
problem of the synthesis of protem, or for that 
mattei any high molecular compound, may tenta- 
tively be divided mto a polymeiization- and a 
pattemization-problem A separate study of the 
poljTnerization of ammo acids would probably 
be most easily performed on a polyjieptide con- 
t unmg a smgle species of ammo acids onlj To 
my knowledge the only known repiesentative of 
this type IS the n-glutamic acid polypeptide pro- 
duLwl bi B anthrax and similai organisms (17) 
The exploration of the mechamsm of such synthe- 


sis may well be a worthwhile enterprise A 
promising approach to the second, the pattem- 
ization problem, seems already to open with the 
now possible study of glutatluone synthesis 

Such questions of detailed mechanism have so 
far not been really touched although the general 
mechamsm of protem synthesis was studied ex- 
tensively by use of isotopes With a number of 
ammo acids (18, 19) at least the need of respna- 
tory energy supply for mcorporation of ammo 
acids mto protem has been established A some- 
what further breakdown of the therewith evi- 
denced energy requirement has been obtamed by 
inhibition studies usmg dmitrophenol It was re- 
ported recently that dimtrophenol specifically 
mterrupts the hnk between respiration and phos- 
phate bond generation without affectmg hydro- 
gen transfer (20) This selective effect of dimtro- 
phenol was utfiized by Frantz, Zamecmk et dl 
(21) to test more specifically for the energy link 
to ammo acid mcorporation They studied the 
effect of dmitrophenol on alanme mcorporation 
mto hver and tumor protem Their results with 
normal hver slices are represented m the right 
hand curve of figure 4 Dmitrophenol, it apears, 
blocks ammo acid incorporation without reduc- 
tion or rather with an increase m respiratory 
oxygen consumption A similar result was ob- 
tamed with tumor shces These data are m figure 
4 compared with the effect of dmitrophenol on 
phosphorylation as observed with kidney homo- 
genate, usmg yeast hexokinase plus fructose as 
the phosphate acceptor Except for a shght diff- 
erence m concentration, the parallel of the dimtro- 
phenol effect on phosphorylation and protein 
synthesis, respectively, is striking and it suggests 
a phosphate bond transfer to be operative m the 
process of mcorporation of ammo acid mto pro 
tern This observation then seems to align the 
exliaustively studied reactions m two- or three- 
component systems with peptide formation to- 
wards the larger protem molecules Such does not 
exclude, however, the fact that m the buildmg 
of more specialized structures exchange reactions 
on the 3000 calories level (cf fig 5) may par- 
ticipate This exchange could well be catalyzed 
by so-called hydrolytic enzymes, m a manner 
analogous to the exchange reactions recently 
described by Axelrod (22) wntli acid pliospintasc 

energy relations 

Even without a complete knowledge of the 
finer mechanism of the condensations, it appears 
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clear that a single energy-nch phosphate bond 
IS used to effect a single peptide link This is evi- 
denced by the one to one relationship between 
synthesis and phosphate hberation Judging 
plainly from the energy data, thepossibihty would 


the limits of 2500 and 3000 calories per peptide 
bond 

On the othei hand, the pyrophosphate hnk m 
adenyl pyrophosphate repiesents 12,0002calones 
(3) This means that e\cess energy is spillmg 




Dlnltrophenol, Uolar 

Fig 4 wi-dinitbophenol inhibition Comparison of the inhibition by dinitrophenol of phosphory 
lation and protein synthesis The inhibition of phosphorylation nas measured in kidney homogenate 
as described by Loomis and Lipmann (20) Protein synthesis was measured in liver slices The data 
reproduced are taken from the paper by Fhantz et al (21) For better comparison the data are given 
m percentages of normal oxygen uptake, phosphorylation and alamne incorporation 


Tabi/E 6 Free energy change with peptide 
SYNTHESIS* IN WATEE, AT 310 5°K 


COMPOUND 

AFo CAt. 

1 

K (SYN ) 

Glycyl-glycinc 

3070 

0 0076 

Alanyl-glycine 

2590 

0 016 

Leucyl-glymme 

2795 

0 012 

Glycero -phosphate’ 

2280 

1 

0 025 


‘ Measurements by Henry Borsook (private 
communication) 

* Lipmann, F Advances in Enzymology 1 99, 
1941 

exist that an energy-nch phosphate bond could 
cover two or even more peptide links Tins, how- 
ever, would anym ay^ be unlikely^ for reasons of re- 
action mechanism 

Tlie energy reqmrement for peptide synthesis 
has been determmed by Borsook (23) His earlier 
data were recently rensed and extended and Dr 
Borsook has kindly penmtted me to use his most 
recent and as y et unpublished results Tins and 
related data arc listed in table G Tlie energy 
figures for a number of ti'iiic.il peptides show no 
great dexnation from the axerige and fall inside 


ACID 

ANHYDRIDE 


fPEPTlOE 

Jester 
Iglucoside 

Fig 5 Charting of relationship betneen 
the tn 0 energy^ levels dominant in cellular chem- 
istry and corresponding to energy-nch and energy - 
poor phosphate bond levels 

over with a net utilization of around 20 to 25 jier 
cent in the formation of the new bond Tlic 
scheme of figure 5 indicates such correlation be- 
ta cen energy’’ donor and acceptor sy'stem to lie a 
x'ery general occurrence in cellular syntha':!'' 

As has been earlier pomtcil out clsenherc (1), 
there is a distinct grouping around tuo energy 
lex els, a higher one at 12,000 c dories and a lower 
it 3000 calonc' Tlie cnergx -rich jilio'ph itc Isiiid 
curriCs exce^^ cnergx if jicrfonning (onden^ilion 
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reactions on the lower level, as, e g , ester, pep- more and more realized applicabiht3" m 6103311- 
tide and glucoside s3mtheses In such rather fre- thesis of a standaid form of energy for a great 
quent instances then not more than about a variety of purposes has to entail m some mstances 
quarter of the available energy is utilized a more or less pionounced loss of energy, m e\- 

This appears, however, not too surprismg The change for a simplification of procedure 
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In 1932 Krebs succeeded, for the fii-st time, in 
demonstratmg the %n vxiro fomaation of uiea m 
mammahan hver He showed m further detail 
that the synthesis proceeds by a stepwise 
meclianisni, the oimtlune cycle It is of mteiest 
to recent developments in this field that the rapid 
formation of urea m rat hver slices, as earned 
out by Krebs and Henseleit (1), required the 
presence of lactate and oxygen m addition to 
ormthme, bicarbonate and NHj 

hloie recently Cohen and Hayano established 
the conditions foi obtmmng arginme synthesis 
(2) in rat hver homogenates starting with citrul- 
Ime (Step 11 of the ormthme cycle), and for ob- 
tammg citruUme sjmtliesis (2) from ormthme 
(Step I) Accoiding to their studies of Step 11, 
glutarmc acid, rather than NHj, appeared to be 
the mtrogen donor m argimne formation from 
citrullme Mg ion, catalytic amounts of adeno- 
sme tnphosphate (ATP) and oxygen were re- 
quired m addition to the amino acid substrates 

Sirailai results had been obtamed m kidney 
shces mth glutanuc and aspartic acid by Boinook 
and Dubnoff (3) who proposed that the transfei 
of the — NH- group occuried by a transammation 
accompamed by the simultaneous oxidative re- 
nimal of 2 H atoms (tiansimmation) An a-keto 
acid, thought to be the second product of the 
reaction nould, of course, escape detection m 
rcspinng prepaiations 

Under the conditions of Boisook and Dubnoff, 
or of Cohen and Hayano, neither shces nor homog- 
enates can foim argmiue in the absence of 
oxjgcn Moreoier, since the lattei gioup found 
glutanuc acid to be much moie effectiie than 
aspartic acid in luer homogenates, they con- 
sidered glutamic acid to be the spiecific — NH» 
donor in the transmnnation reaction Aspartic 
acid w as thought to be actn e onb’' m so far as it 
could be comerted to glutanuc acid We hoped 
th it further insight into the nature of tlus mech- 
aiiisiii nught be gamed from a studj of the iso- 
lated S', stem 


By'- sepal ation and partial purification of the 
enzymes mvolved in the citrullme to argimne 
conversion, it can be shown that aspartic acid is 
the specific — NHj donor and tliat tlie tiansfei 
of nitrogen does not involve an oxidative step 
The enzymes concerned are quite soluble and 
may be readily obtained from extracts of acetone 
powder mammahan hver Tliey withstand ex- 
posure to alcohol and ammomum sulfate frac- 
tionation procedures at low temperature and keep 
moderately well (4) 

Mechanism of Nitrogen Transfer In the le- 
action, aspartic acid and citrulhne are converted 
to arginme and mafic acid, anaerobically, in the 
presence of Mg ions ATP participates directly 
as a i-eactant 

As shown in table 1, Ime 1, 14 4 /jM of aigunue 
(estimated as urea) and an eqmx'alent amount 
of mafic acid were formed from aspartic acid 
and citrulfine m 20 mmutes by an extiact of beef 
liver acetone powder, subjected to one alcohol 
fractionation When either citrulfine or aspartic 
acid was omitted, neither arginme noi malic acul 
was foimed 

Although ATP IS specifically i-eqmred, mixi- 
mura rates cannot be reached with ATP alone, 
owmg to competition by contammatmg ATP-ase 
and to an inlubition caused by lugh concentn- 
tions of ATP The difficulty can be overcome 
by employung 3-phospfiogly'ceric acid, in excess, 
as a source of high energy' phosphate (~pn), and 
ATP m catalytic amounts, to effect the phos- 
phate tiansfer The glycolytic enzymes catalyzing 
the transfer of through phosphojiy ru\ it 

acid and ADP are present in the jiieparation 
Wien necessarx' their concentration wo-s aug 
raented by' addition of a fraction from rabbit 
muscle extract The dependence of arginme s\n 
thesis upon ~/)h is shonai m table 1, hue 1, 
when piiosphogly ceric acid w is omitted, neither 
argmme nor mafic acid was formed 

Glutamic acid could not rejilacc I'-jiartic ami 
(fine 5) nor could any of =ome 20 other mnno 
icids tried With glutamic ind oxalicetic imi- 


G03 


604 


FEDERATION PROCEEDINGS 


Volume 8 


(line 4) 7 iM of argmine and malate were formed 
Tire actmty of this combmation is due to the 
formation of aspartic acid by transammation 
Assay of the glutamic-aspartic transaihmase con- 
tent of vanous preparations shows that the ex- 
tent to wluch the combmation of glutamic and 
oxalacetic acids mtU replace aspartic acid is pro- 
portional to the transammase content of the 
prepaiation 

Aspartic acid cannot be replaced by NHj or by 
the combination of oxalacetic acid and NBb It is 

Table 1 Synthesis of abginine prom citrdl- 

LINE IN ALCOHOL FRACTIONATED EXTRACT 
OF OX LIVER ACETONE POWDER 

Each tube contained in addition 4 nn ATP, 
13 /iM MgSO^, 0 4 ml phosphate buffer, pH 7 5, 
enzjTne preparation containing 31 mg protein 
and 8 mg muscle extract in a final volume of 4 
ml Time 20 mm , 38° 


SUBSTRATE ADDED 

1 

FOUND 

i As- 
partate 
20 pu 

P-Glu 

tamate 

20^111 

Cfctal 

acetate 

30/111 

i-Cit 

rulline 

20/01 

3 Phos- 
phogly 
cerate 

50 /oi 

Arginine 

/Ot 

/ Mabc 
aad 

+ 


1 

+ 

+ 

14 4 

14 5 

+ 




+ 

0 0 

0 0 

+ 

1 


+ i 


0 9 

1 0 


+ 

+ 

+ 

+ 

7 0 

6 8 


-f 


+ 

+ 

0 0 

0 0 


+ 

+ 


+ 

0 0 

0 1 



+ 

+ 1 

+ 

0 0 

0 2 


particularly sigmficant that m the absence of 
citinllme, no combmation mcluding oxalacetic 
acid gave nse to mahc acid For example, with 
oxalacetic and glutamic acids (Ime 6), mahc acid 
would certamly have been formed by a glutamic 
dehydiogenasemahc dehydiogenase catalyzed dis- 
mutation (5) liad diphosphopyndme nucleotide 
(DPN) been piesent Undei the given ex-peri- 
mental conditioas, malic acid cannot be formed 
independently of argimne 
The simultaneous formation of argmme aud 
mahc acid, by mteraction of the two substrates, 
strongly suggests that the mechanism of mtro- 
gen transfer mvolves a prehnunary condensation 
of the ammo group of aspartic acid with the ureido 
group of citniUme to form a C — NH — C linkage, 
followed by hydrolytic cleavage on the second 
Bide of the nitrogen, as shown m reactions la 
and lb 


n Nil 

la N— lioH -f 
H 

L CitrulUne 


H COOH 

Hir-in + ATP — !• 

H,i-CX)OH 
L- Aspartic acid 

R NH COOH 
I 11 H Y 

N— C— N— CH + (ADP) + HiPOi 

H HiC— COOH 


lb N- 
I 

H 


R NH COOH 
II H I 

c— N— cr 


IH 

.(!l-CC 


HtC— COOH 
Intermediate 


Intermediate 


-f- HiO 


R NH 

COOH 

N— C— NHs + HO-i-H 

1 

H 

Hd>-COOH 

L-ArginlDe 

7 Malio aotd 


Regardmg optical specificity of the overall re- 
action, only L-citrullme and L-aspartic acid react, 
while i-malic acid and L-argimne are formed 
Identification of the products of the reaction has 
been established by isolation from a large-scale 
enzymatic run f-Mahc acid was isolated as the 
cmchonme salt and estimated quantitatively with 
the highly purified ‘malic enzyme’ descnbed by 
Ochoa, Komberg and Mehler (6) Since argmase 
was always present m excess, urea was estimated 
by the colomnetnc method of Archibald (7) and 
L-ormthme was isolated as the dibenzoylderiv- 
ative 

Intermediary Condensation Product The mter- 
mediary condensation product shown m reaction 
la IS qmte different from that postulated m keto- 
ammo acid transunmation In the latter case, 
the reaction, however formulated (8-10), sup- 
posedly occurs through transient Schiff base for- 
mation, and the whole reaction is catalyzed by 
a smgle enzyme Here the condensation product 
IS depicted as an N,N' disubstituted guamdine 
and at least two enzymatically distmct steps 
are mvolved m the overall synthesis of argmine 

The two enzymes have been separated by am- 
momum sulfate fractionation of exdracts of ox 
hver acetone powder, thus permitting a study 
of each step separately In the first step (reaction 
la), ATP and Mg ion are specifically required 
Urea formation from COi and NHj is known to 
be endergomc It may therefore be reasonably 
assumed that both citruUme and argmme syn- 
thesis are each endergomc, and that as far as 
argmme synthesis is concerned, it is precisely m 
the condensation reaction, that energy, supphed 
by ATP, IS actually utilized 
Presumably, condensation occurs via a pre- 
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linuuary phosphorylation Altliough much mfoi- 
mation regarding the phosphoij'ktion step is still 
lacking, phosphorjdation of the isourea form of 
citnilhne rather than of aspartic acid would ap- 
pear more likely, for it would piovide a means 
of shiftmg tlie citrulhne equihbnum toward the 
more reactive isourea form 

Table 2 sliovs some of the experimental evi- 
dence for the stepvTse reaction Since phos- 
phoglyceiic acid was used as the source of 
m the presence of condensing enzyme A, the 
amount of pjaaivic acid foimed, as well as the 
amount of moi'ganic phosphate, is a measure of 
the extent of transfer Citrulhne disappear- 

Table 2 Stepwise enzymatic formation 

OF ARGININE 

The conditions are as in table 1 , line 1, except 
that muscle extract w as omitted and glyc 3 dglycine 
buffer uas substituted for phosphate In the first 
step a solution of enzyme A containing 26 mg of 
protein was added to each tube 38°, 20 mm 
After heat inactivation, enzjTne B (18 mg protein 
per tube) w as added 38°, 20 nun The values are 
corrected for the small amounts of pj ruvate and 
inorganic phosphate formed in the absence of 
citrulhne 



ENZYUE A 
pU 

' ENIVITE B 

i 

Citrulhne removed 

11 0 


Pyruvate formed 

15 5 


Inorganic P formed 

17 4 


Arginine formed 

0 2 

6 1 

Malnte formed 

0 3 ’ 

6 3 


ance was found to ,be roughly equivalent to the 
amount of pyruvate and morgamc phosphate 
formed The axcess of these tw o over the amount 
of citruUme removed is undoubtedly due to com- 
petition with some contammatmg ATP-ase 
Neither arguune nor mahc acid was formed, but 
the condensation pioduct appeared to accumu- 
late, for upon addition of the hydrolyzing enzjTne 
B to the deproteinized reaction mixture, arginine 
and mahc acid were formed in eqmi ilent 
amomits 

About 50 mg of the intci mediate ha\e been 
accumulated m a large scale enz 3 aTiatic run with 
cnz\-me A B 3 fractionation of the banum salt 
with alcohol, the mtermediate has been freed of 
orgimc and inorgiinc phosphorous compounds 
ongmalK present in the medium, and of citrul- 
hne, though traces of aspartic and pinmc acids 


leninm At this stage of puiification, enzymatic 
cleavage to argimne and malic acid leqmres no 
furthei additions beyond enzyme B and the mter- 
mechate, thus confirming the formulation of re- 
action lb as bemg purely hydrol 3 d,ic 
Comparison of Argimne Synthesis in Slices, 
Homogenates, and Extracts A comparison of the 
specific activity, expressed as Qurea (mI aigmine 
or urea formed per mg piotem per hour), of 
xmrious hver preparations is given m table 3 
The activity of ci ude extracts of ox liimr acetone 
powder vanes with the age of the powder A 
pieparation made from a pow^der after 4 weeks’ 


Table 3 Specific activiti of various liver 

PREPARATIONS 


a 

G 

M 

Ok 

to 

PREPARATION 1 

1 

CONDITIONS 

< 

w 

« 

a 

O' 

Rat 

i 

Slice j 

Homogenate 

NHi, Lactate 

Glutamate* 

1 

IS 

14 


Homogenate 

Aspartate pyru%ate* 

16 


Acetone pon der extract 

Aspartate ~ pii 

' 18 8 


Acetone powder eitmct 

Aspartate, ~ pH -t- mius 
cle extr 

ZO 2 

Ox 

Acetone powder extract^ 

Aspartate, ~ pii 

7 4 


Acetone powder extract; 

Aspartate, ~ pii -t- mus 
cle oitr 

11 2 


EthOH fraction 3 

Aspartate. ~ pii 

7 8 


EthOH fraction 3 

Aspartate , ~ pH -f- m u« 
cle extr 

20 0 


EthOH fraction 4 

Aspartate, ~ pii 

17 9 


EthOH fraction 4 

Aspartate ~pH4-mu3 
cle extr 

33 fi 

i 


* Quren recalculated from the data of Ivrelrj and Hcnsclcit 
Bssuminc 85 % of the dry weight to be protein • Calculated 
from the mto of argmme syntheeia per mg N guen b\ Cohen 
and Haj-ano > Calculated from the data in table -1, asaiiming 
85% of tlie dry weight to be protein 

Storage had a Qurea of 7 which was mereased to 
11 by the addition of an extract of rabbit muscle, 
thus acceleratmg the rate of argimne s 3 Tithesis 
to the point where only arginine s 3 Tithesizing 
enzymes were hmitmg On alcohol fraction ition, 
a tliree-fold purification was reached in ft action 
4 (Qurea 33 With added muscle extract) coi respond- 
ing to about 30 per cent alcohol 
Though much less stable, extracts of rat Inci 
acetone powdci hate a highci specific ictnati 
Under optimal conditions a Qurea of 20 w is found 
as compared to a Qurea of IS obtained 63 ' Krebs 
for rat liter slices, and a Qurea of 14 obtained bt 
Cohen and IIa 3 ano for rat liter homogenatf- 
m the presence of glutamic acid In the pro-'Cinc 
of a-qiirlic acid, supplcmcnteil with ptrutac and 
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rat liver homogenates gave a somewhat higher 
Qurea imlue of 16 

On calculatmg the total activity of an ex- 
tract of rat hver acetone powder, it appears that 
about 50 per cent of the onginal argimne syn- 
thesizing activity of the whole tissue can imme- 
diately be accounted for m the extract, without 
correction for destruction by acetone treatment 
or incompleteness of extraction, suggestmg that 
the same enzyme system is mvolved regardless 
of the substrates offered or of other vanations in 
experimental conditions 

RELATIONSHIP OF THE TRICAnBOX:TLIC 
CTCLE AND OF TRANSAIHNASE TO 
ARGININE SYNTHESIS 

If, as studies on the anaerobic isolated system 
mdicate, aspartic acid is the specific — NHi donor 
m argmme synthesis, then a number of ques- 
tions are raised in relation to published observa- 
tions concemmg the foUowmg mam pomts 1) 
Glutamic acid is four tunes as effective as as- 
partic acid m homogenates, aerobically (2, 11) 
S) Both glutamic acid and aspartic acid are poor 
piecuTBora m hver shces (1, 2) S) The general 
mechanism of mti ogen transfer fi om ammo acids 
to fomi aspartic acid, piioi to argmme synthesis, 
18 not immediately appaient 

With legal d to glutarmc acid, an outlme of the 
pioposed enzymatic pathway is shown below 
wheie the rectangle is meant to repiesent the 
Krebs tiicaiboxyhc cycle m highly schematized 
foim, including only those mteimediates of the 
cycle pertment to the present discussion 

Succinate Fumarate MoJate 

I I 

Ketoglutarate Oxalacetate 

— NH,] I 1 1 


Glutamate -f- Oxalacetate 

Ketoglutarate Aspartate 
ATP 

Citrullme + Aspartate 1 Arginine -(- Malate 

In homogenates, aerobically, when glutamate 
is the — NH. donor, some of the glutamic acid 
IS oxidized through glutamic dehydrogenase and 
the tncarboxyhc cycle, to form oxalacetate The 
lattei IS then conveited to aspartate by trans- 
ammation with a furthei amount of glutamate 
ATP, generated by phosphorylations coupled 
inth oxidation, is formed durmg these steps 
From a quantitative point of view, it has been 


shown by Ochoa (12) that the ratio of ~pH 
generated per atom of oxygen is 3 1 , thus more 
than an ample supply would be provided for 
argmme synthesis The oxygen leqmrement in 
liver homogenates, when glutamate is the NHj 
donor, must then be ascribed to dependence upon 
o) ATP generation and b) oxalacetate formation 
■Wlien aspartate is the NH. donor, m homog- 
enates, aigmme synthesis is poor because as- 

Table 4 Synthesis of arginine from citrdl- 

LINE IN RAT LIVER HOMOGENATES UNDER AERO 
BIC CONDITIONS IN THE ABSENCE AND PRESENCE 
OF MALONATE 

In addition each vessel contained 20 an n-citnilline 5 ftu 
ATP 10 Mil MgSOi, 0 3 ml of 0 25 m potassium phoephate pH 
7 6 0 6 ml of 25 % homogenate Final volume 3 0 ml 38” time 
40 minutes Calculated for 31 mg dry weight of tissue The 
values are given m mu 


SUBSTRATE ADDED 20^11 

WITH L ASPARTATE 

WITH L-GLUTAUATE 

Argimne 

Oi uptake 

Arginine 

Oi uptake 


av 

a c 

> 

av 

a c 

L 

av 

a c 

L 

av 

a d 

None 

3 

5 

±0 

8 

14 

9 

±0 

2 

9 6 

dbl 

1 

30 6 

=b2 7 

Pyruvate* 

12 

8 

±0 

7 

29 

4 

dbl 

2 

6 0 

±i 

0 

30 6 

±1 8 

3 pbosphoglycerate 

12 

9 

±0 

9 

28 

9 

±1 

2 

6 2 

±1 

1 

22 1 

±5 6 

Oxalacetate 

14 

4 

±0 

4 

30 

1 

±1 

9 

ID 9 

±1 

2 

28 8 

±5 0 

Fumarate 

is 

4 

±l 

0 

27 

4 

±1 

6 

12 5 

±0 

8 

30 8 

±2 4 

o ketoglutarate 

11 

1 

±0 

4 

23 

7 

±3 

9 

4 4 

±0 

7 

23 1 

±3 1 

ITt/i 60 

MU of malonate 

per 

vessel 





None 

3 

3 

±1 

0 

10 

8 

±2 

0 

2 9 

±0 

0 

18 9 

=t0 6 

Pyru\ate 

11 

4 

±0 

2 

19 

0 

±1 

3 

2 6 

±0 

4 

19 1 

±1 4 

2 phosphoglycerate 

11 

8 

±1 

3 

21 

6 

±2 

3 

2 4 

±0 

3 

17 7 

±2 0 

Oxalacetate 

13 

3 

±0 

4 

24 

I 

±1 

9 

13 4 

±0 

3 

27 4 

±2 0 

Fumarate 

13 

3 

±0 

6 

25 

4 

±1 

6 

12 8 

±1 

0 

28 1 

±3 7 

a ketoglutarate 

11 

8 

±0 

1 

19 

8 

±2 

7 

1 5 

±0 

1 

13 8 

±1 9 


> Average deviation ’ 2Ji mu fumano acid was added as a 
pnmer Good respiration waa often obtamed without it, but the 
addition insured uniformly high values Fumarate was not 
added to pyruvate when glutamate was employed nor was it 
added in any malonate experiment 

partic acid is oxidized very slowly and httle, if 
any, oxalacetate is released to enter the tn- 
carboxyhc cycle Sufficient ATP for argmme 
synthesis is therefore not made available, it being 
supphed directly only m catalytic amounts If 
aspartic acid is supplemented by pjTuvate, 
a-ketoglutarate, or any other member of the 
tncarboxyhc cycle, argmme synthesis is increased 
to a high value The values for oxygen uptake and 
argmme synthesis from aspartic acid, watli and 
without the addition of vanous respiratory sub- 
strates, are given m table 4 

If when glutamate is offered aspartate must 
be formed by transamination, pnor to argmme 
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synthesis, then it may be anticipated that wJiat- 
ever affects the concentiation of aspartic acid, 
either directly through the transaminase eqmhb- 
num or secondarily, nill affect the rate of argm- 
me synthesis 

Certain mlubitory effects reported fiom the 
laboratories of Boisook, Cohen, Krebs and 
Leuthardt ma}^ be explamed on tins basis For 
example, the addition of a-ketoglutarate to glu- 
tamate (2, 11, 13) inlubits the late of aiginme 
sjmthesis about 40 to 60 pei cent b}'^ pushing the 
transammase equilibnum to the left, thus lower- 
ing the aspartate concentration (table 4) 
Pyruvate exerts a sirailai inhibition (2, 3, 11, 
13) , by transamination with glutamic acid, some 
glutamate is removed and a-ketoglutarate formed 
Both of these effects tend to dimmish the as- 
partic acid concentration (table 4) 

When aspartate is offered directly as the — NHj 
donor, the aspartate concentration is m excess, 
as far as enzyme saturation is concerned Even 
if lowered from 20 to 15 /km by the addition of 
20 /iM of a-ketoglutarate, arginine s 3 mthesis will 
still be qmte rapid (table 4) 

Malonate also inhibits argmme synthesis from 
glutamate (2, 11, 14) This can readily be a\- 
plamed by the weU-known block of a-ketoglu- 
tarate oxidation at the succmic dehydrogenase 
step, thus pieventmg the formation of oxalace- 
tate This explains why the addition of the latter 
or of a closely related precursor, such as fumanc 
or mahc acids (14), specifically removes the m- 
Inbition (table 4) As is to be expected, the addi- 
tion of malonate has practically no effect on 
argimne synthesis from aspartate under optimal 
conditions (le m the presence of a respiratory 
substrate), for the rate of ATP generation, while 
excessive m the absence of malonate (see values 
for 0} uptake m table 4) is sufficiently rapid eimn 
in the presence of malonate, to mamtam a high 
rate of argmme synthesis 
Atuierobic SynUiesis of Arginine in Homogenates 
Once the requirements of the system aie known, 
it IS possible to obtam argimne sjmthesis m 
homogenates under anaerobic conditions bj'^ uti- 
hzmg glj'col}fi,ic reactions to generate Table 
5 shovs the amount of argimne fonned m the 
presence of citrulhne, asparhc acid and plios- 
phogljcenc acid or liexose diphosphate None 
was formed m the absence of a supplj^ of ~pH 
Tlie iddition of phosphoglj cenc acid, or of liexose 
diphosphate, caused no argmme formation when 
glutamate was substituted for aspartate, unless 
oxalacetate was also present 


Owing to tlie decreased efficiency of anaerobic, 
as compared to aerobic phosphorylation, com- 
petition with ATP-ase is less successful anaero- 
bically The rates of argimne synthesis were 
therefore much low^ei, anaerobically, than those 
obtained with an equal amount of homogenate 
m oxygen A consideiable portion of the ATP- 
ase present is associated with the suspended par- 
ticles of the homogenate, and can be removed 
by high speed centnfugation The last column 
of table 5 gives the values obtamed m an equiva- 

Table 5 Synthesis of arginine from citrul- 

LINE IN RAT LIVER HOMOGENATES UNDER 
ANAEROBIC CONDITIONS 

Further additions and other conditions as in 
table 4 except that Nj replaced O 2 in the gas 
space and 4 mg DPN was added to each vessel 
containing hexosediphosphate The dry weight 
of 0 5 ml of homogenate and 0 4 ml of super- 
natant respectively w ere 34 7 mg and 17 1 mg 
The values are given in hm 


STTBSTBATE ADDED 

AiGlNlNE FOUND 

L As 
partate 
20 flit 

i< Glu 
tamate 

20 flit 

Oial- 
acetate 
30 flit 

3Phos- 
phogly 
cerate 
40 flit 

Hejose 

diphos- 

pnate 

25 flit 

Whole 

homo- 

genate 

Super 

natant 




+ 


3 9 

7 7 

-h 




+ 

5 7 

8 0 

-4~ 





0 6 

1 2 


+ 


+ 


0 1 

0 0 


+ 



+ 

0 5 

0 4 


+ 

'h 

-f 


4 6 

6 S 


+ 

+ 


+ 

4 2 

4 9 


lent amount of supernatant, after remonng the 
particles Argmme when formed was found to bo 
higher tiian m the whole homogenate in each 
case 

These expenments parallel the beiianor of 
ex-tracts of acetone powder From tlie data m 
table 5, it raa}"^ be seen that both the argimne 
sjmthesizmg enzymes and transaminase are jires- 
ent m the supemate Tins further supports the 
\new that the particles were required onlv for the 
generation of ATP and of oxalacetate, when 
glutamate was the — NH; donor in the aerobic 
expenments 

Transfer of Ammo Nigrogcn to Oxalacetate \‘- 
to the general problem of — NH- transfer to form 
aspartic acid, tissue slice, isolated enzxme and 
isotojie eiadence (15-17) indicate tint a good 
part of ammo acid nitrogen probabh goes through 
NH How e\ er, there appears to lie no know n cn- 
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zyme which oxidizes aspaitic acid rapidly, com- 
parable for example to glutamic dehydrogenase 
in activity and reversibility Nevertheless rapid 
nitrogen transfer is possible by means of a com- 
bination of glutamic dehydrogenase and glutamic- 
aspartic transaminase, particulaily under condi- 
tions where the newly formed aspartate can be 
contmuously removed 



Fig 1 Ikansfer of NHi to citrullme through 
aspartic acid by anaerobic dismutation and trans- 
amination m ox liver acetone powder extracts 
Curve 1 raalate, a-ketoglutarate dismutation 
Curve la same os curve 1 in the absence of either 
DPN, NHj or malate Curve 2 triosephosphate, 
a-ketoglutarate dismutation Curve 2a same as 
curve 2 in the absence of either DPN, NHj or 
oxalacetate Curve 3 arginine formation with 
aspartate in the same amount of extract All tubes 
contained 4 fiM ATP, 20 fiM ir-citnilline , 13 fiM 
MgSOi, 0 4 ml of 0 26 M potassium phosphate pH 
7 6 and 1 0 ml acetone powder extract in a final 
volume of 4 ml , temperature 38" Further nddi 
tions were curve 1 20 fiM each NHiCl and l- 
malate, 10 pM a-ketoglutarate, 60 3-phospho- 
glj ceric acid and 2 mg DPN Curve 2 20 fM 
NHiCl, 10 pM a-ketoglutarate, 30 oxalacetate, 
25 fiu hexosediphosphate and 2 mg DPN Curve 
3 20 pM L-nspartate, 50 pm 3 phosphogij'cerate 

Tlie transfer of NHi to form aspartic acid has 
been earned out m extracts of ox hver acetone 
powder which contam these enzymes by means 
of dismutation reactions coupled with transam- 
ination 

1 Malic acid + DPN or ^ 

oxalacetic acid -f- DPN,^d 

la Triosephosphate -1- HjPOt •+• DPNor ^ 

diphosphoglycenc acid + OPN^a 

2 NHi d- a-ketoglutanc acid + DPNrwi 

glutamic -j- DPN o< 


3 Glutamic acid + oxalacetic 
acid 

a-ketoglutaric -p aspartic acid 
acid 


4 Malic acid -p NHj aspartic acid 

4a Triosc -p HjPOi -p NHi -p oxalacetic 
phosphate acid 

diphospho -p aspartic 
glycenc acid 
acid 



Fig 2 Pathw at of amino nitkogen transfer 
to citrullme in urea synthesis and the relationship 
of the ornithine cycle to the tricarboxylic cj cie 


In the first dismutation, mafic acid undergoes 
a DPN linked dismutation wth NHj and a-keto- 
glutarate, catalyzed by malic and glutamic de- 
hydrogenases (reactions 1 and 2) resulting m the 
formation of oxalacetate and glutamate, winch 
then transammate (reaction 3) resultmg in as- 
partate formation (reaction 4) In the presence 
of phosphoglycerate and citrullme, the amount 
of argmme formed becomes a measure of tlie rate 
of aspartate synthesis (fig 1, curve 1) 

In the second dismutation, triosephosphate 
dehydrogenase (reaction la) replaced malic de- 
hydrogenase Startmg with NHj, a-ketoglutaratc, 
oxalacetate and hexosediphosphate (as the source 
of tnosephosphate), aspartate mil be formed as 
shown by reaction 4a With tlie resulting diphos- 
phoglycerate as the source of ~pH, arginine was 
formed as shown m cuiwe 2 The rate of arginine 
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formation m an equal amount of extract with 
aspartate and phosphoglycerate is shoum m cunm 
3 Curves la and 2a represent blank values foi 
the dismutations m the absence of NHj or DPN 

PHYSIOLOGICAL PATHWAY OF AlHNO NITROGEN 
TRANSFER IN UREA FORMATION 

The mdividual steps m the aerobic transfer of 
mtrogen to form urea and then relationship to 
transammase and to the tncarboxyhc cycle of 
Krebs are summarized m figme 2 

Citrullme formation from ormthme (Step E), 
which appears to requue ATP generated by the 
tncarboxyhc cycle, proceeds with carbamyl glu- 
tamate as the source of the ureido carbon, ac- 
cordmg to the most recently pubhshed work of 
Cohen and Gnsoha (18) Citrulhne is then con- 
verted to ar gu une (Step C) by a two-step reaction 
mvolvmg ATP (generated oxidatively) and as- 
partate, m the formation of an mtermediate, 
which is then spht to form argimne and malic 
acid 

In homogenates with glutamate as the — NH. 
source, the transfer of mtiogen will stait b}-- 


transammation (Step B) with oxalacetate sup- 
plied b}'^ respnation 

In shces, NHj transfer will occur at Step A 
(glutamic dehydrogenase) and Step E It has be- 
come apparent from recent studies on the per- 
meability of hver shces that the poor actmty of 
aspartic and glutannc acids is due to then slow 
rate of permeabihty In the mtact animal, NHj 
ansmg from ammo acid deammation wiU enter 
the cycle as with shces 

The scheme represents an expansion of the 
ormtlime cycle of Krebs, connected with the 
Krebs tncarboxyhc cycle by transammase and 
by tvo simpler cycles, one which permits the 
cataljhic turnover of a-ketoglutaric acid as a 
camel of NHj by means of glutamic dehydroge- 
nase, and the other wluch perrmts the mahe acid 
(formed as the second product m arginine syn- 
thesis) to function, cataljdically, m aspartic acid 
formation b}'^ means of make dehydrogenase 

El om studies on the isolated system and on 
homogenates, the scheme shown here appears to 
represent a major pathway of urea formation and 
accounts for most of the observations on shces 
and homogenates leported from other labora- 
toiies 
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revention of the accumulation of excess fat 
m the liver by dietary choline was demonstrated 
in our laboratories in 1932 using depancieatized 
dogs and normal rats (1) In 1939, Griffith and 
Wade (2) reported that m addition to fatty fivers, 
weanlmg rats exliibited a fulminatmg, fiemoi- 
rfiagic lesion of the kidneya (fig 6) The occm- 
rence of tins syndrome was subsequently con- 
fiimed by Gyoi-gy and Goldblatt (3), by Engel and 
Salmon (4) and by Handler (5), and it has also 
been extensively studied m our laboratory In 
1947, Sobin and Landis (6) demonstiated tliat 
the blood pressme remamed noimal m young 
rats mamtained on diets deficient m cliofine for 
as long as 7 months We have confiimed these 
results by direct measui ements m n eanfing i ats ex- 
hibiting the syndrome of acute chohne deficiency, 
and also m older anunals which weie given similar 
diets for longei periods As an exiension of these 
mvestigations, we have also studied the blood 
pressures m a third group of lats These weie fed 
the diet low m chohne for 6 days at ages of 3 to 
4 weeks, and this was then leplaced by a fully 
normal food mixtuie foi the lemamder of the ex- 
perimental period of 4 to 7 mouths Of these am- 
nials, more than one-third developed a moderate 
or seveie degree of hypertension duimg the period 
of observation 

renal lesion produced in weanling rats bi 

DLETAHT CHOLINB DEFICIENCY 

A brief outhne of the changes which occur m 
the kidneys of weanhng rats during the acute 

^ Presented as part of the Symposium on Nutri- 
tion in Preventive Medicine, Detroit, Mich , April 
21, 1949 


stage of chohne deficiency ivill be presented, for 
these lesions are presumably responsible for the 
elevation m the level of blood pressura which later 
develops m many of those animals winch survive 
tlus imtial peiiod Christensen (7) workmg uith 
Griffith and Wade repoi ted the pathology of the 
heraonhagic renal syndrome On gross examma- 
tion, the kidneys are swollen and red and may 
attain weights twice the normal (fig 6) Christen- 
sen’s histological mvestigations demonstrated the 
presence of a ividespread tubular lesion through- 
out the renal cortices, associated with hemor- 
rhage into and beneatli the capsule (fig 7) Tu- 
bules m the outei portion of the coitex weie 
necrotic and those lymg more deeply were de- 
generated (fig 8) Hyaline casts filled the tubules 
at the cortico-meduUary junction (fig 9) Stam- 
able fat droplets weie present m some of the 
cortical tubules These observations were con- 
firmed by Gyorgy and Goldblatt (3) who also em- 
phasized the pi unary nature of the tubular 
lesions, for glomerular degeneration always fol- 
lowed the tubular necrosis as a secondary event 
The pathogenesis of these lesions has been the 
subject of detailed investigations in our laboratories 
(8) It was shown that the mitial lesion demon- 
strable m the kidneys of weanhng rats fed diets 
low m chohne consists of the formation of small 
droplets of stainable fat withm the epithelial cells 
of the proximal convoluted tubules of the cortex 
(figs 10 and 11) These droplets appear mthin 2 
to 5 days of dietary chohne deficiency Tins is 
associated mth generahzed sn elhng of the affected 
nephrons Endence has been presented (S) which 
indicates that tubular swellmg produces obstruc- 
tion of the mtervenmg cortical capillary plexus 
with resultant tubular ischemia and necrosis (figs 
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1 and 2) Tins meclianisni has been teimed tubu- 
lar obstruction of capillaries (TOC) Proximal to 
the sites of capillary obstruction, the cortical 
vessels become engorged and rupture mto and 
beneath the renal capsule (fig 7) This combma- 
tion of parenchymal swelhng and necrosis ivith 
associated capsular hemorrhage is responsible for 
the gross appearance of the kidneys The develop- 
ment of tills lesion is necessanly accompamed by 
a reduction of the volume and extent of the renal 
vascular plexais m the cortex As glomeruh are 
destroyed m the later stages, their total numbers 
are accordmgly reduced 

PRODUCTION OF HYPERTENSION IN SURVIVORS OF 
THE HEMORRHAGIC RENAL SYNDROME 

Methods Weanlmg albmo rats of the Wistai 
stram (35-42 gm ) weie fed a diet very low m 
chohne and its precursors “ The object at this 
stage of the experiment was to produce the greatest 
degree of renal damage compatible with life A 
senes of preliminary tnals mdicated that the 
optimum duration of dietary chohne deficiency 
for this purpose was only 5 or 6 days Pair-fed 
control animals received the same basal diet sup- 
plemented with 0 35 per cent cholme chloride At 
the end of this short penod of choline deficiency. 


‘Arachm, 12% Salts,* 6% Beef fat, 10% 

Gelatin, 6% CeUuflour, 2% Com oil, 2% 
Casein, 3% Sucrose, 57 6% Cod liver oil con- 
Fibnn, 1% Vitamin pow- centrate,*** 
der,** 1% 0 015% 

Cystine, 

0 60% 

♦Salts composition/100 MgSo* (anhydrous), 

7 18 gm 

Calcium lactate, 35 00 Fe citrate, 3 20 gra 


gm 

Calcium carbonate, 
gm 6 06 

Ca(H.POdi H-O 14 60 
gm 

K*HP 04 , 6 46 gm 
NaHiPOiH-O, 18 76 


and trace salts 
MnSO« 4HjO, 0 33 gm 
ZnSO« 7HsO, 0 035 gm 
CuSOi 3H!0, 0 039 gm 
KI, 0 00039 gm 


gm 

NaCl, 9 34 gm 

**Vitamin powder/100 gm mixture 
Thianun, 500 mg 
Riboflavin, 250 mg 
Pj ndoxine, 200 mg 
Calcium pantothenate, 1 gm 
Nicotinic acid, 1 gm 

Added to pondered sugar, 997 05 gm 
***Cod In er oil concentrate used, contains 50,000 
1 V of Vit D and 200,000 r o of Vit A/gram 
Supplied b> Messrs Aierst, McKenna and Har- 
rison, Montreal, Canada 


the exiienmental group and also the controls were 
given a good stock diet which allowed excellent 
growth and development throughout the remain- 
ing 4 to 7 months of the experiment During this 
penod, mdirect determmations of the blood pres- 
sures of all ammals were made at mtervals by the 
method of Sobm (9) But the final assessment of 
artenal tension was based on direct measurement 
of blood pressure as mdicated by a fine-bore mer- 
cury manometer connected with a 24-gauge needle 
inserted mto the animal’s femoral ai'terj’’ Fol- 
lowmg exsangumation and death, the heart was 
weighed to the nearest 1/100 gramm each case 
For comparative purposes, heart weight was ex- 
pressed as a percentage of the total body weight 
Paraffin sections of kidneys, heart and other vis- 
cera were stamed by a variety of methods On an 
histological basis, the ammals were tabulated m 
three groups accordmg to the amount of residual 
renal damage observed m microsections slight, 
moderate or severe The senes mcluded 62 am- 
mals which had survived varymg degrees of the 
renal hemorrhagic syndrome and 36 controls of 
similar age and weight The controls had received 
the same diet as the test ammals throughout the 
entire experiment, but were given a cholme sup- 
plement durmg the imtial 5- to 6-day penod when 
the experimental groups were depnved of hpo- 
tropic factors 

Resvlts These are presented m graphic form 
(fig 5) Ten of the 62 experimental animals had 
suffered severe residual renal damage as demon- 
strated by microscopic examination The average 
blood pressure of this group was 195 mm Hg 
(systohc-diastohc mean) and their heart weights 
were nearly double the normal Thirteen rats had 
moderate degrees of renal damage, and of these, 
11 had blood pressures of 150 mm Hg or over 
and were thus considered hypertensiie, the aver- 
age for the group was 165 mm Hg The average 
weight of the hearts of the ammals which com- 
prised this second group was approximately one- 
thud greater than that of the controls (expressed 
as percentage of body weight) Tlie thud group, 
ishich consisted of the remammg 39 cxpenmcntal 
rats, had suffered only slight degrees of rcsidu il 
renal damage, and the average of the levels of 
blood pressure m these animals was onlj a little 
higher than for the controls Tiie blood pits-^urc- 
of all these control animals, with one exception, 
were lower than 140 mm Hg Tlie average figure 
was 118 mm Hg 

The microscopic aiipcarancc of kidnevs with 
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severe degrees of damage mdicated extensive loss 
of both tubules and glomerub (fig 12) Those 
which had escaped destruction were often greatly- 
enlarged Casts filled most of the distended tu- 
bules (fig 13) Hyahmzation m varymg degrees 
was encountered m many glomeruh (figs 16 and 
17) Preparations mjected ivith india mk demon- 
strated that the glomerular capillary bed was 
most severely reduced m those animals which had 
developed the greatest elevation m blood pressure 
(figs 3 and 4) Artenal lesions were present which 
were very similar m nature to those which are 
associated with both bemgn and mahgnant phases 
of human hypertension (figs 18 to 21) In two of 
10 rats with arteriolar necrosis, the level of non- 
protem mtrogen m the blood was deternuned and 
found m both instances to exceed 350 mg per 
cent No eindence of inflammatory disease could 
be demonstrated m sections of any of the hyper- 
trophied hearts of the hypertensive animals 
Discussion The renal lesions of the hyperten- 
si-ve animals were the result not only of the acute 
penod of cholme deficiency m early life, but 
probably also of the hypertension sustained dur- 
mg the last few weeks before death Such features 
as hyaluuzation of glomerular loops and thicken- 
mg of Bowman’s capsule are, m our opimon, most 
likely the result of high levels of mtravascular 
pressure On the other hand, parenchymal loss is 
probably attnbutable to the prelimmary penod 
of acute dietary deficiency Expenments are now 
m progress, the results of which should help us 
to obtam a better understandmg of the patho- 
genesis of these renal lesions 
It has been suggested by Dr Handler (10) that 
fibrotic orgamzation m the areas of capsular and 
subcapsular hemorrhages, which occur m the 
acute imtial period of deficiency, might be a fac- 
tor m the production of hypertension later m 
these animals Such a mechanism would be anal- 
agous to that which operates m rats which de- 
velop high levels of blood pressure after the kidneys 
have been wrapped with cellophane or silk (11) 
(fig 14) In a few of our animals, very slight 
proliferation of fibrous tissue had occurred m cap- 
sular areas (fig 12), but m most cases there was 
no endence of abnormal amounts (fig 15) In 
the acute penod of renal damage, however, the 
site of greatest neciosis is just beneath the cap- 
sule It IS possible that this necrotic tissue may 
act hke a thickened capsule, but imtil the entire 
problem of the pathogenesis of these kidney 
changes has been more mtensively studied, fur- 


ther discussion along these hnes will not be at- 
tempted 

The reduction of the renal cortical vasculature 
which has been demonstrated is probably a factor 
of piime importance m the development of hyper 
tension m these expenments This would be 
comparable to that type of hypertension which 
develops m rats which have been subtotally ne- 
phrectomized (12) We have no e-cidence regard 
mg the hormonal mechanisms mvolved, but 
presumably they would be similar to those oper 
atmg m animals rendered hypertensive by the 
Goldblatt techmque (13) * 

Imtial attempts to produce hypertension m 
rats by allowmg them to survive the hemorrhagic 
renal syndrome of cholme deficiency met with 
httle success Large numbers of weanhng animals 
were fed the deficient diet for penods as long as 
10 days Only a few which were very resistant to 
this type of renal lesion survived Irreversible 
damage to the kidne 3 ^ a degree sufiBcient to 
influence the level of blood pressure m later life 
had apparently not been produced m these few 
hardy survivors, for hypertension did not de 
velop and histological exammation of the kidneys 
revealed few abnormahties In later experunents 
a greater measure of success was obtamed by re 
stncting the length of time the young animals 
were fed the low-chohne diet to penods of only 5 
01 6 days The greater number of animals which 
then survived mcluded many with extensive renal 
damage A significant proportion of these survivors 
later developed hypertension when fed the normal 
food mixture 

In the expenments conducted by Sobm and 
Landis (6) m which animals were depnved of 
dietary cholme for long penods, the experimental 
conditions would also automatically tend to ehm- 
mate those rats which were most susceptible to 
this type of kidney damage Furthermore, the 
growth of survivors of the acute penod of defi- 
ciency when left on low-chohne diets, is less than 
if they are transferred to normal rations such as 
we hai'-e used Slower growth rats of sunuvors 
would be associated with lesser demands on the 
cardiovascular-renal systems m these ammals, 
and this taken together with only shght degrees of 
imtial kidney damage would explain the apparent 

> We have seen the hemorrhagic renal syndrome 
in an adult rat which after a penod of undernutri 
tion was placed on a chohne-deficient diet nc 
have not jet learned how to produce these lesions 
consistentlj in adult rats 
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disci epmcies between oiii icsults and those of 
Sobin and Landis Dr Handler who lias con- 



Fig 1 {upper) Appeabance of cortical capil- 
lary PLEXUS in ladney of a normal weanling rat 
used as control The vascular system of the rat 
was injected wath a filtered dilution of india ink 
introduced under physiological pressure into 
hepanmzed, anesthetized ammal via left ventricle 
Slices of formahn-fixed kidney, lOO^t in thickness, 
were dehydrated in ascending strengths of alcohol 
and cleared in benzyl benzoate The dense plexus 
IS so well injected that glomeruli are obscured 
Fig 2 {lower) Appearance of cortical capil- 
lary PLEXUS in kidne 3 ’^ of a weanling rat fed basal 
diet deficient in choline for a period of 5 days The 
technique of demonstration was identical with 
that described above for fig 1 Note failure of in- 
jection mass to penetrate terminal portions of 
plexus which suppljj^ the penpher}'’ of each renal 
lobule In stained sections, the tubules in the 
ischemic regions w ere necrotic The mechanism bj’’ 
which this type of regional capillarj^ ischenua is 
produced has been designated TOC — tubular ob- 
struction of the capillaries The evidence, which 
has been presented in detail elsewhere (S), indi- 
cates that initial lesion in development of hemor- 
rhagic renal sj ndrome consists of appearance of 
stainable fat in epithelium of the tubules which, 
at the same time, become sw ollen Pressure is thus 
exerted on capillaries which he between affected 
tubules and results in vascular occlusion — TOC 

firmed our findings (10) Ins suggested a further 
evjilamtion He feels tint to produce hxqierten- 
sion, it IS iiecessarj' to feed the <um\ ors a diet 


w'hich contains i gieitei peicentage of piotein 
than IS contained in most chobne-deficient food 
nuxtuies Oui stock diets employed m the second 
phase of the ex-peiiments contamed a normal 
amount of pi otem, w'hich w as of course a higher 



Fig 3 {upper) Appearance of cortical capil- 
lary PLEXUS in kidney of an adult rat which be- 
longed to the control group With age, tubules 
have increased in size so that capillary plexus is 
separated and not sufficientlj^ dense to obscure 
glomeruli w hich also are larger than those in w ean- 
hng rat illustrated in fig 1 Techniques emploj'ed 
for prepanng and photographing the specimen are 
the same as those outlined for fig 1 

Fig 4 {lower) Appearance of cortical capil- 
lary PLEXUS in kidnej’^ of an adult rat which 
developed a malignant type of hj pertension The 
ammal belonged to the expenmental group w Inch 
was fed chohne-deficient diet for 6 daj's followed 
by a full normal diet until time of death seieral 
months later Note obvious reduction in number 
of glomeruli Technical details are the same as 
desenbed for fig 1 

lex el than that m the basal chohne-deficient ra- 
tion 

Setye (14) ICrakower and Heino (15) and 
Lenel el al (16) have demonstrated the inter- 
related roles of the adrenal cortex, the kidnej iiid 
of dietar 3 ’^ salt in the production of Inqiertcii'ion 
m chickens Deane and Ole^on (17) ha\e diown 
that there is Inqiertropln of the adrenal cortex 
m weanling rit^ which cxliibit tlie ‘•\ndroine of 
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hemoi rliagic kidnej It is possible that this hypei - 
tiophy miy contiibiite in some mmmei to the 
dei'clopmeiit of 113^1611603100 in anunals suiviving 
the s 3 Tidrome A noimal amount of salt was 
present m the diets we employed, but fuither 
m\ estigations along these lines aie possibty m- 
dicated 

Calder (18a, 18b) has lepoited exiieriraents m 
which a slight use m the level of aitenal pleasure 
apparentlj’- occunerl in rats which had been fed 
diets pai tially 01 completely deficient in the heat- 
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Fig 5 Comparison of heart w'eights and 
siSTOLic-DiASTOLic LEI ELS of blood pressurs (di- 
rect method of measurement) in the 4 groups of 
rats w inch totalled 98 in number The upper limits 
of the bars indicate a\erage levels of blood pres- 
sure for each group according to the scale on the 
left The shorter, cross hatched portion of each 
bar indicates for each group the average heart 
weight e^p^essed as a percentage of bod)' w’eight, 
according to the scale on the right The number 
of rats in various groups is stated above each 
column The animals were selected according to 
degree of parench 3 Tnal damage indicated at base 
of each column after assessment of microsections 
of kidne 3 s 


stable fi actions of the vitamin B complex He 
found an aieiage diffeience m blood pressure of 
23 mm Hg between the lats in his experimental 
and contiol gioups, as deteimmed by duect meas- 
uieraents taken bj cannulation of the abdominal 
aorta The lei els of blood pressuie of his expeii- 
mental animals (direct leadings) aveiaged only 
144 mm Hg Caldei did not leport the cardiac 
weights of the animals in these exjieiiraents Al- 
though he desciibes lesions of the lenal paien- 
chyma and thickemng of both the aidenes and 
arterioles wuth hyahne degeneiation of the latter, 
his photomiciogiaphs suggest that these changes 
w ere veiy slight Tlie pai enchymal lesions 1 esemble 
minor degrees of those ivhich have been pioduced 
(S) IB young adult rats maintained foi several 


weeks on low -choline diets As previously pointed 
out, Sobin and Landis (6) wcie unable to demon- 
stiate alterations in the blood piessures of such 



Fig 6 Appearance on gross examination of 
kidneys and liver (below ) of a w eanhng rat fed the 
basal diet low in choline for a penod of 7 da 3 'S 
Similar organs from a control rat pair-fed the basal 
diet supplemented wnth choline during the same 
penod are included (above) for companson The 
scale at nght is in centimeters Note increase in 
size of these organs of the expenmental animal, 
the pale appearance of its fatty liver and the dark 
hue of its kidDe 3 '’s which were dusky red 

Fig 7 Necrotic tubules in bubcapsular re- 
gion are widely separated b}" extravasated blood 
in this kidney section from a weanling rat fed a 
diet low in choline for 7 days Hematox 3 din and 
eosin stain X 150 

Fig S Swollen tubules surround a glomer- 
ulus in the kidne 3 ' of a weanling rat fed a diet low 
in choline for 5 da 3 's Tubules further awa 3 from 
the glomerulus and nearer the penpherj of the 
renal lobule (upper nght) are necrotic Hema- 
toxylin and eosm stain X 250 

Fig 9 The epithelium of medullary tubules 

which are swollen wnth eosinophilic colloid is 
thinned and stretched From the same section 
illustrated in preceding figure X 250 


animals, and our mvestigations have confirmed 
theirs The degiee of hypertension reported b3 
Cladei IS compaiable perhaps to that w hicli de 
veloped m the animals m our expenments whicli 
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compnsed the gioup A\itli shglit icnal d im- 
age Fe\^ of these animals Meiegiouped as h3^)ei- 



Fig 10 The lesion iihich is imtiallj'’ demon- 
strable in course of development of renal hemoi- 
rnagic S3mdrome of choline-deficient w eanling rats 
consists of appearance of small sudanophilic drop- 
iets in epithehum of proximal convoluted tubules 
vhich become siiollen and compress intervening 
capillanes The fat droplets appear as small black 
Qots in the photograph Frozen section of renal 
cortex from a v eanling rat fed the chohne-deficient 
daj^s, Sudan and hematoxjdm, 
u ratten G and H filters, X 100 
Fig 11 Relatively lahge ajiounts of stain- 
tubules of renal cortex of a weanling 
la ed the basal diet for 6 days Frozen section, 
budan IV and hematoxyhn, Wratten G and H 
filters, X 425 

Pig 12 Sextire parenchymal damage in kid- 
ney of a rat surviving the hemorrhagic renal syn- 
ronie and attaining maturity on a normal diet 
10 e glomerular fibrosis and subcapsular scarring 
me capsule itself is slightly thickened Hema- 
10 ^ lin and eosin stain X 70 

IQ 13 Parenchymal damage in kidney of a 
a m the same group as the animal from x\ hich the 
ec ion illustrated in fig 12 x\ as prepared In this 
ase note extieme degree of tubular distension 
iiematoxjhn and eosin stain X 25 


it will icqime fui-thei woik to decide xvhethei or 
not cholme deficiency is the lesponsible factoi 
In the meantime, it cannot be consideied estab- 
lished that a significant hypei tension can be pio- 
duced b5'^ Caldei’s pioceduie 



Fig 14 Extreme thickening of renal cap 
stTLE of a rat which developed h3TDertension 2 
months after kidney had been w rapped with gauze 
A small area of underl 3 nng parench 3 Tna is included 
in lower right of the field For comparison with 
fig 15 Hematox3din and eosin stain, X 20 

Fig 15 Complete absence of fibrosis of 
RENAL CAPSULE of a rat developing hypertension 
subsequent to a brief period of dietar 3 choline 
deficiency in earl 3 r life Note thickening of 
glomerular capsule, tubular distension and cellular 
h 3 '^perplnsia of small artery in lower left of the 
field Compare with preceding figure Hcmatox 3 lin 
and eosin stain, X 50 

Fig 16 Hxalinization of a glomerulus and 
ARTERIOLE in kidne3 of a rat with h3pertonsion 
subsequent to dietar 3 choline deficiencx Goniori’s 
chromium hematox 3 lin and phloxane stain, X 250 
Fig 17 Diffuse thickening of cxpili vri 
LOOPS in a glomerulus of kidne3 of i rat with h\ 
pertension associated with choline deficiencx in 
cnrl 3 life 4.zocarmine, anilin blue ind orange (i 
stain, Wratten B and L filters, X 250 


ensue, as m our expeiiments onl3'- those wall 
e\els of blood piessure (53 stohc-ihastolic axei 
JSes) of 150 mm Hg 01 more were «o designated 
Cildei’s findings are coiifiimed and extended 


The method of producing exiierimental hx])er 
tension m rits b3 short jieriofls of dietarx choline 
deficiencx 111 eirh life is oncwhicli max introdine 
les" coniiihc itions than do piocciiuie-- ^udi in- 
jection of nejihrotoxic sera, or tlin-e inxolxing 
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Fig 18 Examples of 2 normal arterioles in 
lenal cortices of kidne)3 of rats belonging to the 
control group Compare mth figs 19, 20 and 21 
Hematoxylin and eosm stain, X 300 

Fig 19 Early cellular hyperplasia op ar- 
terioles in kidney of a rat surviving the hemor- 
rhagic renal syndrome mth only a slight degree of 
parenchymal damage This ammal’s blood pres- 
sure (s 3 stolic/diastolic average measured bj' a 
direct method) at the time it vras killed was 150 
mm Hg Hematoxylin and eosin stain, X 300 

Fig 20 Hyaline degeneration with a sug- 
gestion of early necrosis in a cortical arteriole 
m kidney of rat surviving the hemorrhagic renal 
syndrome with a moderate degree of parenchymal 
damage Blood pressure measured 170 mm Hg 
(systolic/ diastolic average) Hematoxylin and 
eosin stain, X 300 

Fig 21 Advanced fibrinoid necrosis of an 
arteriole in the renal cortex of a rat surviving a 
bnef penod of acute dietary choline deficiency in 
early life with a severe degree of parenchymal 
damage Blood pressure measured 210 mm Hg 
(systolic/diastolic average) Hematoxylin and 
eosin stain, X 300 

operations such as laparotomy Theonly difference 
in the treatment of the ammals of our control 


series and those m nhich liyTicrtcnsion was pro- 
duced lay m the mthholding of less than 0 02 
grams of cholme chloride from the diets of the 
latter for a brief period of 5 or 6 day's 

Our findings and those of Sobin and Landis liai e 
indicated that if young rats w'hich have sun'll ed 
the hemorrhagic renal syndrome are maintained 
on diets deficient m chohne throughout the entire 
experimental period, hypertension mil not be 
produced If however, cholme and its precursoi-s 
(mcludmg protem) are restoied to the diet after 
kidney damage has occurred, malignant hyper- 
tension may develop m later hfe We have already' 
suggested that an important factor m explaining 
the absence of hypertension in the first instance 
may be the slow late of grow'th W'liich occun m 
this group of animals The demands on the dam- 
aged cardiovascular system in these lats would be 
correspondingly lessened and renal metabolism 
w ould presumably be at a low ei level because of 
the low' percentage of protem m the deficient type 
of diet The relative impoitance of these vaiious 
factors in the etiology of the hypertension we have 
pioduced IS a subject of mvestigations we aie 
planning to pursue 

An important outcome of this w'ork is the proof 
that extensive, and often fatal, pathological 
changes dunng adult hfe may have their origin in 
a very short penod of dietary abnormahty m in- 
fancy Correction of the abnormahty dunng adult 
hfe, under certain conditions, may lead to patho- 
logical changes (liypertension m the present m- 
stance) which would otherwose not have occurred 
These findmgs suggest that the later effects of 
lesions produced by other dietaiy deficiencies in 
very young ammals may prove a fruitful field of 
mvestigation which may yield the investigator a 
nch harvest 

The nutritional aspects of this work have been 
made possible by a grant from the Nutrition 
Foundation, New York The histological studies 
were supported by the National Research Council 
of Canada 

We are indebted to Dr Jessie H Ridout for a 
great deal of help with the diets The technical 
assistance of D H Beaton and W D Wilson in 
the histological work is gratefully acknowledged 
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Tm study of immunity to poliomyelitis has 
taken on new mterest smce finding that, by intra- 
muscular vaccmation with active pohomyehtis 
virus, the majority of monkeys can be rendered 
immune to intracerebral challenge with large 
doses of active virus (1) This method has been 
effective m chfferentiatmg types of pohomyehtis 
virus (2, 3) as well as instrumental m studymg 
immunogenesis of pohomyehtis I plan to discuss 
the immune response to pohomyehtis m monkeys 
mduced by a variety of exposures to virus 

The distnbution of antibody m and out of the 
central nervous system m vaccmated ammals has 
already been contrasted with that m paralyzed 
animals (4) These data will be reviewed and 
more recent observations will be presented on 
antibody distnbution m vaccmated animals which 
have been challenged mtracerebrally with vanous 
mfectious and non-mfectious nervous tissue sus- 
pensions 

Table 1 gives the distnbution of antibody in 
fluids and CNS tissues of monkeys vaccmated 
with or paralyzed by Lansmg virus 

The rhesus monkeys m the first group were 
vaccmated 4 to 6 times mtramuscularly with 1 cc 
doses of 10 per cent Lansmg mfected monkey 
spmal cord At 6 weeks, spinal flmd and blood 
were taken After perfusion with stenle sahne so- 
lution, the monkeys were killed The thalamus, 
cemcal and lumbar enlargements of the spmal 
cord and the visual cortex were saved The thala- 
mus was of mterest as the region of inoculation. 


‘ Aided by a grant from The National Found- 
ation for Infantile Paralysis, Inc 


and, hke the anterior horn, a susceptible area 
The visual cortex was selected as a non-susceptiblo 
area of gray matter The spinal cord enlarge- 
ments frozen on dry ice were quartered longi- 
tudmally and from the anterior quadrants the 
white matter was scraped away leavmg sticks of 
gray matter A smgle layer of gray matter was 
obtamed from a flattened, frozen piece of visual 
cortex by scrapmg away the adjacent layers of 
white and gray matter Suspensions of these 
tissues at a 1 /3 2 dilution m sahne were made m 
a TenBroeck tissue grmder Further 10-fold di- 
lutions weie made from these Each tissue and 
flmd was titrated by mtracerebral mouse neutrah- 
zation test, m the presence of 10 ldso of Lansmg 
virus 

From table 1 it can be seen that m 8 vaccinated 
monke}^, serum titers arranged m decreasmg 
order ranged from high to moderate titers (titers 
of 3 0-3 8 are maxnmum m our expenence) Yet 
no antibody was demonstrable m spinal fluid or 
the parts of the CNS saved The titers recorded 
as < 1 indicate that from 3 to 5 mice were spared 
of the group of 8 which received the 1/3 2 dilu- 
tion of nervous tissue and virus The sparing of 
a few mice is madequate to estabhsh either a true 
neutrahzation or a negative result and is there- 
fore recorded as <1 Tests with many of these 
tissues which yielded borderhne results have been 
repeated and agam yielded an indefinite result 

The next group in table 1 of 11 monkeys wliicii 
were paralyzed as a result of intracerebral injec- 
tion of Lansmg virus weie also studied for anti- 
body distnbution m the same tissues (except for 
thalamus) A marked contrast to the vaccinated 
group IS apparent The highest titers appeared m 
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the antenor horn of these convalescents, killed 
from 16 days to 5 months after onset of paralj^sis 
Serum titers appioximated those of the spinal 
fluid (suggestmg a spilhng over of antibody fiom 
the affected regions of the CNS) whereas no anti- 
body was demonstrable m the visual cortev The 
levels m the antenor horn were m most instances 
10- to lOO'fold greater than those m the fluids 


Table 1 Disteibtjtion of antt-lansinq nett- 
TBALIZING ANTIBODT IN VACCINATED AND 
PABALTZBD MONKEYS 
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*Neg log 50% endpoint by mouse neutraliza- 
tion test 


The last group of 4 individuals m table 1 were 
killed 3-7 weeks after onset of paral 3 ^sis mcited 
by Brunhilde nrus No antibodj’- to Lansmg virus 
w'as demonstrable m the antenor hom of the 
spmal cord The Brunliilde strain of nrus is known 
to be immunologically distmct from Lansmg \nnis 
as shown bj’’ reciprocal immumty tests m lac- 
cmated inimals Howeier, a cross-relationslup 
among pohomjebtis nruses is demonstrable by 
remoculation of pimljdic con\ alesccnt monkey s 
Such animals are 100 per cent immune to the 


same vims as tliat with which they were vacemated 
01 to anothei pohomymhtis larus of the same 
immunological type On the other hand, they^^ are 
not fully susceptible to pohomy'-ehtis nms of a 
different immunological type For example, about 
half of a Bnmhilde-convalescent group resists an 
mtracerebral mjection of a large dose of Lansmg 
virus and vice versa (6) Just what is the basis of 
this relationship we do not know The negative 
result piesented here fads to throw hght on the 
question 


Table 2 Distribution of neutralizing anti- 
body IN LANSING-VACCINATED MONKEYS 
AFTER intracerebral CHALLENGE 
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N = no paralysis NP = non-paralytic 
poliomyelitis P = paralysis 

iNeg log 60% endpoint by mouse neutraliza- 
tion test 

Havmg found that m vacemated animals anti- 
body IS found pmnardy m the blood stream, and 
that with suf&ciently lugh level of antibody such 
mdinduals are immune to mtracereberal injec- 
tion of large doses of liomologous nms, I was 
mterested to find what the distnbution of anti- 
body would be after such mtracerebral challenge 
Accordmgly, 6 Lansmg-i accinated monkeys 
which proiud immune to mtracerebral injection 
of 10,000 LDso of Lansmg nms were bled, tapped 
for spmal fluid, perfused with stenie saline and 
killed for study 

Tliey appear as the first group in table 2 It 
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c^n be seen that they had moderate to lugli levels 
of seiaim antihodj^ The majonty had antibody 
m the spinal flmd at a somewhat lower level 
Witlun the CNS, antibody levels of the thalamus 
approximated those of the serum, but vliat is 
more remarkable was the findmg of antibody m 
the majority of individuals m distant parts of the 
CNS, Yiz , the anterior horn and visual cortex 
(No antibody was demonstrable m the antenor 
horn of the 2 mdividuals with the lowest serum 
antibody levels ) This findmg immediately raises 
the question of whether the vniis mcited mfec- 
tion In three mdividuals (E422 senes) the spinal 
cord was exammed histologically at levels T. and 
In and one (E422) was found to have had map- 
parent infection However, the pattern of anti- 
body m this mdividual was no different from that 
m the others (with the possible exception of an 
outstandmg concentration m the thalamus) In 
a larger senes of 23 monkeys, vaccinated with 
and immune to mtracerebral mjection of Lansmg 
virus, from which the medulla and spmal cord at 
levels C7 and L7 were examined, this mdividual 
alone showed evidence of infection Thus the im- 
mumty of the vaccinated animal as a rule does 
not depend on CNS infection It is fasematmg 
to speculate on what may account for this anti- 
body response at remote parts of the CNS Either 
it IS simply an immune response to mtroduction 
of antigen, perhaps as a secondary stimulus, or 
possibly the antigen as active vmis exerts some 
immunogemc effect beyond what an mactivated 
preparation would, m spite of no histological evi- 
dence of infection Against the latter hypothesis 
IS the fact that antibody response seems to be 
ummrsal through the CNS, and not confined to 
the susceptible areas The effect of mjection of 
mactivated virus mtracerebraUy has not been 
studied Another control has been done, however, 
on the effect of mtracerebral mjection of normal 
CNS tissue suspension m vaccinated animals 
This group of 5 monkeys appears at the bottom 
of table 2 With moderately high serum anti- 
body levels, they had no antibody definitely 
demonstrable m the CNS, with the possible ex- 
ception of the antenor horn of one mdividual (no 
matenal was avadable to repeat this test) This 
control serves to establish that the mjection of 
CNS tissue (with the hemorrhage and ensumg 
local mflammatory reaction) does not m itself 
mtroduce anta-pohomyehtic neutralizing sub- 
stance mto the CNS 

Another hne of attack is the effect of hetero- 
typic pohomyehtic virus infection m Lansmg- 


vaccinated animals This ipproach i\ is thought 
of m connection inth the question of v liether the 
antibody m the affected areas of CNS m a Lansmg 
paralj’sed ammal vas developed locallj' or rep- 
resented an accummulation of antibodj’’ produced 
elsewhere The second and thud groups of am- 
mals in table 2 bear on this pomt The monkej^s 
m both groups were vacemated mtramuscularly 
with Lansmg virus, and challenged subsequently 
with hlmnesota virus In one group, they received 
an mtervenmg Lansmg challenge In the group 
which faded to have this homologous challenge, 
one mdividual (D923) had such low titer of cu- 
culatmg antibody that it probably would not 
have passed such a challenge and is therefore not 
comparable to the others The other 7 mdividuals 
showed moderate to high levels of antibody m 
the antenor horn of the spmal cord and m this 
regard are comparable to Lansmg paralytic am- 
mals The two mdividuals m which thalamus 
was tested showed equally high levels of anti- 
body there, with lower levels m the spmal flmd 
These findmgs support the contention that anti- 
body may accumulate m the CNS m response to 
an inflammation reaction This is perhaps op- 
posed to the hypothesis which I have proposed 
of local formation of antibody m the affected 
parts of the CNS There is one factor, however, 
which must be looked mto further, and that is 
the question of possible antigemc relationship of 
these two pohomyehtis viruses We now know 
they are sufficiently distmct immunologically to 
be considered two types, but to what degree there 
IS a relationship we have not yet sufficient quan- 
titative data to know This problem recalls the 
resistance of approximately 60 per cent paralytic 
convalescent animals to reinfection with hetero- 
typic virus But as yet there is no immunolgical 
evidence to account for this resistance 

To summarize, Lansmg paralytic convalescent 
monkeys have highest antibody levels m the affec- 
ted parts of the CNS, m contrast to vacemated 
ammals m which antibody is demonstrable m the 
serum but not m the CNS If circulatmg anti- 
body IS sufficiently high in such vacemated m- 
dividuals, they are immune to mtracerebral in- 
jection of a large dose of homologous virus In 
response to such mjection of nnis, antibody ap- 
pears throughout the nenmus sj'stem, even m 
distant, insusceptible areas 

Monkeys paralyzed with one pohomyehtis virus 
show no demonstrable antibody m the antenor 
horn of the spinal cord to a heterotjinc nrus 
Nevertheless, monkeys vacemated with one nnis 
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and paralyzed mth a heteiotj^jic poliomyelitis 
laiais acqiure m the antenor horn high levels of 
neiitrahzing antibody to the nrus with which they 
were vacemated 

Does this suggest that antigenic stimulus mth 
any pohomyehtis virus withm the CNS m an 


animal alieady vacemated vath a pohom3"ehts 
annis renders the entire CNS imnnme? Smee tins 
stimulus has not j^et been given m the form of 
inactivated virus, it is all too obvious how many 
steps mil have to be taken before dreammg of 
any practical application of such an idea to man 
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TThis discuB3ion will be limited to a bnef review 
of recent studies on the mechanism of acquired 
active immunity of nuce to mtracerebral chal- 
lenge doses of equme encephalomyehtis (EE) 
virus (1, 2) These studies were the outgrowth of 
earher work on the possible significance of hu- 
moral factors, specifically neutializmg antibody, 
m relation to resistance to infection 
Previous efforts to establish or rule out the 
existence of a quantitative correlation between 
antibody titers and resistance to infection with 
E E or other vuuses were limited, by and large, 
to the antibody present at the time of exposure 
to the mfectmg dose of virus This approach has 
yielded mconsistent or mconclusive results It was 
suggested that the relatively high titers of neu- 
tralizing antibody m the serum, which appeared 
to be associated with lesistance to mtracerebral 
challenge doses of E E attus (3, 4), reflected the 
presence withm the central nervous system of 
antibody m adequate concentration This sug- 
gestion was based on the finding (4, 5) that anti- 
body m actively or passively immunized ammals 
was distributed between serum and the central 
nenuus system at a ratio of 100/1 to 300/1 Two 
observations made it clear, however, that such a 
concept of immunity as a static function of serum 
antibody titei was untenable a) In immunized 
gumea pigs which had surviA’’ed an mtracerebral 
challenge dose the serum /br am ratio was altered 
as a result of a disproportionate mcrease m neu- 
trahzmg titer of bram tissue (6) V) The degree of 
resistance of mice vaccmated with formalimzed 
Western E E nrus was found to vary mth the 
use of different strains of this nrus as challenge 
moculum (7) In particular, nuce which followmg 
vaccination were resistant to certam strains were 
not or only partially protected agamst the tR. I ’ 
strain This was true even for nuce immunized 


with vaccmes prepared from the E, I stram itself 
Smce it was not possible to show serological differ- 
ences between the R I and the other strains, it 
was of mterest to mvestigate the nature of this 
phenomenon 

One pomt of distmction between the R I and 
the other strains was that the former had under- 
gone numerous bram-to-bram passages m mice 
In the course of this procedure it had acquired 
the abihty to kill mice m about one half of the 
tune required by comparable amounts of the less 
well adapted strains 

Comparison of the rates of multiphcation m the 
mouse bram of the ‘fast’ R I stram and a repre- 
sentative ‘slow’ stram (Kelser) has revealed diff- 
erences correspondmg to their relative rapidity 
of action The behef that mcrease m the rate of 
viral multiphcation is responsible for the differ- 
ence m response of immunized mice to the R I 
and the Kelser strains has been strengthened by 
the findin g that the latter, after 37 additional 
rapid brain-to-bram passages, simulated the R I 
stram m rapidity of action, and that vaccmated 
mice were significantly more resistant to the 
‘slow’ parent stram than to its ‘fast’ derivative 

The difference m response to the two strains 
was not demonstrable in mice vaccmated with 
large doses of mactivated virus By reducmg the 
dosage of vaccme, a level of immumty could be 
mduced at which all of the mice challenged with 
10® LDso of the ‘slow’ stram vould survive, nlule 
those challenged mth the same amount of the 
‘fast’ stram would succumb 

When the fate of the tw o virus strains m the 
brams of nuce so treated nas studied, the follow - 
mg difference v ns found the R I stram multi- 
phed at about the same rate in vaccmated as in 
normal mice Tlie Kelser strain, to winch the a ac- 
cmated mice A\ere munune, also multiplied, but 
at a slower rate than m normal mice The maxi- 
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mum mcrease was about 100-fold over the amount 
found at 3 hours after moculation, and virus pei- 
sisted at the higher level for as long as 4 daj^ after 
moculation No mrus was demonstrable under 
these conditions m brains harvested on oi after 
the 5th day 

Further tests weie predicated on the assump- 
tion that a local immune response, stimulated by 
the challenge moculum, could compete success- 
fuU}'^ mth the slowly multiplying stram but not 
with the fast R I stram It was found that biams 
m which lurus was no longer detectable (i e , m 
the experiment ]ust described, those hai vested 
from the 5th day on) were capable of neutrahzmg 
nrus The neutrahzmg titei of biam tissue m- 
creased markedly, reachmg a maximum level after 
about 10 days and mamtainmg it for at least 4 
months As a result, the serum /bram ratio of 
neutrahzmg titers was i educed from a ‘physio- 
logical’ value of about 200/1 to less than 10/1 

The magmtude of this shift in seinm/bram 
ratio depended mi^ersely on the degree of pre- 
challenge immumty One may assume that m- 
tensive vaccination by itself stimulated a primary 
immune response sufficient to render part of the 
mtracerebral moculum mert as antigen This fits 
m with the obsen^ation already mentioned that 
the difference m response to challenge with ‘slow’ 
and ‘fast’ strams was not demonstrable m mice 
vaccmated wnth large doses of mactive virus 

The view that the mcrease m neutralizmg titer 
of bram tissue is due to the antigenic booster 
action of the mtracerebral moculum finds mdirect 
support m the obsen'-ation that mice vaccmated 
with the smallest immunogemc amounts of vac- 
cme were protected against large amounts, as 
much as KF ldso, but only partially resistant to 
about 10 to 100 LDjo of the ‘slow^’ stram Com- 
parative studies on the rate of mral multiphca- 
tion after mtracerebral moculation of varjnng 
amounts have 3uelded convergmg cun'^es for large 
seed mocula and more closelj’^ parallel cun es for 
small amounts Tins has been mterpreted as mdi- 
catmg that after moculation of large amounts 
onl3'^ a fraction of the moculum is utilized m the 
initiation of infection, leaiung the bulk free to 
act as antigen Small mocula, on the other hand, 
are presumabl3 taken up quantitatn eh’’ b3 sus- 
ceptible cells, lea-vmg no nrus aiailable as free 
antigen Hence, wlule m animals ‘sensitized’ bi 
exiremeb’ low-grade immunization there is no 
adequate pnmar3 inmiune response to o\ ercome 
small challenge doses, large doses exert an anam- 


nestic booster effect resultmg m the animal’s sur- 
vival Tlus type of ‘paradoxical response’ has also 
been desciibed foi other infections, notably m the 
case of labies vuus where standard potency tests 
on vaccmes mvolve mtracerebral challenge moc- 
ulations m immunized mice (8, 9) It may be re- 
sponsible for misleadmg results, especially when 
the challenge test does not mclude the entire 
range of effective inrus dilutions 

The conclusion that the nrus-mactivatmg sub- 
stance present m bram tissue is neutrahzmg anti- 
body is based on the followmg evidence a) The 
1 eduction m seium/bram latio of neutrahzmg 
titeis followmg challenge is paialleled by similar 
changes m the ratio of titers of complement-fLxmg 
antibod3’^ b) It is specific In animals vaccmated 
with a mixture of mactive Western and Eastern 
E E nruses and challenged with active -vuns of 
either type, the relative concentiation of the 
homologous, but not of the heterologous, anti- 
bod3r m bram tissue rises c) Like antibody m the 
serum, it follow s the ‘pei centage law’ on dilution 
of undemeutralized mixtures 

It may be said, then, that the fate of a vacci- 
nated animal after mtracerebral challenge mocu- 
lation of E E nrus depends on a variety of 
factors Death or complete protection are not the 
only alternatives Even m the immune, sumvmg 
animal, the challenge nrus may multiply and per- 
sist at high levels for several days Except for 
hyperimmunized mice, the decisive factor appears 
to be the more effective force m a competition 
between rate of mral multiphcation and mtensit3’ 
of local immune response The latter, in turn, is 
determmed not only by the degree of ‘sensitiza- 
tion’ acquired with laccmation but also by the 
size of the challenge moculum The term ‘sensiti- 
zation’ IS used m tlus connection as denoting an 
increase m the potential abiht3'’ of the immunized 
animal to respond locally to the antigenic stim- 
ulus of the mtracerebral inoculum It is chiefl3 
this mcrease b3’’ w hich mice i accinated w itli rela- 
tiiel3 small doses of mactne nrus differ from 
normal ammals 

It is not intended to suggest that mechanism^ 
as complex as the one postulated here apjih to 
other nrus-host S3 stems It must be remembered 
that the artefact of an intracerebral inoculation 
IS associated with exhensne trauma in the imme- 
diate Mcinit3' of susceptible cells The inoculum, 
moreoier, jiresumabh is diffused throughout the 
closed svstem of the central nenou« s\i(oni 
Thus, if it contains a large excess of mpus winch 



624 


FEDERATION PROCEEDINGS 


Volume 8 


does not participate m initiating infection, this 
excess is free to act as antigen wherever cellular 
elements mvolved m the immune response are 
exposed to it It is conceivable that the mech- 
amsm of unmumty may not mvolve all of the 


factors mentioned to the same extent m those 
infections, for example, m which the virus acts 
directly on exposed surface cells or m which the 
site of moculation is removed from the susceptible 
tissue 
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REMARKS ON CELLULAR, RESISTANCE TO 
MAMIVIALIAN VIRUSES' 

John F Endees 
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BOSTON, MASSACHUSETTS 


Interest arose m the theory of cellular 
immunity as apphed to wal infections when it 
became apparent that this class of pathogens 
could multiply onl}' in close association with 
hving cells — ^mdeed probably only mthm the 
confines of the cell membrane itself With the 
establishment of this fact the obmous deduction 
was drawn that these pathogens were particularly 
fitted to ehcit an immune response dependent 
exclusively upon the development of mtracellular 
antiviral factors This inference has led to 
numerous expeiimental attempts to obtam evi- 
dence of acquired cellular immunity to viruses 
To a few of the more significant of these I shall 
refer toward the end of this paper It may be 
stated at once, however, that they have not pro- 
vided an unequivocal answer to the problem At 
present, the available evidence permits merely 
the assessment of the probabihty that this phe- 
nomenon may occur 

In contrast to the doubtful status of acquired 
cellular immumty, the evidence for the existence 
of natural or innate resistance of cells to infection 
by mruses is comnncmg I shall therefore review 
this endence m some detail, especially that which 
has been gamed thiough studies m tissue cultures 
Before doing so, I shall define the concept of 
cellular resistance w'hich I have foOow^ed in the 
selection of the material 

Cellular resistance depends upon an intrmsic 
or acquired property or properties of the cell, 
which independent of factors m the body fluids 
may preient the raultiphcation of a virus or 
destroy its actmty Obnously this defimtion is 
cx'trenielv broad and would mclude such non- 
specific and non-iramunologic properties as an 
impermeable cell membrane or the absence of an 
enzjane sj'stem To embrace, lioweiar, the phe- 
nomena of natural immumtj to larsuses such 
breadth of defimtion is clearl}'- essential 

* Presented as part of the Saanposium on Mech- 
anisms of Immumtj to \ i ruses, Detroit, Mich , 
Vpnl 20, 1940 


NATURAL OR INNATE CELLULAR RESISTANCE 

Factors other than the activity of cells which 
might be responsible for natural resistance At the 
outset we may appropriately consider the possi- 
bihty that certam non-cellular factors could be 
responsible for the natural resistance of certam 
species To do so will serve to reveal the domi- 
nant position of the cell m this type of immumty 
Such factors may be grouped under three head- 
mp 1) non-specific antiviral effects of plasma, 
or other body flmds which are destroyed by 
moderate heatmg, 2) thermostabile virus-neutral- 
mng substances, 5) physical conditions in- 
compatible with survival or multiphcation of 
the virus 

In respect to the first of these, data exist 
which mdicate clearly that fresh unheated serum 
from normal susceptible ammals may inacti- 
vate or restnet the multiphcation of a \iru3 if 
mixed with it and then inoculated For example, 
Douglas and Smith (1) found that fresh rabbit 
serum nuxed with vaccmia nnis and then inoc- 
ulated mtradermally into rabbits definitely 
modified the development of the lesion We liai'e 
also observed, m unpublished experiments, that 
fresh rabbit and cat sera added to small amounts 
of xmccima nrus reduce the size and number of 
pocks which subsequently dei elop on the 
chorioallantoic membrane of chick embrj'os 
Recently Leymastei and Ward (2) in a study of 
the augmenting effect of complement on mumps 
neutralizing antibody found that undiluted or 
shghtly diluted unheated sera of normal monkej s 
and presumably susceptible human beings were 
capable of preienting infection of cluck embryos 
by the mumps \ irus 

Althougli such obsenations arc worthy of note 
for those engaged m the demonstration and titra- 
tion of varus neutralizing antibodio, one c uinot 
regard the antnaral effect in vitro of unhc,i(c<l 
normal «crum as pbvang a significant jiirt in 
natural resistance For it is olniou^, as in the 
case of anthrax, tint there is no correlation Ix.- 
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tween host susceptibihty and the capacity of 
the serum in miro to inhibit the vims 

A purely physical factor, the normal tempera- 
ture of the body, may render some species 
naturally resistant to attack by certain viruses 
Dr Pearson and I (3) a few years ago obtained 
evidence that the striking difference between the 
high susceptibihty of the chick embryo and the 
complete resistance of the newly hatched chick to 
infection with the Melbourne stram of influenza 
A virus was adequately accounted for by the 
difference m temperature of the two hosts 
Subsequently McLean and his co-workers (4) 
likewise found that the multiphcation of a stram 
of influenza B virus was markedly inhibited at 
tempeiatures correspondmg to the body tempera- 
ture of birds I am not aware that similar studies 
have been made with other viruses such as those 
causmg eqmne encephalomyehtis which are 
higlily virulent for the chick embrjm but to which 
the fowl IS almost or completely resistant Such 
mvestigations, though, would be of value m 
assessmg the general importance of a high body 
temperature m the natural resistance of the fowl 
to many mammalian viruses as compared with 
that of its embryo 

In addition to these three classes of non-cellu- 
lar factors, one can conjecture that other con- 
ditions such as an unusually high hydrogen-ion 
concentration of the saliva or the presence of 
antagonistic micro-organisms m the flora of the 
nose, the throat or the gastromtestinal tract 
might arrest or destroy certam viruses at then- 
portal of entry In general however, it would 
seem, that mth the exception of differences m 
normal body temperature, non-cellular factors 
are of httle significance 

Evidence that cellular resistance is die principal 
factor in natural immunity By exclusion, then, 
one arrives at the tissue cells as the major factor 
m natural resistance to viruses Moreover, a 
great deal of evidence — far too much to be re- 
viewed here — of a more direct character has 
been accumulated through studies of the behavior 
of viruses in hvmg animals especially m regard 
to the type of cell which is mjured and the organ 
or tissue m which multiphcation occurs From 
certam pomts of new even more comoncmg than 
these obsenmtions made in vivo are the results 
obtamed by tissue culture techmques Since I 
have been interested for some tune m these 
methods and smce the tune is Inmted, I shall 
confine my remarks mamly to a renew of the 


results so obtamed in respect to the problems 
under discussion In their evaluation, however, 
one should bear m ramd, that, as Beard and 
Rous (5) have said, the physiological isolation 
mentable to all cultivation in miro is not alwaj's 
an advantage from the expenmental point of 
view 

When directed to the mvestigation of natural 
cellular unmumty the tissue culture techmque 
has shown that m most cases m which adult 
tissues have been employed the growth or failure 
of growth of a given virus in mtro is correlated 
with susceptibihty oi resistance in mvo So far, 
I beheve, lack of such correlation has been ob- 
served only when the resistance in miro of 
embryonic tissues has been compared with that 
of the hvmg adult of the same or another species 
In these instances where embryomc tissues have 
proved susceptible and the hvmg adult relatively 
resistant, it is possible that differences in the 
properties of the ceUs may be mvolved But 
before this conclusion can be accepted, the 
effect of non-cellular factors such as a more 
elevated body temperature of the adult must be 
eliminated 

Examples of correlation between natural 
resistance in mvo and in miro have been descnbed 
by Andrewes (6) and by Ivanovics and Hyde (7) 
in the case of Virus III infections of rabbits The 
same relationship has been demonstrated by 
Andrewes (8) for the sahvary gland virus of 
gumea pigs Hallauer (9) who has reviewed the 
literature up to 1939 cites experiments of Frenkel 
and van Waveren who found that the virus of 
foot and mouth disease can only be cultivated m 
the tissues of susceptible species such as the cow, 
sheep and the gumea pig Fmdlay (10) was 
able to obtam multiphcation of fowl pox only in 
tissues of susceptible birds A particularly good 
instance of agreement between host resistance 
and the in miro behavior of the cells is to be found 
m the studies of Hallauer (9) on different strains 
of fowl plague virus He was unable to propagate 
m mouse embryomc tissues a stram to which mice 
were entirely refractory, although he succeeded 
easily when he used chick embryomc tissue On 
the other hand, working with two strains which 
mduced infection m mice as well as in fowl, he 
was able to cultivate both agents in cultures of 
mouse tissue as well as in those composed of 
chicken cells Sabm and Ohtsky (12) succeeded 
m growing a stram of human poliomyelitis only 
m cultures consistmg of human embryomc brain 
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fragments The virus rapidly disappeared from 
cultures of chicken or rabbit nervous tissues 
Employing the Lansing stram of pohomyehtis 
nrus we have recently confirmed the findings of 
Sabm and Ohtsky m respect to groudh m human 
nervous tissues (13) As yet, however, we have 
been unable to obtain evidence of the multiphca- 
tion of this virus in fragments of mouse brain 
Smce the Lansmg stram is pathogemc for mice, 
this unexpected findmg might appear as an ex- 
ception to the general correlation between in vivo 
and in vitro susceptibihty But there may well 
be other reasons for this discrepancy 

The difference m resistance to a number of 
luruses of vanous types of cells denved from the 
same host species has also been mvestigated by 
means of tissue cultures Unfortunately there 
have been few studies in which pure cultures of 
cells have been employed They are sufficient, 
however, to establish the fact that some viruses 
can multiply only m certain cell types Thus 
Carrel (14) as early as 1926 showed that the Rous 
sarcoma virus failed to proliferate m cultures of 
chick fibroblasts but actively mcreased m cul- 
tures of monocytes The agents of foot and mouth 
disease and fowl plague accordmg to K6be and 
Fertig (15) and to Hallauer (11) multiply only 
m epithehum Fmdmgs of this sort serve to 
demonstrate even more clearly than m the hvmg 
animal the stnct cytotropism of some viruses 
Tliey also forcefully reveal how closely adapted 
these viruses are to subtle differences m metabo- 
lism or other properties which must distinguish 
one cell type from another In contrast to such 
agents the cytotropism of certam other viruses 
appears to be much broader The virus of vaccmia 
has been grown in pure cultures of Kupffer 
cells by Beard and Rous (5) and in cultures of 
blood monocytes by Florman and Enders (16) 
as well as in corneal epithehum by Rivers and his 
co-workers (17) 

VrTth Feller and Weller (IS) we have obtamed 
evidence that this nnis will also mcrease in 
fibroblasts althougli pure cell cultuies were not 
used If cell injury and death be cntena for the 
multiplication of a nins, the agent of equine 
encephalomyelitis is pancjdotropic m respect to 
the cells of the chick embrs o as re\ ealed bj un- 
published ex’pennients of Reloi a and mi self 
and bj the more recent obsenations of Huang 
(19) In exjieriments earned out dunng the 
past 1 car wath the Lansing strain of poliomjehtis 
lams w c ha\ e, in collaboration wath Robbins and 
Vcller (13), determined that multiplication takes 


plane m cultures not only of nervous tissue but m 
those composed of fragments of mtestme as well 
as in those consistmg mamly of skm and striated 
muscle Smce no mtact nerve cells weie present 
m the cultures of skm and muscle it is highly 
probable that cells other than those of the nervous 
system aie susceptible to this stram of the \urus 
Varying degree of resistance of cells to different 
viruses We have so far been mamly concerned 
with observations which show that certam cells 
may be completely resistant while others aie 
susceptible There are many data to suggest, 
however,that between these twn extremes differ- 
ent types of cells may exhibit mnable degrees of 
susceptibihty to different viruses Vanation m 
susceptibihty may be expressed m two wnys 
first, by differences m the quantity of the virus 
produced by different cells within a fixed period , 
second, by the extent of the mjury the cell 
undergoes as a result of the presence of the virus 
That different tissues, at least, vary m their 
capacity to support the multiphcation of a virus 
16 mdicated by numerous experiments m which 
the virus content of tissues removed from in- 
fected animals has been measured As illustrations, 
it wall be sufficient to mention two mvestigations 
m which determmations of the concentration of 
virus present m different parts of the infected 
chick embryo have been earned out Pearson 
(20) employing the Melbourne stram of influenza A 
virus found it present m largest quantities m the 
allantoic flmd and yolk sac Relatively low' con- 
centrations were observ'ed m the ammotic flmd 
and m the embryo itself Similarly in unpublished 
experiments we have obsen'ed that with an egg- 
adapted stram of mumps virus the highest yields 
were obtamed m the embryomc fluids and mem- 
branes In the embrj'o itself small amounts were 
encoimtered Veiy httle has been done with tissue 
cultures to determine whether isolated cells lary 
m their capacity to support the growth of Mrus 
I can only refer to some obsenations made in 
my laboratorj' a few j'ears ago w hen it w as noted 
that m roller tube cultures of fibroblasts de\ elop- 
mg from fragments of cluck embrjonic heart 
muscle the production of laccinia i irus appeared 
to be somewhat greater than in comparable cul- 
tures of blood monocj'tes 
As I liaie said, the exient of iiijun the cell 
undergoes as a result of the presence of i \irus 
niai also be interpreted as measure of it-- re i=t- 
ance or susceptibiliti to the palhogcnu cffcit of 
the infecting agent Thus it ha= long Ix-cn ip 
parent that the nenc ccIL ire particul irh --u- 
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ceptible to certain neurotropic nruses, the paren- 
chyma cells of the hver to yellow fever virus and 
so on Indeed so httle affected are other tjrpes of 
cells m such diseases that it has often been held 
that the responsible agents multiply only in those 
cells which exhibit gross manifestations of m- 
]ury Evidence obtained by a vanety of tech- 
mques durmg the past 15 or 20 years shows, how- 
ever, that obvious cell mjury is not the mevitable 
consequence of virus multiphcation Some of the 
most conclusive information on this important 
pomt has been gamed through measurements of 
nrus mcrease m tissue cultures correlated with 
the histological exammation of the infected tis- 
sues Thus the virus of equme encephalomyehtis 
not only mcreases very rapidly in cultures of 
mixed chicken embryomc tissues but within 24 
to 48 hours bungs about the death of all or nearly 
all the cells as mdicated by morphological ap- 
pearance and cessation of metabohsm (19) In 
sharp contrast the virus of mumps, as we have 
recently found, mcreases relatively slowly m cul- 
tures of chick ammotic membrane and contmues 
to multiply for several weeks without mducmg 
any recognisable change m cell morphology or 
metabohsm as measured by acid production (21) 
Sunilarly Florman and I (16) could detect no 
pathologic changes m cultures of blood monocytes 
m which vaccima virus contmued to multiply for 
several weeks Vaccima virus, however, mduces 
the formation of cytoplasnuc mclusions m fibro- 
blasts growmgout of fragments of chick embryomc 
tissues m roller tube cultures (18) Nevertheless 
the death of these cells does not appear to ensue 
immediately Indeed such cultures may contmue 
to metabolize and cell growth take place for many 
weeks while multiphcation of the virus contmues 
at a fauly constant rate It is also probable that 
certain other viruses exert an injurious effect on 
cells only after prolonged contact Thus we have 
lately repeatedly observed in cultures of vanous 
human embryomc tissues infected with the Lan- 
smg strain of pohomyehtis virus degenerative 
changes m most of the cells after 25 to 32 days of 
cultivation although it was shown that the agent 
had undergone active multiplication at a much 
earher penod when no cytologic abnormalities at- 
tnbutable to the effect of the nrus could be dis- 
cerned (13) Dr Herbert Morgan has observed 
an analogous senes of events m tissue cultures in- 
fected with psittacosis virus (22) 

I have dwelt at this length upon the vanation 
m the pathogemcity of vanous vuuses for differ- 
ent cell types not only because it illustrates 


a difference m resistance between cells but to re- 
emphasize the fact that the multiplication of some 
mammahan -vnruses may occur, and often does 
occur, qmte mdependently of any demonstrable 
mjunous effect on the cells with which they are 
associated This fact, as we shall see, may be im- 
portant m considenng the problem of acquired 
cellular unmumty which I shall now wry bnefly 
discuss 

PROBLEM OF ACQUIRED CELLULAR IMMUNITT 
TO VIRUSES 

Indtcalwns Hint cells acquire specific resistance 
as a result of infection The possibdity that tissue 
cells may acquire a specific immumty to viruses 
IS suggested mainly by the failure in numerous 
instances to demonstrate a constant correlation 
between the presence or concentration of virus- 
neutrahzmg antibodies m the body flmds and the 
resistance to remoculation of an animal that has 
been previously infected or vaccinated 

Many examples of this phenomenon could be 
cited It will suffice here to recall only one Hodes 
and Webster (23) found that mice which had been 
vacemated with St Louis encephahtis virus de- 
veloped a very considerable resistance to reinfec- 
tion which lasted for 6 or 7 weeks Dunng most 
of this penod, however, virus neutrahzmg anti- 
body could not be demonstrated m the serum 
Later when such antibody had appeared, resist- 
ance to remfection had diminished At the end 
of 20 weeks when the animals agam became en- 
tirely susceptible to mfection, the antibody was 
still present m high titer m the blood 

Findings of this sort are mdeed difficult to ex- 
plam entirely on the grounds of humoral immumty 
In some cases as Vieuchange and Galh (24) have 
shown in dermal mfectiODS with vaccinia virus 
the neutrahzmg antibody first emerges locally m 
the area of the infected tissues and only appears 
later m the blood stream But the mterval of time 
between these two events is usually short, not 
exceedmg a few days It is difficult therefore to 
explam such phenomena as desenbed by Webster 
and Hodes on the basis of local antibody reten- 
tion 

The theory of course has long been current that 
under certam circumstances the antibody pro- 
duced at the site of mfection remains permanently 
fixed to the cells and does not enter the circulation 
m appreciable quantities lApine (25), ;ust before 
the war, agam discussed this hypothesis and pre- 
sented some evidence to support it On the whole, 
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though, m spite of many attempts to demoiistiate 
antibodies exclusively associated vuth the cells 
no convmcmg endence that tins occurs has been 
presented 

In other instances mterference between the in- 
active virus ongmally mtroduced and that em- 
ployed for remoculation might be responsible for 
the observed resistance The effects of mterfer- 
ence, however, would not be expected to be wry 
durable — at least when inactivated virus is em- 
ployed as an immunizing agent 

Failure to demonstrate tlie devdopment of celhdar 
meclianisms which prevent the imdtiplicalion of 
virus If, then, neither virus neutralizing antibody 
nor the mterference phenomenon adequately e\- 
plam such manifestations of acquired resistance, 
can it be shown that the cells of immunued am- 
mals removed from the influence of neutralmng 
antibody or other inhibitmg factors m the serum 
fail to support the multiphcation of the homol- 
ogous virus? 

The bulk of experimental results would seem to 
leave httle doubt that the answer to this question 
IS m the negative When adequate precau- 
tions have been taken to ehminate absorbed anti- 
body, fixed tissue cells derived from immune 
i mimals have been shown by the tissue culture 
method to be as susceptible as those obtained 
from normal mdividuals Moreover, various types 
of phagocytic cells removed from immune donors 
when freed of antibody by repeated washmg have 
not been found to inhibit the multiphcation of 
virus to a degree exceedmg that exhibited by com- 
parable cells from normal animals In support of 
these statements it is only necessary to refer to 
the work of Andrewes on the propagation of her- 
pes simplex virus (26) and Virus EU (27) m frag- 
ments of rabbit testicle, the experiments of Rous, 
Hudack and MacMaster (28) with rabbit em- 
bryonic tissues and vaccmia virus, those of Beard 
and Rous (5) with isolated Kuppfer cells and 
vaccmia and those of Smorodmseff and Shishkma 
(29) with polymorphonuclear leucocytes and mac- 
rophages from rmce immunized agamst influenza 
A \irus 

Possibly unrecognized mechanisms dependent 
Upon increased resistance of cells In conclusion we 
shall inquire whether there maj’’ be any other 
possible mechanisms of acquired immumtj’’ to 
Mruses associated with or de\ eloped b}’’ the cells 
Relitunlj recent obsen itions suggest that per- 
haps two hitherto umecognized responses of tins 
sort maj occur Yanous workers such as Grabar 


and Schoen (30) m France as cited by L4pme 
(26) and Gard (31) in Sw eden have obtamed from 
extracts of infected tissue removed durmg the 
acute stage of certain virus diseases, factors which 
when mixed witli the homologous virus inhibit 
its activity Wliether or not these antiviral fac- 
tors are to be identified with serum antibodies or 
whether they are distmct products of the cell or 
possibly the mrus itself has not yet been con- 
clusively determmed It is probable, however, 
that they do not represent the usual t 3 q)e of anti- 
body In a personal commumcation Di Gard has 
informed me that the factor he has obtamed from 
mouse bram infected with Theiler’s virus is more 
heat resistant than the known antibodies and also 
resists digestion by such active proteolytic en- 
zymes as fiem Grabar and Schoen prepared their 
matenal from the brams and lungs of mice 
mfected with the virus of lymphogranuloma ve- 
nereum ACce mfected with this virus do not de- 
velop m the blood appreciable quantities of neu- 
trahzmg antibodies It is unhkely therefore, that 
the antiviral activity of these extracts can be at- 
tnbuted to the usual t 3 ipe of neutrahzmg anti- 
body In this connection the recent experiments 
of Bodian (32) are also relevant He has shown 
that monkeys suffermg from acute pohomyehtis 
caused by one serologic type of virus are usually 
refractory to mtracerebral moculation with a het- 
erologous stram In contrast, convalescent mon- 
keys are not immune to heterologous strains 
Bodian does not beheve that the resistance ex- 
hibited by monkej's m the acute phase of the dis- 
ease depends upon the mterference phenomenon 

The possibihty, then, that under the impact of 
primary infections certam cells may respond by 
the production of antiviral factors which have 
hitherto not been recognized must obnously be 
further mvestigated 

Another approach to the problem may haie 
been opened by obsen’’ations by Galh and Cipol- 
lone (33) which were reported m 1941, but haie 
not yet been confirmed Following repeated um- 
lateral mtratesticular moculation of formalin-m- 
actumted imccima nrus m rabbits, these workers 
noted that a high concentration of nrus neu- 
trahzmg antibodies dei eloped m the blood serum 
In such ammals, in spite of the presence of the 
antibodj, actu'e nrus mtroduced into the skin 
or into the untreated testis produced reactions 
which were onh moderateh orshghth le?>se\ere 
than those observed in unvneemated rabbits In 
contrast, the mjection of the same quantitj of 
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VITUS into the vaccinated testicle did not induce 
an mflanimatory reaction Yet titration of the 
\nrus content of each testicle showed that the 
agent had increased greatly and to the same de- 
gree in both Failure of the vaccinated testicle to 
react could be demonstrated at least 37 days after 
moculation of the last dose of Amccme If these 
experiments can be confirmed, it would seem that 


resistance to the pathogenic effect of a virus ma}'' 
be mduced without increasing the capacity of the 
cell to prevent the multiphcation of the agent 
The thought that the response of a cell may be 
altered artificially m this manner, is perliaps 
rendered more acceptable by the fact that in nor- 
mal cells the response to mjuiy is not an mevitable 
consequence of virus prohferation 
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INHIBITION OF SOME HEMAGGLUTINATING VIRUSES 

S G Anderson 
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TThe polysacchandes have been studied more 
mtensively than several other agents (1-3) winch 
are known to mhibit ionises This study of the 
polj'sacchandes has been mtegrated noth research 
on the relation of virus to host cell I mil first 
bnefly mention this relation as it apphes to the 
nruses of the mumps-influenza group, and later 
will describe inhibitors of these viruses found m 
serum, ovanan cyst contents and other mucous 
secretions, allantoic flmd, vegetable polysac- 
chandes and certam bacteria] extracts 

You are all famihar with the phenomenon of 
the attachment of the hemagglutmatmg viruses 
to red cells (4), and know that with many strains 
there is a subsequent elution of apparently un- 
changed virus and a permanent alteration of the 
cell Elution is beheved to be due to enzymic al- 
teration of cellular receptors 

Several types of bacteria, notably the cholera 
vibno, produce soluble products which cause re- 
ceptor alteration much more rapidly and com- 
pletely than do the viruses of mumps, Newcastle 
disease or mfluenza (5) 

The attachment of virus to red cell has been 
considered to be a model of the early stages of 
the infection of hvmg cells The comparison may 
be only partly vahd (6) 

Polysacchande inhibitors may be conceived to 
act in two ways they may prevent the attach- 
ment of vmis to cells (red ceUs, or himg or dead 
tissue cells) or may modify the multiphcation of 
wrus withm hvmg cells 

In normal animal serum, there are at least two 
tjqies of mhibitor One is possibly a globulm, it 
IS destrojed by heat at 65° C m less than 30 
mmutes (7) It is slow Ij'' destroyed by cholera fil- 
trates, but apparentlj'' is not altered by incuba- 
tion wath hve nrus It inlubits hemagglutination 
hj hnng nrus, but onh^ to low titer, tins titer 
lines between strains, being m general higher 
'nth the more recently isolated strains The titer 
also I anes considerablv accordmg to the particular 
chicken which supphes the red cells for the Hirst 
inhibition test (S) 

A second class of inhibitor wc beheie to be a 


mucoid (9) and I woll assume this to be so durmg 
the rest of this paper It inhibits hemagglutmation 
by virus which has been heated to 56° C for 30 
mmutes and it is the substance responsible for 
the phenomenon described by Francis (10) m 
1947 It is thermostable, m fact the apparent 
titer of the substance mcreases up to 8-fold when 
a 1 10 dilution of serum m sahne is heated to 
100° C for one mmute It is rapidly destroyed 
by cholera filtrates, and also by hve virus at 37° C 
(11) In the latter case the system reaches an 
equihbnum, at which the amount of inhibitor m- 
activated is characteristic of the virus used (12) 
The inhibitor is destroyed by large amounts of 
penodate (12), a reagent w'hich is particularly ac- 
tive against carbohydrates 

A similar mucoid inhibitor has been isolated 
from human ovanan cysts (12), and the action of 
periodate on this mucoid has been particulaily 
studied (13) The raw mucoid will inhibit hemag- 
glutmation by heated WSE influenza vmis, but 
not by hvmg WSE, and will reduce the mfectii e 
titer of WSE 10-100 fold A large amount of 
penodate will destroy this inhibitory power com- 
pletely, but mucoid treated with small amounts 
of penodate wiU mlubit hemagglutmation bj-- hi - 
mg WSE nrus, and will reduce the mfectmty of 
WSE about 1000-fold as tested m the chick em- 
bryo You will see that mild penodate treatment 
of mucoid has magnified its inhibitor}’’ powei 
agamst hve nrus, such treated mucoid can no 
longer be destroyed by nrus, or by cholera 
enzjTne 

Essentially the same properties are shared bi 
inlubitors from a wide i anety of sources, such as 
egg white (14), allantoic flmd (15, IG) and aqueous 
extracts of many tissues (17), particular!} of ccr 
tarn sahvar}’’ glands of ferrets, men, mice and 
sheep It is possible that blood group A substance 
should lie included in tins hst (12) A similar in- 
hibitor can lie extracted from red cclN of cer- 
tam siiecies (17, IS), parti} bcciusc of thi';, there 
has been commonh accepted the working hi- 
potlicsis that red cell receptor^ ind soluble in- 
hibitors irc close!} rel ited 
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Probabl}’’ all these mlubitors act by competing 
with the red cell for the virus surface It seems 
likely that this competition gives rise to a state 
of dynanuc equihbnum between the vanous possi- 
ble combmations of \urus, cell and mhibitor For 
example the estimated titei of either mhibitor m 
serum is greatly mfiuenced by the type of chicken 
cells used m the system (11) When cells with a 
low aflhnty for heated lurus are employed, the 
titer of mucoid mlubitor m a serum may be, say 
5000, if cells with a lugli afhmty are added to 
the system, the inhibitory titer will be m the 
region of 100 with the same serum This suggests 
that the union of nms with inhibitor is reversible, 
and that, in the circumstances I have described, 
the dissociation of virus and inhibitor is not due 
pnmanly to enzymic action of the virus This is 
supported by the findmg of Hardy and Horsfall 
(19) that vmiB m the presence of a certam m- 
hibitor m allantoic flmd is equally as infectious 
as virus m the absence of mhibitor, though the 
inrus cannot fiee itself from this mhibitor by en- 
zymic action 

We have seen that m this competition for the 
virus, the advantage is given to the mucoid rather 
than to the red cells, eithei when the mucoid is 
partially treated with penodate or when the virus 
IS heated Either procedure prevents subsequent 
action of the virus enzyme It has been concluded 
that these mucoids act as inhibitors because their 
attraction for the heated vuns is not reduced by 
enzymic activity, and conversely that live virus 
IS not inhibited because it can mactivate the in- 
hibitor (19-21) There appear to be two diffi- 
culties to this explanation o) Although at 0° C 
enzymic action of virus on mucoid mhibitor is 
minimal, hve Lee virus m our hands is not m- 
hibited to significant titer even at this temperature 
b) When hve virus agglutmates red cells at 0° C 
m the presence of inhibitor, the thermostable 
agent which can be recoveied from the system is 
stih highly potent m the inhibition of heated 
inrus Of course, there can be no doubt tliat hve 
virus will react with inhibitor and destroy it at 
37° C and that heated virus cannot react m this 
way But is it safe to assume that this functional 
difference is the basis of the mhibition of heated 
virus by mucoid? It may be, for example, that 
the greater effect of the mucoid inhibitor on 
heated nrus is due to a thermal alteration of the 
adsorptive surface of the virus rather than to the 
loss of enzymuc activity' per se (22) 

Svedniyr reports (16) that the inhibitory agent 


for PR8 hemagglutmm, present in normal allan- 
toic flmd, IS m the mam connected with particles 
with a sedimentation constant of 200 S This com- 
ponent reacts in precipitation tests with nnis, 
and does so m defimte proportions The mliibitor 
progressively decreases m amount m infected em- 
biyos, and is destroyed in vitro by hve nnis and 
by cholera filtrate It does not inhibit virus 
multiphcation m the egg Svedmyr bnefly de- 
scribes a second type of hemagglutmm inhibitor 
m allantoic flmd, an inhibitor which is not sus- 
ceptible to inactivation by virus and which is not 
sedimentable at 27,000 rpm These tno in- 
hibitors may well correspond to the two descnbed 
before as bemg present m noimal serum Hardy 
and Horsfall (19) have suggested that in infected 
allantoic flmd some of the virus is link ed to an 
inhibitor which it does not mactivate It may be 
that this substance is the same as Svedmyr’s un- 
sedimentable mhibitor and the same as the ther- 
molabile mhibitor m normal serum described 
by McCrea m 1946 (7) 

Svedmyr beheves the thermostable particulate 
inhibitor may be derived directly from the cell 
receptors hmng the allantoic cavity This concept 
of the identity of the ‘soluble’ thermostable 
inhibitor, the receptors on red cells, and the re- 
ceptors on susceptible tissue cells, constantly ap- 
pears On the basis of the latter part of this hy- 
pothesis, Dr Stone (23) m 1947 earned out a 
senes of mterestmg experiments She reasoned 
that if the hypothesis were correct, the cholera 
filtrate which readily destroyed red cell receptors 
should also destroy tissue cell receptors With 
their receptors destroyed, the cells would not be 
susceptible to virus attack Her experunents con- 
firmed this Pnor treatment with cholera filtrate 
m the allantoic cavity of chick embryos prevented 
subsequent infection in all the eggs moculated 
with up to 30 infective doses of CAM influenza 
virus, and m about 90 per cent of eggs moculated 
with 50 IDso of NDV The protective effect 
lasted for about two days foUowmg the cholera 
treatment After about 54 hours the receptors 
were apparently regeneratmg and the cells again 
became susceptible 

You wdl remember that the sahvary mucus of 
ferret, mouse and man had a particularly high 
titer of thermostable inhibitor, m these species 
clmical signs of influenza are readily produced 
There is a suggestion, though no more, that the 
sheep, which is the only other amrnal known to 
have a high titer of inhibitor, may also be chni- 
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cally infected These correlations seem more than 
comcidental, but their significance lemains open 
to question It may be that the presence of m- 
hibitor m the respiratory secretions meiely re- 
flects the presence of virus receptors on respiratory 
cells, or the relation may be more direct m that 
inrus more readily persists, and mfects in the 
presence of a mucm to which it can be adsorbed 
and with which it can react enzyniically It is 
cogent to ask whether m other species the respi- 
ratory mucm, which is not so susceptible to virus 
action, prevents the rapid spread of virus over 
the lespiratory cells 

Bacterial polysacchandes were reported by 
Levine and Fnsch m 1932 (24) to inhibit the lysis 
of the correspondmg bactena by bacteriophage 
Burnet and Gough (25, 26) confirmed the specific- 
ity of this inhibition and beheved that it was 
due to the blocking of the bactenophage by the 
polysaccharide More recently, Maurer and 
Woolley (27) descnbed the non-specific action of 
pectm m preventmg lysis of bactena after they 
have been infected with bactenophage Apple 
pectm has also been found by Green and Woolley 
(28, 29) to prevent hemagglutmation due to Lee 
virus, and m domg so to adhere both to virus and 
to red cells It was also partially or completely 
effective m mhibitmg Lee virus multiphcation m 
the fertile hen egg, even when given 1-2 hours 
after moculation of the virus The authors were 
stimulated to mvestigate apple pectm because it 
was thought to be possibly an analogue of the 
hypothetical cellular substrate of the influenza 
inrus Subsequently Woolley (30) has reviewed 
the subject of competition between analogues and 
has suggested (31) that such competition may be 
the basis of the inhibitory action of apple pectm 

It IS not known whether the effect of these pec- 
tins IS destroyed by virus or by cholera filtrates 
Woolley (29) states that of the polysacchandes 
tested the most actne were polygalacturomdes 
but that those contammg glucuromc acid and 
raannuromc acid had some potency 

So far I have referred to competitive adsorp- 
tion and the prevention of receptor-virus umon 
as the mechanism of inhibition The pomt of view 
of Horsfall and Gmsberg (32) strikes a new note 


They beheve that bactenal polysacchandes m- 
hibit virus multiplication by an mtracellular ac- 
tion They beheve that the virus can enter the 
cell but cannot multiply there because of the pres- 
ence of the mtracellular polysaccharide The back- 
ground of their thesis is bnefly this 
HorsfaU and McCarty (33) reported that sub- 
stances, probably pol 3 ^acchandes, found m 
several species of bactena would inhibit multi- 
phcation of pneumonia virus of nuce m the mouse 
lung This effect was seen even if the polysac- 
chande was given up to 4 days after the mitial 
infection Gmsberg and Horsfall (32) later found 
that 1 mg of Fnedlander baciUus polysacchande 
would prevent the reproduction of mumps vuus 
m the allantoic cavity of chick embryos so long 
as the moculum was less than 10’ LDso These 
authors placed polysacchande, together with a 
large amount of virus m the allantoic cavity, and 
found some vmis was absorbed They assumed 
that if a smaller moculum were used (such as 10’ 
IDio), a portion of that, too, would be absorbed 
They beheved therefore that polysaccharide m- 
hibits mumps mside, not outside the cell 
To summarize, I have descnbed two types of 
inhibitors of hemagglutmation m serum One is 
destroyed at 65® C and is possibly pro tern, the 
other IS thermostable and is probably mucoid 
Both act by combmmg reversibly with extracel- 
lular vmis Two inhibitors descnbed m allantoic 
fluid, and the inhibitor found m mucous secre- 
tions, may be of the same type as those m serum 
Certambactenal polysacchandeshavebeen postu- 
lated to inhibit mtracellular virus multiphcation 
Work m this field is a step toward unrai elhng 
the relation between virus and host cell If it is 
true that the mucoid or vegetable polysaccharide 
inhibitors are analogues of the cell receptor, we 
have one phase of that relation reproduced in a 
simple system and m solution On the other hand, 
as Horsfall, McCarty and Gmsberg haie said, 
them work may open the way to a study of rnira- 
cellvlar metabohc processes Because of this I bc- 
heve it is verj’’ important to haie confirmation 
of their hypothesis that bacterial polj saccharide 
affects mtracellular \arus metabolism rather than 
adsorption of virus on cell 
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authors as precursor or unmature form of the 
ATTUS 

A similar suggestion could sen^e as an explana- 
tion of the foUowmg data If one mjects a large 
dose of optimally prepared virus mto the allantoic 
sac and studies thereafter, at hourly mtervals, the 
allantoic fluids and membranes from represent- 
ative numbers of eggs, for their infectivity, hemag- 
glutmatmg and complement-fixmg activities, it 
can be seen, allowmg one hour for adsorption of 
the seed, that the mfectmty m the fluid and 
tissue remains constant for 6 and 5 hours, re- 
spectively On the other hand, development of 
hemagglutmms becomes measurable after the 
third hour, and they mcrease 30- to 100-fold be- 
fore any rise m mfectivity is noted The comple- 
ment-fixing antigen develops m the membranes 
even before the hemagglutmms, a fact recently 
reported also by Hoyle This senes of events is 
the more stnkmg if one considers that the order 
of mcreasmg sensitivity of these three tests is ]ust 
the reverse, the complement fixation test bemg 
the least sensitive 

Further experiments revealed that the rise m 
hemagglutmms, pnor to that of mfectivity, is ac- 
companied by the development of mterfermg ac- 
tivity as measured after mactivation of thevanous 
preparations by ultraviolet hght Although the 
ongm of this non-infectious, but hemagglutmat- 
mg, mterfermg and complement-fixmg material is 
not defimtely established, whether it is a break- 
down product of the seed virus or an mtermediary 
stage of virus formation, all mdications pomt to 
the latter possibility at present 

As far as the mteractions between host and 
mterfermg agent are concerned, the mterference 
phenomenon can be mduced only by chrect con- 
tact of the host cells with the irradiated virus 
The effect can not be counteracted either by flush- 
mg of the allantoic cavity with sahne solution, 
or by the mjection of potent immune serum im- 
mediately after the administration of the mter- 
fermg agent It is apparent, therefore, that mter- 
ference is mduced very rapidly, and possibly 
withm less than one mmute The cells thus altered 
remam so for at least 6 days It does not seem to 
matter whether a few or 10 nulhon IDso of active 
virus are used for the challenge, the results of 
mterference appear mdentical However, recent 
observations seem to mdicate that the mterfermg 
activitj’’ may be overcome to some extent by the 
use of excessive amounts of active virus, a pomt 
which IS at present under mvestigation 


The quantitative aspects of the mterference 
phenomenon m this system have not been clearly 
worked out as yet Rough estimates of the number 
of cells hmng the allantoic cavity of the 11- to 
12-day-old chick embryo by two different ap- 
proaches led to the figure of about 10^ cells The 
eqmvalent of approximately 10» IDjo of virus m 
the mactivated state is required to produce mter- 
ference to such an extent that no measurable 
amounts of hemagglutuun are formed Thus it ap- 
pears that the equivalent of about one IDso per 
cell wfil cause mterference However, it is not 
known whether every cell hmng the allantoic sac 
will support viral propagation, and the number of 
virus particles constitutmg one IDuo, hkemse, has 
not been defimtely determmed although it ap- 
pears to be of the order of 10 and possibly less 
These considerations would imply that the quan- 
titative aspects are very similar to those encoun- 
tered m the bacteriophage system by Luna and 
Delbriick 

The mterference reaction is non-specific m the 
sense that mactivated influenza virus mterferes 
with the active agents, not only of the homologous 
but also of the heterologous types, as well as with 
some strains of mumps virus, equme encephalo- 
myehtis, epidemic keratoconjunctivitis, New- 
castle disease, and possibly other viruses There 
IS no obvious difference m the degree of cross- 
mterference between influenza A and B viruses, 
if the irradiated virus is mjected pnor to the ad- 
ministration of the active agents However, if the 
irradiated virus is mjected after infection, dunng 
the first hour of the first mfectious cycle, then the 
homologous irradiated virus may markedly affect 
viral propagation m the tissues, whereas heter- 
ologous irradiated virus inhibits only to a lesser 
extent This would seem to mdicate that mter- 
ference may be obtamed at two different levels 
of the mfectious cycle, at the first, a relatively 
non-specific effect is obtamed, vhereas at the 
second it appears rather specific for the type 

Vaiious hypotheses have been proposed to fur- 
nish an explanation for the mterference reaction 
Many of these can be disregarded smee they ob- 
viously do not apply to the system under studj’’ 
However, two of these, suggested by Ziegler and 
Horsfall, andby Delbriick and Luna, respectively , 
require discussion Tliey are 1) blockade or de- 
struction by the pnmanly mjected virus of cell 
receptors which mediate also infection of the host 
tissue by the second virus, and 2) blockade of a 
key enzyme m the host cell by the mterfermg 



September 1949 


MECHANISMS OF IMMUNITY TO VIKUSES 


637 


agent which is necessary also for the propagation 
of the excluded virus 

The cell receptor theory, of course, is based on 
the studies of the hemagglutmation phenomenon 
As IS well known, influenza virus is adsorbed onto 
and subsequently eluted from chicken red cells, 
and the erythrocytes thus treated become non- 
agglutinable, as measured by the addition of fresh 
homologous virus and, to a varymg extent, by 
other strams of virus of the homologous and 
heterologous t3T5es Similar phenomena of ad- 
sorption and elution have been observed by Hirst 
and by Stone, to occur m the lungs of ferrets and 
mice, and m the allantoic cavity of the chick 
embryo, under conditions which m all probabihty, 
would have precluded yiral multiphcation Elu- 
tion of active or mactivated virus has not been 
demonstrated as yet m the mtact host Further- 
more, as has been pomted out previously, ul- 
traviolet irradiation of influenza viruses de- 
stroyed the mterfermg pioperty more rapidly 
than the hemagglutmatmg property In other 
words, on prolonged irradiation a preparation 
may be obtamed which does not cause mter- 
ference but still is adsorbed and eluted from red 
cells to an apparently unaltered degree 

Finally, cells which have been treated with m- 
terfenng preparations of irradiated virus stiU may 
adsorb additional virus of the homologous or 
heterologous types 

Although receptor blockade thus can be ruled 
out as the major cause of mterference, it has not 
been entirely excluded as a contnbutmg factor 
Adsorption of virus onto the allantoic tissue 
amounts to only about 70 per cent m the average, 
the remamder of the seed virus bemg left free m 
the allantoic flmd If this equflibnum is markedly 


disturbed by secondary mjection of large amounts 
of virus, the additional adsorption apparently is 
more pronounced than in the case of small 
amounts of challenge virus, where less additional 
adsorption seems to take place These relation- 
ships will bear further clanfication smee the ex- 
penmental conditions are such as to approach 
closely the hmits of accuracy of the available 
technics used for the assays 

As to the key enzyme hypothesis of Delbruck 
and Luna it seems to fit best to most of the avail- 
able data It IS possible that the enz3Tne or en- 
zymes affected are necessary both for vnal and 
host cell multiphcation It was found that bac- 
teria, tieated with irradiated phage, discontmued 
multiplication, and, similarly, the allantoic sac of 
the 8-day-old chick embryo, mjected with ir- 
radiated influenza virus, failed to grow thereafter 
at the normal rate If the key enzyme hypothesis 
13 correct, one would hav e to postulate now that 
one enzyme system must be involved m propaga- 
tion of a number of viruses, and, consequently, 
its blockade would be responsible for the mter- 
ference phenomenon between immunologicaUy 
distmct viruses The specific mterference obtamed 
by mjection of irradiated varus of the homologous 
type withm the first hour after infection, i e , 
durmg the first mfectious cycle, would seem to 
have to be caused by blockade of another enzyme 
system mvolved m production of components 
needed only for formation of varus of the homol- 
ogous type 

It IS obvious from these remarks that we are 
still far from havmg a satisfactory explanation 
for the mterference phenomenon and, mdeed, it 
may very well be that not a single explanation 
wiU ultimately fit all the obseived facts 
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18 th International 
Physiological Congress 

The Executive Committee of the Federation of Amencan Societies for Ex- 
perimental Biologj’’ has authorized the grantmg of five or more Travel Awards 
to younger scientists m the physiological field desirmg to present papers 
before the 18th International Ph^'^siological Congress m Copenhagen, Den- 
mark, August 15 to 18, 1950 Awards will be in the amount of $500 each, and 
wiU be made to those scientists, not older than 35 years, who submit for 
presentation the best contributions m physiology, broadly defined, and give 
the best evidence of creative productivity Membership in one of the Fed- 
erated Societies vull not influence selection for an awaid 

Applicants may address letters to Dr M 0 Lee, Federation Secretary, 2101 
Constitution Avenue, Washington 25, D C , enclosmg seven copies of an 
abstract of the paper proposed for presentation, and seven copies of a cumcu- 
lum vitae and bibliography The apphcant should also mclude a list of two to 
four references, scientists competent to evaluate the applicant’s v ork 

Apphcations will be received until January 20, 1950 

A Federation Committee, consistmg of the Presidents of the slx Societies, 
voll select the indi\uduals to receive the travel awards 
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Books You Should Not Overlook 


HOBER 

Physical Chemistry of Cells and Tissues 


Presents material of major importance to teachers, 
students and workers in physical chemistry, medical 
and biological ph3^ology Emphasis is given to new 
developments m submicroscopic structures Some of 
the contents prmaples of physical chemistry 
properties, architectural and functional significance m 
hvmg matter of the large molecules respiration of 


cells and tissues passive penetration etc “For the 
advanced students and invesUgators interested in the 
application of physical chemistry to biological systems, 
this volume is indispensable,” says the Medical Times 
“The Authors have done an excellent job ” Clinical 
Medicine 


70 Ulus , 676 Pages, $6 00 (Reprinted 194S) 


WINTON & BAYLISS 

Human Physiology (3rd Edition) 


Students m medicme and dentistry will find m this very 
popular textbook a thorough presentation of the rela- 
tionships between pathology and physiology, and of 
physiological experimental evidence All chapters 
have been revised and a large number of new illustra- 
tions added Each section was wntten by a colleague 


with speaal knowledge and expenence a particu- 
larly valuable feature Subject matter includes the 
circulation, autonomic nervous system and chemical 
transmission at nerve endings, the sense organs, duct- 
less glands, and many others 


248 Ulus , 592 Pages, $7 00 (194S) 


Blakiston’s New Gould is the only completely new medical dictionary m 38 
years Do you have one? Textbook edition $8 50 — ^Thm paper edition, 
SlO 75 — ^Deluxe edition, $13 50 

Order from your bookstore or direct from 

The Blakiston Company 

1012 Walnut Street, Philadelphia 5, Pa 
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The Diagnosis of 
Pancreatic Disease 


New! 

74 Pages 
Many Graphs 
and Tables. 
$5 00 


by Louis Bauman, M D , Formerly Assistant Professor of Clinical Medicine, 
Columbia Umv , and Assistant Visiting Physiaan to the Presbyterian Hospital, New York 

A monograph on the panel eatic function tests and their appli- 
cation to the diagnosis of pancreatic disease 

Di Bauman’s experience during the past twenty-five years 
in the study of metabolic disease and pancreatic lesions, m asso- 
ciation with the medical and surgical services at the Columbia- 
Presbytenan Clinic, eminently qualify him m his analysis of 
the large mass of clinical and laboratory data m these fields 
His management is based upon carefully checked and followed 
clinical histones 

"This IS a much-needed monograph and should stimulate 
further studies in the chmes of this country in pancreatic 
disease ” — from the Foreword by Allen 0 Whipple, M D 


J B Lippotcott ConPAinr, E Washington Square, Philadelphia 5, Pa 

Please enfer ray order and send me 

CJ Bauman, Diagnosis of Pancreatic Disease, S5 00 

□ Cash Enclosed Q Charge my account 

Name 

Address 


City, Zone, State. 


Lippincott 

Philadelphia * London * Montreoi 
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ELECTRIC STYLUS INPUT CONTROL 

FOR DRY RECORDING ON ELECTRO -SENSITIVE PAPER 


For individual control of multiple 
electric marking devices for mak- 
ing permanent Kymograph records 
without use of smoked paper or 
ink 



8076-C 


ELECTRIC STYLES INPUT CONTROL, Six-Place, for drj^ recording on electro-sensitive 
paper, without use of smoked paper or ink, in accordance with circuit design deve ope a 
Merck Institute for Therapeutic Research Provides a harmless, precisely contro e pov 
source for producing continuous line recordings on Teledeltos paper, and can be use on prac 
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Consistmg essentially of an electromc power umt with si\ separate electric circui s an 
controls for regulating the electnc current of individual stjli, six removable stylus circui ea s, 
G ft long, with connecting tips and clamps, pilot lamp and on-off switch, mounted in a ven i a c 
metal case ivath sloping panel and gray crystal lacquer fimsh 

Teledeltos paper is an electncally conducting, coated sheet developed by Western nion 
Requires no preparation, developing or processing in the laboratory , and is permanent J ^ 
ened where an electnc current passes through the coating Resulting records arc sharp an c can 
and unaffected by light or atmosphere 

8075-C. Elcclrlc Slylaa Input Control Slx-PIacc as nbo\ e deecribed wth fi ft. connecting cord and pIuR but ^ pu 

dcltos paper For llS volts 60 cjxlcs, a-c. only 

SOIS-T Paper Teledeltos EIcclro-ScnsillTC for use with abo\-c in rolls containing 300 ft, i-SO 

Per roll, 6-inch 9 60 Per roll, lO-inch ■’ ■* 

More detailed infoTmation sent upon request 
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To facibtate the publication of an accurate and up-to-date hlembership list 
m the December issue of Federation Proceedings, it is requested that any 
member whose entry in the December 1949 issue is incorrect furnish the Secie- 
taiy of his Society wnth the follomng data, m duplicate, on 3" x 5" cards 
Name, Degree (highest), Mailmg Addiess (stieet address, city, zone, state). 
Present Position (title and department or branch) , Society membership and 
3 ’'ear of election to membership in that society If you are retired, give only 
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officially earned on the rolls of your society as a retiied oi honoraiy member, 
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The American Physiological Society — Dr M 0 Lee, 2101 Constitution Ave , 
Washington, D C 

American Society of Biological Chemists — Dr Richard W Jackson, Noithem 
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The Amencan Association of Immunologists — Di Jules Fieund, Public Health 
Research Institute of the City of New York, Inc , Foot of East 15th St , 
Nev York City 

At any future tune when you msh a conection made, please notify your 
Society Secretaiy by supplying all required infoimation as above Your 
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SIGNIFICANT 


REASONS WHY 


(1) PURITY— Crystalline Pemcillin G Sodium Merck is im- 
surpassed in punty Removal of impurities and thera- 
peutically mert materials, and the absence of substances 
which may act as foreign bodies make this form of pemcil- 
Im smtable for all routes of administration which may be 
mdicated, mcludmg mtrathecal mjection 

(2) RAPID ABSORPTION AND THERAPEUTIC EFFECT— Prompt 
absorption of the pemcilhn m aqueous solution permits 
rapid therapeutic action This often is an important consid- 
eration, particularly m serious and fulmmatmg infections 


(3) SIMPLICITY OF ADMINISTRATION— Aqueous solutions of 
MANY PHYSICIANS CrystallmePemciUmGSodiumMerckareeasytohandle 

and mject Pam and irritation on mjection are reduced 
to a mimmiiTn 


AND HOSPITALS 
PREFER . 


(4) EASY ADAPTABILITY TO THERAPY— Crystalhne Penicillin 
G Sodi um Merck never is contraindicated in cases m 
which pemcdhn itself is tolerated and indicated 

• We submit these four reasons for specifying Crystalline 
Pemcilhn G Sodium Merck when penicillin is indicated 
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PENICILLIN G SODIUM 
MERCK 
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TkACriONATIONpROBLEMS? 

here’s help for you . . . 


T his tireless servant in your laboratory will automatically 
collect any number (up to 200) of rigidly controlled samples 
of predetermined fluid volumes Each collected sample may 
comprise any number of drops from one to four hundred As 
each separate sampling is completed, the carnage automat- 
ically advances to repeat identical collections consecutively 
until the whole fractionation has been made 

All you have to do is to set it up for the conditions of the 
chosen experiment, short or long, and then leave if alone 
The machine will plod along without attention hour after hour, 
all day (and night) long When the lob’s done, it will shut 
itself off 

The Technicon Fraction Collector has been thoroughly 
tested in actual laboratory installations, where it has proven 
invaluable to busy research staffs We shall be happy to send 
you details 


Ref Chromatogrophy of Amino Acids on Starch Columns— 
W H Slein and S Moore, JrnJ Bio) Chem 17b, 337,l194B) 







the centrifuge with 
9 interchangeable heads 

Adams Safeguard Centrifuge 

The Adams Safeguard Centrifuge provides a wider range of apphcation be- 
cause the same honsmg accommodates mne different types of angle and stand- 
ard heads . It can also be used for micro and semi -micro work by substitutmg 
the proper shields and tubes 

The base and guard bov 1 are made of an integral alummum casting, attrac- 
tively fimshed in gray hammertone Heads are made of a special aluminum 
alloy and are precision-machmed to insure accurate balance The rheostat has 
an off” position and allov s for continuous speed control Rubber suction feet 
absorb vibration and keep the centrifuge from cieepmg, even on a glass surface 

CT-1230/D Adams Safeguard Angle-head Centrifuge, 12 
Place (Illustrated above) For 110 volts, AC-DC Complete 
V ith head and shields, but w ithout glassv are each $105 00 
220 ^ olt models, S3 00 additional 

For full information on all Safeguard models, write for Circular 300FP 

Clay-Adams Company, inc 

———141 EAST 25th STREET NEW YORK 10 — 


ADAMS 
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APPARATUS FOR THE 
PHYSIOLOGIST 


- The Bird V-H Kymograph - 


— Using our continuous feed pnneiple, we 
offer a kjTnograph having the follovnng fea- 
tures 

1 May be used for vertical or horizontal re- 
cording 

2 While designed for 10 inch paper, it will feed 
narrower widths The standard length roll is 80 
feet 

3 Eight speeds are provided Steps are in 
geometric progression, giving paper speeds 
from 2 to 450 cm min The approximate speeds 
are (in cm per minute) (1st ) 2 2, (2nd ) 11 0, 
(3rd ) 55 0, (4th ) 275 0 

With these gears reversed, speeds are (1st ) 

4 3, (2nd ) 21 5, (3rd ) 107 5, (4th ) 537 5 
Speeds given are approximate only, since an 
induction motor is used for driving the rolls, 
and thex mai differ a few per cent from these 
figures 

4 The precision, of paper movement, is not 
iffected b\ use or non-use of the take-up roll, 
because the feed roll and the take-up roll are 
driven b\ separate motors This take-up roll, 
vliicli IS integral vith the k 3 Tnograph, ma}^ be 
used or not as desired 

The instrument is furnished with an attractive 
aluminum and cast-iron stand vhich has a 
handle at the top for easj carrjung For vertical 
recording, the kjmograph is placed on this 
stand and securelj held bj" a single thumb 
screv For horizontal recording, it maj be re- 
moved in a few seconds and placed on a table 
An instrument bar (swinging out of the waj'^ 
for vertical recording) is then raised up and 
snapped into working position 



Designed for operation on 110-120 volt, 60 cycle, A C 
The instrument comes equipped with six-foot rubber 
covered cord and plug Independent snatches for the 
two motors are provided 425 00 


Write for our latest catalog, “Tools for Biophysics”, which lists complete equipment for instruction, 
control or research in Phjsiologj^ and Pharmacology 


PHIPPS & 

303 SOUTH 6th STREET 


BIRD Inc. 

RICHMOND, VIRGINIA 


Manufacturers of Physiology Equipment 




mass demonstration in the auditorium 


The projectionist can follow a specimen through a progres 
Sive senes of ever closer localizations, from its gross aspect 
to Its ultimate microscopic demonstration under oil immersion 



The auxiliary Scopicon dark chamber “round table” 
affords superb facility for small-group study 
Here the projected image is cast upon a platen 
^wthin a lighttight chamber, wth separate light- 
excluding viewng hoods for each observer Any 
number up to ten may share in conference, which 
can be conducted in a normally lighted room A 
pointer at each port permits any observer to indi- 
cate areas of interest to all the others for discussion 


. . . and for 
small-group 
‘round-tables” 
in a normally 
lighted room 


the 







for example in. 

exfoliativ 
cytology 

The 64,000 lumen intensity 'oh'th‘’e' 
Scopicon high pressure meYcury 
lamp permits auditorium ^in'on- 
stration of vaginal, uterine^bron- 
chial and gastric smears- 'bnd 
smears made from urine or o'ther 
body exudates, even under ’oil- 
immersed microscope objectives 
in projected images six feet' or* 
more across, every detail of the 
normal and abnormal cells can be 
seen due to the pinpoint character 
of the 1 mm square (approx ) 
focal spot employed The Scopicon 
light IS steady, flickerless its 

brilliant white color exhibiting bio- 


logical stains to the greatest ad- 
vantage May we send you the 
brochure describing this versatile 
instrument’ 
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Pure.. 

Wholesome . . 
Refeesliiiig 



Safeguarded constantly by scientific 
tests, Coca-Cola is famous for its punty 
and wholesomeness. It’s famous, too, for 
the thnll of its taste and for the happy 
after-sense of complete refreshment it 
always brings. Get a Coca-Cola, and get 
the feel of refreshment. 
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MODEL P4 PRE-AMPLIFIER 


A GENERAL PURPOSE PHYSIOLOGICAL AMPLIFIER 

Developed for use with conventional cathode ray oscilloscopes having some amplification 

This instrument provides accurate, wide range, low noise, yet inexpensive amplification 
or the study of electro physiologiccil phenomena. The entire range of physiological ampli- 
tudes and frequencies are covered by this amplifier with the exception of D C potentials. 

An input probe is available as an accessory to this instrument for use with micro electrodes. 
Grass Instrument Company also manufactures 

^a^acolo^^^^°^^^^* — clinically and in expenmental neurophysiology and 

Stimulators general purjxise instruments for electrophysiological research, 

scalp type for recording the EEG, Cortical electrode holders for recording 
e from exposed brain in animcils and humans, depth electrodes for stimulating re- 
cor ing and injecting fluids into the depths of the brain, and varied stimulating electrodes. 

Write us for full speafications on any of the above. 

Prompt dehverj on most items. 


Makers of electroencephalographs and 
^'^'^'’’'^° f’^^'''SIOLOGICAL instruments SINCE 1935 
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ICrysfalllna Procaine Penicillin — G, llllyl 


introduced procaine peniciUin to medicine This 
and all subsequent LiUy modifications of pem- 
ciUm are made to fulfill the first requirement of a 
useful drug — recovery for the patient 

Prompt, ample, and sustamed pemcdhn effect m 
body tissues is assured by careful regulation of 
crystal size and vehicle 

There is an effective form of 'Duracilhn’ to meet 
every preference. 


Ell Lilly and Company • Indianapolis 6, Indiana, USA 


Detailed information and literature on 
'Duracillin’ are available from your Lilly 
medical service representative or inll be 
fonvarded upon request 
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THIRTY-FOURTH ANNUAL MEETING 
Atlantic City, new jersey 
April 17-21, 1950 


The 1950 Convention of the Federation will be 
held in Atlantic City, New Jersey, Apnl 17-21 
The scientific sessions of the six constituent 
Societies will begin at 9 00 a m , Tuesday, April 
18, in the Municipal Auditonum, and will continue 
through Fnday afternoon, Apnl 21 Sunday and 
Monday, Apnl 16 and 17, will be devoted to meet- 
ings of Society Councils, the Federation Executive 
Committee and other Committees The Federation 
Joint Session will be Tuesday evening Apnl 18, 
in the Ballroom of the Auditonum 

Registration will open at 9 00 a ai , Monday, 
Apnl 17, at the Municipal Auditonum The regis- 
tration desks will be open until 10 00 p ai Monday 
evemng and from SOOaai toSOOpAi on Tues- 
day, Wednesday, Thursday and Fnday Since the 
scientific sessions begin at 9 00 a ai on Tuesday, 
members are urged to complete registration on 
Monday, if possible Members of any of the con- 
stituent Societies, guests, and other biologists and 
physicians who wish to attend the meetings may 
register The official badge, issued at registration, 
must be worn to secure admission to the scientific 
sessions and other activities of the Convention 
There will be a separate registration desk where 
ladies who are present as guests may register 
-mthout charge Programs, abstracts and tickets 
for various special functions will be on sale near 
the registration desk 

Headquarters Hotel vnll be the Hotel Trajunore 
Information on hotels and rates, and forms for 
making reservations will be distnbuted to members 
bi the Society Secretaries Hotel housing facilities 
■are adequate in Atlantic City 

exhibits 

Commercial exhibits will be shovn from Tues- 

r* u Mumcipal Auditonum 

Exhibitors will be publishers and manufacturers 
■and distnbutors of scientific equipment, ap- 
paratus, supplies, chemicals and pharmaceuticals 
n addition, there will be proxision for small 
scientific exhibits bx Federation members and bj 
Unixersitj laboratories. Foundations and Insti- 
tutes These will consist of exhibits (not demon- 
strations) of new apparatus, graphs, charts and 
pictures These exhibits must be set up before 
t iiesdax morning and must remain in place until 


Fnday noon Gas, water and electric facihties 
will not be available There will be no charge for 
this exhibit space 

AIOTION PICTHHES 

Motion pictures wall be shown at one session, to 
be scheduled in the program The title and ab- 
stract of the film must be submitted to the Society 
Secretaries Only 16 mm safety fihn can be shown, 
equipment for sound projection will be available 

DINNERS AND LUNCHEONS 

There wall be ample facilities for holding group 
breakfasts, luncheons and dinners It is advan- 
tageous to schedule all of these through the 
Federation Secretary’s office Members and groups 
desinng to schedule these functions should make 
their plans early and inform the Federation 
Secretary of their requirements before March 1, 
1950 Specifications should include attendance 
expected, desirable time and alternatives, conflicts 
to be avoided, and whether or not a discussion 
session is to follow the meal 

PLACEMENT SERIUCE 

An office of the Placement Service of the Fedora 
tion wall be located in the Auditorium during the 
meetings, for arranging interviews between appli- 
cants and employers Applicants for positions 
should wnte to the Federation Placement Senacc, 
2101 Constitution Avenue, Washington 25, D C , 
for application forms to be returned not later than 
Apnl 1, 1950 Applicants who ha\e proviouslj 
filed forms with the Service arc requested to 
notifj the office and to send additional data not 
later than Apnl 1, 1950 The application forms, 
compnsing a rdsumd of education, training, cx- 
penence, publications and tj^pe of position desired, 
wall be on file at the Placement Sen ice office 

Agencies seeking personnel should wnte to the 
Federation Placement Senacc for cmploxcrs’ reg- 
istration cards on which to describe the position'' 
and to record the Atlantic Citx nddres'-ts Tho 
cards should be returned to the Fcdcntion oflio 
not later than Apnl 1, 1050 Linploxcra wlio ha\e 
prcMOuslx filed cards should nolifx tlm oflic'' o'' 
their Atlantic Citx addres- not later tliui tpnl I 




FEDERATION OF AJVIERICAN SOCIETIES FOR 
EXPERIMENTAL BIOLOGY 

EXECUTIVE COMMITTEE 1949-1950 


Carl J Wiggers, D B Dill, Amencan Physiological Society 
Carl F Cori, Richard W Jackson, American Society of Biological Chemists 
C\RL F ScmuDT, H B Haag, American Society for Pharmacology and ExperimenM 

Therapeutics 

John G Kidd, Sidney C Madden, Amencan Society for Experimental Pathologj’- 
C G ICiNG, J H Roe, Amencan Institute of Nutntion 
Thomas Francis, Jr , Jules Freund, Amencan Association of Immunologists 
C G IGng, Chairman, Nutntion Foundation, Inc , Chiysler Buddmg, Neu York City 

H P Smith, Ex-Chairman 

M 0> Lee, Federation Secretary, 2101 Constitution Ave , Washmgton, D C 


STANDING COMMITTEES 

Promohonal of Biological Research A C Ivr, 
Chairman, K F Meter, Ephraim Shorr 
International Congresses Carl J Wiggers, Carl 
F Cori, Carl F Schahdt, John G Ividd, 
C G Eing, Thomas Francis, Jr 
Federation Proceedings, Control Committee Wil- 
liam H Chaaibers, Chairman, Physiology, 
Eric G Ball, Biochemistry, McKbbn Cat- 
TELL, Pharmacology, Morton McCutchbon, 
Pathology, A H Sahth, Nutntion, A P 
Locke, Immunology 

FORMER EXECUTIVE COMMITTEES 

Philadelphia, Dec 28-31, 1913 

S J Meltzer, Chairman, and A J Carlson, 
Secretary, The Physiological Society A B 
Macallum and P A Shaffer, The Biochemical 
Society T Sollmann and J Auer, The Pharma- 
cological Society 

St Louis, Dec 27-30, 1914 

G Lhsk, Chairman, and P A Shaffer, Secre- 
tary, The Biochemical Society T Sollmann and 
J Auer, The Pharmacological Society R M 
PEARCE and G H Whipple, The Pathological 
Se lety W B Cannon and A J Carlson, The 
Physiological Society 

Boston, Dec 26-29, 1915 

Torald Sollmann, Chairman, and John Auer, 
Secretary, The Pharmacological Society Theo- 
bald Smith and Peyton Rods, The Pathological 
Society W B Cannon and C W Greene, The 


Physiological Society Walter Jones and P A 
Shaffer, The Biochemical Society 

New York, Dec 27-30, 1916 

Simon Flexner, Chairman, and Peyton Rous, 
Secretary, The Pathological Society W B Can- 
non and C W Greene, The Phy Biological Society 
Walter Jones and Stanley R Benedict, The 
Biochemical Society Reid Hunt and J Auer, 
The Pharmacological Society 

Minneapolis-Rochester, Dec 27-29 1917 

Frederic S Lee, Chairman, and Charles W 
Greene, Secretary, The Physiological Society 
CarlL Alsberq, and Stanley R Benedict, The 
Biochemical Society^ Reid Hunt and L G Rown- 
tree. The Pharmacological Society Ludvig 
Hektoen and Howard T Karsner, The Patho- 
logical Society 

Baltimore, April 24-26, 1918 

Carl L Alsbbrg, Chairman, and Stanley R 
Benedict, Secretary, The Biochemical Society 
Reid Hunt and E D Brown, The Pharmacologi- 
cal Society H Gideon Wells and Howard T 
Karsner, The Pathological Society' Frederic S 
Lee and Charles W Greene, The Physiological 
Society 

Cincinnati, Dec 29-31, 1919 

A S Loevbnhart, CAatrman, and E D Brown, 
Secretary, The Pharmacological Society W G 
MacCallhm and Howard T Karsner, The Path- 
ological Society Warren P Lombard and 
Charles W Greene, The Physiological Society 
Stanley R Benedict and Victor C Myers, The 
Biochemical Society 
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Chicago, Dec 28-30, 1920 

WiLUAii H Pahk, Chairman, and Howahd T 
Kahsner, Secretary, The Pathological Society 
Warren P Lombard and CharIxES W Greene, 
The Physiological Society Stanlet R Benedict 
and Victor C Myers, The Biochemical Society 
A S Loevenhaht and Edgar D Brown, The 
Pharmacological Society 

New Haven, Dec 28-30, 1921 

J J MacIxEOd, Chairman, and Charles W 
Greene, Secretary, The Physiological Society 
D D Van Sltke and Victor C Myers, The 
Biocheimcal Society C W Edmunds and Edgar 
D Brown, The Pharmacological Society F G 
Novy and Wade H Brown, The Pathological 
Society 

Toronto, Dec 27-29, 1922 

D D Van Slyke, Chairman, and Victor C 
Myers, Secretary, The Biochemical Society C W 
Edmunds and Edgar D Brown, The Pharmaco- 
logical Society Howard T Karsner and Wade 
H Brown, The Pathological Society J J R 
Macleod and Charles W Greene, The Physio- 
logical Society 

St Louis, Dec 27-29, 1923 

C W Edmunds, Chairman, and Edgar D 
Brown, Secretary, The Pharmacological Society 
E L Opie and Wade H Brown, The Pathological 
Society A J Carlson and Charles W Greene, 
The Physiological Society Philip A Shaffer and 
^ icTOR C Myers, The Biochemical Society 

Washington, Dec 29-31, 1924 

Aifred S Warthin, Chairman, and E B 
Krujibhaar, Secretary, The Pathological Society^ 
A J Carlson and Walter J Meek, The Physio- 
logical Society P A Shaffer and D Weight 
Wilson, The Biochemical Society John Auer 
and E D Brown, The Pharmacological Society 

Cleveland, Dec 28-30, 1925 

t J Carlson, C/iairman, and Walter J Meek, 
Secretary, The Ph^-siological Society H C Sher- 
man and D Wright Wilson, The Biochemical 
Socictj John Auer and E D Brown, Tho Phar- 
macological Societj George H Whipple and E 
B IvnuMBHAAR, The Pathological Society 

Rochester, N Y , April 14-16, 1927 

E C Ivendall, Chairman, and F C Koch, 
SccTctarv, The Biochemical Sociotv John Auer 
and E D Brown, The Pharmacological Societj 
M H Brown and E B Krumbh aar, The Patho- 


logical Society J Erlanger and W J Meek, The 
Physiological Society 

Ann Arbor, April 12-14, 1928 

Carl Voegtlin, Chairman, and E D Brown, 
Secretary, The Pharmacological Society David 
Marine and Carl V Weller, The Pathological 
Society Joseph Erlanger and Walter J Meek, 
The Physiological Society E V McCollum and 
D Wright Wilson, The Biochemical Society 

Boston, Aug 19-24, 1929 

(The Xlllth International 
Physiological Congress) 

Edward B Krumbhaar, Chairman, and Carl 
V Weller, Secretary, The Pathological Societj 
Joseph Erlanger and Walter J Meek, The 
Physiological Society E V McCollum and D 
Wright Wilson, The Biochemical Society Carl 
Voegtlin and E D Brown, The Pharmacological 
Society 

Chicago, March 26-29, 1930 

Walter J Meek, Chairman, and Alfred C 
Eedfield, Secretary, The Physiolopcal Society 
W E, Bloor and Howard B Lewis, The Bio- 
chemical Society Carl Voegtlin and E D 
Brown, The Pharmacological Society William 
F Petersen and Carl V Weller, The Patho- 
logical Society 

Montreal, April 8-11, 1931 

W R Bloor, Chairman, and H B Lewis, 
Secretary, The Biochemical Society George B 
Wallace and E D Brown, The Pharmacological 
Society Frederick L Gates and C Phillip 
Miller, The Pathological Society Walter J 
Meek and Arno B Luckhardt, The Physiological 
Society 

Philadelphia, April 27-30, 1932 

George B Wallace, Chairman, and V E Hen 
DERSON, Secretary, The Pharmacological Society 
Samuel R Haythorn and G Phillip Miller, 
The Pathological Societj Walter J Meek and 
Arno B Luckhardt, The Phjsiological Sociclj 
H C Bradley and Howard B Lewis, The Bio 
chemical Societj 

Cincinnati, April 10-12, 1933 

Peyton Rous, CAairman, and C PniLLirlHiLLEn, 
Secretary, The Pathological Sociclv Ahno B 
Luckhardt and Frank C Mann, The Plnaio- 
logical Societj H C Bradley and IIonARD B 
Lewis, The Biochemical Societj Mm itB Mac- 
Nider and V E Henderson, The Plnrmacologi- 
cal Societj 
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New York, March 28-31, 1934 

AH^o B Luckhaedt, Chairman, Fhank C 
Mann, Secretary, and Alexander Forbes, Treas- 
urer, The Phj Biological Society W M Clark 
and H A Mattill, The Biochemical Society 
W deB MacNider and V E Henderson, The 
Pharmacological Society Carl V Weller and 
C PmLLip Miller, The Pathological Society 

Detroit, Apnl 10-13, 1935 

W M Clark, Chairman H A Mattill, Secre- 
tary, and C H Fiske, Treasurer, The Biochemical 
Societj Charles W Greene and Frank C 
Mann, The Physiological Society R A Hatcher 
and E M K Geiling, The Pharmacological So- 
ciety S Burt Wolbach and Shields Warren, 
The Pathological Society 

Washington, March 25-28, 1936 

V E Henderson, Chairman, E M K Geiling, 
Secretary, and C M Gruber, Treasurer, The 
Pharmacological Society Frank C Mann and 
\ndrew C Ivy, The Physiological Society H 
B Lewis and H A Mattill, The Biochemical 
Society Oskar Klotz and Shields Warren, 
The Pathological Society 

Memphis, AprU 21-24, 1937 

Alphonse R Dochez, Chairman, and Shields 
Warren The Pathological Society Frank C 
Mann and Andrew C Ivy, The Physiological 
Society Howard B Lewis and H A Mattill, 
The Biochemical Society V E Henderson and 
E M K Geiling, The Pharmacological Society 
D R Hooker Secretary 

Baltimore, March 30-April 2, 1938 

WiLUAU T Porter, Honorary President, 
Walter E Garret, Chairman, and Andrew C 
Ivy, The Physiological Society Glenn E Cullen 
and H A Mattill, The Biochemical Societj 
Arthur L Tatum and G Philip Grabfield, The 
Pharmacological Society C Phillip Miller and 
Paul R Cannon, The Pathological Society D 
R Hooker, Secretary 

Toronto, April 26-29, 1939 

Glenn E Cullen, Chairman, and Charles G 
King, The Biochemical Society Arthur L 
Tatum and G Philip Grabfield, The Pharmaco- 
logical Society C Phillip Miller and Paul R 
Cannon, The Pathological Society Walter E 
Garret and Andrew C Ivy, The Physiological 
Societ}' D R Hooker, Secretary 


New Orleans, March 13-16, 1940 

E IM K Geiling, Chairman, and G Philip 
Grabfield, The Pharmacological Society Ernest 
W Goodpasture and Paul R Cannon, The 
Pathological Societj Andrew C Ivy and Philip 
Bard, The Physiological Society William C 
Rose and Charles G King, The Biochemical 
Society D R Hooker, Secretary 

Chicago, April 15-19, 1941 

Shieids Warren, Chairman, and H P Smith, 
The Pathological Societj' Thorne M Carpenter 
and L A Maynard, The Institute of Nutrition 
Andrew C Ivy and Philip Bard, The Physiologi- 
cal Society William C Rose and Charles G 
King, The Biochemical Society E M K Geiling 
and G Philip Grabfield, The Pharmacological 
Society D R Hooker, Secretary 

Boston, March 31-April 4, 1942 

Albert G Hogan, Chairman, and Arthur H 
Smith, The Institute of Nutrition Philip Bard 
and Carl J Wiggers, The Physiological Society 
Rudolph J Anderson and Arnold K Balls, 
The Biochemical Society E M K Geiling and 
R N Bieter, The Pharmacological Society 
Jesse L Bollman and H P Smith, The Patho- 
logical Society Shields Warren, Ex-Chairman 
D R Hooker, Secretary 

1943, 1944, 1946 The meetings scheduled for 
Cleveland were cancelled because of war 
conditions 

Philip Bard, C/iairniOTi, and Wallace 0 Fenn, 
The Physiological Society E A Doiby and 
Arnold K Balls, The Biochemical Society E 
K Marshall, Jr and Raymond N Bieter, The 
Pharmacological Society Balduin Luck6 and 
H P SuHTH, The Pathological Society Leonard 
A Maynard and Arthur H Smith, The Institute 
of Nutrition Jacques J Bhonfbnbrenner and 
Art hur F Coca, The Association of Immunolo- 
gists D R Hooker, Secretary 

Atlantic City, March 11-16, 1946 

Philip Bard, Chairman, Wallace 0 Fenn, 
The Physiological Society A Baird Hastings 
and Arnold K Balls, The Biocheimcal Society 
Erwin E Nelson and Raymond N Bieter, The 
Pharmacological Society Balduin LucKfi and H 
P Smith, The Pathological Society William C 
Rose and H E Carter, The Institute of Nutn- 
tion Jacques J Bronfenbrenner and Arthur 
F Coca, The Association of Immunologists D R 
Hooker, Secretary 
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Chicago, May 18-22, 1947 

A Bated Hastings, Chairman, and Otto A 
Besset, The Biochemical Society Maurice H 
Seevers and Harvet. B Haag, The Pharmaco- 
logical Society Paul R Cannon and Frieda S 
Robscheit-Robbins, The Pathological Society 
Arthur H Smith and H E Carter, The In- 
stitute of Nutrition Michael Heidelberger 
and Arthur F Coca, The Association of Immu- 
nologists Wallace 0 Fenn and Maurice B 
Visscher, The Physiological Society William 
H Chambers, Secretary 

Atlantic City, March 15-19, 1948 

Maurice H Seevers, Chairman, and Harvei 
B Haag, The Pharmacological Society Douglas 
H Sprunt and Frieda S Robscheit-Robbins, 
The Pathological Society R M Bethke and H 


E Carter, The Institute of Nutrition Lloyd D 
Felton and Arthur F Coca, The Association of 
Immunologists Wallace 0 Fenn and Maurice 
B Visscher, The Physiological Society Hans T 
Clarke and Otto A Besbey, The Biochemical 
Society William H Chambers, Secretary 

Detroit, April 18-22, 1949 

H P SraTH, Chairman, and Frieda S Rob- 
scheit-Robbins, The Pathological Society E M 
Nelson and J H Roe, The Institute of Nutrition 
Michael Heidelberger and Jules Freund, The 
Association of Immunologists Maurice B Vis- 
scher and D B Dill, The Physiological Society 
Hans T Clarke and Otto A Bessey, The Bio- 
chemical Societj' Carl A Dragstedt and Har- 
vey B Haag, The Pharmacological Society M 
0 Lee, Federation Secretary 


FEDERATION BY-LAWS 


BY-LAWS 

Adopted at the Washington Meeting, 1958, and 
amended at the Boston Meeting, 194S 

1 The Presidents and Secretaries of the Con- 
stituent Societies, the Chairman of the E\ecutive 
Committee of the preceding year and the Federa- 
tion Secretary shall form the Executive Com- 
mittee of the Federation 

2 The Chairmanship of the Executive Com- 
mittee shall be held m turn by the Presidents of 
the Constituent Societies, who shall succeed one 
another annually in the order of semonty of the 
Societies 

3 The Executive Committee shall appoint an- 
nually from the membership of the Federation a 
Secretary-Treasurer, to be known as the Federa- 
tion Secretary 

4 The Federation Secretary shall (a) Keep the 
nunutes of the Executive Committee and dis- 
tribute copies to the Secretaries of the Constituent 
Societies (b) Make arrangements for the Annual 
Meeting with the Local Committee, with the ap- 
proval of the Executive Committee (c) Print in 
convenient combined form and distribute to the 
membership of the Federation the programs of the 
Constituent Societies as received from their re- 
spective Secretaries (d) Undertake such other 
duties to be decided upon from tune to tune by the 
Executive Committee, as do not conflict with the 
complete autonomy of the Constituent Societies 

5 The Executive Committee shall control all 
monies in the hands of the Federation Secretary, 
M ho shall make an annual report to the Executive 
Committee for audit and approval The expenses 


of the Federation Secretary, as authorized by the 
Executive Committee, shall be the flrst charge 
on such monies and if insufllcient for the purpose 
the Executive Committee shall prorate such ex- 
penses to the Constituent Societies of the Federa- 
tion in proportion to their respective mem- 
berships 

The Executive Committee may appropnate 
Federation monies annually for the uses of Local 
Committees and for the uses of other authorized 
Committees but in the latter cases an audit of 
expenditures shall be made and approved before 
such committees are discharged 

6 The Executive Committee shall determine 
the place of the Annual Meeting, and the tune shall 
be determined by the Local Committee, prefer- 
ably within the period of March flfteenth to May 
first 

7 The Local Committee at the place of meeting 
of the Federation shall charge such fee for registra- 
tion as may be approved by the Executive Com- 
mittee The momes thus collected shall be used to 
defray the expenses of the Local Committee and 
the remainder, after such expenses have been met, 
shall be turned over to the Federation Secretary 

8 The Executive Committee shall consider 
measures of advantage to the Federation as a 
whole Anj Constituent Society may refer similar 
measures to the Executive Committee No action, 
however, shall be taken by the Executive Com 
mittee unless specifically authorized by all the 
Constituent Societies 

9 The Chairman of the Executive Committee 
maj appoint committees when the purposes of 
such committees have been approved by all the 
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Constituent Societies of the Federation Such 
committees shall be appointed for a term of one 
year, but may be contmued and their members 
reappomted Such committees shall report in 
writing to the Executive Committee, which shall 
in turn report thereon to the Constituent Societies 
either for information or recommendation The 
Secretaries of the Constituent Societies shall re- 
port the recommendations of their respective 
Societies to the Executive Committee for final 
action 

10 All mdividuals whose names appear on the 
program by invitation or introduction and those 
registenng from any recognized biological labora- 
tory may be enrolled as Associate Members of the 
Federation for that Annual Meeting Such Asso- 
ciate Members may enjoy all the privileges of the 
Annual Meeting except that of voting 

11 No person may present orally more than one 
paper during all of the scientific sessions of the 
Constituent Societies at the tune of the Annual 
Meetmg except upon mvitation of the Executive 
Committee or a Council Papers must be sub- 
mitted to the Secretary of the Society of which the 
proposer is a member The proposer may request 
transfer to another program, but this may only 
be done with the consent of the Secretary of the 
Society concerned Any Secretary who regards any 
paper submitted to him as better suited to the 
program of another Society may arrange this 
transfer with the Secretary of the Society con- 
cerned, if it be possible Such transfer shall be 
indicated on the program 

12 Abstracts not to exceed two hundred and 
fifty words in length, of papers approved for 
presentation at all of the scientific sessions of aU 
the Constituent Societies at the Annual Meeting, 


shall receive pubhcation m the Federation Pro- 
ceedings 

13 A Control Committee, consistmg of at least 
one representative of each Constituent Society as 
designated by the several Councils, shall have 
editonal control over the Federation Proceedings 
which shall be financed as reqmred by an annual 
assessment of all the members of each Constituent 
Society 

14 The Control Committee shall have power to 
choose certain additional papers presented at the 
Annual Meetings and from other sources, includ- 
ing material heretofore pubhshed in the Federa- 
tion Yearbook, for pubhcation in the Federation 
Proceedings 

PLACEMENT SERVICE 

The Federation mamtains a service to act as a 
medium of eommumcation between persons seek- 
ing positions for teachmg or research and institu- 
tions that wish to fill vacancies m these sciences 

The service does not undertake to recommend 
or to pass judgment upon applicants It auns 
merely to serve as a cleanng-house for such infor- 
mation as above stated and to bnng into touch 
with one another candidates for positions and 
employers 

Individuals, whether members of the Federation 
or not, universities, other institutions and organi- 
zations desiring to avail themselves of the Service 
may receive such information as is available By 
action of the Executive Committee in 1947, a 
registration fee of one dollar is required of each 
applicant for a position 

All communications should be addressed to 
Federation Placement Service, 2101 Constitution 
Ave , Washington 25, D C 



THE AMERICAN PHYSIOLOGICAL SOCIETY 

Founded December SO, 1887, IncoTjyoraicd June 2, 1923 


OFFICERS, 1949-1950 

President — Carl J Wigqers, Western Reserve 
TJmversity, Cleveland, Ohio 
President-Elect — H C Bazett, University of 
Pennsylvania, School of Medicine, Philadelphia 
Past-President— M-KvniCE B Visscher, Univer- 
sitj’' of hlinnesota, Minneapolis 
Council — Carl J Wiggers, H C Bazett, 
Maurice B Visscher, Edwaru F Abolph (1960), 
Eugene M Landis (1961), D B Dill (1962), 
R W Gerard (1963) 

Executive Secretary — ^M 0 Lee, 2101 Constitu- 
tion Ave , Washington, D C 
Board of Publication Trustees — ^W 0 Fenn, 
Chairman (1962), R F Pitts (1960), Frank C 
Mann (1961) 

Representative on the Division of Biology and 
Agriculture, National Research Council — ^Mauricb 
B Visscher (1962) 

Representative on the Division of Medical 
Sciences, National Research Council — Hallowell 
Davis (1960) 

Representative on the Council of the American 
Association for the Advancement of Science — J H 
Bodine (1952), Leigh Chadivtck (1952) 

Historian — ^Walter J Meek 
Contributing Editor to Scientific Monthly — John 
Field II 

PAST OFFICERS 

Organization Meeting, December SO, 1887 

S Weir Mitchell, President 
H N Martin, Secretary 

1888 H P Bowditch, President, H N Martin, 
Secretary-Treasurer, J G Curtis, H C Wood, 
H Sew ALL Councilors 1889 S Weir Mitchell, 
President, H N Martin, Secretary -Treasurer, 
H P Bowditch, j G Curtis, H C Woods 
Councilors 1890 S Weir Mitchell, President, 
H N Martin, Secretary -Treasurer, H P Bow- 
ditch, J G Curtis, H H Donaldson, Counci- 
lors 1891 H P Bowditch, President, H N 
Martin, Secretary-Treasurer, R H Chittenden, 
J G Curtis, H N Donaldson, Councilors 
1892 H P Bowditch, President, H N Martin, 
Secretary -Treasurer, R H Chittenden, J G 
Curtis, W H Howell, Councilors 1893 H P 
Bowditch, President, W P Lombard, Secretary- 
Treasurer, R H Chittenden, J G Curtis, 


W H Howell, Councilors 1894 H P Bow- 
ditch, President, W P Lombard, Secretary- 
Treasurer, R H Chittenden, W H Howell, 
J W Warren, Councilors 1895 H P Bowditch, 
President, F S Lee, Secretary-Treasurer, R H 
Chittenden, W H Howell, W P Lombard, 
Councilors 1896 R H Chittenden, President, 
F S Lee, Secretary-Treasurer, H P Bowtditch, 
W H Howell, J W Warren, Councilors 1897 
R H Chittenden, President, F S Lee, Secre- 
tary-Treasurer, H P Bowditch, W H Howell, 
W P Lombard, Councilors 1898 R H Chitten- 
den, President, F S Lee, Secretary-Treasurer, 
H P Bowditch, W H Howell, W P Lombard, 
Councilors 1899 R H Chittenden, President, 
F S Lee, Secretary-Treasurer, W H Howell, 
W P Lombard, W T Porter, Councilors 1900 
R H Chittenden, President, F S Lee, Secre- 
taiy-Treasurer, W H Howell, W P Lombard, 
W T Porter, Councilors 1901 R H Chitten- 
den, President, F S Lee, Secretary -Treasurer, 
W H Howell, W P Lombard, W T Porter, 
Councilors 1902 R H Chittenden, President, 
F S Lee, Secretary-Treasurer, W H Howell, 
W P Lombard, W T Porter, Councilors 1903 
R H Chittenden, President, F S Lee, Secre- 
tary-Treasurer, W H Howell, W P Lombard, 
W T Porter, Councilors 1904 R H Chitten- 
den, President, W T Porter, Secretary- 
Treasurer, F S Lee, W P Lombard, W H 
Howell, Councilors 1905 W H Howell, 
President, L B IMendel, Secretary, W B 
Cannon, Treasurer, R H Chittenden, S J 
Meltzer, Councilors 1906 W H Howell, 
President, L B Mendel, Secretary, W B Can- 
non, Treasurer, A B Macallum, S J Meltzer, 
Councilors 1907 W H Howell, President, 
L B Mendel, Secretary, W B Cannon, Treas- 
urer, J J Abel, G Lusk, Councilors 1908 W 
H Howell, President, R Hunt, Secretary, W 
B Cannon, Treasurer, J J Abel, G Lusk, 
Councilors 1909 W H Howell, President, 
R Hunt, Secretary, W B Cannon, Treasurer, 
A J Carlson, W P Lombard, Councilors 
1910 W H Howell, President, A J Carlson, 
Secretary, W B Cannon, Treasurer, J Er- 
LANGER, F S Lee, Councilors 1911 S J Melt- 
zer, President, A J Carlson, Secretary, W B 
Cannon, Treasurer, J Eblanqer, F S Lee, 
Councilors 1912 S J hlELTZEH, President, A J 
Carlson, Secretarj', W B Cannon, Treasurer, 
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J Erlanger, F S Lee, Councilors 1913 S J 
Meltzer, President, A J Carlson, Secretary, 
J Erlanger, Treasurer, W B Cannon, F S 
Lee, Councilors 1914 W B Cannon, President, 
A J Carlson, Secretary, J Eri,anger, Treas- 
urer, F S Lee, S J Meltzer, Councilors 1915 
W B Cannon, President, C W Greene, Secre- 
tary, J Erlanger, Treasurer, W E Garret, 
W H Howell, J J R Maclbod, W J Meek, 
Councilors 1916 W B Cannon, President, C 
W Greene, Secretary, J Erlanger, Treasurer, 
W E Garret, W H Howell, J J R Macleod, 
W J Meek, Councilors 1917 F S Lee, Presi- 
dent, C W Greene, Secretary, J Erlanger, 
Treasurer, W B Cannon, W H Howell, J J 
R Macleod, W J Meek, Councilors 1918 F S 
Lee, President, C W Greene, Secretary, J 
Erlanger, Treasurer, W B Cannon, W H 
Howell, J J R Macleod, W J Meek, Coun- 
cilors 1919 W P Lombard, President, C W 
Greene, Secretary, J Erlanger, Treasurer, W 
B Cannon, Y Henderson, J J R Macleod, 
W J Meek, Councilors 1920 W P Lombard, 
President, C W Greene, Secretary, J Er- 
LANGBR, Treasurer, W B Cannon, J J R 
IHacleod, Y Henderson, C J Wiggbes, Coun- 
cilors 1921 J J R Macleod, President, C W 
Greene, Secretary, J Erlanger, Treasurer, J 
A E Etster, Y Henderson, C J Wiqgerb, A 
J Carlson, Councilors 1922 J J R Macleod, 
President, C W Greene, Secretary, J Ee- 
LANGER, Treasurer, Y Henderson, C J Wio- 
GERS, A J Carlson, J A E Etster, Coun- 
cilors 1923 A J Carlson, President, C W 
Greene, Secretary, J Erlanger, Treasurer, C 
J Wiggers, a B Luckhardt, J A E Etster, 
J R Merlin, Councilors 1924 A J Carlson, 
President, W J Meek, Secretary, C K Drinker, 
Treasurer, A B Luckhardt, J A E Etster, 
J R Merlin, W E Garret, Councilors 1925 
A J Carlson, President, W J Meek, Secretarj , 
C K Drinker, Treasurer, J A E Etster, J R 
Merlin, W E Garret, Joseph Erlanger, 
Councilors 1926 J Erlanger, President, W J 
Meek, Secretary, A Forbes, Treasurer, J R 
Merlin, W E Garret, A B Luckhardt, C J 
Wiggers, Councilors 1927 J Erlanger, Presi- 
dent, W J Meek, Secretary, A Forbes, Treas- 
urer, W E Garret, A B Luckhardt, C J 
Wiggers, R Gesbll, Councilors 1928 J Er- 
LANGER President, W J Meek, Secretary, A 
Forbes, Treasurer, A B Luckhardt, C J 
Wiggers, R Gesell A J Carlson, Councilors 
1929 W J Meek, President, Alfred C Redfield, 
Secretarj , A Forbes, Treasurer, C J Wiggers, 
R Gesell, A J Carlson, J R Merlin, Coun- 
cilors 1930 W J Meek, President, Arno B 
Luckhardt, Secretarj , A Forbes, Treasurer, 


R Gesell, A J Carlson, J R Merlin, E G 
Martin, Councilors 1931 W J Meek, Presi- 
dent, Arno B Luckhardt, Secretary, Alexander 
Forbes, Treasurer, A J Carlson, J R Merlin, 
E G Martin, John Tait, Councilors 1932 
Arno B Luckhardt, President, Frank C Mann, 
Secretary, Alexander Forbes, Treasurer, E G 
Martin, W J Meek, J R Merlin, John Tait, 
Councilors 1933 Arno B Luckhardt, President, 
Frank C Mann, Secretary, Alexander Forbes, 
Treasurer, Herbert S Gasser, Ernest G Mar- 
tin, W J Meek, John Tait, Councilors 1934 
Charles W Greene, President, Frank C Mann, 
Secretary, Alexander Forbes, Treasurer, Her- 
bert S Gasser, Arno B Luckhardt, W J 
Meek, John Tait, Councilors 1935 Frank C 
Mann, President, Andrew C Ivy, Secretary, 
Alexander Forbes, Treasurer, Charles H 
Best, Herbert S Gasser, Arno B Luckhardt, 
W J Meek, Councilors 1936 Frank C Mann, 
President, Andrew C Ivt, Secretary, Wallace 
O Penn, Treasurer, Charles H Best, Phiup 
Bard, Herbert S Gasser, Arno B Luckhardt, 
Councilors 1937 Walter E Garret, President, 
Andrew C Ivy, Secretary, Wallace 0 Fenn, 
Treasurer, Charles H Best, Phiup Bard, 
Herbert S Gasser, Arno B Luckhardt, Coun- 
cilors 1938 WiLLiAii T Porter, Honorary Presi- 
dent, Walter E Garret, President, Andrew 
C Ivy, Secretary, Wallace 0 Penn, Treasurer, 
Arno B Luckhardt, Charles H Best, Phiup 
Bard, Herbert S Gasser, Councilors 1939 
Andrew C Ivy, President, Philip Bard, Secre- 
tary, Wallace 0 Fenn, Treasurer, Charles H 
Best, Herbert S Gasser, Arno B Luckhardt, 
Maurice B Visscher, Councilors 1940 Andrew 
C Ivy, President, Phiup Bard, Secretarj', Carl 
J Wiggers, Treasurer, Charles H Best, Her 
BERT S Gasser, Arno B Luckhardt, Maurice 
B Visscher, Councilors 1941 Phiup Bard, 
President, Carl J Wiggers, Secretary, Hal- 
LOWELL Davis, Treasurer, Charles H Best, 
Arno B Luckhardt, Maurice B Visscher, 
Hiram E Essex, Councilors 1942, 1943, 1944, 
1945 Philip Bard, President, Wallace 0 Fenn, 
Secretary, Hallowell Davis, Treasurer, 
Charles H Best, AIaurice B Visscher, Hiram 
E Essex, W F Hamilton, Councilors 1946 
Wallace 0 Fenn, President, Maurice B Vis- 
scher, Secretary , D B Dill, Treasurer, Charles 
H Best, Hiram E Essex, W F Haahlton, H 
C Bazett, Councilors 1947 Wallace 0 Fenn, 
President, Maurice B Visscher, Secretary, D 
B Dill, Treasurer, Eugene M Landis, Hiram E 
Essex, W F Hamilton, H C Bazett, Counci- 
lors 1948 Maurice B Visscher, President, Card 
J Wiggers, President-Elect, Wallace 0 Fenn, 
Past-President, W F Hamilton, H C Bazett, 
Eugene M Landis D B Dill, Councilors 
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CONSTITUTION 

I 

1 This Society shall be named “The American 

PHTSrOLOGICAIi SOCIETT, INCORPORATED ” 

2 The Society is instituted to promote the ad- 
vance of Physiologj’’ and to facilitate personal 
intercourse between Amencan Physiologists 

II 

1 The Society shall consist of members and 
honorary members 

2 Any person who has conducted and published 
mentonous original researches in Physiology and 
who IS a resident of North America shall be ehgible 
for membership in the Society 

3 Members who have been relieved by the Coun- 
cil of the payment of the annual assessment shall 
retain all the nghts of members 

4 Distinguished men of science who have con- 
tnbuted to the advance of Physiology shall be 
ehgible for election as honorary members of the 
Society Honorary members shall pay no member- 
ship fee They shall have the right of attending 
the meetings of the Society, and of taking part in 
its scientific discussions, but they shall have no 
vote 

III 

1 The management of the Society shall be 
vested m a Council consisting of a President- 
Elect, President, Past-President for the previous 
jear, and four other members The President- 
Elect and one member of the Council shall be 
chosen by ballot at each annual meetmg The 
President-Elect shall automatically assume the 
duties of President at the adjournment of the an- 
nual meeting following his or her election The 
four additional members shall be elected for terms 
of four years and shall not be eligible to succeed 
themselves A person who has once been President 
shall not be eligible for re-election as President- 
Elect The Council shall have the power to elect 
its Secretary-Treasurer from among its own mem- 
bers It shall also have the power to appomt and 
to compensate an Executive Secretary of the 
Society, who shall not be a votmg member of the 
Council but shall assist it in carrying on the func- 
tions of the Society, including the receipt and 
disbursement of funds under the direction of the 
Council If the annual meeting is not held all the 
members of the Council shall continue in office 
until their successors are chosen in the prescribed 
manner and succession 

2 The Council shall have the power to fill all 
interim vacancies that may occur m its member- 
ship or in any Committee or board of the Society 
except those for which other provisions have been 
made 


IV 

1 At least a fortnight before the annual meeting 
the Secretary shall send to each member a notice 
of the place and time of each meeting, and shall 
make such other announcements as the Council 
shall direct 

2 The annual assessment shall be determined 
by the Council, and shall be due in advance at the 
time of the annual meeting No allocation or dis- 
bursement of funds of the Society shall be made 
except upon prior approval of the Council Appro- 
pnations shall be made by the Council for the 
conduct of the necessary and appropriate busmess 
of the Society 

3 Any member whose assessment is two years 
in arrears shall cease to bo a member of the So- 
ciety, unless at the next annual meeting he shall 
be reinstated by special vote of the Society, and 
it shall be the duty of the Treasurer to inform the 
Secretary that he may notify the said dehnquent 
of his nght to appeal to said meeting 

4 Any member who has retired because of ill- 
ness or age may, upon apphcation to the Council, 
be reheved from payment of the annual assess- 
ment 

V 

1 Meetmgs of the Society for the conduct of 
business and the presentation of papers and 
demonstrations shall be held annually except for 
national emergencies or other exceptional circum- 
stances when the Council may cancel the proposed 
meeting The tune and place of such meetmgs shall 
be determined by the Council m consultation with 
the Executive Committee of the Federation of 
Amencan Societies for Experimental Biology 

2 Special meetmgs may be held at such times 
and places as the Council may determine 

VI 

1 Proposed amendments to the Constitution 
must be brought up at one meetmg for preliminary 
discussion and approval by a majonty vote and 
cannot be adopted except by a two-thirds vote at 
a business session at the next annual meetmg 
Notice of such changes shall be sent to all mem- 
bers at least two weeks pnor to the meeting at 
which they are scheduled for adoption 

2 At all busmess meetmgs of the Society 
twenty-five members shall form a quorum 

3 By-laws for the conduct of the Society maj^ 
be adopted, altered, or repealed at an 3 ^ business 
meetmg by ti\ o-thirds vote of the ballots cast 

VII 

1 The Council may, from the names of the 
candidates proposed m nntmg bj at least two 
members of the Societj , nominate candidates for 
election to membership The names of the candi- 
dates so nominated and a statement of their quali- 
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fications for membership signed by their proposers 
shall be available for mspection durmg the busi- 
ness sessions of the Society at which their election 
18 considered The candidates may be balloted 
for at any session of the same meetmg and a ma- 
]ontj vote shall elect If an annual meetmg is not 
held, the Council shall elect the candidates to 
membership subject to Society approval at the 
next annual meeting 

2 Honorary members shall be proposed by the 
Council, and shall be elected by a majonty ballot 
of the members present at an annual business ses- 
sion of the Society 

VIII 

1 If a majonty of the Council shall decide that 
the mterests of the Society require the expulsion 
of a member, the Secretary shall send a notice of 
this decision to each member at least two weeks 
before the next annual meetmg At this meeting 
the Secretarj shall on behalf of the Council, pro- 
pose the expulsion, and if two-thirds of the mem- 
bers present vote for it, the member shall be 
expelled, and his assessment for the current year 
shall be returned to him, and he shall cease to be a 
member of the Society 

IX 

1 The official organs of the Society shall be the 
American Journal of Physiology, the Physiological 
Reviews and such other publications as the Society 
shall establish These the Society shall own and 
they shall be managed according to the provisions 
of Article X 

X 

1 The President of the Society shall appoint, 
m consultation with the Councd and subject to 
the approval of the Society, three members of the 
Society to serve as members of a Board of Pubhca- 
tion Trustees 

2 The imtial appomtments shall be for one, two 
and three years Thereafter, each member shall be 
appointed for three years, and shall be eligible for 
one immediate reappointment He may be subse- 


quently reappomted, but only after the lapse of 
at least one year between reappointments 

3 The Board of Publication Trustees shall be 
vested with fuU power of the Society to control 
and manage, both editorially and financially, all 
of the pubhcations owned in whole or m part by 
the Society, to appoint editonal boards, to ap- 
pomt and compensate a Managing Editor, and to 
control aU pubhcation funds, none of which, how- 
ever, may be diverted from support of pubhcations 
of the Society except by consent of the Council 

4 The Board of Pubhcation Trustees shall make 
a full report to the Council at each annual meeting 
of the financial condition and publication pohcy 
of the Journals or other pubhcations 

BY-LAWS 

1 All papers read before the Society shall be 
limited to a length of ten mmutes No person may 
orally present more than one paper In case of 
jomt authorship the name of the mdividual who 
will orally present the paper shall stand first 

2 Abstracts in duphcate, not to exceed two 
hundred and fifty words in length, of all papers 
to be presented at the annual meetmg of the 
Society shall be required by the Secretary for 
pubhcation in the Federaiion Proceedings, in ac 
cordance with rules approved by the Council 

3 The Council shall upon the request of twenty- 
five members call a regional meeting of the Society 
at any tune and place, for the readmg of papers 
and the promotion of personal intercourse Such 
a request shall be made m wntmg at least six weeks 
before the proposed date of meeting Such meetmg 
shall be held in accordance with the Constitution 
and By-laws of the Society, and if the regular 
officers of the Society cannot be present the Presi- 
dent shall appomt a committee from among the 
petitioners to conduct the meetmg The Com 
mittee through a Secretary chosen by them shall 
forward an account of the scientific proceedings 
of the meetmg to the official Secretary of the 
Society for insertion in the nunutes 

4 No general busmess of the Society shall be 
transacted at such regional meetmgs 
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SuAFFER, F P Underhill, Councilors 1918 
Carl L Alsberg, President, A P IMatheivs, 
Vice-President, S R Benedict, Secretary, H C 
Bradley, Treasurer, W J Gies, Andreiy Hun 
TER, E V McCollum, Councilors 1919 Stan- 
ley R Benedict, President, D D Van Sltkb, 
Vice-President, V C Myers, Secretary, H C 
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McCollum, L B Mendel, Councilors 1920 
Stanley R Benedict, President, D D Van 
Sly-ke, Vice-President, V C Myers, Secretary, 
H C Bradley, Treasurer, Otto Foun, Walter 
Jones, L B Mendel, Councilors 1921 Donald 
D Van Slykb, President, P A Shaffer, Vice- 
President, V C Myers, Secretary, H C Brad 
LEY, Treasurer, S R Benedict, Otto Foun, 
Walter Jones, Councilors 1922 Donald D 
\ YL Slyre, President, P A Shaffer, Vice- 
President, V C Myers, Secretary, W R Bloor, 
Treasurer, S R Benedict, H C Bradley, A P 
Mathews Councilors 1923 Pmup A Shaffer, 
President, H C Sherman, Vice-President, V C 
i^Iyers, Secretary, W R Bloor, Treasurer, H 
C Bradley, Andrew Hunter, A P Mathews, 
Councilors 1924 Phiup A Shaffer, President, 
Henry C Sherman, Vice-President, D Wright 
Wilson, Secretary, Walter R Bloor, Treasurer, 
Otto Folin, Andrew Hunter, Victor C Myers, 
Councdors 1925 Henry C Sherman, President, 
EdmardC Kendall, Vice-President, D Wright 
Wilson, Secretary, Walter R Bloor, Treasurer, 
Otto Folin, Lafayette B Mendel, Pmup A 
Shaffer, Councilors 1926 Edward C Kendall, 
President, Elmer V McCollum, Vice-President, 
Fred C Koch, Secretarj^, Glenn E Cullen, 
Treasurer, J B Collip, Edward A Doisy, 
Albert P ^Mathews, Councilors 1927 E V 
^McCollum, President, W R Bloor, Vice-Presi- 
dent, D Wright Wilson, Secretary, G E Cul- 
len, Treasurer, E A Doisy, F C Koch, D D 
^ an Slyke, Councilors 1928 E V McCollum, 
President, W R Bloor, Vice-President, D 
Wright Wilson, Secretary, G E Cullen, Treas- 
urer, Wm M Clark, F C Koch, D D Van 
Slyke, Councilors 1929 W R Bloor, President, 
H C Bradley, Vice-President, H B Lewis, 
Secretary , G E Cullen, Treasurer, W M 
Clark, C L A Schmidt, P A Shaffer, Coun- 
cilors 1930 W R Bloor, President, H C 
Bradley, Vice-President, H B Lewis, Secretary, 
G E Cullen, Treasurer, W M Clark, P A 
Shaffer, D V Wilson, Councilors 1931 H C 
Bradley, President, W M Clark, Vice-Presi- 
dent, H B Lewis, Secretary, C H Fiske, 
Treasurer, W C Rose, P A Shaffer, D W 
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President, G E Cullen, Vice-President, H A 
Mattill, Secretary, A B Hastings, Treasurer, 
J B Collip, E A Doisy, W C Rose, Coun- 
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CONSTITUTION 

From the Articles of Incorforation 

1 Tlie name of the proposed corporation is 
“\merican Societt of Biological Chemists, 
Incorporated ” 

2 The purposes for nhich tlus corporation is 
formed are to further the extension of biochemical 
knowledge and to facilitate personal intercourse 
between American investigators in biological 
chemistry 

BY-LAWS 

Article I — Membership 
Section 1 Eligibility for Membership — Quali- 
fied investigators vho have conducted and pub- 
lished meritorious original investigations in bio- 
logical chemistry shall be eligible for membership 
in the Society 

Sec 2 Nomination — ^Nominations for member- 
ship shall be made and seconded by members of 
the Societj on blanks furnished by the Secretary 
Nominations shall be submitted to the Council 
vho shall determine eligibility and make recom- 
mendation to the Society at a regular meetmg 
Sec 3 Election to Membership — A A nominee 
for membership may be voted for by ballot at any 
meeting of the Society after the Council has re- 
ported its findings on his eligibility The ehgible 
candidate shall be reported by the Council as 
“ehgible” or as “ehgible and indorsed ” B A 
majority of the ballots cast shall elect 
Sec 4 Forfeiture — A Any member who may 
grant the use of his name for (a) the advertisement 
of a patent medicine, a proprietary food prepara- 
tion, or any other commercial article of doubtful 
value to the public or possibly harmful to the pub- 
hc health, or (b) who may concede its use for the 
purpose of encouraging the sale of individual 
samples (of any such product) that he has not ex- 
amined, shall forfeit his membership 
B The Council shall have authority to an- 
nounce forfeiture of membership, provided that 
the copy of the charges, together with a wntten 
notice of a heanng thereon by the Council at a 
place and time specified in such notice, shall have 
been dehvered to the member charged with violat- 
ing the preceding section either personally or 
mailed to him at his last knomi address at least 
thirty days before the date of such heanng 
Sec 5 Expulsion — Upon the recommendation 
of the Council any member may be expelled by a 
majority vote of the total membership at a meet- 
ing of the Society, provided that a copy of the 
charges against hmi, together with a written no- 
tice of a heanng thereon by the Council at a place 
and tune specified m such notice shall have been 
dehvered to him personaUj’’ or mailed to hmi at his 
last known address at least thirtj da} s before the 
date of such heanng 


Article II — Meetings and Quorum 

Section 1 Annual — ^The annual meeting of the 
Society shall bo held on the date fixed by the Cer- 
tificate of Incorporation 

Sec 2 Special — A special meeting may be called 
at any time by the President, or in case of his 
absence or disability, by the Vice-President, and 
must be called at the request of a majority of the 
Council or fifteen members of the Society A notice 
specifying the purpose of such meeting shall be 
mailed to each member at least ten days previous 
thereto The Council shall select the places at 
which meetings shall be held 
Sec 3 Quorum — ^Fifteen members shall con- 
stitute a quorum at all meetings of the Society, 
but in absence of a quorum any number shall be 
sufficient to adjourn to a fixed date 

Article III — Officials 

Section 1 Offiicers — ^The officers shall be a 
President, a Vice-President, a Secretary, and a 
Treasurer, who shall be elected annually by the 
members of the Society 

Sec 2 Council — A The officers so elected and 
three additional members, one of whom shall be 
elected at each annual meetmg of the Society to 
serve a three year term, shall constitute the Board 
of Directors of the corporation and shall be known 
as “The Council "(When this provision is first 
put mto effect three members wiU need to be 
elected for a one, a two and a three year penod ) 
B No two members of the Council may be from 
the same institution, and none of the officers so 
elected shall be eligible for re-election for more 
than two years except the Secretary and Treas- 
urer, who shall be ehgible for re-election for five 
years The three additional members of the Coun- 
cil shall be inebgible for re-election (until after 
the lapse of one year) 

Sec 3 Duties of Offiicers — ^The powers and duties 
of the officers elected by the Society shall be such 
as usually devolve upon their respective positions 
Sec 4 Assistant Treasurer — A The Council 
may from tune to time appomt a trust company, 
or some member of the Society, to serve dunng the 
pleasure of the Coimcd as Assistant Treasurer, 
and to act as depositary of the mvestments and 
mcome of the “Christian A Herter Memorial 
Fund” and of such other funds as the Society may 
from tune to tune commit to its or his charge 
B The Assistant Treasurer shall have and exer- 
cise the following powers and duties, viz , the 
custody and safe-keeping of securities and cash 
belonging to the “Christian A Herter Fund” and 
the collection of income and other moneys due to 
the Fund, wrth power to receipt for the same and 
to endorse for deposit all checks payable to the 
Societj or the Treasurer, or to the Journal of Bio- 
logical Chenustry for income or other moneys 
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due to the Fund, the investment or remvestment 
of the capital of the Fund subject to the approval 
of the Council, the disbursement of principal 
under the direction of the Council and the dis- 
bursement of income under the direction of the 
Editonal Board of the Journal of Biological Ghem- 
istrj', such disbursement to be made under a reso- 
lution of the Council or Board, or with the ap- 
proval of two members of either the Council or 
Board, as the case may be The Assistant Treas- 
urer shall keep books of account and render state- 
ments, annually or oftener upon the request of the 
Council or Board setting forth the condition of the 
Fund and the receipts and disbursements since the 
date of the preceding statement 

Article IV — The Council 

Section 1 Powers — The general management 
of the Society dunng the intervals between meet- 
ings shall be vested in the Council, which shall reg- 
ularly perform the ordinary duties of an executive 
committee and possess all the powers conferred 
upon the Board of Directors of a membership 
corporation by the Membership Corporation Law 
of the State of New York 

Sec 2 Reports — ^The Council shall report to 
the Society as promptly as possible its findings 
on the ehgibility of candidates for membership, 
and on all charges of a violation of these By- 
Laws 

Sec 3 Journal of Biological Chemistry — ^The 
Council shall have power to appoint the persons 
to act as proxies for the society at all meetings of 
the stockholders of the “Journal of Biological 
Chemistry” (a corporation) of which all the stock 
IS owned by the Society, and also to designate the 
persons to be elected as Directors of such corpora- 
tion 

Sec 4 Eerier Fund — It shall be the duty of the 
Council to see that the “Christian A Herter 
Memonal Fund” is a dmini stered m accordance 
with the terms of the Trust Agreement, Dated 
May 16, 1911 , executed by the Journal of Biological 
Chemistry and the donors of said Fund 

Article V — Nominating Committee 

Section 1 Membership — A The Nominating 
Committee shall consist of nin e members from nine 
different institutions elected at each annual meet- 
ing to serve for the ensiung year Members who 
have served on the Nominating Committee for 
two consecutive years shall be inehgible for re- 
election until after the lapse of one year 

B The member of the Nominatmg Committee 
who IS elected to the Committee by the largest 
number of votes shall become Chairman and Secre- 
tary of the Committee 

Sec 2 Nomination of Officials — A The Nomi- 


nating Committee shall make at least one nomina- 
tion for each of the four offices and for each of the 
three additional positions in the Council to be 
filled by vote of the members 
B The nominations by the Nommating Com- 
mittee must be transmitted to the Secretary at 
least one month before the annual meeting at 
which they are to be considered 
C The Secretary shall send to every member, 
at least two weeks before the annual meeting, two 
copies of the hst of nominees presented to him hy 
the Nominating Committee and at the same tune 
shall notify all the members that they may vote 
by proxy 

D At the opemng of the first executive session 
of the ensuing annual meeting the Secretary shall 
formally present the regular nominations for the 
Nommating Comnuttee 
E Additional nominations for the oflSces and for 
membership m the Council may be made by any 
member at the opemng of the first executive ses- 
sion of any annual meeting 
F Nommations for membership on the Nomi- 
natmg Committee shall be made by or for individ- 
ual members, either m person or by proxy, and not 
otherwise, at the opemng of the first executive 
session of any annual meeting 
Sec 3 Election of Officials — ^A The Secretary 
shall receive and present to the tellers, appointed 
by the President to take charge of the election, all 
signed ballots forwarded by absent members 
When such ballots are presented to the tellers the 
Secretary shall announce the names of the mem- 
bers votmg by proxy, and he shall record the same 
names in the minutes of the meeting 
B All elective officials shall be selected by ballot 
at the close of the first executive session of each 
annual meeting 

C A majority of the votes cast shall be neces- 
sary to elect an official 

D Elective ofBcials shall take office on July let 
following the annual meeting 
Sec 4 Filling of Vacancies — ^A The Nominat- 
mg Committee shall fill all vacancies in elective 
positions except such as may occur at a meeting 
of the Society 

B The President of the Society shall fill all 
vacancies in appointive positions 

Ahttclb VI — Financial 

Section 1 Dues — Annual assessments shall be 
determined by majority vote at the annual meet- 
mgs, upon the recommendation of the Council, 
and shall be due January 15th m each year Mem- 
bers who have reached the age of 65 years, or who 
have become incapacitated, may, by vote of the 
Council, be exempted from the payment of dues 

Sec 2 Expenditures— No expenditures from the 

general funds of the Society except those required 
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in the performance of the ordinary ofhcinl duties 
shall he made except by vote of the Society or the 
Council, but this section shall not apply to expen- 
ditures from the “Christian A Herter Memorial 
Fund ” 

Sec 3 Privileges of Membership Begin with Pay- 
ment of Dues — Candidates for membership, if 
elected, shall not be entitled to any of the privi- 
leges of membership, before they pay the dues of 
the fiscal year succeeding their election 
Sec 4 Penalty for Non-Payment of Dues — A 
Members m arrears for dues for a period of three 
consecutive years shall thereupon forfeit their 
membership 

B Dehnquent members may be remstated by 
the Council provided all indebtedness to the So- 
ciety IS hquidated 

Sec 5 Herter Fund — ^The “Christian A Herter 
iMemonal Fund” shall be held and invested 
separately from the general funds of the Society 
and the income thereof shall be expended under 
the direction of the Editorial Board exclusively 
for the mamtenance and support of the Journal of 
Biological Chemistry, subject to the supervision 
and control of the Editorial Committee in accord- 
ance with the terms of the Trust Agreement men- 
tioned in Article IV, Section 4, and the provi- 
sions of Article VII of the By-Laws 

Article VII — Journal of Biological Chemistry 

Section 1 Editorial Committee — ^There shall be 
an Editonal Committee consisting of mne mem- 
bers of the Society n ho shall be nominated by the 
Nominating Committee and elected by the Society 
m the same manner as officers The nine members 
first elected shall divide themselves by lot into 
three classes of three m each class, to serve for 
two, four, and six years respectively, and there- 
after three members shall be elected at each alter- 
nate annual meeting of the Society to succeed the 
members of the outgoing class and to serve for a 
term of six years Members of the Committee shall 
be eligible to re-election 

Sec 2 Powers of Committee — ^The Committee 
shall have power to elect an Editorial Board and 
shall have final authority in matters pertaming to 
the general policy of the Journal 

Sec 3 Editonal Board — ^The members of the 
Board shall hold office until their successors are 
elected and shall appoint a Managing Editor from 
among their own number who shall have direct 
responsibility and authority for the active edi- 
tonal conduct of the Journal, and who shall have 
discretionary power in arranging the details as to 
the conduct of the Journal The expenditures of 
the income of the “Chnstian A Herter Memonal 
Fund” shall be under the direction of the Board, 


and the approval of any two members of the Board 
shall be a sufficient n arrant to authonze payments 
from such income 

Artici e VIII — Papers on Scientific Subjects 
Section 1 Presentation of Papers — The Secre- 
tary shall request each member who signifies his 
intention of reading a paper at any session to 
specify the length of time which its presentation 
will require The time thus specified shall be 
printed on the official program, and the presiding 
officer shall have no authority to extend it unless a 
majority of the members present signify their 
wish to the contrary In the absence of any speci- 
fication of time required not more than ten minutes 
shall be allotted for the reading of any one paper 
Sec 2 Number of Papers — ^No member shall be 
permitted to present more than one paper, either 
alone or in collaboration, until every member shall 
have had the opportunity of presenting one paper 

Article IX — Corporate Seal 
Section 1 The corporate seal of the corporation 
shall be a circle surrounded by the words, “Ameri- 
can Society of Biological Chemists,” and in- 
cluding the word, “Incobporateo ” 

Article X — Amendments 
Section 1 Amendments — ^These By-Laws, after 
having been approved by the Council, and adopted 
by the Society at its first annual meetmg, shall 
not be amended except as hereinafter provided 
Sec 2 Manner of Presentation — ^Proposed 
amendments to the By-Laws must be sent to the 
Secretary at least one month before the date of the 
meeting at which they are to be considered and 
must be mdorsed in wntmg by at least three 
members 

Sec 3 Notice of Intended Amendments —The 
Secretary shall give every member notice of pro- 
posed amendments at least two weeks before the 
meetmg at which they are to be considered and 
shall notify all members that they may vote by 
proxj'- 

Sec 4 Adoption of Amendments — A The Secre- 
tary shall receive and present to the tellers ap- 
pomted by the President aU signed ballots for- 
warded by absent members When such ballots are 
presented to the tellers, the Secretary shall 
announce the names of members votmg by proxy, 
and he shall record the same names in the minutes 
of the meetmg 

B Votes upon amendments shall be cast at the 
opening of the second executive session of the 
meeting at nhich they are considered 
C Affirmative votes from three-fifths of the 
members votmg shall be required for the adoption 
of an amendment 
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Vice-President — J C Khantz, Jh , University 
of hlaryland Medical School, Baltimore 
Secretary — Hakvey B Haag, Medical College 
of Virginia, Richmond 

Treasurer — K K Chen, Lilly Research Labora- 
tories, Indianapohs, Ind 
Council — Thomas C Butler, Arthur C De- 
Graff, Robert A Woodbury, Carl P Schmidt, 
J C Krantz, Jr , Harvey B Haag, K K Chen 
Membershij) Committee — Robert P Walton 
(1950), John C Krantz, Jh (1961), J H Comroe, 
Jr (1952) 

Nominating Committee — Otto Krayer, Chair- 
man, W T Salter, Walton Van Winkle, Jr , 
Alfred Gilman, M H Seevers 
Historian — ^William deB MacNider 
Committee on International Pharmacological Con- 
gress— M. L Tainter, UAitrinari, Otto Krayer, 
H B Van Dyke 

PAST OFFICERS 

1909 J J Abel, President, Reid Hunt, Secre- 
tary, A S Loevenhart, Treasurer, S J Melt- 
zER, T Sollmann, C W Edmunds, A C Craw- 
ford, Councilors 1910 J J Abel, President, 
Reid Hunt, Secretary, A S Loevenhart, 
Treasurer, A C Crawford, G B Wallace, 
Councilors 1911 J J Abel, President, Reid 
Hunt, Secretary, A S Loevenhart, Treasurer, 
G B Wallace, W deB MacNider, Councilors 
1912 J J Arel, President, J Auer, Secretary 
A S Loevenhart, Treasurer, G B Wallace, 
Reid Hunt, Councilors 1913 T Sollmann, 
President, J Auer, Secretary, A S Loevenhart, 
Treasurer, J J Abel, W deB MacNider, 
Councilors 1914 T Sollmann, President, J 
Auer, Secretary, W deB MacNider, Treasurer, 
J J Abel, A S Loevenhart, Councilors 1915 
T Sollmann, President, J Auer, Secretary, W 
deB IMacNider, Treasurer, Worth Hale, D E 
Jackson, Councilors 1916 Reid Hunt, Presi- 
dent, J Auer, Secretary, W deB MacNider, 
Treasurer, A D Hirschfelder, G B Roth, 
Councilors 1917 Reid Hunt, President, L G 
Rowntree, Secretary, W deB MacNider, 
Treasurer, J Auer, Carl Voegtlin, Councilors 
1918 Reid Hunt, President, E D Brown, Secre- 
tarj , W deB IMacNider, Treasurer, Hugh 


McGuigan, Carl Voegtlin, Councilors 1919 
A S Loevenhart, President, E D Brown, 
Secretary, W deB MacNider, Treasurer, Reid 
Hunt, E K Marshall, Jr , Councilors 1920 
A S Loevenhart, President, E D Brown, 
Secretary, W deB MacNider, Treasurer, D E 
Jackson, E K Marshall, Jr , Councilors 1921 
C W Edmunds, President, E D Brown, Secre- 
tary, Hugh McGuigan, Treasurer, John Auer, 
J P Hanzlik, Councilors 1922 C W Edmunds, 
President, E D Brown, Secretary, Hugh Mc- 
Guiqan, Treasurer, J P Hanzlik, H G Bar- 
bour, Councilors 1923 C W Edmunds, Presi- 
dent, E D Brown, Secretary, Hugh McGuigan, 
Treasurer, J P Hanzlik, H G Barbour, Coun- 
cilors 1924 John Auer, President, E D Brown, 
Secretary, A L Tatum, Treasurer, J P Hanzlik, 
H G Barbour, Councilors 1925 John Auer, 
President, E D Brown, Secretary, A L Tatum, 
Treasurer, H G Barbour, W deB MacNider, 
Councilors 1926 John Auer, President, E D 
Brown, Secretary, A L Tatum, Treasurer, H G 
Barbour, W deB MacNider, Councilors 1927 
Carl Voeqtun, President, E D Brown, Secre- 
tary, A L Tatum, Treasurer, V E Henderson, 
C W Edmunds, Councilors 1928 Carl Voeqt- 
LiN, President, E D Brown, Secretary, A L 
Tatum, Treasurer, V E Benderson, C W Ed- 
munds, Councilors 1929 Carl Voegtlin, Presi- 
dent, E D Brown, Secretary, 0 H Plant, 
Treasurer, V E Henderson, C W Edmunds, 
Councilors 1930 George B Wallace, President, 
E D Brown, Secretary, 0 H Plant, Treasurer , 
H G Barbour, C M Gruber, Councilors 1931 
George B Wallace, President, Velyien E 
BteNDERSON, Secretary, O H Plant, Treasurer, 
Paul D Lambon, William deB MacNider, 
Councilors 1932 Wm deB MacNider, Presi- 
dent, A N Richards, Vice-President, V E 
Henderson, Secretarj^, O H Plant, Treasurer, 
G B Roth, A L Tatum, Councilors 1933 Wm 
deB MacNider, President, A L Tatum, Vice- 
President, V E Henderson, Secretary, 0 H 
Plant, Treasurer, C M Gruber, G B Roth, 
Councilors 1934 R A Hatcher, President, A 
L Tatum, Vice-President, E M K Geiliag, 
Secretary , 0 H Plant, Treasurer, Wm deB 
MacNider, R L Stehle, Councilors 1935 V 
E Henderson, President, 0 H Plant, Vice 
President, E M K Geiung, Secretary, C M 

Gruber, Treasurer, Floyd DE Eds, M S Dooley, 

Councilors 1936 V E Henderson, President, 
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0 H Plant, Vice-President, E M K Geilinq, 
Secrctarj^ C M Grubeh, Treasurer, C W Ed- 
stuNDS, G B Wallace, Councilors 1937 A L 
Tatum, President, E M K Ceiling, Vice-Presi- 
dent, G P Grabfield, Sccretarj , C M Ghuber, 
Treasurer, V E Henderson, M H Seevers, 
Councilors 1938 A L Tatum, President, E M 
K Ceiling, Vice-President, G P Grabfield, 
Secretarj , C M Gruber, Treasurer, E K 
I^Iarshall, Jr , C F Schmidt, Councilors 1939 
0 H Plant, President, E M K Ceiling, Vice- 
President, G P Grabfield, Secretary, E E 
Nelson, Treasurer, A L Tatum, C A Drag- 
STEDT, Councilors 1940 E 1\I K Ceiling, Presi- 
dent, C F SemnDT, Vice-President, G Philip 
Grabfield, Secretar}', E E Nelson, Treasurer, 
B H Robbins, C H Thienes, Councilors 1941 
E M K Ceiling, President, C F Schmidt, Vice- 
President, Raymond N Bieter, Secretary, E E 
Nelson, Treasurer, E G Gross, R G Smith, 
Councilors 1942 E Iv Marshall, Jr , Presi- 
dent, Carl A Dragstedt, Vice-President, Ray- 
mond N Bieter, Secretary, E E Nelson, 
Treasurer, McK Cattell, R G Smith, Coun- 
cilors 1943 E K Marshall, Jr , President, 
Carl A Dragstedt, Vice-President, Raymond 
N Bieter, Secretary, E E Nelson, Treasurer, 
McK Cattell, R G Smith, Councilors 1944, 
1945 E E Nelson, President, C M Gruber, 
Vice-President, R N Bieter, Secretary, Mc- 
Keen Cattell, Treasurer, Harry Beckman, 
Nathan B Eddy, Councilors 1946 Maurice H 
Seevers, President, H B Van Dyke, Vice-Presi- 
dent, Harvey B Haag, Secretarj^, McKeen Cat- 
tell, Treasurer, Hamilton H Anderson, John 
C Krantz, Jr , Councilors 1947 Maurice H 
Seevers, President, Carl A Dragstedt, Vice- 
President, Harvey B Haag, Secretary, K K 
Chen, Treasurer, Hamilton H Anderson, John 
C Krantz, Jr , Councilors 1948 Carl A Drag- 
STEDT, President, H B Van Dyke, Vice-Presi- 
dent, Harvey B Haag, Secretary, K K Chen, 
Treasurer, Arthur C DeGraff, Robert A 
Woodbury, Gobden A Alles, Councilors 

CONSTITUTION 

Article I — Name 

The name of this organization shall be the 
‘ ‘American Society fob Pharmacology and Ey- 

PEHIMENTAL THERAPEUTICS, INCORPORATED ” 

Article II — Objects 

The purpose of this Societj shall be to promote 
these branches of science and to facilitate personal 
intercourse betu een investigators v ho are actn eh 
engaged in research m these fields 


Article HI — Mernhershtp > 

Section 1 Anj person who has conducted and 
published a meritorious investigation in pharma- 
cology or experimental therapeutics, and who is an 
active investigator in one of these fields, shall be 
eligible to membership, subject to the conditions 
of the other sections of Article III 

Sec 2 \ Candidates for membership to this 
Society shall be proposed by two members who are 
not members of the Council The names so pro- 
posed shall be sent to the Secretary at least three 
months prior to the Annual Meeting 

B The Membership Committee shall investigate 
the qualifications of the candidates and report 
to the Council 

C Candidates reported upon by the Member- 
ship Committee to the Council may bo recom- 
mended for admission by the Council only pro- 
vided they have been approved bj' four-fifths of 
the combined membership of the Membership 
Committee and the Council 

D The names of the candidates recommended 
for admission by the Council shall be posted by 
the Secretary not later than the day preceding the 
election for members 

E The election of members shall be by indi- 
vidual ballot, one opposmg vote m every eight 
cast shall be sufficient to exclude a candidate from 
membership 

Sec 3 Forfeiture of Membership 

A Any member w'hose assessment is three years 
m arrears shall cease to be a member of the Soci- 
ety, unless he shall be reinstated by a special vote 
of the Council, and it shall be the duty of the 
Treasurer to mform the Secretary that he may 
notify the said deliquent of his right to appeal to 
the Coimcil 

B If the Council shall decide that it is for the 
best interests of the Society that a member be 
expelled, the member shall be notified and given 
an opportumty of a hearing before the Council 
Upon the recommendation of the Council the mem- 
ber then ma’s be expelled by a three-fourths vote 
of those present at a regular meeting of the So- 
ciety 

Sec 4 Honorary Members 

\ Distinguished men of science who have con- 
tributed to the advance of pharmacology or expen - 
mental therapeutics shall be ebgible for election as 
honorar-\ members of the Societi 

B Nominations for honoran members shall 
take the same course as nominations for ordinary 
members (Art III, Sec 2) , lint their election shall 
require the unanimous vote of the members pres- 
ent at the election 

C Honorarj members shall pa\ no membership 
fee Thej shall haxe the right to attend all meet- 
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mgs of the Society, and to take part in its discus- 
sions, but they shall have no vote 

D The conditions for continuation of member- 
ship shall be the same for honorary as for ordinary 
members (Art III, Sec 3), except that forfeiture 
for arrears of fees does not apply to honorary 
members 

Article IV — Officers and Elections 

Section 1 Officers and Committees 

A The management of the Society shall be 
vested in a Council of seven officers, consistmg of 
the President, Vice-President, Secretarj’’, and 
Treasurer of the Society, and three Councilors-at- 
Large 

B The four ex officio members shall serve for 
one year but shall be ehgible for re-election 

C The three Councilors-at-Large shall serve for 
a period of three years, and shall not be ehgible for 
immediate re-election 

D At the first meeting of the Society under this 
amended Constitution one Councilor-at-Large 
shall be elected to serve for a penod of three years, 
one for tn o years, and one for one year, and subse- 
quently one Councilor-at-Large shall be elected 
annually to serve for a penod of three years 

E There shall be a Membership Committee, con- 
sisting of three members No two members shall be 
from the same institution The election of the 
Membership Committee shall be held annually at 
the tmie when the election of officers occurs At the 
first meeting of the Society imder this constitu- 
tion, one member shall be elected to serve on the 
Committee for three years, one for two years, and 
one for one year, and subsequently one member 
shall be elected each year to serve for a penod of 
three years 

F There shall be a Nominating Committee of 
five members No two members shall be from the 
same institution Members of the Nominatmg 
Committee shall serve for one year They are ehgi- 
ble for re election, but shall not hold membership 
m the Committee for more than two consecutive 
years 

Sec 2 — Nomination of Officials and Com- 
mitteemen 

A The Nominating Committee shall make at 
least one nomination for each office and for the po- 
sition on the Membership Committee to be filled 
by vote of the members The nommations so made 
shall be transmitted to the Secretary and by him 
in turn to the members, at least one month before 
the annual meeting 

B Nominations for membership on the Nomi- 
natmg Committee shall be made by individual 
members at the time of the annual election The 
five nommees who receive the highest numbers of 
votes shall be declared elected The Nominating 


Committee shall select its own Chairman who shall 
serve as Secretary to the Committee 
Sec 3 Election of Officials and CommtUeemen 
A At the opemng of the first executive session 
of the annual meeting the Secretary shall give to 
each member present a printed ballot showmg the 
nommations of the Nommating Committee After 
accepting additional nommations from mdividual 
members present a complete hst of nominees shall 
be posted A prehmmary vote shall then be taken 
and the tellers, appointed by the President to con- 
duct the election, shall post immediately a final list 
showing the two nominees for each office receiving 
the highest number of votes At the close of the 
first session, a final vote shall be taken A majonty 
of votes cast shall be necessary to a choice 
B Such vacancies as may occur in the offices and 
m the various committees in the mterval between 
annual meetings shall be filled by a majonty vote 
of the Council 

Article V — Meetings 

Section 1 The annual meeting of the Society 
shall be held at a tune and place determmed hy 
the Council in consultation with the Executive 
Committee of the Federation of Amencan So- 
cieties for Experimental Biology 
Sec 2 Special meetings may be held at such 
times and places as the Council may determine 
Sec 3 At least four weeks before the annual 
meeting the Secretary shall send to each member 
a notice of the tune and place of such meetmg and 
shall make such announcements as the Council 
may direct 

Article VI — Financial 

Section 1 The annual assessment shall he de- 
termmed by majority vote at the annual meetmgs, 
upon the recommendation of the Council, and 
shall be due m advance at the tune of the meeting 
Sec 2 Beyond the ordinary expenditures re- 
quired by the routme busmess of the Society no 
money shaR be disbursed save by the authority of 
the Council or Society 

Sec 3 The treasurer shall make an annual re- 
port to the Society 

Sec 4 All publication funds shall he kept in a 
separate account, subject to the control of the 
Board of Publications Trustees except that none 
of these funds may be diverted from the support 
of publications of the Society except by consent of 
the Council or the Society A financial report shall 
be made bj’' the Board at each annual meetmg 

Article \GI — Quorum 

Ten members shall constitute a quorum for the 
transaction of business 
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Article VIII — By-Laws 

By-LaMs Bhall be adopted, altered or repealed 
at any meeting by tno-thirds lote of the ballots 
cast 

‘Vrticle IX — Amendments 

Section 1 Intended amendments to the Consti- 
tution shall bo sent to the Secretary at least one 
month before the date of the meeting at which they 
are to be considered, and must be indorsed in 
wnting by at least three members 

Sec 2 The Secretary shall give all members due 
notice of proposed amendments 

Sec 3 A four-fifths vote of the members present 
shall be required for the adoption of an amend- 
ment 

Article X — Official Publtealtons 

Section 1 The President of the Society shall 
appoint, in consultation with the Council, and sub- 
3 ect to the approval of the Society, three members 
of the Society to serve as members of a Board of 
Publications Trustees, these members shall elect 
a Managing Editor for each of the official journals 
of the Society, and each Managing Editor, dunng 
the term of his service, shall act as an additional 
voting member of the Board of Publications Trus- 
tees and shall participate in all the activities of the 
Board except that of election of managing editors 
of the journals of the Society 

Sec 2 The members of the Board of Publica- 
tions Trustees, hereinafter termed “The Board,’’ 
shall each serve for a term of three years, shall be 
subject to reappointment, and may hold office con- 
currently in the Society At the first appomtment, 
however, one member shall be appomted for three 
years, one member for two years, and one member 
for one year, m order that in the future, appomt- 
ments may be made annually in rotation The 
Board shall meet at least once annually (a quorum 
shall consist of three members) and shall report 
directly to the Society 

Sec 3 The special functions of The Board shall 
be to consider and to mvestigate thoroughly all 
matters pertaming to the fiscal and editorial poli- 
cies of the journals which may come to the Society 
or to its Council, to the Managing Editors, and to 


the members of The Board The Board shall (1) 
administer the finances of the journals, (2) estab- 
lish the publication policies of the journals, and (3) 
elect a Managing Editor for each of the journals of 
the Society (as described in Sec 1) 

Sec 4 The Managing Editor of each journal 
shall nominate to The Board, members of the So- 
ciety acceptable to him as Associate Editors From 
those nominated. The Board shall elect, for each 
journal. Associate Editors m such number as they 
shall consider adequate to fulfill the duties of that 
Editorial Board The Managing Editor and each 
Associate Editor shall serve for three years, sub- 
ject to reappointment, and may hold office concur- 
rently in the Society In the choice of The Boards 
of Editors, The Board is charged with the responsi- 
bihty of obtaining editors with expert knowledge 
in the several fields of pharmacological research 
and with evidenced ability for critical and gram- 
matical expression 

Sec 6 The Boards of Editors of the journals 
shall meet on call of the respective Managing Edi- 
tor, if possible just prior to or during the regular 
meetings of the Society, and may make recommen- 
dations to The Board concerning the improvement 
of the publication pohcies of the journals 

BY-LAWS 

1 Papers to be read shall be submitted by the 
members of the Society to the Secretary, who, with 
the President, shall be empowered to arrange the 
program No person may orally present more than 
one paper In case of joint authorship, the name 
of the individual who will orally present the paper 
shall stand first Papers not read shall appear on 
the program as read by title 

2 An abstract of a paper to be read before the 
Society shall be sent to the Secretary with the 
title As early as possible after each meeting, the 
Secretary shall edit and publish the Proceedings 
of the Society together with abstracts in a pubhea- 
tion authonzed by the Society 

3 All apphcations for membership shall be ac- 
compamed by a copy of as many reprmts as pos- 
sible of the published work of the applicant 

4 Any member who has been an active member 
for thirty years, or who has retired for disability or 
age, may upon notification to the Treasurer be 
reheved from payment of dues 
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OFFICERS, 1949-1950 

President — John G Kidd, Cornell University 
Medical College, New York City 

Vice-President — James F Rinehaht, Univer- 
sity of California Medical School, San Francisco 

Secretary - Treasurer — Sidney C Madden, 
Brookhaven National Laboratory, Upton, Long 
Island, N Y 

Councilors — F S Robscheit-Robbins, D Mtm- 
EAT Angevine, John G Kidd, James F Rine- 
HAET, Sidney C Madden 

Representative on the Division of Medical Sciences 
of the National Research Council — John G Kidd 
(1949-1952) 

Representatives on the Council of the American 
Association for the Advancement of Science — ^Mal- 
colm H SOHLE, E B IvBUMBHAAK (1949-1962) 

Representatives on the Eh Lilly Aivard Committee 
(jointly with the Society of American Bacteri- 
ologists) — For nominations Paul R Cannon 
(1961), S Burt Wolbach (balance of 1949) For 
airard Peyton Rous (1961), John G Kidd (balance 
of 1949) 

Representative on the Committee for the Place- 
ment Service — Douglas H Spsunt 

PAST OFFICERS 

1914 R M Pearce, President, John F Ander- 
son, Vice-President, G H Whipple, Secretary- 
Treasurer, Harvey Cushing, DA^^D Marine, 
Councilors 1915 Theobald Smith, President, 
G H Whipple, Vice-President, Peyton Rous, 
Secretary -Treasurer, David Marine, R M 
Pearce, Councilors 1916 Simon Flexner, Presi- 
dent, Leo Loeb, Vice-President, Peyton Rous, 
Secretary-Treasurer, David Marine, R M 
Pe\rce, Councilors 1917 Ludvig Hektoen, 
President, Leo Loeb, Vice-President, Howard T 
Kcrsner, Secretary -Treasurer, Paul A Lewis, 
L G Rowntree, Councilors 1918 H Gideon 
Wells, President, W G MacCallum, Vice- 
President, Howard T Karsner, Secretary- 
Treasurer, L G Rowntree, Ludvig Hektoen, 
Councilors 1919 W G MacCallum, President, 
William H Park, Vice-President, Howard T 
K CHSNER, Secretarj -Treasurer, Ludvig Hektoen, 
K L OriE, Councilors 1920 William H Park, 
President, F G Novr, Vice-President, Howard 
T Karsner, Secretarj -Treasurer, E L Opie, 
Wade H Brown, Councilors 1921 F G Novr, 
President, Howard T ICarsneh, Vice-President, 
W\DE H Brown, Secretarj -Treasurer, Paul A 


Lewis, A R Dochez, Councilors 1922 Howard 
T Karsner, President, Eugene L Opie, Vice- 
President, Wade H Brown, Secretary-Treasurer, 
A R Dochez, George H Whipple, Councilors 
1923 Eugene L Opie, President, Aldred S War- 
thin, Vice-President , Wade H Brown, Secretary- 
Treasurer, George H Whipple, H Gideon 
Wells, Councilors 1924 Aldred S Warthin, 
President, George H Whipple, Vice-President, 
Edward B Keumbhaah, Secretary-Treasurer, H 
Gideon Wells, Frederick L Gates, Councilors 
1925 George H Whipple, President, Wade H 
Brown, Vice-President, Edward B Krumbhaar, 
Secretary-Treasurer, Frederick L Gates, David 
Marine, Councilors 1926 Wade H Brown, 
President, David Marine, Vice-President, Ed- 
ward B Krumbhaar, Secretary-Treasurer, 
Frederick L Gates, William F Petersen, 
Councilors 1927 David Marine, President, 
Edward B IGrumbhaar, Vice-President, Carl 

V Weller, Secretary -Treasurer, William F 
Petersen, Frederick L Gates, Councilors 
1928 Edward B Krumbhaar, President, Wil- 
LiAii F Petersen, Vice-President, Carl V 
Weller, Secretary -Treasurer, Frederick L 
Gates, Samuel R Haythorn, Councilors 1929 
Willi AJ i F Petersen, President, Frederick L 
Gates, Vice-President, Carl V Weller, Secre- 
tary-Treasurer, Samuel R Haythorn, Peyton 
Rous, Councilors 1930 Frederick L Gates, 
President, Samuel R Haythorn, Vice-President, 
C Phillip Miller, Secretary -Treasurer, Pey- 
ton Rous, Gael V Weller, Councilors 1931 
Samuel R Haythorn, President, Peyton Rous, 
Vice-President, C Phillip Miller, Secretary- 
Treasurer, Carl V Weller, S Burt Wolbach, 
Councilors 1932 Peyton Rous, President, Carl 

V Weller, Vice-President, C Phillip Miller, 
Secretary -Treasurer, S Burt Wolbach, Oskar 
Klotz, Councilors 1933 Carl V Weller, 
President, S Burt Wolbach, Vice-President, 
C Phillip Miller, Secretarj-^-Treasurer, Oskar 
Klotz, Alphonse R Dochez, Councilors 1934 
S Burt Wolbach, President, Oskar Klotz, 
Vice-President, Shields Warren, Secretary- 
Treasurer, C Phillip Miller, Alphonse R 
Dochez, Councilors 1935 Oskar Klotz, Presi- 
dent, Alphonse R Dochez, Vice-President, 
Shields Warren, Secretary -Treasurer, Morton 
McCutcheon, C Phillip Miller, Councilors 
1936 Alphonse R Dochez, President, C Phillip 
Miller, Vice-President, Shields Warren, Secre- 
tarj -Treasurer, Morton McCutcheon, Ernest 
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GooDPASTunB, Councilors 1937 C Puilup 
Miiier, President, Mokton McCutciieon, Vice- 
President, Paul R Cannon, Secretary-Treasurer, 
Ernest W Goodpasture, SinELOs Warren, 
Councilors 1938 Morton McCutciieon, Presi- 
dent, Ernest W Goodpasture, Vice-President, 
Paul R Cannon, Secretary -Treasurer , Shields 
Warren, Jesse L Bollman, Councilors 1939 
Ernest W Goodpasture, President, Shields 
Warren, Vice-President, Paul R Cannon, 
Secretarj -Treasurer, Jesse L Bollman, Balduin 
LucKfi, Councilors 1940 Shields Warren, Presi- 
dent, Jesse L Bollman, Fice-President, H P 
Smith, Secretary-Treasurer, Balduin Luck6, 
Paul R Cannon, Councilors 1941 Jesse L 
Bollman, President, Balduin Lucicfi, Vice- 
President, H P Smith, Secretary -Treasurer, 
Paul R Cannon, Douglas H Sprunt, Coun- 
cilors 1942, 1943, 1944, 1945 Balduin Lucicfi, 
President, Paul R Gannon, Vice-President, 
H P Smith, Secretary-Treasurer, Douglas H 
Sprunt, Frieda S Robscheit-Robbins, Coun- 
cilors 1946 Paul R Cannon, President, Doug- 
las H Sprunt, Vice-President, Frieda S Rob- 
scheit-Robbins, Secretary -Treasurer, H P 
Smith, John G Ividd, Councilors 1947 Douglas 
H Sprunt, President, H P Smith, 'S ice-Presi- 
dent, Frieda S Robscheit-Robbins, Secretary- 
Treasurer, James F Rinehart, John G Kidd, 
Councilors 1948 H P Smith, President, John G 
Kidd, Vice-President, Frieda S Robscheit-Rob- 
bins Secretar 3 -Treasurer, James F Rinehart, 
Sidney C Madden, Councilors 

CONSTITUTION 
Article I — Name 

The Soceity shall be named “The American 
Society for Experimental Pathology ” 

Article II — Object 

The object of this Society is to bring the produc- 
tive investigators in pathology, working essen- 
tially by experimental methods, in closer affiliation 
mth the workers in the other fields of experimental 
medicine 

Article III — Time and Place of Meeting 

The Society shall meet at the same time and 
place as the Federation of American Societies for 
Expenmental Biologj^, nhich comprises at present 
the American Physiological Societj’’, the American 
Societj of Biological Chemists, the American So- 
ciety for Pharmacologj and Expenmental Thera- 
peutics, the Amencan Societj'^ for Experimental 
Pathology, the American Institute of Nutrition 
and the American Association of Immunologists 


AiiTiCLi IV — Membership 

Section 1 Aiij' American investigator ivho, 
through the use of experimental methods, has, 
ivitliin three years prior to his candidacy, con- 
tributed meritorious i\ork in pathologj , is eligible 
to mcmbershii) 

Sec 2 It shall bo the jiolicy of the Society to 
restrict its membership to as small numbers as is 
compatible nith the ni iintcnance of an active 
existence 

Sec 3 There shall be two classes of membeis 
active and honorarj members 

Active members Candidates for active member- 
ship shall be nominated at or before an annual 
meeting by tw o members of the Societj'^ The nomi- 
nators shall present to the Secretary in writing 
evidence of the candidate’s qualifications for mem- 
bership Nominations approved by the Council 
shall be presented to the Society for election at 
the next annual meeting following nomination 
For election a favorable ballot bj’^ a majority of the 
members present in necessary 

Honorary members These may be elected from 
the active hst or from the group of distinguished 
investigators at home or abroad who have con- 
tributed to the knowledge of pathology by experi- 
mental studj*^ Thej’’ shall be elected only by the 
unanimous vote of the members present at time of 
nonunation 

Sec 4 Active members shall pay such annual 
dues as are detemuned upon, from year to year, by 
the Council Honorary members shall pay no dues, 
are not eligible to office, and have no vote in the 
busmess affairs of the Society, but they shall have 
all the pnvileges of the active members in the 
scientific proceedings 

Sec 5 Upon failure of an active member to pay 
dues for two years, notice shall be given to the 
member by the Secretary At the end of the third 
year, if dues are still unpaid, such failure consti- 
tutes forfeiture of membership 

Sec 6 A motion for expulsion of a member must 
be thoroughly investigated by the Council, at this 
investigation the aecused shall be afforded a hear- 
ing or may be represented by a member Expulsion 
can be accomplished only after a unanimous vote 
by the Council in favor of expulsion, sustained by 
a four-fifths vote of the members present at the 
meeting 

Arttclb V — Officers 

The management of the Societj'- shall be vested 
in a Council of five members, consisting of a Presi- 
dent, a Vice-President, a Secretary -Treasurer, and 
two other members who shall be nominated by the 
Council and elected bj the Societj Officers are 
elected bj a majont-v vote and remain in office 
until Julj 1 followang the Federation Meeting 
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Vacancies shall be filled by the Council for the un- 
expired term 

The President and Vice-President shall hold 
office for one year and are ineligible for re-election 
during the following year The Secretary-Treas- 
urer 18 ebgible for re election Councilors shall 
hold office for two years and are elected on alter- 
nate } ears At the first election one Councilor shall 
be elected for a short term of one year 

Abticle VI — Quorum 

Section 1 — ^Three constitute a quorum of the 
Council The Council decides by a majority vote 

Sec 2 A Quorum of the Society for transaction 
of business shall be one-fourth of the total mem- 
bership In all questions brought before the So- 
cietj a majority vote of those present shall decide, 
evcept as elsewhere provided for 

Article VII — Annual Meeting 

Section 1 Papers shall be himted to ten min- 
utes However, on motion and with unanimous 
consent, the time may be prolonged by a period 
not exceeding five minutes The Council may make 
provision for longer papers on smtable occasions 

Sec 2 The subjects of papers must be confined 
to evpenmental work in pathology In doubtful 
cases a liberal interpretation by the President and 
Secretary may prevail The Council may invite, 
however, presentations dealing with any subject 
which it considers of considerable interest to the 
Society 


Article VIII — Change of Constitution 

A motion concerning a change of the Constitu- 
tion must be presented to the Council in writing 
by three members, and must be communicated to 
the members by the Secretary at least four weeks 
before the annual meeting At this meeting such a 
change may be established when accepted by a 
four-fifths vote of the members present 

BY-LAWS 

1 There must be in each year at least one meet- 
ing of the Council, which shall take place not later 
than the evemng before the annual meeting 

2 At the end of the first session of the annual 
meeting the Secretary shall read the report of the 
Council This report shall include (1) names of 
persons recommended for membership, (2) nomi- 
nations for offices, (3) matters of general interest 
The Secretary shall exhibit in a conspicuous place 
the names of candidates for membership recom- 
mended by the Council, together with the evidence 
of the qualifications of the candidates 

3 The election of oflScers and of new members, 
changes in the Constitution, etc , shall be voted 
upon at the end of the first session 

4 Changes in the By-Laws may be determined 
by a majonty vote of those present 

5 In the year that a new Secretary-Treasurer is 
elected the incoming Council Member elected that 
year, or another member of the Council, shall 
become Assistant Secretary-Treasurer for the 
duration of the term of the Secretary-Treasurer 
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OFFICERS, 1949-1960 

President — C G IGng, Nutrition Foundation, 
Inc , New York City 

Viec-Presideni — Y H Griffith, Universitj of 
Texas Medical School, Galveston 

Secrclari/ — J H Roe, George Washington Uni- 
versitj School of Medicine, Washington, D C 

Treasurer — N R Ellis, Bureau of Animal 
Industrj , U S Department of Agriculture, 
Beltsxille, Md 

Couneilors — A D Holmes, E N Todhijnter, 
A H Smith, C G King, W H Griffith, J H 
Roe, N R Ellis 

Nomtnahng Committee — Icie Mact Hoobler, 
Chairman, E W Crampton, H J Deuel, Jr , 
L A IMaynabd, F j Stare 

Committee on Rules for Awards — W C Russell, 
Chairman, H E Carter, R R Sealock, C D 
Tollb, j Waddell 

Committee on Program Policg—W H Griffith, 
Chairman, G R Cowgill, F S Daft, R M 
Leverton, E W McHenry 

Committee on Registry of Nutritional Pathology — 
R E Johnson Chairman, 0 A Besset, P L 
Phillips, W H Sebrell 

Representatives on Committee on Biochemical 
Nomenclature (joiBt uith American Societv of 
Biological Chenusts) — H J Almquist, C A 
Eltohjem 

PAST-OFFICERS 

1933 L B AIendel, President , H C Sherman, 
Vice-President, J R Mubun, Secretary -Treas- 
urer, E F DuBois, M S Rose, Councilors 1934 
J R Murun, President, E F DuBois, Vice- 
President, Icie G AIacy, Secretary, W M 
Boothbt, Treasurer, A H Smith, Agnes Fat 
Morgan, R M Bethkb, Councilors 1935 J R 
Murlin, President, E F DuBois, Vice-President, 
Icie G Macy, Secretary, G R Cowgill, Treas- 
urer, A H Smith, R M Bbthke, L A AIatnard 
Councilors 1936 E F DuBois, President, Mart 
Swartz Rose, Vice-President, G R Cowgill, 
Treasurer, Icie G AIact, Secretary, R AI 
Bethke, L a , Maynard, C A Elvehjbm, Coun- 
cilors 1937 AIart S Rose, President, E V 
McCollum, A'^ice-President, G R Cowgill, 
Treasurer, Icie G AIact, Secretary, L A AIat- 
nard, C a Elxhhjem, P E Howe, Councilors 
1938 E V McCollum, President, T hi Carpen- 
ter, Vice-President, G R Cowgill, Treasurer, 


L A Maynard, Secretarj , C A Elvehjem, P 
E Home, Helen S Mitchell, Councilors 1939 
H C Sherman, President, T M Carpenter, 
Vice-President, G R Cowgill, Treasurer, L A 
Maynard, Secretarj , P E Howe, Helen S 
Mitchell, A H Smith, Councilors 1940 
Thorne M Carpenter, President , A G Hogan, 
Vice-President, L A Maynard, Secretary, W 
H Sebrell, Jr , Treasurer, Helen S Mitchell, 
Arthur H Smith, Lydia J Roberts, Councilors 
1941 A G Hogan, President, L A Maynard, 
Vice-President, Arthur H Suhth, Secretary, 
W H Sebrell, Jr , Treasurer, T H Jukes, 
Lydia J Roberts, H B Lewis, Councilors 1942 
L A Maynard, President, H B Lewis, Vice- 
President, Arthur H Smith, Secretary, W H 
Sebrell, Jr , Treasurer, Lydia J Roberts, 
Genevieve Stearns, T H Jukes, Councilors 
1943 H B Lewis, President, Icie G Macy-Hoob- 
LER, Vice-President, Arthur H SraoH, Secretary, 
Lydia J Roberts, Genevieve Stearns, T H 
Jukes, Councilors 1944 Icie G Macy-Hoobleh, 
President, Wm C Rose, Vice-President, Arthur 
H Smith, Secretary, E M Nelson, Treasurer, 
Genevieve Stearns, T H Jukes and C A 
Elvehjbm, Councilors 1946 Wm C Rose, Presi- 
dent, Arthur H Smith, Vice-President, H E 
Carter, Secretary, E M Nelson, Treasurer, 
T H Jukes, C A Elvehjem, D W Woolley, 
Councilors 1946 Arthur H SmTH, President, 
R M Bethke, Vice-President, H E Carter, 
Secretarj", E M Nelson, Treasurer, C A El- 
lEHJEM, D W Woolley, H J Almquist, 
Councilors 1947 R M Bethke, President, E M 
Nelson, Vice-President, H E Carter, Secre- 
tarj , N R Ellis, Treasurer , D W Woolley, H 
J Almquist, A D Holmes, Councilors 1948 
E M Nelson, President, C G King, Vice-Presi- 
dent, J H Roe, Secretary, N R Elias, Treas- 
urer, H J Almquist, A D Holmes, E N 
Todhunter, Counedora 

CONSTITUTION 

1 The name of the proposed society is the 
“American Institute of Nutrition ” 

2 The purposes of the societj are to further the 
extension of the knowledge of nutntion and to 
facihtate personal contact between investigators 
in nutntion and closelj related fields of interest 

3 The management of the American Institute of 
Nutntion shall be vested in a council consisting 
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of the President Vice-President, Secretan , Treas- 
urer and three additional members 

BY-LAWS 

Akticle I — Membershtp 

Section 1 Eligibility for membership Members 
Qualified investigators uho have mdependentlj 
conducted and published meritorious ongmal in- 
vestigations m some phase of the chemistrj or 
physiologj"- of nutrition and who have shown a 
professional interest in nutrition for at least 6 
j ears shall be eligible for membership in the So- 
cieti 

Sec 2 Nomination Nominations for member- 
ship shall be made and seconded by members of 
the Society on blanks furnished by the Secretary 
Nominations shall be subnutted to the Council 
who shall determine eligibilitv and make recom- 
mendation to the Societv at a regular meeting 
Sec 3 Election to membership A A nominee for 
membership may be voted for by ballot at any 
meeting of the Society after the Council has re- 
ported its findings on his eligibilitj' B A majontj 
of the ballots cast shall elect 
Sec 4 Forfeiture If a majority of the Council 
after due notice to the member in question and 
opportunity for a hearing, shall decide that the 
interests of the Societ}' reqmre the expulsion of a 
member, the Secretary shall send a notice of this 
decision to each member at least two weeks before 
the next annual meeting At this meeting the Sec- 
retary shall, on behalf of the Council, propose the 
expulsion, and if two-thirds of the members pres- 
ent vote for it, the member shall be expelled, his 
assessment for the current year shall be returned 
to hun, and he shall cease to be a member of the 
Society 

Article II — Meetings and Quorum 

Section 1 Annual The annual meeting of the 
Society shall be held on the date fixed by the 
Certificate of Incorporation 
Sec 2 Special A special meeting may be called 
at any time by the President, or in case of his 
absence or disabilitv, bv the Vice-President, and 
must be called at the request m writing of a 
majority of the Council or fifty members of the 
Society Notice specifying the purpose of such 
meetmg shall be mailed to each member at least 
ten days previous thereto The Council shall select 
the places at which meetings shall be held 
Sec 3 Quorum Thirty members shall consti- 
tute a quorum at all meetings of the Society, but 
in the absence of a quorum anj^ number shall be 
sufficient to adjourn to a fixed date 

Article III— O^cwfs 

Section 1 Officers The officers shall be a Presi- 
dent, and a Vice-President, who shall be elected 


annualh , and a Secretary and Treasurer, each of 
whom shall be elected to serve for a term of three 
j ears These officers shall be elected by the mem- 
bers of the Societj Their terms of office shall com- 
mence on July 1 o*' the year in which they are 
elected 

Sec 2 Council The officers so selected and three 
additional members, one of whom shall be elected 
at each annual meeting to serve a term of three 
years, shall constitute a Board of Trustees and 
shall be known as “The Council ” (When this pro- 
vision IS first put into effect one member shall be 
elected for 1 year, one for 2 years and the third 
for 3 years ) 

Sec 3 Duties of Officers The powers and duties 
of the officers elected bj' the Society shall be such 
as usuallj' devolve upon their respective positions 

Article IV — The Council 

Section 1 Poicers The general management of 
the Society during the intervals between meetings 
shall be vested in the Council, which shall regu- 
larly perform the ordinary duties of an executive 
committee and possess all the powers conferred 
upon the Board of Trustees of an educational insti- 
tution chartered by the Education Department of 
the Umversity of the State of New York A perma- 
nent charter was issued to the American Institute 
of Nutntion under date of November 16, 1934 

Sec 2 Reports The Council shall report to the 
Society its findings on the eligibibty of candidates 
for membership, and on all charges of a violation 
of these By-Laws 

Article V — Nominating Committee 

Section 1 Membership A The Nominating 
Committee shall consist of five members appointed 
for the conung year by the retinng President 
Members who have served on the Nominating 
Committee for two consecutive years shall be in 
ebgible for reappointment until after a lapse of 
one jear B The President shall designate one 
member to be Chairman of the Nonunating Com- 
mittee 

Sec 2 N ominahon of Officials A The Nominat- 
ing Committee shall make at least one nomination 
for each of the four offices, for each of the addi- 
tional positions on the Council to be filled by vote 
of the members and for each of the positions on the 
Editorial Board to be vacated at the tune of the 
annual meeting Aji 5 '' member of the Institute may 
submit nominations to the Nominating Committee 
for its consideration along with those nominations 
made by the members of the Nonunating Commit- 
tee B The nominations by the Nominating Com- 
mittee shall be transimtted to the Secretarv at 
least pix weeks before the annual meeting at which 
they are to be considered C The Secretary shall 
send to everj member, it least tno weeks before 
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the annual meeting, a printed ballot containing 
the list of nominees and space for such additional 
names as the member wishes to propose, and at 
the same time shall notify tho members that they 
may vote bj mail, returning to the Secretary the 
marked ballot m the envelope provided, at such a 
time and place as the Secretary may designate, or 
the ballot maj be delivered to the Secretary at the 
beginning of the business session at w Inch the elec- 
tions are to take place 

Sec 3 Elcclton of Officials A At the beginmng 
of the business session the Secretary shall present 
to tho tellers, appointed by the President, the 
ballots submitted by the members and the ballots 
shall be counted forthwnth B A majority of votes 
cast shall be necessary to elect an official 

Sec 4 Filling of Vacancies A The Nominating 
Committee shall fill all vacancies in elective posi- 
tions eveept such as may occur at a meeting of the 
Society B The President of the Societ}'’ shall fill 
all vacancies in appointive positions 

Article VI — Financial 

Section 1 Dues The dues shall be the annual 
cost of subscnption to The Journal of Nutntion 
for members plus an annual assessment w hich shall 
be determined by majonty vote at the annual 
meetings, upon recommendation of the Council, 
and shall be due inthin a month after the annual 
meeting A member on attaining the age of 65 may 
elect to be reheved from all financial obbgations to 
the Institute mcluding subscnption to The Jour- 
nal of Nutntion 

Sec 2 Expenditures No expenditures from the 
general funds of the Society except those required 
m the performance of the ordinary official duties 
shall be made except by vote of the Society or the 
Council 

Sec 3 Penalty for non-payment of dues A 
Members in arrears for dues for two consecutive 
jears shall forfeit their membership B Delin- 
quent members may be reinstated by the Council 
provided all indebtedness to the Society is liqui- 
dated 

Article VII — The Journal of A^utritwn 

SiXTnoN 1 The American Institute of Nutrition 
designates The Journal of Ahitntion as its official 
organ of publication 


Sec 2 In accordance with the expressed wish 
of the Wistar Institute of \natomy and Biology, 
owner and publisher of The Journal of Nulnlion, 
the American Institute of Nutrition shall nomi- 
nate members of tho Editorial Board for its official 
organ A Tho editorial management of The Jour- 
nal of Nutrition shall be vested in an Editonal 
Board consisting of an Editor and twelve Board 
Members B The Editor shall be chosen by the 
Editorial Board to serve a term of five years begin- 
ning July 1 of the year in which ho is chosen, and 
shall be eligible for reelection The Editor shall 
have the power to designate one of the Board 
Members to serve as his assistant, and such an ap- 
pointee shall be called Associate Editor C Three 
members of the Institute shall be nominated by 
the Nominating Committee for membership on the 
Editorial Board each year to serve a term of four 
years, replacing three retmng members and takmg 
office May 1 of the year in which they are elected 
In the event of a vacancy in the membership of the 
Editorial Board occurring through death or other 
reason, the Nominating Committee, for each such 
vacancy to be filled shall make an additional nomi- 
nation In this event the nominees elected who 
receive the greatest number of votes shall serve 
the longest term of vacancies to be filled D Re- 
tinng members of the Editorial Board shall not be 
eligible for renomination until one year after then' 
retirement 

Article VIII — Papers on Scientific Subjects 

Section 1 The Secretary shall be authorized to 
arrange programs for the scientific sessions at 
the annual meetings 

Article IX — Changes in Constitution and 
By-Laws 

Section 1 Proposed changes m the Constitu- 
tion and By-Laws must be sent in writing to the 
Secretarj’^ at least one month before the date of the 
meeting at which they are to be considered, and 
must be signed by at least three members The 
Secretary shall send a printed copy of any pro- 
posed change to each member at least two weeks 
before the next meetmg and shall notify all mem- 
bers that they may vote by proxy 

Sec 2 If at this meetmg tw o-thirds of the votes 
cast shall favor the proposed change, it shall be 
made 
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CONSTITUTION 

(As revised, 1949) 

Articik I — A^anic 

This association shall be called Tiir American 
Association oi Immunoiogists 

Articlv II — Object 

The purpose of the Association shall be to ad- 
vance knowledge of immunology and related disci- 


plines, and to facilitate intorchango of ideas and 
information among investigators in the various 
fields 

Article III — Members 

Sfxtion 1 The Association shall consist of ac 
tive members, members emeriti and honorary 
members 

SncTioN 2 Any qualified person engaged in the 
study of problems related to the jiurposo of the 
Association may apply for active mombcrslnp 
Candidates for active membership shall ho nomi- 
nated by two members of the Association on 
blanks furnished by the Secretary Applications 
must bo accompanied by letters of recommenda 
tioii of the sponsors, a curriculum vitae, and a list 
of rcjinnts of publications The Council shall do 
termino eligibility and post a list of candidates at 
the annual mooting The momborship shall oloct 
now members by majority vole 

Section 3 Failure to pay dues for three succos- 
sivo years shall annul momborship The Council 
may reinstate a member if an acceptable e\plana 
tion IS submitted and all indebtedness to the Asso- 
ciation 18 liquidated Payment of such indebted 
ness may be waived by unanimous vote of the 
Council if circumstances justify such action 

Sfction 4 If a two thirds majority of the Couii 
cil decides that the best interests of the Associa- 
tion require the cYpulsion of a. member, the 
Secretary shall notify the affected member in 
writing of Iho charges The Council shall allow a 
reasonable time for the proseiitation of his defense 
before acting Upon rccoinmendatioii of a tw'o 
thirds majority^ of the Council, the Secretary shall 
send a notice of the decision to each active member 
at least 8i\ weeks before the next annual meeting 
At this meeting the Secretary shall, on behalf of 
the Council, propose the expulsion, and on a two 
thirds vote of the members present, the member 
shall be expelled, his assessment for the current 
your shall bo returned, and ho shall cease to bo a 
member of the Association 

Section 6 An active member of the Association 
for tw'ontj' y'cars upon retirement because of ago or 
dlBablhtJ^ may elect to accept the status of 
member emeritus As such ho shall retain voting 
privileges but shall be relieved of all financial 
obligations to the Association and shall not receive 
the Journal wuthout jiaymoiit 

Section C The Council may' noniinato for 
honorary' membership persons of extraordinary 
achievement in the field of endeavor of this Asso- 
ciation Election to honorary membership shall 
follow' the same procedure ns that for election for 
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office in the Association, and the Sccretarj, on 
order of the Council, shall place nominations for 
honorarj’’ membership on the annual ballot 

Akticle r\'’ — Officers 

Section 1 The Association shall be goveined 
by a Council, nhich shall consist of the Officers of 
the Association and five Councilors, one of whom 
shall be the Editor-in-Chief of the Journal of 
Immunology 

Section 2 The Officers of the Association shall 
be a President, a Vice President, a Secretarj^ and 
a Treasurer The duties of the t\\ o latter may be 
performed by one or two individuals as determined 
bj vote of the Association (See By-Law 7 ) 
Section 3 The President, the Vice President, 
the Secretary, and the Treasurer shall be elected 
at the regular annual meeting of the Association 
to serve for one year Onlj’’ the Secretary and the 
Treasurer are eligible to serve for successive terms 
m their respective offices The term of office shall 
begin the day after the end of the annual meeting 
Section 4 One Councilor shall be elected each 
3 ear to serve for a term of four years He may 
however serve in any other elective office immedi- 
ately after evpiration of his term as Councillor 
Section 5 The President shall appoint a Nomi- 
nating Committee of three (or more) members not 
currently serving on the Council of the Association 
and shall designate the Chairman The Committee 
shall submit nominations for the offices of Presi- 
dent, Vice President, Secretary, Treasurer, and 
Councilor They ma}' nominate the member cur- 
rently serving as Vice President for the office of 
President, and the Councilor who is serving his 
fourth year for the office of Vice President They 
shall submit the names of three members of the 
Association as candidates for the office of Coun- 
cilor for a four-year term The Nominatmg 
Committee shall confer at least three months 
before the annual meeting and shall transmit its 
nominations, over the signatures of the majont 3 ’- 
of the Committee, to the Secretary at least two 
months before the annual meetmg Other names 
may be added to the ballot upon petition of at 
least twenty-five members of the Association to 
the Seoretar}'' at least two months before the 
annual meeting The Secretary shall send to each 
member of the Association, at least si\ weeks be- 
fore the annual meeting, a ballot containing the 
list of all such nominees 
Section 6 The members of the Association shall 
vote on the nominations b}"^ secret ballot b}”^ mail 
All ballots must be in the hands of the Secretary 
one week before the annual meeting At the time 
of the annual meeting the Secretary shall present 
all the vahd sealed ballots received by him to the 
tellers appointed by the President A pluraht} of 
1 otea shall be sufficient for election 
Section 7 The Vice President shall substitute 


for the President when ncccs 3 ar 3 ^ If both the 
President and Vice President arc unable to serve, 
the senior Councilor shall temporarily assume the 
duties of President Should a vacancy occur in the 
office of Secretary or Treasurer, or Councilor, the 
Council by a majority vote shall appoint a mem- 
ber to fill the unexpired term until the following 
election In the event of a vacancy in the Council, 
the members shall in the following election choose 
two Councilors from among si\ nominees whose 
names shall be selected by the Nominating Com- 
mittee and included on the ballot as above More- 
over, in this event the terms of the four Coun- 
cilors shall be adjusted so as to provide an orderly 
progression within the general sense of the Con- 
stitution 

Article Y— Meetings 

Section 1 A regular meeting of the Association 
shall be held annually at such time and place as 
the Council shall determine Regular meetings 
shall be open to all members of the Association 
The members present at the annual meeting of the 
Association shall constitute a quorum 

Section 2 A meeting of the Council shall be 
held pnor to the annual business meeting of the 
Association A quorum of the Council for this 
meeting shall be five 

Section 3 In case of equal division of votes, the 
President shall cast the decisive ballot 

Section 4 Minutes of the annual meetmg of the 
Council and of the annual busmess meetmg of the 
Association shall be pubhshed m the form of a 
news-letter and be distnbuted only to members 
of the Association The annual report of the 
Treasurer shall be included in this news-letter 

Article VI— Business 

Section 1 The fiscal year of the Association 
shall begin March first 

Section 2 Annual dues, upon recommendation 
of the Council, shall be determined by a majority 
vote at the annual meeting of the Association 

Article Yll—Pubhcalion 

Section 1 The Journal of Immunology, which 
IS the property and official organ of this Associa- 
tion, shall be administered for the Association by 
an Editonal Board 

Section 2 An Editor-m-Chief shall be elected 
from the membership by a majorit}’’ vote of the 
Council to serve for four 3 ears His term of office 
shall be subject to renewal He shall appoint with 
the consent of the Council an Editonal Board of 
four to SIX members to serve for four years The 
Editor-m-Chief and the members of the Editorial 
Board shall be responsible for the editonal con- 
duct of the Journal 

Section 3 The Editor-m-Chief shall, with the 
consent of the Council, appomt from the active 
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members Associate Editors as needed These 
Associate Editors are to be chosen because of their 
ability in specialized fields 

Section 4 The Editor-in-Chief shall make a 
report of his stewardship of the Journal at the 
annual meeting and in this report shall suinmarize 
the editorial situation and all matters dealing with 
finances He shall submit to the Council state- 
ments relating to the number of manuscripts re- 
ceived, rejected, accepted, and published during 
the j'ear, changes in editorial personnel of editors, 
a complete summary of circulation and of finances 
and of any other mformation u hich the Editorial 
Board may feel to be pertinent or which may be 
required by the Council 

Article VIII — Amendments 

Section 1 Proposed changes in the Constitution 
shall be submitted by at least five members in 
writing through the Secretary to the President 
The President shall then appomt a committee of at 
least three members which shall commumcate its 
recommendations to the President for considera- 
tion by the Council The Council shall then advise 
the Secretary to submit the recommendations of 
the committee to the membership of the Associa- 
tion for approval with the annual ballot A change 
in the Constitution shall require a two-thirds 
majority of the votes cast by the members at the 
annual meeting and shall require confirmation by 
a majority m a mail vote m which at least 50% 
shall have participated 

Section 2 As an alternative procedure a pro- 
posed change m the Constitution may be sub- 
nutted directly to the Council by petition of one- 
tenth of the total active membership Under this 
circumstance the Council is required to arrange for 
a vote by the members as heretofore described 

Section 3 Proposed changes in By-Laws may 
be adopted by two-thirds vote of members present 
at the annual meeting 

BY-LAWS 

1 The Past Presidents shall have the right of 
attending, without vote, the meetmgs of the 
Council 

2 The President may appoint a Past President 


or a Past Councilor as pro tempore Councilor at 
any stated meeting of the Council at which a 
quorum is not present 

3 The Council may transact and vote bj mail 
on such busmess as cannot be conveniently trans 
acted at meetings 

4 The Secretar)' shall arrange the program for 
the scientific meetings, with the advice of the other 
officers of the Association Any member in good 
standing shall have the right to submit a paper 
The privilege of presentation may be extended to 
non-members upon recommendation of active 
members Papers intended for presentation at the 
meetmgs shall conform to the standards of the 
Journal of Immunology In case of doubt, the 
Secretary shall have the right to submit papers to 
the scrutiny of three or more members of the 
Editorial Board of the Journal of Immunology 
whose decision shall be final 

5 Each member w'ho signifies his intention of 
readmg a paper at anj session may specifj the 
length of tune which its presentation shall require 
In the absence of any specification of time required 
not more than ten minutes shall be allotted for the 
reading of any one paper The tune allotted shall 
be printed on the official program, and the pre 
siding officer shall have no authonty to extend it 
unless a majority of the members present signify 
their wish to the contrary 

6 If by force of circumstances it should be im 
possible to hold the annual meeting, the election 
of Officers and Council may be carried out entirelj 
by mail 

7 The offices of Secretary and Treasurer are 
combined and shall be held by one person 

8 Official or invited addresses presented at the 
annual meeting shall be given imm ediate pnoritj 
m publication, unless the Editor-m-Chief shall be 
otherwise instructed by majority vote of the 
Council 

9 Dues are payable on or before January 1st and 
Bubscnptions to the Journal will be lapsed if not 
paid by this date 

10 If the Editor-m-Chief is unable to attend the 
stated meeting of the Council, he may designate 
an alternate from the membership of the Editonal 
Board 
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HONORARY MEMBERS 

Adrian, E D Cambndge University, Dept of 
Phj’siology, Cambndge, England (1, 1946) 
Castaneda, M Ruiz, M D Inveatigaciones Medi- 
cas, Hospital General, hlexico, D F Director, 
Department of Medical Research (6, 1942) 
Chopra, R N , M D , Sc D School of Tropical 
Medicme, Calcutta, India Director, Professor 
of Pharmacology (3, 1938) 

Coca, Arthur F , A hi , hi D Pearl River, N Y (6, 
1916) 

Dale, H H The Wellcome Trustees, Dilke House, 
hlalet St , London, W C , England (3, 1926) 
Hektoen, Ludvig, hi D 629 S Wood St , Chicago, 
111 President, Chicago Tumor Institute (6, 
1919) 

Hitchens, Arthur P , M D Public Building, Wil- 
mington 33, Del Health Commissioner, Wilming- 
ton (6, 1913) 

Houssay, Bernardo A , hi D Viamonte 2790, 
Buenos Aires, Argentina Director and Professor 
of Physiology (1, 1942) 

Huntoon, F M , M D Woodbndge, Conn (6, 
1918) 

Lapicqne, L The Sorbonne, Laboratorj^ of Phys- 
iology, Pans, France (1, 1946) 

Loewi, Otto, hi D New York University College 
of hledicine, 477 First Ave , New York City 
Research Professor in Pharmacology (3, 1941) 
McCoy, George Walter, M D Lomsiana State 
University Medical School, New Orleans 
Director, Department of Public Health (6, 1916) 
Novy, Fredenck G , M D , Sc D 721 Forest 
Ave , Ann Arbor, ALch Dean Emeritus and 
Professor Ementua of Bacteriology, University 
of Michigan Medical School (6, 1920) 

Orbeli, L A Academy of Sciences of the USSR, 
hloscow, USSR (1, 1946) 

Sherrington, Sir Charles S , Sc D , M D “Broom- 
side,” Valley Road, Ipswich, England, Former 
Wayneflete Professor of Physiology, Oxford Uni- 
versity Former President of the Royal Society 
(1, 1904) 

Sordelli, A Department of Pubhc Health, In- 
stitute of Bactenologj', Buenos Aires, Argen- 
tina Director (6, 1942) 


RETIRED MEMBERS 

Addison, William H , M D Univ of Pennsylvania, 
Pluladelphia Prof of Histology and Embryology 
(1, 1928) 

Allen, William F , Ph D Univ of Oregon hied 
School, Portland Prof Emeritus of Anatomy 
(1, 1929) 

Alvarez, Waller C , M D Mayo Chnic, Rochester, 
Mmn Prof of Medicine, Mayo Foundation (1, 
1917, 3, 1921) 

Babkin, B P , M D , D Sc McGill Univ , Mon- 
treal, Quebec, Canada Prof of Physiology (1, 
1924) 

Bachmann, George, M D Emory Umv School of 
Medicine, Emory Umversity, Ga Prof Emeritus 
of Physiology (1, 1912) 

Benedict, Francis G , Ph D , hlD Machiasport, 
Marne (1, 1904 , 2, 1906) 

Brown, Edgar D , Pharm D , MJ) Paynesville, 
Mum Assoc Prof Emeritus of Pharmacology 
(1, 1907, 3, 1909) 

Burton-Opitz, Russell, Ph D 218 Bridle Way, 
Palisades, N J Attending Caidiologist, Lenox 
Hill Hospital, Attending Physician, Cumberland 
Hospital, Consulting Cardiologist, Englewood, 
North Hudson, Holy Name, and Hackensack Hos- 
pitals (1, 1902,3, 1919) 

Campbell, H Louise, Ph D 900 Windsor Ave , 
Wmdsor, Conn (6, 1933) 

Chambers, Robert, Ph D Manne Biological Lab , 
Woods Hole, Mass Dtr of Lab of Cellular 
Physiology, Research Prof Emeritus, N Y U 
(1, 1932) 

Child, Charles M , Ph D Stanford Umv , Stan- 
ford, Cahf Prof Emeritus, of Zoology Umv 
of Chicago (1, 1923) 

Clark, Eliot R , M D Univ of Pennsylvania, 
Philadelphia Prof and Head of Dept of 
Anatomy (1, 1919) 

Coca, Arthur F , hi D Pearl River, NY Med Dir 
(4, 1924 , 6, 1916) 

Cole, Rufus, hi D , D Sc Mount Kisco, N Y 
Member Emeritus, Rockefeller Inst for Med Re- 
search (6, 1917) 

Culler, Elmer A , Ph D Umv of Rochester, Roch- 
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ester, N Y Prof of Psychologji and Dir of Lab 
(1, 1936) 

Dawson, Percy M , M D 665 E Maryland Ave , 
Claremont, Calif (1, 1900) 

Doolej, M S , M D Syracuse Univ College of 
Medicine Syracuse, N Y Prof of Pharma- 
cology (3, 1923) 

Dochez, A Raymond, MD Presbjdienan Hos- 
pital, 620 W 16Sth Street, N Y C John E 
Borne Prof of Medicine and Surgical Research, 
Columbia Untv (4, 1917 , 6, 1922) 

Durrant, Edwin P , Ph D Ohio State Univ , 
Columbus Assoc Prof Emeritus of Physiology 
(1, 1928) 

Erlanger, Joseph, M D , Sc D Washington Univ 
School of Medicine, St Louis, Mo Prof Emeri- 
tus of Physiology (1, 1901) 

Famulener, Lemuel W , Ph D , M D 275 Engle 
St , Englewood, N J (6, 1920) 

Fitzgerald, Mabel P , 54 A George Sq , Edin- 
burgh, Scotland (1, 1913) 

Forbes, Henry S M D Harvard Med School, 
Boston, Mass issoc tn Neuropathology (1, 
1931) 

Githens, Thomas S , M D The Cambndge-Alden 
Park, Wissahickon and School Lane, German- 
town, Philadelphia, Pa (1, 1915) 

Glaser, O C , Ph D Amherst College, Amherst, 
Mass Prof Emeritus of Biology (1, 1913) 
Hadley, Philip B , Ph D Western Pennsylvania 
Hospital, Inst of Pathology, Pittsburgh Chief 
of Bacteriological Service and Research Bacteri- 
ologist (4, 1927) 

Hale, Worth, M D Antrim, N H (1, 1908, 3, 1908) 
Halsey, John T , M D P 0 Box 264, Waveland, 
Miss Prof Ementus of Pharmacology Tulane 
L mv (3, 1929) 

Herrick, C Judson, PhD Univ of Chicago, 
Chicago, 111 Prof Emeritus of Neurology (1, 
1907) 

Hober, Rndolf Univ of Pennsylvania Med 
School, Philadelphia Visiting Prof of Physi- 
ology (1, 1936) 

' skins, R G , Ph D , M D 86 Varick Rd , 
Waban 68, Mass (1, 1911) 

Jackson, Dennis Emerson, Ph D , M D 114 Louis 
Vve , Cincinnati 20, Ohio (1, 1910, 3, 1912) 
Jobbing, James W , M D Columbia Umv , 630 
W 16Sth St , New York City Prof Ementus 
of Pathology (4, 1913) 

King, Jesse, Ph D Towson, Md (1, 1914) 
Knowlton, Prank P , M J) SjTacuse Univ College 
of hledicine, Syracuse, N Y Prof Ementus of 
Physiology (1, 1911) 

Kyes, Preston, Sc D M D North Ja\, Maine 
Prof Ementus (6, 1918) 


Laurens, Henry D , Ph D , M D The Rockefeller 
Inst , New York City Associate (1, 1913) 
Lewis, Warren H , M D Wistar Inst of Anatomy 
and Biology, Philadelphia, Pa Memier (1, 1919) 
Loebel, Robert O , M D 205 East 7Sth St , New 
York City (1, 1928) 

Mackenzie, George M , M D Mary Imogene 
Bassett Hospital, Cooperstown, N Y Physi- 
ctan-tn-Chief, Dir , Otsego County Lab (6, 1912) 
MacPhillamy, Betty B , Ph D 145 Greene Ave , 
Madison, N J Bactenologist (6, 1944) 

Moulton, C Robert, Ph D 5602 Dorchester Ave , 
Chicago, 111 (5, 1933) 

Parker, George H , Sc D 16 Berkeley St , Cam- 
bridge, Mass Prof Emeritus of Zoology, Harvard 
Univ (1, 1909) 

Pilcher, J Douglas, M D City Hospital, Scran- 
ton Rd , Cleveland, Ohio Assoc Prof of Pedi- 
atnes, Western Reserve Univ School of Medi- 
cine (3, 1911) 

Pohlman, Augustus G , M D Univ of Southern 
Cahfornia, Los Angeles Assoc Prof , Dept of 
Otolaryngology (1, 1934) 

Pratt, Fredenck H , M D Boston Univ School of 
Medicine, Boston, Mass Prof Ementus of 
Physiology (1, 1919) 

Quinby, William C , M D Harvard Univ Med 
School, Boston, Mass Clin Prof of Oenito 
urinary Surgery (1, 1916) 

Riddle, Oscar, Ph D Cold Spring Harbor, L I , 
N Y Visiting Prof from the U S {in South 
America) (1, 1919) 

Robertson, Oswald H , M D Univ of Chicago, 
Chicago, 111 Prof of Medicine (4, 1932) 

Rogers, Charles G , Ph D Oberlin College, Ober- 
lin, Ohio Prof of Comparative Physiology (1, 
1911) 

Roth, George B , M D 3814 T St N W , Washing- 
ton D C Prof Emeritus of Pharmacology, 
George Washington Univ (1, 1914, 3, 1911) 

Sabin, Florence R , M D , Sc D 1333 E 10th Ave , 
Denver 3, Colo Member Emeritus, Rockefeller 
Inst (1, 1923) 

Sacks, Ernest, M D 97 Arundel PI , St Louis, Mo 
Prof Emeritus of Clin Neurological Surgenj, 
Washington Univ Med School (1, 1910) 
Sappington, Samuel W , M D , D Sc P 0 Box 
528 Bryn Maw r, Pa Prof of Pathology, Hahne- 
mann Hospital (6, 1913) 

Scamman, Richard E , Ph D 172 S E Bedford 
St , Minneapolis, Minn Distinguished Service 
Prof in Grad School (1, 1923) 

Schultz, W H , Ph D 3102 18th St , N W , Wash- 
ington, D C Prof Ementus of Pharmacology , 
Univ of Maryland (1, 1907 , 3, 1909) 

Slonaker, James R , Ph D 334 Kingsley Ave , 
Palo Alto, Cahf Prof of Physiology, Leland 
Stanford Jr Univ (1, 1917) 

Smith, Sybil L , A M 1421 44th St , N W , Wnsli- 
ington, D C (5, 1940) 
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Snjder, Charles D, Pli D 4709 Keswick Rd , 
Baltimore, hid Pro/ EmcrUus of Exper Physi- 
ology, Johns Hopkins Univ (1, 1907) 

Sweet, J E , M D , Sc D Unadilla N Y Prof 
Emeritus of Surgical Research, Cornell Umv 
Med College (1, 1913) 

Walker, Ernest Linwood, Sc D 50 Winchester St , 
San Francisco, Calif (3, 1931) 

Weed, Lewis H, MD, PhD Natl Research 
Council, 2101 Constitution Avo Washington, 
D C (1, 1919) 

Wood, Horatio C , Jr , M D , Ph M 319 S 41st St , 
Philadelphia 4, Pa Prof of Pharmacology and 
Therapeutics, Umv of Pennsylvania, Prof of 
Materia Medico, Philadelphia College of Phar- 
macy and Science (3, 1908) 

Wulzen, Rosalind, Ph D Oregon State College, 
Corvallis Asst Prof of Zoology (1, 1916) 
Yerkes, Robert M , Ph D Y'ale Labs of Primate 
Biology, Now Haven Conn Prof Emeritus of 
Psychobiology, Yale Umv (1, 1904) 

MEMBERS 

Abbot, LjTin D F , Ph D Med College of Vir- 
ginia, Richmond 19 Assoc Prof of Biochemistry 
(2, 1948) 

Abramson, Dai id I , M D Univ of Illinois, Dept 
of hledicine, Chicago 12 Assi Clin Prof, 
Attending Physician, Hines Veterans Hospital 
(1, 1937) 

Abramson, Harold A , M D 133 E 5Sth St , New 
York City Asst Prof of Physiology, Columbia 
Univ College of Physiaans and Surgeons (1, 
1930, 2, 1934) 

Abreu, Benedict E , Ph D , M D Pitman-Mooro 
Co , Indianapolis, Ind Pharmacologist, Research 
Dept (3, 1941) 

Acheson, George H , M D Univ of Cincinnati 
College of Medicine, Cincinnati, Ohio Prof 
of Pharmacology (1, 1942, 3, 1945) 

Adams, Georgian, M A , D Sc US Dept of 
Agriculture, Washington 25, D C ,Sr Exper 
Station Admin (6, 1946) 

Adams, John M , M D Umv of Minnesota, Dept 
of Pediatrics, W 205 Univ Hospital, Min- 
neapolis Assoc Prof of Pediatrics (4, 1947) 
Adams, Mildred, Ph D Takaraine Lab , Clifton, 
N J Research Chemist (2, 1934) 

Adams, R Charles, MS, M D hlayo Clinic, 
Rochester, Minn Instr in Anesthesia, Mayo 
Foundation, Member of Mayo Chine Staff, Sec- 
tion on Ancsthes a (3, 1942) 

Adams, W Llojd, M D , Ph D US Public 
Health Service IIosp , Lc\ington, Kj Chief 
of E EJJ T Service and Personnel Physician 
(3, 1942) 

Adams, Wright R , hi D Univ of Chicago, Dept 
of hledicme, Chicago 37, 111 Assoc Prof of 
Medicine (1, 1946) 


()(i<) 

Ados, Harlow Whiting, Pli D Bov 731, Emory 
Umv , Ga (1, 1945) 

Adler, Harry F , Ph D , hi D Sclioo! of Avia- 
tion Medicine, Randolph AFB, Tc\ Dir 
Med Sciences Div (1, 1943) 

Adolph, Edward Frederick, Ph D Umv of 
Rochester School of hledicme and Dentistry, 
Rochester, N Y Prof of Physiology (1, 1921) 
Adolph, William H , Pli D Peiping Union Mod 
College, Peiping, China Prof of Biochemistry 
(2, 1946, 5, 1934) 

Ahlquist, Ra>mond P , Ph D Umv of Georgia 
School of hledicme. Dept of Pharmacology, 
Augusta Prof and Chairman of Dept of Phar- 
macology (3, 1945) 

Albanese, Anthony A , Ph D St Luke’s Con- 
valescent Hospital, Nutrition Research Lab , 
King St , Greenwich, Conn Chief of Nutritional 
Research (2, 1944) 

Albaum, Harry G , Ph D Brooklyn College, Bed- 
ford Avo and Ave H, Brooklyn, N Y Asst 
Prof of Biology (2, 1947) 

Albert, A , Ph D , M D Mayo Foundation, 
Rochester, Minn Research Assoc (1, 1947) 
Albritton, Errett C , hi D George Washington 
Umv hied School, 1339 H St , N W , Washing- 
ton, D C Prof and Head of Dept of Physiology 
(1, 1933) 

Alden, Roland H , Ph D Univ of Tennessee, 
Div of Anatomy, Memphis 3 Assoc Prof 
1, 1949) 

Alexander, Robert S , Ph D Western Reserve 
Umv School of Medicine, 2109 Adclbort Rd , 
Cleveland, Ohio Instr in Physiology (1, 1946) 
Algire, Glenn H , M D Natl Cancer Inst , 
Bethesda, Md Sr Surgeon, USPHS (4, 1945) 
Allan, Frank N , hi D Lahey Clinic, 605 Common- 
wealth Ave , Boston, hlass Exec Dir of ike 
Med Dept (4, 1930) 

Allen, Charles Robert, Ph D , M D Umv of 
Texas School of Medicine, Galveston Assoc 
Prof of Anesthesiology (1, 1943) 

Allen, Frank W , Ph D Umv of California, 1557 
Life Science Building, Berkeley Assoc Pi of 
(2, 1947) 

Allen, Frederick M , hi D 1031 Fifth Ave , New 
York Citj Prof of Medicine, Polyclinic Med 
School and Hospital (IR, 1924, 4, prior to 1920) 
Allen, J Garrott, hi D Umv of Chicago, Umv 
Clinics, Chicago, 111 Instr in Surgery (1, 
1943) 

Allen, Lane, Ph D , hi D Umv of Georgia School 
of Medicine, Umv Place, Augusta Issoc Prof 
of Anatomy (1, 1939) 

Allen, Shannon C , Ph D Cornell Umv hied 
School, Depts of Phisiologj and Pharmocol- 
ogj% 1300 Y'ork A\e , New York Citj Research 
Assoc and Dir of Aviation Research Unit (1, 
1945) 
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Allen, Thomas H , Ph D Columbia Univ College 
ofPhiBicians and Surgeons, Dept of Physiol- 
ogj , 630 W 168th St , New York City 32 Asst 
PtoJ of Physiology (1, 1947) 

Allen, Willard M , M D Washington Univ School 
of I^Iedicine, 630 S Kingshighway, St Louis, 
jMo Prof of Obstetrics and Gynecology (1, 1934) 
Alles, Gordon A , Ph D 770 S Arroyo Parkway, 
Pasadena, Calif Lecturer in Pharmacology, Untv 
of California Med School, and Research Assoc in 
Biology, California Inst of Technology (1, 1932, 
3, 1941) 

Ailing, Eric L , M D Univ of Rochester School of 
Medicine and Dentistry, Rochester 7, N Y 
Assoc in Radiology (4, 1947) 

Allison, James B , Ph D Rutgers Univ , New 
Brunswick, N J Dir of Bureau of Biological 
Research, Prof of Physiology and Btochemtalry 
(2, 1946 , 5, 1949) 

Almquist, Herman J , Ph D The Grange Co , 
Modesto, Calif Dir of Research and Vice-Pres 
(2, 1937, 6, 1937) 

Altschul, Aaron M , Ph D Southern Regional 
Research Lab , 2100 R E Lee Blvd , New Or- 
leans, 19, La Biochemist, U S Dept of Agricul- 
ture (2, 1949) 

Alture-Werber, Erna Jewish Hospital of Brook- 
!^n, Brooklyn, N Y Dir of Research Lab (6, 
1948) 

Alving, Alf Sven, M D Billings Hospital, Univ 
of Chicago, 950 E 69th St , Chicago, Rl Assoc 
Prof of Medicine (1, 1939) 

Amberg, Samuel, M D Mayo Clinic, Rochester, 
Minn 4ssoc in Pediatrics, Assoc Prof of 
Pediatrics, Mayo Foundation (IR, 1903 , 2, 1906, 
3R, 1909) 

Amberson, William R , Ph D Umv of Mar} land 
School of Medicine, Baltimore Prof of Physi- 
ology (1, 1924) 

Ambrose, Anthony M , Ph D Western Regional 
Research Lab , 800 Buchanan St , Albany, Cahf 
Pharmacologist, U S Dept of Agriculture, Bu- 
reau of Agricultural Chemistry and Engineering 
13, 1937) 

Ames, Stanley R , Ph D Distillation Products, 
Inc , 755 Ridge Road W , Rochester 13, N Y 
Sr Research Chemist (2, 1948) 

Amoss, Harold L,MD,DPH,ScD 68 Deer- 
field Drive, Greenvnch, Conn (4, 1922 , 6, 1917) 
Andersch, Mane A , Ph D Univ Hospital, Balti- 
more, Md Biochemist, Instr in Medicine, Univ 
of Maryland (2, 1940) 

Andersen, Dorothy H , M D Babies Hospital, 
Broadway and 167th St , New York City Asst 
Prof of Pathology, Columbia Umv (4, 1935) 
Anderson, Evelyn, M D Ph D Natl Insts of 
Health, Bethesda 14, Md (1, 1934) 

Anderson, Hamilton H , M S , M D Pharmacol- 
ogv Lab , Univ of California Med School, San 
Francisco Prof of Pharmacology (3, 1931) 


Anderson, Oscar Daniel, Ph D Cornell Univ , 
Dept of Psychology, Ithaca, N Y (1, 1939) 
Anderson, Rubert S , Ph D Umv of South Da- 
kota School of Medicine, Vermillion Prof of 
Physiology (1, 1948) 

Anderson, Rudolph J , Ph D Sterling Lab , Yale 
Umv , New Haven, Conn Prof of Chemistry 
(2, 1915) 

Anderson, W A D , M A , M D Marquette Umv 
School of Medicine, Milwaukee, Wis Prof of 
Pathology and Bacteriology (4, 1941) 

Anderson, William E , M A Eastern State Farm- 
ers’ E\change, Westbrook Farm, Rockville, 
Conn Biochemist (2, 1931 , 5, 1933) 

Andervont, H B , Sc D Natl Cancer Inst , Be- 
thesda, Md Biologist, USPHS (4, 1939) 
Andrews, James C , Ph D Umv of North Caro- 
lina, Chapel Hill Prof of Biological Chemistry 
and Nutrition (2, 1925) 

Andrus, E Cowles, M D 24 E Eager St , Balti- 
more 2, Md Asst Visiting Physician, Assoc 
Prof of Medicine, Johns Hopkins Univ (1, 1925) 
Anflnsen, Christian B , Jr , Ph D Harvard Umv 
Med School, 25 Shattuck St , Boston 15, Mass 
Asst Prof , Div of Biophysics (2, 1946) 
Angerer, Clifford, Ph D Ohio State Umv , Co 
lumbus Assoc Prof of Physiology (1, 1943) 
Angevine, D Murray, M D Umv of Wisconsin 
Med School, Madison Prof of Pathology (4, 
1940) 

Anker, H S , M D , Ph D Umv of Chicago, Dept 
of Biochemistry, 947 E 68th St , Chicago 37, 
111 Research Assoc and Asst Prof (2, 1949) 
Annegers, John H , Ph D , M D Northwestern 
Umv Med School, Dept of Phjmolog}', 313 E 
Chicago Ave , Chicago 11, HI Asst Prof of 
Physiology (1, 1949) 

Ansbacher, Stefan, D Sc 17 Loel Court, Rockville 
Center, N Y (2, 1939) 

Anslow, W Parker, Jr , Ph D New York Umv 
College of Medicine, 477 First Ave , New York 
City 16 Asst Prof of Physiology (2, 1948) 
Anson, Mortimer L , Ph D Continental Foods, 
Inc , Hoboken, N J Dir of Chemical Research 
(2, 1937) 

Apperly, Frank L , M A , D Sc , M D Med Col- 
lege of Virginia, Richmond Prof of Pathology 
(4, 1936) 

Archibald, Reginald M , Ph D , M D Rockefeller 
Inst for Med Research, 66th St and York kve, 
New York City 21 Member, Physician to Hos 
pital {2, 1947) 

Arkin, Aaron, M D , Ph D Suite 2006, 25 E Wash- 
ington St , Chicago, HI Rush Prof of Medicine, 
Univ of Tlhnois, Prof and Chairman of Dept of 
Medicine, CooL County Grad School (1, 19G, 
3, 1919) 

Armstrong, Harry G , M D Headquarters U S 
Air Force Washington, 25, D C Surgeon Gen- 
eral (1, 1948) 
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Armstrong, Philip B , M D S^ racusc Univ Col- 
lege of Medicine, Sj racuse 10, N Y Prof of 
Anatomy (1, 1945) 

Armstrong, W D , M D , Ph D Univ of Minne- 
sota, 17 Med Sciences Bldg , Minneapolis 
Prof and Head of Physiological Chemistry (2, 
193S) 

Arnold, Aaron, Ph D Sterling-Winthrop Research 
Inst , Rensselaer, N Y Head of Nutritional Re- 
search Lab (6, 1947) 

Arnold, Lloyd, A M , M D 1538 E 57th St , Chi- 
cago, 111 (4, 1930, 6, 1925) 

Arnow, L Earle, Ph D , M D Sharp <L Dohme, 
Med Research Div , Glenolden, Pa Dir of 
Research (2, 1940) 

Aronson, Joseph D , M D Univ of Penn33dvania, 
Phipps Inst , Philadelphia 4 Assoc Prof 
of Bacteriology (4, 1927, G, 1925) 

Artom, Camillo, M D Wake Forest College, Bon - 
man Gray School of Medicine, Winston-Salem, 
N C Prof of Biochemistry (2, 1944) 

Ascham, Leah, Ph D Kansas State College, Man- 
hattan Prof tn School of Home Economics (5, 
1935) 

Asenjo, Conrado F , Ph D School of Tropical 
Medicine, San Juan, Puerto Rico Assoc Prof 
of Chemistry and Head of Dept of Chemistry and 
Nutrition (2, 1944) t 

Ashburn, Llewellyn L , M D US Manne Hospi- 
tal, Baltimore 11, Md Sr Surgeon, U S 
Public Health Service (4, 1947) 

Ashby, Winifred M , Ph D 305 10th St , N E 
Washington, D C Sr Scientist, Federal Security 
Agency (6, 1923) 

Ashman, Richard, Ph D Louisiana State Univ 
School of Medicine, Nen Orleans Prof of 
Physiology (1, 1925) 

Astwood, Edwin Bennet, M D , Ph D Pratt Diag- 
nostic Hospital, 30 Bennet St , Boston, Mass 
Research Prof of Medicine, Tufts Med School 
(1, 1939) 

Atkin, Lawrence, Ph D The Fleischraann Labs , 
810 Grand Concourse, Nen York City 51 Asst 
to Dir of Research (2, 1946, 5, 1946) 

Aub, Joseph C , M D Massachusetts General 
Hospital, Frmt St , Boston 14 Prof of Re- 
search Medicine, Harmrd Med School (1, 1919, 
5, 1933) 

Austin, J Harold, M D 711 Maloney Clinic, 36th 
and Spruce Sts , Philadelphia 4, Pa Dir of Pep- 
per Lab (2, 1922) 

Avery, O T , M D , Sc D Hoods Hill Rd , Nash- 
ville, Tenn Member Emeritus, Rockefeller Inst 
for Med Research (4, 1921 , 6R, 1920) 

Axelrod, A E , Ph D Univ of Pittsburgh, Dept 
of Chemistrj^ Pittsburgh, Pa Research Bio- 
chemist, Inst of Pathology, Western Pennsyl- 
vania Hospital, Asst Research Prof , Dept of 
Chemistry (S, 1949) 

Axelrod, Bernard, Ph D Western Regional Re- 


search Lab , 800 Buchanan St , Albany, Calif 
Assoc Chemist, Enzyme Research Div (2, 1948) 
Axtmayer, Joseph H , Ph D Univ of Puerto 
Rico, Rio Picdras Prof of Chemistry (5, 1935) 
Bach, L M N , Ph D Tulane Univ School of 
Medicine, Nen Orleans, La Prof of Physiology 
(1, 1948) 

Bachem, Albert, Ph D Univ of Illinois College 
of Medicine, Chicago 12 Prof of Biophysics 
(1, 1933) 

Bachman, Carl, MD Univ of Pennsylvania 
School of Medicine, 3400 Spruce St Philadel- 
phia 4 Prof and Dir of Obstetrics and Gyne- 
cology (2, 1941) 

Bachrach, William H , M D , Ph D Univ of 
Southern California School of Medicine, Dept 
of Physiology, Los Angeles 7 Research Assoc 
(1, 1949) 

Baer, Erich, Ph D Bantmg Inst , Banting and 
Best Dept of Med Research, 100 College St , 
Toronto, Ont , Canada Assoc Prof (2, 1942) 
Baemstein, Harry D , Ph D Natl Insts of 
Health, Bethesda, Md Sr Biochemist (2, 1934) 
Baetjer, Anna M , D Sc Johns Hopkins School of 
Hygiene and Public Health, 616 N Wolfe St , 
Baltimore 6, Md Asst Prof of Physiological 
Hygiene (1, 1929) 

Bahrs, Alice M , Ph D 2736 Orchard St , Corvallis 
Ore (1, 1933) 

Bailey, Cameron Vernon, C M , M D New York 
Univ and Hospital 303 E 20th St , New York 
City Clin Prof of Medicine (2, 1920, 5, 1933) 
Bailey, Orville T , M D Harvard Univ Med 
School, 25 Shattuck St , Boston 15, Mass Asst 
Prof of Pathology (4, 1939) 

Bailey, Percival, M D , Ph D Univ of Illinois 
College of Medicine, 1853 W Polk St , Chicago 
12, HI Prof of Neurology and Neurosurgery 
(1, 1941) 

Baitsell, George Alfred, Ph D Yale Univ , Os- 
born Zoological Lab , 165 Prospect St , Nen 
Haven, Conn Prof of Biology (1, 1915) 

Baker, A B , M D Univ of Minnesota Hospital, 
19 Millard Hall, Minneapolis Dir and Prof of 
Neurology and Neuropathology (4, 1940) 

Baker, James A , D V M , Ph D Cornell Univ 
Nen York State Veterinary College, Ithaca 
Prof of Bacteriology (4, 1947) 

Baker, Roger D , M D Med College of Alabama, 
Birmingham 5 Prof of Pathology (4, 1939) 
Baldes, Edward J , Ph D 427 Fifth Ave , S W , 
Rochester, Minn Asst Prof of Physics, Mayo 
Foundation, Univ of Minnesota Grad School 
(1, 1930) 

Baldwin, Francis Marsh, Ph D Univ of Southern 
California, Los Angeles Prof of Zoology and 
Dir of Exper Marine Biology (1, 1919) 

Bale, William F , Ph D Univ of Rochester School 
of Medicine and Dentistry , Rochester, N Y 
Prof of Radiation Biology (1, 1943) 
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Ball, Eric G , Ph D Harvard Med School, 25 
Shattuck St , Boston 15, Mass Prof of Bio- 
logical Chemistry (2, 1934) 

Ball, Howard A , M D 233 A St , San Diego, 
Calif Pathologist, Paradise Valley Hospital (4, 
1937) 

Balls, Arnold Kent, Ph D Enzyme Research Lab , 
U S Bureau of Agricultural and Industrial 
Chemlstr^ , Western Regional Research Lab , 
SOO Buchanan St , Albanj' 6, Calif Head Chem- 
ist (2, 1932) 

Bang, Frederick B , M D Johns Hopkins Hospi- 
tal, Baltimore, Md Assoc Prof in Medicine 
(4, 1947) 

Banus, Mario Garcia, D Sc Bright Meadows, 
Chestertown, Md (1, 1927) 

Bard, Phdip, Ph D , Johns Hopkins Umv School 
of Medicine, 710 N Washington St , Baltimore, 
Md Prof and Dii of Dept of Physiology (1, 
1929) 

Barker, H A , Ph D Univ of California, 3048 
Life Sciences Bldg , Berkeley 4, Prof of Plant 
Nutnlion (Agric ) (2, 1946) 

Barker, S B , Ph D State Umv of Iowa College 
of Medicine, Iowa City Assoc Piof of Physi- 
ology (1, 1938) 

Barlow, O W , M D , Ph D 3 Warwick Rd , 
Wmchester, N H (3, 1944) 

Barnes, B O , Ph D Box 967, Station Hospital, 
KAAP, Kingman, Ariz Pi of of Health Educa- 
tion, Univ of Denver (1, 1932) 

Barnes, LaVeme A , Ph D Naval Med Research 
Inst , Natl Naval Med Center, Bethesda 14, 
IMd Head, Bacteriology Facility (6, 1931) 
Barnes, Richard Henry, Ph D Sharp & Dohme, 
Glen olden. Pa Dir of Biochemical Reseat eh, 
Med Research Div (2, 1941 , 6, 1944) 

Barnes, Thomas C , D Sc Hahnemann Med Col- 
lege and Hosp of Philadelphia, Phdadelphia, 
Pa Assoc Prof of Pharmacology (1, 1942 , 3, 
1948) 

Barnum, Cyrus P , Jr , Ph D Umv of Minnesota, 
210 Mdlard Hall, hlinneapolis 14 Assoc Prof 
of Physiological Chemistry (2, 1946) 

Barott, Herbert G , E E U S Dept of Agricul- 
ture, Natl Agricultural Research Center, Belts- 
ville, Md Biophysicist, Animal Nutrition Div , 
Bur of Animal Industry (5, 1938) 

Barrera, S Eugene, M D Albany Med College, 
New Scotland Ave , Albany, N Y (1, 1937) 
Barron, Donald H , Ph D Yale Umv School of 
Medicine, New Haven, Conn Assoc Prof of 
Physiology (1, 1943) 

Barron, L S Guzman, hi D Umv of Chicago, 
Hept of Medicme, Chicago 37, 111 Assoc 
Prof of Biochemistry (2, 1931) 

Bartley, S Howard, Ph D P O Box 763, East 
Lansing, Mich (1, 1936) 

Bass, Allan D , hi D Umv of Sjwacuse School of 


hledicine, Syracuse, N Y Prof of Pharmacology 
(3, 1944) 

Batchelder, Esther L , Ph D 8433 Woodcliff Court, 
Silver Spnng, Md Head of Food and Nutrition 
Dtv , Bureau of Human Nutrition and Home 
Economics (5, 1933) 

Bateman, John B , Ph D Physical and Chemical 
Div , Camp Detnck, Frederick, Md (1, 1946) 
Bates, Robert W , Ph D E R Squibb and Sons, 
Biological Labs , New Brunswick, N J Head 
of Endocrine Development Dept (2, 1936) 
Batson, Herbert C , Ph D Armj Med Center, 
AMDR & GS, Washington, D G Scientific 
Dll , Dept of Biological Products (6, 1949) 
Batterman, Robert C , M D New York Univ 
College of hledicine, 477 First Ave , New York 
City Instr in Therapeutics (3, 1941) 
Baudisch, Oskar, Ph D Saratoga Springs, N Y 
Dll of Reseat ch, Saratoga Springs Authority 
of the State of New York (2, 1931) 

Bauer, J H , hi D Rockefeller Foundation, 20 
Rue de la Baume, Pans, (8®) France (4, 1935) 
Bauer, Walter, M D hlassachusetts General Hos- 
pital, Boston Assoc Prof and Tutor in Medi- 
cine, Harvard Med School (1, 1929) 
Bauernfeind, J C , Ph D Hoffmann-LaRoche, 
Inc , Nutlej 10, N J Chief of Applied Nutri- 
tion^ (6, 1947) 

Bauman, Louis, hi D Columbia Presbyterian 
Med Center, 180 Fort Washington Ave New 
York City 32 Asst Prof of Clin Medicine 
(retired), Columbia Umv (2, 1912) 

Baumann, Carl A , Ph D Umv of Wisconsin, 
Biochemistry Dept , Madison Prof of Biochem- 
istry (2, 1938, 6, 1938) 

Baumann, Emil J , Ph D 7 Church Lane, Scars- 
dale, N Y Chemist, Montefiore Hospital (2, 
1922) 

Baumberger, J Percy, Sc D Stanford Univ , 
Phj Biology Dept , Stanford Umv , Calif Prof 
of Physiology (1, 1921) 

Baxter, James H , hi D Johns Hopkins Hospital, 
Dept of Medicine, Baltimore, Md (3, 1948) 
Bayne-Jones, Stanhope, M A , M D New York 
Hospital, Cornell hied Center, 525 E 68th St , 
New York City 21 Pres , Joint Admin Board 
(4, 1927, 6, 1917) 

Bazett, Henry C , M A , M D Umv of Pennsyl- 
vania School of Medicine, Philadelphia Prof of 
Physiology (1, 1921) 

Beach, Eliot P , Ph D Metropolitan Life In- 
surance Co , 1 Madison Ave , New York City 
10 Research Biochemist (2, 1941 , S, 1942) 
Beadle, Buell W , M S , Ph D George W Gooch 
Lab , Ltd , 2580 E 8th St , Los Angeles 23, 
Calif Director (2, 1947) 

Bean, John W , Ph D , hi D Umv of Michigan, 
Ann Arbor Prof of Physiology (1, 1932) 

Beard, Howard H , Ph D Terrell’s Labs of 
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Clinical Medicine, Med Arts Bldg , Rm 24, 
Fort Worth, Te\ Biochemtsl (2, 192S, 5, 1933) 
Beard, Joseph W , M D Duke Hospital, Durham, 
N C Prof of Surgery, Assoc Prof of Virol- 
ogy (4, 1938, 6, 1940) 

Beattj, Clarissa H , Ph D Univ of Oregon Med 
School, Portland Research Fellow (1, 1949) 
Beazell, James Myler, Ph D , M D 104 S Michi- 
gan Ave , Chicago, 111 Inslr in Physiology and 
Pharmacology, Norlhwcslcrn Untv School of Med- 
icine (1, 1939) 

Beck, Claude S , M D Lakeside Hospital, Cleve- 
land, Ohio Prof of Neurosurgery, Western Re- 
serve Univ , Assoc Surgeon, Lakeside Hospital 
(4, 1930) 

Beck, Lyle V , Ph D 5009 Roosevelt St , Bethesda, 
Md (1, 1941) 

Becker, R Frederick, M S , Ph D Daniel Baugh 
Inst of knatomy', 307 S 11th St , Philadelphia, 
Pa (1, 1949) 

Beckman, Harry, M D Marquette Univ School of 
Medicine, Milwaukee, Wis Prof and Dir of 
Dept of Pharmacology (3, 1937) 

Beecher, Henry K , M D Massachusetts General 
Hospital, Boston Anesthelist-in-Chief , Dorr 

Prof of Research in Anesthesia, Harvard Med 
School (3, 1940) 

Behnke, Albert R , MS, M D Naval Med Re- 
search Inst , Bethesda, Md Exec Dir (1, 1946) 
Behre, Jeanette Allen, Ph D Columbia Univ 
College of Physicians and Surgeons, Dept of 
Biochemistry, 630 W 16Sth St , New York City 
32 Assoaate (2, 1925) 

Behrens, Otto K , Ph D Lilly Research Labs , 
Eh Lilly and Co , Indianapolis 6, Ind Head, 
Bio-orgamc Chemical Research (2, 1949) 
Behrmann, Vivian G , Ph D Wayne Univ , De- 
troit, Mich Instr , Grad School, Res Physiol- 
ogist, Henry Ford Hospital (1, 1948) 

Belding, David L , M D Boston Univ School of 
Medicine, Boston, Mass Prof Emeritus of Bac- 
teriology and Exper Pathology (4, 1927) 

Belding, Harwood S , Ph D QMC Climatic Lab , 
LanTence, Mass Director (1, 1945) 

Belkin, Morris, Ph D Natl Cancer Inst , Be- 
thesda 14, Md Sr Pharmacologist (3, 1949) 

Bell, E T , M D 110 Anatomy Bldg , Univ of 
Minnesota, Minneapolis Pi of Emeritus of Pa- 
thology (4, 1931) 

Bender, M B , M D New York Univ College of 
Medicme, New York City Assoc Prof of Neurol- 
ogy and Head of Lab of Exper Medicine (1, 1947) 
Benditt, Earl P , M D Univ of Chicago Clinics, 
Dept of Pathology^ Chicago 37, HI Asst Prof 
(4, 1947) 

Benham, Olive Ray, B S Connecticut State Dept 
of Health, Bureau of Labs, Hartford Chief 
Serologist (G, 1944) 


Bennett, A Lawrence, Ph D , M D Univ of Ne- 
braska College of Medicine, Omaha Prof of 
Physiology and Pharmacology (1, 1941) 

Bennett, Granville A , M D Univ of Illinois 
College of Medicine, 1853 W Polk St , Chicago 
Prof of Patholgy (4, 1931) 

Bennett, Henry S , M D Univ of Washington 
School of Medicine, Seattle Dept of Anatomy 
(1, 1946) 

Bennett, Leslie L , M D Univ of California, 
Berkeley 4 Asst Prof of Physiology (1, 1945) 
Bennett, Mary Adelia, Ph D Inst for Cancer 
Research, 7701 Burholme St Fox Chase, Phila- 
delphia 11, Pa Research Biochemist (2, 1941) 
Benson, Clara C , Ph D 160 Dorset St , West, 
Port Hope, Ontario, Canada Prof Emeritus of 
Food Chemistry, Univ of Toronto (2, 1906) 
Benton, Joseph G , Ph D , M D Goldwmter Me- 
morial Hospital, 111 New York Univ Med Re- 
search Service, Welfare Island 17, N Y Re- 
search Asst , Instr in Physical Medicine, New 
York Univ College of Medicine (3, 1949) 

Berg, Benjamin N , M D Columbia Umv College 
of Physicians and Surgeons, 630 W 168th St , 
New York City 32 Assoc in Pathology (4, 1928) 
Berg, Clarence P , Ph D State Univ of Iowa, 
Dept of Biochemistry, Chemistry Bldg , Iowa 
City Prof of Biochemistry (2,1933,5, 1936) 
Berg, William N , Ph D 225 W 106th St , New 
York City Biochemist (2, 1908) 

Bergeim, Olaf, Ph D Univ of Hlinois College of 
Medicine, 1853 W Polk St , Chicago 12 Prof 
of Biochemistry (1, 1916, 2, 1914) 

Bergmann, Werner, Ph D Yale Univ , Sterling 
Chemistry Lab , New Haven, Conn Prof of 
Chemistry (2, 1934) 

Berkson, Joseph, M D , D Sc Mayo Climc, 
Rochester, Minn (1, 1933) 

Bernard, Richard, Ph D Laval Umv , Dept of 
Biology, Blvd de PEntente, Quebec, Canada 
Asst Prof of Physiology (1, 1947) 

Bemheim, Frederick, Ph D Box 3109, Duke 
Umv Med School, Durham, N C Prof of 
Pharmacology (2, 1933, 3, 1935) 

Bernthal, Theodore G , M S , M D Med College, 
State of South Carolina, Dept of Physiology, 
Charleston 16 Prof of Physiology (1, 1932) 
Berry, George Packer, M D Harvard Med 
School, Boston 15, Mass Dean and Prof of bac- 
teriology (4, 1938, 6, 1934) 

Berryman, George H , Ph D 6012 Woodlawn Ave , 
Chicago 37, HI Head of Nutrition Div , QM 
Food and Container Inst (1, 1949) 

Bessey, Otto A , Ph D Umv of Hhnois College 
of Medicine, 1853 W Polk St , Chicago 12 
Prof and Head of Dept of Biological Chemistry 
(2, 1938 , 5, 1943) 

Best, Charles H , M D , D Sc Umv of Toronto 
Toronto, Ontario, Canada Dir of Banting and 
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Bct.1 Dcpl of Med liatcarch and Dcpl of Pfij/st- 
olopu (1, 1023, 2, 1923) 

UethcII, Frank H , M D 409 Lenawee Drive, Ann 
\rhnr, Mich Prof of Tnlcrnal Medicine and 
list ])ir of the Thomas Ilcnrji Simpson Me- 
morial Tnsl (4, 103G) 

Bclhkc, Roland M , Ph D Oliio Agricultural E\- 
per Station, Wooster In Charge of NidrUional 
Invcsliffalions (2, 1928, 5, 1033) 

Ilcutncr, R , M D , Pli D 236 N 16tli St , Pliilii- 
(l(ll)liia, Pa Prof and Head of Dept of Pharma- 
cology, Hahncmamt Mai College (1, 1021, 3, 
1921) 

Rejer, Karl H , Ph D , M D Sharp & Dohmo, 
Inc Med Research Div , Glcnoldon, Pa, Dir 
of Pharmacological Itcscarch (1, 1942 , 3, 1044) 
Itickrord, Reginald G , M D Mayo Clime, Sec- 
tion on Physiology, Rochester, Minn Head of 
JmI) of Neurophysiology and Electroencephalog- 
raphy (1, 1949) 

Bier, OttOi M D Institute Biologico, Cai\a Postal 
119A, Sao I’aulo, Braril, (fl, 1947) 

Bicter, Rajmond N , M D , Pli D Univ of Minne- 
sota, MinncupoliR Prof of Pharmacology (3, 
1930) 

Bills, Charles E , l*li D Stnngtown Rd Route 12, 
EvansiiIIc, Ind Independent Investigator (2, 
1928, 6, 1936) 

Bing, Franklin C , Pii U 1136 Fullerton Avo , 
Oiicago, 111 Dtr of American Inst of Eaking, 
,ls»< Prof of Physiology/, Norlhwcalorn Unw 
Mai School (2, 1931, 6, 1934) 

Bing, Richard J , M D lohiis Ilojikins Hospital, 
Dept of Surgery, Baltimore 6, Md Assoc Ptof 
of Medicine and Surgery (1, 1942) 

Binkley, Francis, Ph D Uiiiv of Utah School of 
Medicine, Salt Lake City Assoc Prof (2, 1947) 
Binklej, Stephen Bennett, Pit D Bristol Labs , 
Inc , Syracuse 1, N Y Asst Dir of Research 
(2, 1911) 

Bird, Herbert R , Ph D Bureau of Animal Indus- 
try, Agricultural Ilcsoarch Center, Boltsvillo, 
Md Sr Biochemist (6, 1947) 

Bird, Orson D , PJi D Parke, Davis and Co , 
Rcsoarcli Labs , Detroit 32, Mich Research 
Biochemist (2, 1947) 

Bisbey, Bertha, Pli D Univ of Missouri, Gwynii 
Ilall, Columbia Prof of Nutrition (6, 1933) 
BischolT, Fritz E , Pli D Cottage Hospital, Santa 
Barbara, Calif Dir of Research (2, 1028, 6, 
1933) 

Bishop, George H , Ph D Wasliington Univ Mod 
School Euclid and Kiugslnghway, St Louis, 
Mo Prof of Biophysics (1, 1923) 

Riskind, Gorson R , M D 210 Stockton St , Sail 
Francisco, Calif Patholoisl, Ml Zion Hospital, 
Cltn Inslr m Pathology, Univ of California 
Med School (4, 1944) 

Black, Alex, Ph D J^cmiBylvama Stale College, 


Dept of Animal Nutrition, State College Prof 
of Animal Nulnlion (6, 1947) 

Black, Edgar C , PJi D Univ of British Columbia, 
Dept of Biology and Botany, Vancouver, B C , 
Canada (1, 1943) 

Black, Simon, Pli D Univ of Chicago, Chicago 
37, 111 Aset Prof of Biochemistry, Dept of 
Medicine (2, 1048) 

Blair, Edgar A , PJi D Field Research Lab , Mod 
Dept , Fort ICnov, Ky lA Col (1, 1030) 

Blair, Henry A , Ph D Univ of Rochester School 
of Medicine and Dentistry, Rochester, N Y 
Prof of Physiology and Dir of Dept of Radiation 
Biology (1, 1934) 

Blake, Prancte G , M D , Sc D Yale Univ School 
of Medicine, New Haven, Conn Sterling Prof 
of Mahcinc (4, prior to 1920, C, 1921) 
Blanchard, Ernest W , Ph D SchiofTclin and Co , 
30 Coojicr Sq , New York City 3 Dir of Re 
search (1, 1940) 

Blankcnhorn, M A , M D Univ of Cincinnati, 
Cincinnati, Ohio Piof of Medicine (4, 1932) 
Blathcrwlck, Norman R , Ph D Metropolitan 
Life Insurnnco Co , 1 Madison Avo , New York 
City Dir of Biochemical Ijoh (1, 1916, 2, 1916, 
6, 1034) 

Blau, Nathan F , Pli D Veterans Admin Hos 
pital, 401 S Holyoke Avo , Wichita 8, Kan 
Research Biochemist (2, 1928) 

Bllsh, Morris J , Ph D Intornatl Minerals and 
Chemical Corp , Box G, Rossford, Ohio Re- 
search Dtr (2, 1044) 

Bliss, Alfred, Ph D Tufts College Med School, 
Boston, Mass ‘issoc Prof of Physiology (L 
1047) 

Bliss, Chester Illncr, Pli D Conn Agricultural 
Exper Station, P 0 Box 1100, New Haven 
Biomcirician, Lcclurcr in Biometry, Vale Untv 
(3, 1944) 

Bliss, Eleanor A , Sc D Johns Hopkins Hospital, 
Dc])t of Preventive Medicine, 015 N Wolfe St , 
Baltimore, Md Assoc in Preventive Medicine, 
Johns JIopLins Univ School of Medicine (6,1931) 
Bloch, Konrad, Ph D Univ of Chicago, Dept of 
Biochemistry, Chicago 37, III Assoc Prof of 
Btochcmtslry (2, 1944) 

Block, Richard J , Pli D 16 Cooper Rd , Scursdalc, 
N Y Dir Of Research, C M Armstrong Co , 
Assoc Dept of Physiology and Btochcimslry , 
Neip York Mai College, Flower and Fifth Avc 
Hospital (2, 1934 , 5, 1933) 

Block, Walter D , Ph D 813 E McCreight Avc , 
Springfield, Ohio, (2, 1942) 

Bloom, William, M D 1419 E 60th St , Chicago, 
111 Prof of Anatomy, Univ of Chicago (4, 
1930) 

Bloomfield, A L , M D Stanford Univ Hospital, 
San Francisco, Cahf Prof of Medicine (3, 
1927, 4, 1927) 
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Bloor, W R , Ph D Univ of Rochester School 
of jMedicme and Dentistry, Rochester 7, N Y 
Prof of Btochcmislry (IE, 1915, 2, 1910) 

Blum, Harold F , Ph D Princeton Univ , Dept 
of Blolog^ , Princeton, N J Phjsiologtsl, Natl 
Cancer Inat , and VtstUng Lecturer (1, 1928) 
Blumberg, Harold, Sc D Research Lab , Endo 
Products, Inc , 84-40 101st St , Richmond Hill 
IS, N Y (5, 1942) 

Blumenstock, Julius, M D Veterans Admin Hos- 
pital, Sheridan, Wyo (1, 1925) 

Blumgart, Herrmann L , M D Beth Israel Hospi- 
tal, 330 Brooklme Ave , Boston, Mass Physi- 
cian-in-Chtef , Prof of Medicine, Harvard Med 
School (1, 1927) 

Blunt, Katharine, Ph D 38 Glenwood Ave , New 
London, Conn Pres Emeritus, Connecticut Col- 
lege for Women (2, 1921) 

Bobb, J Richard R , M D Univ of Mmnesota 
hied School, Dept of Phi-siologj-^, Minneapolis 
14 Instr in Physiology, U S Public Health 
Postdocloraie Research Fellow (1, 1949) 

Bock, Joseph C , Ph D 2324 N 46th St , Mil- 
n aukee 10, Wis Prof Emeritus of Biochemisiry, 
Marquette Univ Med School, Biochemist, Mil- 
waukee County Hosjntal (2, 1916) 

Bodansky, Aaron, Ph D Hospital for Joint Dis- 
eases, 1919 Madison Ave , Neis York Citj 
Biological Chemist (2, 1926) 

Bodansky, Oscar, Ph D , M D Memorial Hospi- 
tal Cancer Center, 444 E 68th St , New York 
City 21 Chief, Clin Biochemistry, Assoc 
Member, Sloan-Kettenng Inst for Cancer Re- 
search (2, 1937 , 3, 1942) 

Bodian, David, Ph D , M D Johns Hopkins Univ , 
1901 E Madison St , Baltimore, Md Assoc Prof 
of Epidemiology (6, 1949) 

Bodine, Joseph Hall, Ph D State Univ of Iowa, 
low a City Prof and Head of Dept of Zoloogy 
(1, 1925) 

Boell, Edgar J , Ph D Yale Univ , Osborn Zoolog- 
ical Lab , New Haven, Conn Ross G Harnson 
Prof of Exper Zoology (1, 1942) 

Roger, William P , M D Sharp & Dohme, Inc , 
Med Research Div , Glenolden, Pa Assoc 
Med Dir , Instr in Medicine, Univ of Penn- 
sylvania School of Medicine and Grad School of 
Medicine (3, 1948) 

Bogert, L Jean, Ph D Hotel Claremont, Berke- 
ley , Cahf (2, 1917) 

Bogert, Marston Taylor, Sc D 1158 Fifth Ave , 
New York City 29 Prof Emeritus of Organic 
Chemistry, Columbia Univ , Scientific Consult- 
ant to Evans Research and Development Corp 
(2, 1925) 

Bohr, David F , M D Univ of hlichigan. Physi- 
ology Lab , Ann Arbor Ass< Prof (1, 1949) 
Boivin, Andr6, hi D La Faculty de hI4decine de 


Strasbourg, Strasbourg, Franco Professor (6, 
1949) 

Bolliger, Adolph, Ph D Univ of Sydney, Gordon 
Craig Research Lab , Sydney, Australia Dir of 
Research (2, 1928) 

Bollman, J L , M D Mayo Clinic, Rochester, 
himn Chairman of Dtv of Exper Medicine, 
Prof of Physiology, Mayo Foundation (4, 1927) 
Bond, Glenn C , Ph D , M D The Upjohn Co , 
Research Lab , Kalamazoo, Mich Asst Dept 
Head of Bacteriology Research (6, 1939) 

Bondi, Amedeo Hahnemann Med College, Phila- 
delphia, Pa Prof and Head of Dept of Bac- 
teriology (6, 1948) 

Bonner, David M , Ph D Yale Univ , Osborn 
Botanical Lab , New Haven, Conn Assoc Prof 
and Research Assoc (2, 1948) 

Bonnycastle, Desmond D , M D , Ph D Yale 
Univ School of Medicine, New Haven, Conn 
Asst Prof of Pharmacology (3, 1947) 

Bonsnes, Roy W , Ph D Cornell Univ Med Col- 
lege, 1300 York Ave , New York City 21 Asst 
Prof of Biochemistry in Obstetrics (2, 1947) 
Booher, Lela E , Ph D General hliUs, Inc , 1081 
2l8t Ave , S E , Mmneapohs, Minn Chief 
Nutritionist and Dir of Nutrition Lab (2, 1933, 
5, 1933) 

Booker, Walter M , Ph D Howard Univ School 
of Medicine, Washington, D C Assoc Prof of 
Pharmacology (1, 1948 , 3, 1948) 

Boor, Alden K , Ph D Camp Detrick, Basic Sci- 
ence Div , Frederick, Md (2, 1931) 

Boothby, Walter M , hi A , MD Umv of Lund, 
Lund, Sweden Research Consultant Aviation 
Medicine Inst of Physiology, Chief Emeritus, 
Clin Metabolism Sect , Mayo Clinic (IR, 1915, 
2, 1920, 3R, 1923 , 4R, 1924) 

Bordley, James, IH, MD Mary Imogene Bassett 
Hospital, Cooperstown, N Y (1, 1938) 

Borek, Ernest, Ph D College of the City of New 
York, Convent Ave and 140th St , New York 
City Asst Prof , Research Assoc in Biochemistry , 
Columbia Umv (2, 1947) 

Boroff, Daniel A , hi A , M S 1721 Ashland Ave , 
Evanston, 111 (G, 1947) 

Borsook, Henry, M D , Ph D California Inst of 
Technology, Pasadena 4 Prof of Biochem- 
istry (2, 1931) 

Bosshardt, David K , Ph D Sharp & Dohme, hied 
Research Div , Glenolden, Pa Research Bio- 
chemist (5, 1947) 

Bostick, Warren L , hi D Univ of California 
hied School, Dept of Pathology^, San Francisco 
22, Asst Prof of Pathology (4, 1949) 

Bosworth, Alfred Willson, A hi , hi D R F D 4, 
Circleville, Ohio Consulting Chemist (2, 1936, 
5, 1935) 

Bott, Phyllis A , Ph D Woman’s hied College of 
Pennsylvania, Henry Ave and \bbotsford Rd , 
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Philadelphia Prof and Chairman of Dept of 
Physiological Chemistry (2, 1938) 

Boucher, Robert V , Ph D 303 Frear Labs , State 
College, Pa Prof of Agricultural and Biological 
Chemistry (5, 1945) 

Bouinan, H D , M D Univ of Wisconsin Med 
School , Madison Prof of Physical Medicine (1, 
1943) 

Bourne, Wesley, M D , M Sc McGill Univ , Mon- 
treal, Quebec, Canada Prof of Anesthesia (3, 
1936) 

Bourque, Joseph E , M D , Ph D Univ of Rli- 
nois College of Medicine, Dept of Physiology, 
1853 W Polk St , Chicago 12 Asst Prof of 
Physiology (1, 1949) 

Bourquin, Helen, Ph D 1331 N Tejon St , Colo- 
rado Springs, Colo (1, 1925) 

Bowen, William J , Ph D USPHS, Inst of E\per 
Biology & Medicine, Bethesda 14, Md Sr Asst 
Scientist (1, 1948) 

Bowman, Donald E , Ph D 6956 Warwick Rd , 
Indianapolis, Ind Assoc Prof of Biochemistry, 
Indiana Univ School of Medicine (2, 1944) 
Bowman, Katherine L , B A 20 Plaza St , Brook- 
lyn 17, N Y (6, 1946) 

Boxer, George E , Ph D 605 Girard Ave , West- 
field, N J Sr Chemist, Research and Develop- 
ment Div , Merck & Co , Inc (2, 1946) 

Boyd, Eldon M , M A , M D Queen’s Univ , King- 
ston, Ontano, Canada Prof and Head of Dept 
of Pharmacology (3, 1941) 

Boyd, M John, Ph D Hahnemann Med College, 
235 N 15th St , Philadelphia 2, Pa Prof of 
Biol Chemistry (2, 1947) 

Boyd, T E , Ph D 9 Walworth Ave , Scarsdale, 
N Y (1, 1924) 

Boyd, William C , Ph D Boston Univ School of 
Medicine, 80 E Concord St , Boston, Mass 
4 s80c Prof of Biochemistry (6, 1933) 

Boyden, Allan A Rutgers Univ , New Brunswick, 
N J Prof of Zoology (6, 1948) 

Boyden, Edward A , Ph D Univ of Alinnesota, 
Mmneapolis 14 Prof and Chairman of Dept 
of Anatomy (1, 1929) 

Boyer, Paul D , Ph D Univ of Minnesota College 
of kgriculture, Div of Biochemistry , St Paul 
1 Assoc Prof (2, 1944) 

Boyle, Paul E , D M D Univ of Pennsydvania 
School of Dentistry , 40th and Spruce Sts , 
Philadelphia 4 Prof of Oral Pathology (4, 1939) 
Bozicevich, John, M A USPHS, Natl Insts of 
Health, Bethesda, Md Head, Subsection of Im- 
munology, Trop Diseases Div (G, 1948) 

Bozler, Emil, Ph D Ohio State Univ , Columbus 
Prof of Physiology (1, 1932) 

Bradbury, James T , Sc D Univ of Louisville 
School of hledicine, 101 W Chestnut St , Louis- 
nlle 2, Ky (1, 1941) 

Bradley, Harold C , Ph D 2639 Durant Ave , 
Berkeley, Calif (1, 1911, 2, 1908) 


Bradley, Stanley E , M D Columbia Univ College 
of Physicians and Surgeons, 620 W 16Sth St , 
New York City 32 Asst Prof (1, 1947) 
Bradley, William B , Ph D American Inst of 
Baking, 1046 Elmwood Ave , Wilmette, HI Dir 
of Labs (1, 1939) 

Branch, Charles F , M D American College of 
Surgeons, 40 E Ene St , Chicago 11, Rl Asst 
Dir (4, 1940) 

Branch, E Arnold G , M D Lancaster Hospital, 
St John, New Brunswick, Canada Dir of Labs 
(4, 1929) 

Brand, Erwin, Ph D Columbia Univ College of 
Physicians and Surgeons, 630 W 168th St , 
New York City 32 Assoc Prof of Biological 
Chemistry (2, 1929) 

Brandes, W W , M D Roosevelt Hospital, W 
59th St , New York City (4, 1931) 

Branham, Sara E , Ph D , M D , Natl Insts 
of Health, Bethesda, Md Sr Bacteriologist (6, 
1926) 

Branion, Hugh Douglas, Ph D Ontario Agricul- 
tural College, Guelph, Canada Prof and Head 
of Dept of Animal Nutrition (6, 1933) 
Brassfield, Charles R , Ph D Univ of Michigan, 
Ann Arbor Assoc Prof of Physiology (1, 1937) 
Bratton, Andrew Calvin, Jr , M D , Ph D Parke, 
Davis and Co , Research Labs , Detroit 32, 
Mich Dir of Pharmacological Research (3, 1941) 
Brauer, Ralph W , Ph D Louisiana State Univ 
School of Medicine, New Orleans Asst Prof of 
Pharmacology (3, 1948) 

Braun, Herbert A , Ph D Fed Security Agency, 
Food and Drug Admin , Washmgton, D C 
Assoc Pharmacologist (3, 1941) 

Brazier, Mary A B , Ph D Massachusetts General 
Hospital, Electroencephalographic Lab , Boston 
14 Research Assoc in Neuropathology , Harvard 
Med School (1, 1947) 

Brecher, George, M D Natl Insts of Health, 
Bethesda 14, Md Chief of Unit on Morphologic 
Hematology (4, 1949) 

Brecher, Gerhard A , M D , Ph D Western Re- 
serve Univ Med School, Dept of Physiology, 
Cleveland 6, Ohio Sr Instructor (1, 1949) 
Breedis, Charles, M D Univ of Pennsydvania 
School of Medicine, Philadelphia Instr in Pa- 
thology (4, 1948) 

Brewer, Carl R , Ph D Camp Detrick, Fredenck, 
Md Chief, Bacterial Nutrition Branch, Biological 
Div , Chemical Co) ps (2, 1948) 

Brewer, John H , Ph D Hynson Westcott and 
Dunning, Baltimore, Md Dir of Biological Re- 
search (6, 1948) 

Brewer, Nathan R , Ph D Univ of Chicago, Chi- 
cago, Rl Lecturer in Physiology (1, 1948) 
Bridge, Edward M , M D Univ of Buffalo School 
of Medicine, 24 High St , Buffalo 9, N Y Prof 
of Pharmacology (2, 1940) 
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Briggs, A P , M D Umv of Georgia Med College, 
Augusta Prof of Biochemistry (2, 1923) 

Bnggs, David R , Ph D Umv of Minnesota, Div 
of Agricultural Biochemistrj', Umv Farm, St 
Paul S Prof of Agricultural Biochemistry, Chem- 
ist, Minn Agncultural Exper Station (2, 1946) 
Briggs, George M , Ph D Unu of Minnesota, 
Umv Farm, St Paul Asst Prof of Poultry Nu- 
trition (6, 1947) 

Brink, Frank Jr , Ph D lohns Hopkins Umv , 
Biological Labs , Baltimore IS, Md (1, 1942) 
Bnnkhous, K M , M D Umv of North Carolina 
School of Medicine, Dept of Pathologv, Chapel 
Hill Prof of Pathology (4, 1939) 

Britton, Sjdney W , iM D Umv of Virginia School 
of Medicine, Charlottesville Prof of Physiology 
(1, 1925) 

Brobeck, John R , M D , Ph D Yale Umv School 
of Medicine, New Haven, Conn Asst Prof of 
Physiology (1, 1943) 

Brodie, Bernard B , Ph D New York Umv Re- 
search Service, Goldwater Memorial Hospital, 
New York City 17 Assoc Prof of Biochemistry 
(2, 1940, 3, 1946) 

Brody, Samuel, Ph D Umv of Missouri College of 
Agnculture and Agricultural Experiment Sta- 
tion, Dairy Building, Columbia Prof of Dairy 
Husbandry (2, 1929 , 5, 1933) 

Broh-Elahn, Robert H , M D May Inst for Med 
Research, Cincinnati, Ohio Asst Dir (1, 1948) 
Bromiley, Reginald B , Ph D Johns Hopkins 
School of Medicine, Dept of Physiology' , 710 N 
Washington St , Baltimore 5, Md Prof of Physi- 
ology (1, 1949) 

Bronfenbrenner, J J , Ph D , D P H Washington 
Umv School of Medicine, St Louis, Mo Prof 
of Bacteriology and Immunology (4, 1940, 6, 1918) 
Bronk, Detlev W , Ph D , Sc D Johns Hopkins 
Umv , Baltimore, Md Pres , Chairman of Nall 
Research Council (1, 1927) 

Brookes, Margaret C Hessler, Ph D Umv of 
Chicago, Chicago, III Asst Prof , Dept of 
Home Economics (5, 1935) 

Brookhart, John M , Ph D Umv of Oregon School 
of Medicine, Dept of Physiology , Portland 
Assoc Prof (1, 1946) 

Brooks, Chandler McCuskey, Ph D The Long 
Island College of Medicine, Dept of Phy'siology 
and Pharmacology , Brooklyn, N Y (1, 1934) 
Brooks, Clyde, Ph D , M D Umv Clinic, 2506 
Ponce de Leon Blvd , Coral Gables, Fla (1, 
1910,3, 1912) 

Brooks, Matilda Moldenhauer, Ph D Umv of 
California, Dept of Phy'siology, Berkeley Re- 
search Assoc in Biology (1, 1923) 

Broun, Goronwy Owen, M D 1325 S Grand Blvd , 
St Louis, Mo Prof of Internal Medicine, St 
Louis Umv (4, 1927) 

Brown, Claude P , M D 1930 Chestnut St , Phila- 
delphia Pa (6, 1913) 


Brown, Dugald E S , Ph D Bermuda Biological 
Station, St George’s W , Bermuda (I, 1932) 
Brown, Ethan Allen, L II C P (Eng ), ARCS 
(London), 75 Bay State Rd , Boston, Mass 
Lecturer in Medicine, Tufts College Med School, 
Physician-in-Chief, Allergy Clinic, Boston Dis- 
pensary (6, 1946) 

Brown, Frank A , Jr , Ph D Northwestern Umv , 
Zoological Labs , Evanston, 111 Assoc Prof of 
Zoology (1, 1940) 

Browm, George B , Ph D Sloan-Kettering Inst 
for Cancer Research, 444 E 68th St , New 
York City 21 Member, Asst Prof of Biochem- 
istry, Cornell Untv Med College (2, 1947) 
Brown, Gordon Campbell, Sc D School of Public 
Health, Ann Arbor, Mich Assoc Prof of Epi- 
demiology (6, 1949) 

Brown, John B , Ph D Ohio State Umv , Colum- 
bus Prof of Physiological Chemistry (2, 1927, 
5, 1934) 

Brown, R A , Ph D Parke Davis and Co , Re- 
search Labs , Detroit 32, Mich Head of Div of 
Nuintional Research (6, 1946) 

Brown, Rachel, Ph D 26 Buckingham Drive, Al- 
bany , N Y Sr Biochemist, Div of Labs and 
Research, N Y State Dept of Health (6, 1933) 
Brown, Robert V , Ph D Umv of Tennessee, 
Dept of Pharmacology', Memphis 3 Assoc Prof 
(1, 1945) 

Browne, J S L , M D , Ph D Roy'al Victoria 
Hospital, Umv Clinic, Montreal, Que , Canada 
Asst Prof of Medicine, McGill Umv (1, 1934) 
Brownell, Katharine A , Ph D Ohio State Univ , 
Dept of Phy siology', Columbus Research Assoc 
(1, 1943) 

Brozek, Josef, Ph D Umv of Minnesota, Stadium 
South Tower, Minneapolis 14 Assoc Prof , Lab 
of Physiological Hygiene, School of Public Health 
(1, 1947) 

Brues, Austin M , M D Argonne National Labs , 
PO Box 5207, Chicago, 111 Dir of Biology Div , 
Assoc Prof of Medicine and Instr of Radio- 
biology and Biophysics, Umv of Chicago (1,1940) 
Bruesch, S R , M D , Ph D Umv of Tennessee, 
Div of Anatomy', Memphis 3 Prof of Anatomy 
(1, 1949) 

Bruger, Maurice, III D , M Sc 301 E 20th St , 
New York City 3 Assoc Prof of Medicine, 
New York Umv Post-Grad Med School, Chief, 
Div of Pathological Chemistry, New York Uni- 
versity Hospital (2, 1935, 5, 1935) 

Bruhn, John M , Ph D Med College of Alabama, 
Dept of Phy'siology , 620 S 20th St , Birming- 
ham 5 Prof of Physiology and Pharmacology (I, 
1939) 

Bruner, Harry Davis, M D , Ph D Med Div 
ORINS, Box 117, Oak Ridge, Tenn (3, 1945) 
Brunschwig, Alexander, IM D Cornell Univ Ivied 
College, New York City Prof of Clin Surgery, 
Attending Surgeon, Memorial Hasp (4, 1937) 
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Bryan, W Ray, Ph D Glen Rd , Rockville, Md 
Principal Biologist, Nail Cancer Insi (I, 1934, 
4, 1940) 

Buchanan, J William, Ph D Umv of Southern 
California, Alan Hancock Foundation, Los An- 
geles Prof of Zoology (1, 1927) 

Buchanan, John M , Ph D Univ of Pennsylvania 
School of Medicine, Dept of Physiological 
Chemistry , Philadelphia Asst Prof (2, 1949) 
Buchbinder, Lean, Ph D Dept of Health, 125 
Worth St , New York City (6, 1934) 

Buchbinder, William C , M D 104 S Michigan 
Ave , Chicago, Rl Asst Prof of Medicine, 
Northwestern Univ Med School, Assoc in Medi- 
cine, Michael Reese Hospital (1, 1940) 

Bucher, Gladys R , Ph D Univ of Rlinois, Dept 
of Biology, Chicago Div , Navy Pier, Chicago 
12 (1, 1946) 

Buckner, G Davis, Ph D Kentucky Agricultural 
E\per Station, Lexington In Charge of Animal 
Nutrition (2, 1920) 

Bucy, Paul C , M D 4833 S Woodlawn Ave , Chi- 
cago, III Prof of Neurology and Neurological 
Surgery, Univ of Illinois (1, 1933) 

Buddlngh, G John, M D Louisiana State Umv 
School of Medicine, New Orleans Prof of Micro- 
biology (4, 1940) 

Bueding, Ernest, M D Western Reserve Univ 
School of Medicine, Dept of Pharmacologys 
Cleveland 6, Ohio Assoc Prof (2, 1946, 3, 1949) 
Buell, Mary V , Ph D Univ of Wisconsin Enzyme 
Inst , Madison Research Assoc (2, 1921) 
Bukantz, Samuel C , M D Washington Univ 
School of Medicine, St Louis 10, Mo Research 
Asst in Medicine (6, 1943) 

Bnlatao, Emilio, M D Univ of the Philippines, 
Manila, P I Prof of Physiology and Biochem- 
istry (1, 1924) 

Bull, Henry B , Ph D Northwestern Univ Med 
School, 303 E Chicago Ave , Chicago 11, HI 
Prof of Chemistry (2, 1937) 

Bullock, Theodore H , Ph D Umv of California, 
Los Angeles Assoc Prof of Zoology (1, 1948) 
Bunde, Carl A , M D , Ph D Pitman-Moore Co , 
Indianapolis 6, Ind Research Dir (1, 1943) 
Bunney, William Edward, Ph D E R Sqmbb and 
Sons, Nen Brunswick, N J Vice Pres , Dir of 
Manufacturing Labs (6, 1931) 

Bunhng, Charles H , M D 139 Armory St , Ham- 
den, Conn Prof Emeritus of Pathology, Univ of 
TFisconsm, Lecturer in Pathology, Yale Med 
School (4, 1913) 

Bunzell, H H , Ph D Box 44, General Post Office, 
York City' 1 Dir of Bunzell Labs (2, 1908) 
Burchell, Howard B , M D , Ph D 1506 Durand 
Court, Rochester, Minn Instr in Medicine, 
Hayo Foundation, Consultant in Medicine, Mayo 
Clinic (1, 1942) 

Burdick, H O , Sc D Alfred Umv , Alfred, N Y 
Prof of Biology (I, 1940) 


Burdon, Kenneth L , Ph D Baylor Univ College 
of Medicine, Houston, Tex Prof of Bacteriology, 
Consultant, USPHS (G, 1936) 

Burk, Dean, Ph D Natl Cancer Inst , Bethesda, 
Md Principal Chemist, USPHS (2, 1939) 
Burns, Edward L , M D Mercy Hospital, Toledo, 
Ohio Pathologist (4, 1939) 

Burr, George O , Ph D Exper Station H S P A , 
Honolulu, Hawaii Head of Dept of Biochem- 
istry and Physiology (2, 1928 , 6, 1933) 

Burns, Robert H , Ph D Univ of Wisconsin, 
Dept of Biochemistry, Madison 6 Assoc Prof 
of Biochemistry (2, 1946) 

Burrows, William, Ph D Umv of Chicago, Dept 
of Bactenology and Parasitology, Chicago 37, 
HI Prof of Bactenology (6, 1947) 

Burton, Alan C , Ph D Umv of Western Ontano, 
Dept of Med Research, London, Ontano, Can- 
ada Asst Prof of Med Research (1, 1937) 
Burton-Opitz, Russell, M D , Ph D 218 Bndle 
Way, Palisade, N J Attending Cardiologist, 
Lenox Hill Hospital, Attending Physician, Cum- 
berland Hospital (IR, 1902, 2, 1906, 3R, 1919) 
Buschke, William H , M D Manhattan Ey'e, Ear 
and Throat Hospital, 210 E 64th St , Neu York 
City 21 Research Ophthalmologist, Head of Ayer 
Foundation Ophthalmic Research Lab (1, 1947) 
Bush, Milton T , Ph D Vanderbilt Umv School 
of Medicine, Nashville, Tenn Assoc Prof of 
Pharmacology (3, 1938) 

Butler, G C , Ph D Umv of Toronto, Dept of 
Biochemistry, Toronto, Ont , Canada Assoc 
Prof (2, 1949) 

Butler, Thomas C , M D Johns Hopkins School of 
Medicine, 710 N Washington St , Baltimore 6, 
Md Assoc Prof of Pharmacology and Exper 
Therapeutics (3, 1938) 

Butt, Hugh R , M D Mayo Climc, 102 Second 
Ave , S W , Rochester, Minn Consultant vi 
Medicine, Asst Prof of Medicine, Mayo F ounda- 
lion (6, 1942) 

Butts, Joseph S , Ph D Oregon State College, 
Corvallis Prof of Biochemistry and Head of 
Agncultural Chemistry (2, 1936, 6, 1936) 

Byers, Sanford O , Ph D 2200 Scott St , San Fran- 
cisco 16, Calif Research Biochemist, Harold 
Bninn Inst for Cardiovascular Research, Mount 
Zion Hospital (1, 1949) 

Cahen, Raymond L , Ph D , M D Maltbie Chemi- 
cal Co , Research Labs , P O Box 270, Morris- 
town, N J Dir of Pharmacological Research 
(3, 1949) 

Cahill, William M , Ph D , M D 3320 Baldwin St , 
Los Angeles 31, Calif (2, 1940) 

Cajon, Florian A , Ph D Umv of Colorado Med 
School, Dept of Biochemistry', Denver 7 Asst 
Prof of Biochemistry (2, 1922 , 5, 1933) 

Caldwell, Mary L , Ph D Columbia Umv , Dept 
of Chemistry, New York City' Prof of Chem- 
istry (2, 1924, 6, 1933) 
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Callison, Elizabeth C , M S U S Dept of Agri- 
culture, Agricultural Research Station, Food 
and Nutrition Div , Bureau of Human Nutri- 
tion, Beltsville, Md Nxdntion Physiologist (6, 
1949) 

Calloway, Nathaniel Oglesby, Ph D , M D Univ 
of Illinois College of Medicine, 1819 W Polk St , 
Chicago 12 Asst in Medicine (3, 1945) 

Calvin, D Bailey, Ph D Univ of Texas Med 
Branch, Galveston Prof of Biological Chemistry 
and Dean of Student and Curricular Affairs (1, 
1934, 2, 1939) 

Calvin, Melvin, Ph D Univ of California, Dept 
of Chemistry, Berkeley 4 Prof of Chcmtslry 
(2, 1949) 

Caminopetros, John, M D Hellenic Pasteur Inst , 
103 Queen Sophie Ave , Athens, Greece Chief of 
the Service of Exper Medicine (6, 1946) 

Camp, Walter J R , M D , Ph D Univ of Illmois 
College of Medicine, 1863 W Polk St , Chicago, 
B1 Prof of Pharmacology and Toxicology, State 
Toxicologist (3, 1926) 

Campbell, Berry, Ph D Univ of Minnesota, Min- 
neapolis 14 Assoc Prof of Anatomy (1, 1945) 
Campbell, Dan H , Ph D Califorma Inst of Tech- 
nologj''. Dept of Chemistry, Pasadena Assoc 
Prof of Chemistry (6, 1938) 

Campbell, James, Ph D Univ of Toronto, To- 
ronto, Ont , Canada Asst Prof of Physiology, 
Lt Comdr , {SB) RCNV R (1, 1943) 
Campbell, Walter Ruggles, M D Umv of To- 
ronto, 69 Madison Ave , Toronto, Ont , Canada 
Assoc Prof of Medicine (2, 1922) 

Cannan, R Keith, D Sc New York Umv College 
of Medicine, 477 First Ave , Nen York City 
Prof of Chemistry (2, 1931) 

Cannon, Paul R , M D , Ph D Umv of Chicago, 
Chicago, R1 Prof of Pathology (4, 1930, 6, 1929) 
Cantarow, Abraham, M D Jefferson Med College, 
Philadelphia 7, Pa Prof of Biochemistry (1, 
1932, 3, 1936) 

Canton!, G L , M D New York Umv College of 
Medicine, Dept of Pharmacology, New York 
City (3, 1946) 

Canzanelli, Attilio, M D Tufts College Med 
School, 416 Huntington Ave , Boston, Mass 
Prof of Exper Physiology (1, 1934) 

Carlson, A J , Ph D , M D Umv of Chicago, 
Hull Physiological Lab , Chicago, 111 Prof 
Emeritus of Physiology (1, 1904, 6, 1933) 
Carlson, Loren D , Ph D Umv of Washington 
School of Medicine, Dept of Phj^iology and 
Biophj^ics, Seattle 5 (1, 1945) 

Carmichael, Emmett B , Ph D Med College of 
Alabama, Dept of Biochemistry, Birmingham 5 
Prof and Head of Dept of Biochemistry (1,1931, 
2, 1946) 

Carmichael, Leonard, Ph D Sc D Tufts College, 
Medford, Mass Pres , Dir of Research Lab of 
Sensory Psychology and Physiology (1, 1937) 


Carpenter, Frederick H , Ph D Umv of Cali- 
fornia, Dept of Biochemistry, Berkeley 4 Asst 
Prof (2, 1949) 

Carpenter, Thorne M , Ph D 27 Market St , 
Foxboro, Mass (IR, 1916, 2, 1909, 5, 1936) 

Carr, C Jelleff, Ph D Umv of Maryland School 
of Medicine, Baltimore Assoc Prof of Pharma- 
cology (3, 1940) 

Carr, Jesse L , M D Umv of California Med 
School, Third and Parnassus Aves , San Fran- 
cisco Clin Prof of Pathology (4, 1940) 
Carruthers, Christopher, Ph D Washington Univ 
School of Medicine, Dept of Anatomy, 4580 
Scott Ave , St Louis 10, Mo Research Assoc (2, 
1948) 

Carter, Herbert E , Ph D Umv of Illinois, 462 
Noyes Lab , Urbana Prof of Biochemistry (2, 
1937, 5, 1941) 

Cartland, George F , Ph D The Upjohn Co , Re- 
search Dept , Kalamazoo, Mich Head of Anti- 
biotics Research (2, 1936) 

Cary, Charles A , S B U S Dept of Agriculture, 
Bureau of Dairy Industry, Dairy Research Lab , 
Beltsville, Md Chief of Div of Nutrition and 
Physiology (2, 1920) 

Casey, Albert Eugene, M D 1907 Wellington Rd , 
Birmingham 9, Ala Pathologist, Baptist Hospi- 
tal, Assoc Prof of Pathology, Med College of 
Alabama (4, 1933) 

Cash, James Robert, M D Umv Hospital, Char- 
lottesville, Va Prof of Pathology, Umv of Vir- 
ginia (4, 1924) 

Cassidy, Haroid G , Ph D Yale Umv , Sterling 
Chemical Lab , New Haven, Conn Aesoc Prof 
of Chemistry (2, 1949) 

Castle, Edward S , Ph D Harvard Umv Bio- 
logical Labs , Divinity Ave , Cambridge, Mass 
Assoc Prof of General Physiology (1, 1934) 
Castle, William B , M D Boston City Hospital, 
Boston, Mass Prof of Medicine, Harvard Med 
School, Dir of Thorndike Memorial Lab (4, 1942) 
Catchpole, Hubert Ralph, Ph D Umv of Chicago 
College of Medicine, 1853 W PoUc St , Chicago 
12, m Research Assoc in Pathology (1, 1941) 
Cathcart, E P , M D , D Sc Umv of Glasgow , 
Glasgow, Scotland Dean of Univ (6, 1935) 
Catron, Lloyd, M D City Hospital, Akron, Ohio 
Pathologist (4, 1939) 

Cattell, McKeen, Ph D,M D Cornell Umv Med 
College, 1300 York Ave , New York Cit 3 Prof 
of Pharmacology (1, 1923 , 3, 1924) 

Cavelti, Philip A , M D 672 S Westlake Ave , Los 
Angeles 34, Calif (6, 1947) 

Cederquist, Dena C , Ph D AEchigan State Col- 
lege, School of Home Economics, East Lansing 
Assoc Prof {Research) of Foods and Nutrition 
(5, 1949) 

Cerecedo, Leopold R , Ph D Fordham Univ' , New 
York Citj Prof of Biochemistry (2, 1931, 5, 
1945) 
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Chadwick, Leigh Edward, Ph D Med Div , Army 
I Chemical Center, j\Id (1, 1944) 

Chaikoff, I L , Ph D , M D Univ of California, 
Berkelej 4sfioc Prof of Physiology (1, 1932) 
Chalkley, Harold W , Ph D USPHS, Natl Insts 
of Health, Bethesda, Md Sr Physiologist (1, 
1932) 

Chamberlain, W Edward, M D Temple Univ 
Aled School, Philadelphia, Pa Prof of Radiol- 
ogy (1, 1948) 

Chambers, Alfred H , Ph D Univ of Vermont 
School of Medicine, Dept of Physiology, Bur- 
lington (1, 1946) 

Chambers, Leslie Addison, Ph D Camp Detnck, 
Frederick, Md Chief of Physical and Chemical 
Div (1, 1940, 6, 1948) 

Chambers, Wilbam H , Ph D Med Div , Army 
Chemical Center, Md Chief of Toxicology 
Branch (1, 1924, 6, 1933) 

Chandler, Caroline A , M D Johns Hopkins 
School of Hygiene and Public Health, 615 N 
Wolfe St , Baltimore 5, Md Asst Prof of Pre- 
ventive Medicine (6, 1938) 

Chandler, Joseph P , Ph D Univ of Michigan 
Med School, Room G466, Umv Hosp , Ann 
Arbor Assl Prof of Biological Chemistry, Bio- 
chemist, Univ Hosp (2, 1944,5, 1944) 

Chang, Mm Cheuh, Ph D Worcester Foundation, 
Shrew sbun , Mass Assoc Fellow (1, 1946) 
Chanutin, Alfred, Ph D Box 1862, University Sta- 
tion, Charlottesville, Va Prof of Biochemistry, 
Univ of Virginia (2, 1925) 

Chapanis, Alphonse, Ph D Johns Hopkins Univ , 
Baltimore, Md Asst Prof of Psychology (1, 
1948) 

Chapman, C W , Ph D Umv of Maryland, Balti- 
more Prof of Pharmacology (3, 1932) 

Chargaff, Erwin, Ph D Columbia Umv College of 
Physicians and Surgeons, 630 W 168th St , New 
^ork Citi 32 Assoc Prof of Biological Chem- 
istry (2, 1935) 

Charipper, Harry Adolph, Ph D Washmgton 
Square College of Arts and Sciences, 100 Wash- 
ington Square E , New York City Prof and 
Chairman of Dept of Biology (1, 1941) 

Chase, Aunn M , PhJ) Princeton Univ , Dept 
of Biolog\, Princeton, N J Research Assoc, 
Asst Prof (1, 1939) 

Chase, Harold F , M D Umv of Virginia Hos- 
pital, Charlottesville (3, 1944) 

Chase, Merrill W , Ph D Rockefeller Inst , 66th 
St and \ ork Ave , New York Citx Member of 
Staff (6, 1938) 

Chasis, Herbert, iM D , Med Sc D 44 E 67th St , 
Aew York City Asst Prof of Medicine, Neio 
1 or} Unit College of Medicine (1, 1941) 
Chaffield, Charlotte, B S Food and Agriculture 
Organization of the United Nations, Washing- 
ton, D C Xidntion Officer (5, 1941) 


Chatterjee, Hernendra Nath, M D Calcutta 
Umv , Calcutta, India Professor (6, 1948) 
Cheldelin, Vernon H , Ph D Umv of Wisconsin, 
Enzyme Inst , Madison (2, 1947, 5, 1946) 

Chen, Graham, Sc D , M D Parke Davis and Co , 
Detroit, Mich (3, 1944) 

Chen, K K , Ph D , M D Lilly Research Labs , 
Indianapolis, Ind Dir of Pharmacological Re- 
search, Prof of Pharmacology, Indiana Umv 
School of Medicine (1, 1929, 3, 1942) 

Cheney, Ralph H , Sc D Brooklyn College, Biol- 
ogy Dept , Bedford Ave and Ave H, Brooklyn 
10, N Y (3, 1934) 

Chenoweth, Maynard Barton, M D Umv of 
Michigan Med School, Dept of Pharmacologjq 
Ann Arbor Assoc Prof of Pharmacology (3, 
1945) 

Chesley, Leon C , Ph D Margaret Hague Mater- 
nity Hospital, 88 Clifton Place, Jersey City 4, 
N J Chief Chemist (1, 1949) 

Chesney, Alan M , M D Johns Hopkins Hospital, 
Baltimore, Md Dean of Johns Hopkins Med 
School, Assoc Prof of Medicine (4, 1925) 
Child, George P , Ph D Albany Med College, 
Albany 3, N Y Asst Prof of Pharmacology (3, 
1949) 

Choucroun, Nine, Dept of Public Health and Pre 
ventive Medicine, 1300 York Ave , New York 
City 22 Research Assoc , Cornell Med College 
(6, 1949) 

Chow, Bacon F , Ph D Johns Hopkins Umv 
School of Hygiene, 615 N Wolfe St , Baltimore 
14, Md Assoc Prof of Biochemistry (2, 1940, 
5, 1948, 6, 1944) 

Christensen, Halvor N , Ph D Tufts College Med 
School, Boston, Mass Prof and Head of Depl 
of Biochemistry (2, 1947) 

Christensen, L Royal, Ph D New" York Univ 
College of Medicine, Dept of Microbiolog} , 477 
First Ave , New York City Asst Prof (6, 1942) 
Christian, Henry A , M D 20 Chapel St , Brook 
line. Mass Hersey Prof Emeritus of the Theory 
and Practice of Physics, Harvard Univ , Physi- 
cian-in-Chief, Emeritus, Peter Bent Brigham Hos 
pital (4, 1924) 

Christman, Adam A , Ph D Umv of Michigan 
Med School, Ann Arbor Prof of Biological 
Chemistry (2, 1929) 

Chu, Wei-chang, M D 546 W I24th St , Apt 53, 
New York City (3, 1945) 

Clark, Ada R , Ph D Columbia Umv College of 
Physicians and Surgeons, 630 W I68th St , New 
York City 32 Assoc in Bacteriology, Teaching 
and Research (G, 1936) 

Clark, Byron B , Ph D Tufts College Med School, 
416 Huntington Ave , Boston 15, Mass Prof of 
Pharmacology (3, 1940) 

Clark, Ernest D , Ph D 826 Skinner Bldg , Seattle 
1, Wash Dll of the Labs , Northwest Branch, 
Natl Canners’ Assoc (2, 1912) 
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Clark, George, Pli D Chicago Med School, Dept 
of Anatomy, 710 S Wolcott Avc , Chicago 12, 
HI Assoc Prof of Ncuroanalomy (1, 1943) 

Clark, Guy W , Ph D Lederle Labs , Inc , Pearl 
River, N Y Tech Dir (2, 1922) 

Clark, Janet Howell, PhD Univ of Rochester, 
Anderson Hall, Rochester, N Y Dean of the 
College for Women and Prof m the Div of Bio- 
logical Sciences (1, 1922) 

Clark, Paul F , Ph D Univ of Wisconsin Med 
School, Madison Prof of Med Microbiology (4, 
1923 , 6, 1928) 

Clark, William G , Ph D YA Center, Saw telle 
and Wilshire Blvds , Los Angeles, Calif Pharma- 
cologist and Physiologist, Research Assoc , Univ 
of Cahf School of Medicine (1, 1942, 3, 1949) 
Clark, William Mansfield, Ph D Johns Hopkins 
Univ , Baltimore, Md Prof of Physiological 
Chemistry (2, 1920) 

Clarke, Hans Thacher, D Sc Columbia Univ 
College of Phj sicians and Surgeons, 630 W 168th 
St , New York Citj' 32 Prof of Biological Chem- 
istry (2, 1929) 

Clarke, Robert W Route 3, Helmwoods, Eliza- 
bethtown, Kj Physiologist, Med Dept Field 
Research Lab , Fort Knox (1, 1936) 

Clausen, Samuel Wolcott, M D Umv of Roches- 
ter School of Medicine, Rochester, N Y Prof 
of Pediatrics (2, 1922) 

Cleghom, Robert Allen, M D , D Sc McGill 
Univ , Dept of Psychiatry, Montreal, Quebec, 
Canada (1, 1937) 

Clowes, George Henry Alexander, Ph D Eli Lilly 
& Co , Indianapohs 6, Ind Dir of Research 
Emeritus (2, 1914, 6, 1919) 

Coburn, Alvin F , M D Rheumatic Fever Research 
Inst , Chicago, 111 Director (6, 1948) 

Code, Charles F , Ph D , M D Mayo Foundation, 
Rochester, Minn Prof of Physiology (1, 1939) 
Coffey, Julia M , A B Div of Labs and Research, 
New York State Dept of Health, Albany 
Assoc Bacteriologist (6, 1937) 

Coghill, Robert D , Ph D Abbott Labs , N Chi- 
cago, Rl Dir of Research (2, 1932) 

Cohen, Barnett, Ph D Johns Hopkins Univ 
School of Medicme, 710 N Washington St , 
Baltimore 5, Md Assoc Prof of Physiological 
Chemistry (2, 1935) 

Cohen, Philip P , Ph D , M D Univ of Wisconsin, 
Service Memorial Inst , Madison Prof of Physi- 
ological Chemistry (2, 1941) 

Cohen, Saul L , Ph D Univ of Minnesota, 207 
milliard Hall, Minneapolis Asst Prof of Physi- 
ological Chemistry (2, 1948) 

Cohen, Seymour S , Ph D Children’s Hospital, 
1840 Bainbndge St , Philadelphia, Pa Asst 
Prof of Physiological Chemistry, Univ of Penn- 
sylvania School of Medicine (2, 1946) 

Cohen, Sophia M , B S New York State Dept of 


Health, Div of Labs and Research, Albany Sr 
Bacteriologist (6, 1938) 

Cohn, Alfred E , M D 300 Central Park W , New 
York City Member of Rockefeller Inst for Med 
Research (IR, 1911, 3, 1913) 

Cohn, Clarence, M D Michael Reese Hospital, 
Med Research Inst , Chicago, 111 Dir of Dept 
of Biochemistry (1, 1948) 

Cohn, Edwin J , Ph D 183 Brattle St , Cambridge, 
Mass Prof of Biological Chemistry, Harvard 
Med School, Umv Prof, Harvard Umv (1, 
1919, 2, 1919) 

Cohn, Mildred, Ph D Washington Univ School of 
Medicine, Dept of Biochemistry, 4580 Scott 
Ave , St Louis 10, Mo Research Assoc (2, 1949) 
Cohn, Waldo E , Ph D Oak Ridge Natl Lab , 
Biologj-^ Div , Oak Ridge, Tenn Biochemist (2, 
1944) 

Cole, Harold H , Ph D Univ of Cabfornia, Col- 
lege of Agriculture, Div of Animal Husbandry, 
Davis Professor (1, 1947) 

Cole, Harold N , Ph B , M D 1352 Hanna Bldg , 
Cleveland, Ohio Clin Prof of Dermatology and 
Syphilology, IFestem Reserve Univ (3, 1925) 
Cole, Kenneth S , Ph D Umv of Chicago, Inst 
of Radiobiolog}' and Biophj'sics, Chicago 37, 
Bl Prof of Biophysics (1, 1934) 

Cole, Milton E , MJD 10616 Euclid Ave , Cleve- 
land, Ohio Dir of Asthma, Hay Fever and Allergy 
Foundation (6, 1931) 

Cole, Versa V , Ph D , M D Indiana Univ School 
of Medicine, 1040-1232 W Michigan St , Indi- 
anapolis Assoc Prof of Phamnacology (3, 1941) 
Collett, Mary Elizabeth, Ph D Western Reserve 
Umv , Mather College, Cleveland, Ohio Assoc 
Prof of Biology (1, 1921) 

Collier, H Bruce, Ph D Umv of Alberta, Dept 
of Biochemistry’, Edmonton, Alta , Canada 
Prof of Biochemistry (2, 1944) 

Collings, William Doyne, Ph D Michigan State 
College, Dept of Physiology’, East Lansing (1, 
1944) 

Collins, Dean A , Ph D , M D Temple Umv 
School of Medicme, 3400 N Broad St , Phila- 
delphia 40, Pa Prof of Pharmacology (I, 1938) 
Collins, Russell J , A M , M D St John, New 
Brunsw’ick, Canada Med Superintendent of St 
John Tuberculosis Hospital (3, 1915) 

Collip, J B , Ph D M D Umv of Western On- 
tario, R R 3, London, Ontario, Canada Dean 
of Medicine and Prof of Med Research (1, 
1920, 2, 1920) 

Colowick, Sidney P , Ph D Umv of Hhnois Col- 
lege of Medicine, Dept of Biological Chemistry , 
1853 W Polk St , Chicago 12 Assoc Prof (2, 
1944) 

Coman, Dale R, MD Umv of Pennsylvania 
School of Medicine, McManes Lab of Pathol- 
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og} , Philadelphia Assoc Prof of Pathology (4, 
1939) 

Comroe, Julius H , Jr , M D Univ of Pennsyl- 
vania Grad School of Medicine, Philadelphia 
Prof of Physiology and Pharmacology (1, 1943, 
3, 1939) 

Conant, James B , Ph D Harvard Univ , 6 Univ 
Hall, Cambridge, Mass President (2, 1932) 
Concepcion, Isabelo, M D 689 Zamora, Pasay, 
Rizal, Philippines Faculty of Medicine, Univ 
Santo Tomas, Manila, Philippines Prof of Bio- 
chemistry and Nuintion (1, 1919) 

Conklin, Ruth E , Ph D Vassar College, Pough- 
keepsie, N Y Prof of Physiology (1, 1940) 
Conn, Jerome W , M D Univ of Michigan Med 
School, Ann Arbor Assoc Prof of Internal 
Med (5, 1942) 

Consolazio, William V , B S Office of Naval Re- 
search, 23 Argyle Ave , Garrett Park, Md Head 
of Biochemistry Branch, Biological Sciences Div 
(2, 1949) 

Cook, Donald Hunter, Ph D Umv of Miami, 
Coral Gables 34, Fla Prof of Chemistry (2, 1929) 
Cooke, Robert A , A M , M D 60 E 68th St , New 
York City Dir of Dept of Allergy, Roosevelt 
Hospital (6, 1920) 

Coolidge, Thomas B , M D , Ph D Univ of Chi- 
cago, Abbot Hall, Chicago 37, 111 Assoc Prof , 
Dept of Biochemistry and Walter G Zoller Me- 
morial Dental Clinic (2, 1942) 

Coon, Julius M , Ph D , M D Univ of Chicago, 
Dept of Pharmacology, Chicago 37, Rl Assoc 
Prof of Pharmacology, Dir of Toxicity Lab (3, 
1941) 

Coons, CaIHe Mae, Ph DUS Dept of Agricul- 
ture, Bureau of Human Nutrition and Home 
Economics, Washington, D C Asst Chief (6, 
1933) 

Cooper, Merlin L , M D Children’s Hospital Re- 
search Foundation, Elland Ave and Bethesda, 
Cincinnati 29, Ohio Assoc Prof of Bacteriology , 
4sst Prof of Pediatrics, Untv of Cincinnati 
College of Medicine (6, 1949) 

Cooper, Ruth S Princeton Univ , Dept of Biol- 
ogi , Princeton, N J (6, 1949) 

Cope, Otis M , M D Umv of Florida, School of 
Pharmacj , Gainesville (1, 1929) 

Copley, Alfred Lewin, M D New York Umv , 
Dept of Biology , Lab of Cellular Phy siology^, 
Washington Square, New York City 3 Research 
Assoc in Medicine, Asst Clin Prof , New York 
Med College (1, 1944) 

Corbin, Kendall B , M D 919 80th St , S W , 
Rochester, hlinn Consultant in Neurology, Mayo 
Clinic, Prof of Neuroanatomy, Mayo Founda- 
tion (1. 1941) 

Corcoran, Arthur Curtis, CM, M D Cleveland 
Clinic Foundation, Cleveland 6, Ohio (1, 1940) 
Corey, Edward Ljnnan, Ph D Umv of Virginia 


School of Medicine, University , Va Asst Prof 
of Physiology (1, 1931) 

Con, Carl F , M D Washington Umv School of 
Medicine, Kingshighway and Euclid Ave , St 
Louis 10, Mo Prof of Biochemistry (2, 1926, 
3, 1934) 

Corl, Gerty T , M D Washington Umv School of 
Medicine, St Loms 10, Mo Prof of Biochem 
isiry (2, 1927 , 3, 1934) 

Corley, Ralph Conner, Ph D Purdue Umv , Dept 
of Chemistry, Lafayette, Ind Prof of Biochem- 
istry (2, 1927) 

Corper, Harry J , M D , Ph D 1295 Clermont St , 
Denver 7, Colo Dir of Research, Natl Jewish 
Hospital and Univ of Colorado School of Medicine 
(2, 1912) 

Corson, Samuel A , Ph D Howard Umv School 
of Medicine, Dept of Physiology, Washington, 
D C (1, 1943) 

Cotts, Gerhard K , M D Lynchburg State Colony, 
Lynchburg, Va Clinical Dir (3, 1937) 

Co Tui, Frank, M D New York Umv College of 
Medicine, 477 First Ave , New' York City Assoc 
Prof of Exper Surgery (3, 1931) 

Cournand, Andre Fredenc, M D Chest Service, 
Bellevue Hospital, C D Building, 1st Ave at 
28th St , New' York City Assoc Prof of Medi- 
cine, College of Physicians and Surgeons, Colum- 
bia Umv (1, 1944) 

Cowgill, George Raymond, Ph D Yale Umv , 
Nutntion Lab , 333 Cedar St , New Haven 11, 
Conn Prof of Nutrition, Dept of Physiological 
Chemistry (1, 1923, 2, 1922 , 5, 1933) 

Cox, Alvin J , Jr , M D Stanford Umv School of 
Medicine, Dept of Pathology', 2398 Sacramento 
St , San Francisco 16, Calif Prof of Pathology 
(4, 1949) 

Cox, Gerald J , Ph D Umv of Pittsburgh School 
of Dentistry, Pittsburgh 13, Pa Prof of Dental 
Research (2, 1930, 5, 1936) 

Cox, Herald R , Sc D Lederle Labs Div , Pearl 
River, N Y Dir , Viral and Rickettsial Research 
(6, 1946) 

Cox, Warren M , Jr , Ph D Mead Johnson & Co , 
Evansville, Ind Dir of Research (2, 1935, 6, 
1945) 

Craig, Francis Northrop, Ph D Med Div , Army 
Chemical Center, Md Physiologist (1, 1946) 
Craig, L C , Ph D Rockefeller Inst for Med Re- 
search, 66th St and York Ave , New York 
City 21 Assoc Member (2, 1938) 

Crampton, E W , Ph D McGill Umv , Macdonald 
College, Montreal, Quebec, Canada Prof of 
Nutrition (6, 1940) 

Crandall, Lathan A , Jr , M D , Ph D Miles Labs , 
Inc , Elkhart, Ind (1, 1930, 5, 1940) 

Cranston, Elizabeth M , Ph D Umv of Minnesota 
Med School, Dept of Pharmacology', Minne- 
apolis 14 Instructor (3, 1946) 
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Cravens, W W , Ph D Umv of Wisconsin, Poul- 
tn Dept , Madison Assoc Prof of Poultry 
Husbandry (5, 1947) 

Craver, Bradford N , Ph D , M D Ciba Pharma- 
ceutical Products, Inc , Lafayette Park, Sum- 
mit, N J Sr Pharmacologist (3, 1946) 
Crawford, Madeleine Field, Ph D 9 High Rock 
St , Needham, Mass 4ssoc in Physiology, Har- 
vard School of Public Health (1, 1933) 

Crescitelli, Frederick, Ph D Univ of California, 
Dept of Zoology, Los Angeles Physiologist (1, 
1946) 

Cressej, Norman L, MD Veterans Hospital, 
Newington, Conn (6, 1943) 

Cretcher, Leonard H , Ph D Umv of Pittsburgh, 
Mellon Inst of Industrial Research, Pittsburgh 
Pa Asst Dir and Head of Dept of Research in 
Pure Chemistry (2, 1930) 

Under, Joseph O , M D Jefferson Med College, 
Philadelphia, Pa Prof of Physiology (1, 1935) 
Cnsler, George R , Ph D , M D 157 E New Eng- 
land Ave , Winter Park, Fla (1, 1930) 

Crismon, Jefferson Martineau, M D Stanford 
Umv , Calif Assoc Prof of Physiology (1, 1944) 
Crittenden, Phoebe J , Ph D Goucher College, 
Dept of Phjsiology and Hygiene, Tow son 4, 
Md (1,1937,3,1937) 

Crozier, William J , Ph D Harvard Umv , Bio- 
logical Labs , Cambridge, Mass Prof of General 
Physiology (1, 1928) 

Csonka, F A , Ph D U S Dept of Agriculture, 
Bureau of Human Nutrition and Home Eco- 
nomics, Beltsville, Md Sr Chemist (2, 1924) 
Cullen, Stuart C , M D Umv Hospital, Iowa 
City, Iowa Asst Prof of Surgery -Anesthesia 
(3, 1944) 

Cunningham, Raymond W , Ph D Lederle Labs , 
Inc , Pearl River, N Y Head, Pharmacology Re- 
search (3, 1941) 

Cunningham, Robert Sydney, M D , Sc D Albany' 
Med College, Albany, N Y Prof of Anatomy 
and Dean (1, 1923) 

Cureton, Thomas Kirk, Jr , Ph D Umv of Illi- 
nois, School of Physical Education, Urbana 
Assoc Prof of Physical Education (1, 1946) 
Curnen, Edward C , M D Yale Umv School of 
Medicine, New Haven 11, Conn (6, 1941) 

Curtis, George Morns, Ph D , M D Ohio State 
Umv , Kinsman Hall, Columbus Prof of Sur- 
gery, Chairman, Dept of Research Surgery (1, 
1933 , 4, 1933) 

Curtis, Howard J , Ph D Vanderbilt Umv School 
of Medicine, Nashville 4, Tenn Prof of Physiol- 
ogy (1, 1940) 

Cutting, Reginald A , M D , Ph D Georgetown 
Umv School of Medicine, 3900 Reservoir Rd , 
N W , Washington, D C Prof of Physiology and 
Dir of the Dept (1, 1939) 

Cutting, Windsor C , M D Stanford Umv School 


of Medicine, San Francisco, Calif Prof of 
Therapeutics (3, 1939) 

Daft, Floyd Shelton, Ph D Natl Insta of Health, 
Bethesda, Md Chief, Biochemistry and Nutri- 
tion Lab , Asst Dir , Exper Biology and Medi- 
cine Inst (2, 1949, 6, 1941) 

Daggs, Ray Gilbert, Ph D Med Dept , Field Re- 
search Lab , Fort Knox, Ky Dir of Research 
(1, 1935, S, 1933) 

Dakin, Henry D , D Sc , Ph JD Scarborough-on- 
Hudson, N Y (2, 1906) 

Dalldorf, Gilbert, M D New York State Dept of 
Health, Albany Dir , Div of Labs and Re- 
search (4, 1947) 

Dalton, Albert J , Ph D Natl Cancer Inst , Be- 
thesda, Md Principal Cytologist (4, 1942) 

Dam, Henrik, Ph D Biologisk Afdehng Danmarks 
Tekmske Hdjskole, 0stervoldgade 10 L, Copen- 
hagen, K, Denmark Professor (2, 1944, 6, 1943) 
D’ Amour, Fred E , Ph D 2311 S Josephine St , 
Denver, Colo Assoc Prof , Dept of Zoology, 
Umv of Denver (1, 1934) 

D’Amour, Mane C , Ph D , M D 2311 S Josephine 
St , Denver, Colo (1, 1934) 

D’Angelo, Savino A , Ph D New York Umv , 
Dept of Biology, Washington Square, New York 
City 3 Asst Prof of Biology (1, 1947) 

Darnel, Louise J , Ph D Cornell Umv , Savage 
Hall, Ithaca, N Y Asst Prof of Biochemistry 
(2, 1949) 

Darnels, Amy L , Ph D 720 N Van Buren St , 
Iowa City, Iowa (2, 1919,6, 1933) 

Damelson, Irvm S , Ph D Lederle Labs , Amer 
Cyanamid Co , 18 Bogert Ave , Pearl River, 
N Y Head, Biol Production, Animal Industry 
Section (2, 1937) 

Danowski, T S , M D Umv of Pittsburgh 
School of Medicine, Pittsburgh, Pa Remie- 
hausen Prof of Research Medicine (1, 1947) 
Darby, William J , M D , Ph D Vanderbilt Umv 
School of Medicine, Div of Nutntion, Nash- 
ville, Tenn Prof of Btochemislry, Asst Prof 
of Medicine (2, 1949 , 6, 1945) 

Darling, Robert Croly, M D 167 Glenwood Ave , 
Leoma, N J Columbia Umv College of Physi- 
cians and Surgeons, Dept of Medicine, New' 
York City 32 (1, 1944) 

Darrow, Chester W , Ph D Inst for Juvenile Re- 
search, 907 S Wolcott St , Chicago, Rl Re- 
search Psychologist, Assoc in Physiology, Umv 
of Hlinois College of Medicine (1, 1937) 

Darrow, Daniel Cady, M D Yale Umv School 
of Medicine, New Haven, Conn Prof of Pe- 
diatrics (2, 1936) 

Daubert, B F , Ph D Umv of Pittsburgh, 220 
Alumni Hall, Dept of Chemistry, Pittsburgh 13, 
Pa Research Prof and Research Admin (2, 
1947) 

Davenport, Horace Willard, Ph D Umv of Utah, 
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Dept of Physiologj , Salt Lake City 1 (1, 

1942) 

David, Norman Austin, M D Univ of Oregon 
Med School, Portland Prof of Pharmacology 
(3, 1934) 

Davidsohn, Israel, M D Mount Sinai Hospital, 
Chicago, Rl Pathologist and Dir of Labs , 
Chicago Med School, Prof of Pathology and 
Chairman of Dept (4, 1939, 6, 1929) 

Davidson, Charles S , M D Boston City Hospital, 
Thorndike Memorial Lab , Boston 18, Mass 
Assoc in Medicine, Harvard Med School, Assoc 
Dir , 8nd and J^lh Med Services, Boston City 
Hospital (5, 1949) 

Davies, Philip W , Ph D Johns Hopkins Umv , 
Bioph 3 'sics Dept , Baltimore 18, Md (1, 1948) 
Davis, Bernard D , M D Cornell Univ Med 
College, New York City Research Assoc, Sur- 
geon, USPHS (6, 1948) 

Davis, George Kelso, Ph D Nutrition Lab , Ani- 
mal Industry Dept , Agricultural E\per 
Station, Gainesville, Fla Nutritional Technol- 
ogist and Biochemist, Prof of Nutrition, Univ 
of Florida, Florida Agricultural Exper Station 
(5, 1944) 

Davis, Hallowell, M D Central Inst for the Deaf, 
818 S Kingshighway, St Louis 10, Mo (1, 
1925) 

Davis, Harry A , M D College of Med Evan- 
gelists, Dept of Surgery, 2007 Wilshire Blvd , 
Los Angeles 5, Cahf (4, 1944) 

Davis, John Emerson, Ph D Umv of Arkansas 
School of Medicine, Little Rock Prof of Phar- 
macology and Physiology (1, 1941, 3, 1941) 
Dawson, Charles R , Ph D Columbia Univ , 411 
Havemeyer Hall, New York City 27 Assoc 
Prof of Chemistry (2, 1946) 

Dawson, James Robertson, Jr , M D Umv of 
Mmnesota School of Medicine, Minneapolis 14 
Prof of Pathology (4, 1940) 

Day, Harry G , D Sc Indiana Umv , Dept of 
Chemistry, Bloomington Assoc Prof (2, 1948, 
5, 1940) 

Day, Paul L , Ph D Univ of Arkansas School of 
Medicine, Little Rock Prof of Biochemistry 
(2, 1934, 5, 1933) 

De, N N , M B Indian Inst of Science, P O 
Mallesu aram. Bangalore, India Asst Prof of 
Pharmacology (3, 1948) 

Dearborn, Earl H , Ph D Johns Hopkins Univ 
School of Medicine, 800 N Washington St , 
Baltimore 5, Md Instr in Pharmacology and 
Exper Therapeutics (3, 1946) 
de Beer, Edwin J , Ph D The Wellcome Research 
Labs , Tuckahoe, N Y Asst Dir of Research 
(3, 1944) 

De Bodo, Richard C , M D 477 First Ave , New 
York City Assoc Prof of Pharmacology, New 


York Univ College of Medicine (1, 1932, 3, 
1931) 

De Boer, Benjamin, Ph D St Louis Univ School 
of Medicine, 1402 S Grand Blvd , St Louis 4, 
Mo Asst Prof of Pharmacology (1, 1947, 3, 
1948) 

DeEds, Floyd, Ph D 344 Santa Ana Ave , San 
Francisco, Calif Principal Pharmacologist, 
Western Regional Research Lab , Albany, Calif 
(2, 1937, 3, 1927) 

Defandorf, James Holmes, Ph D Office of the 
Chief of the Chemical Warfare Service, Wash- 
ington, D C Colonel, Sn C (3, 1940) 
de Gara, Paul F , M D 200 Pinehurst Ave , Nev 
York City Instr in Pathology, Cornell Univ 
Med College, Physician, New York Hospital 
(6, 1941) 

DeGraff, Arthur C , M D New York Univ Col- 
lege of Medicine, New York City Prof of 
Therapeutics (3, 1937) 

de Gutierrez-Mahoney, C G , M D St Vincent’s 
Hospital, New York City Dir , Neurological 
Div and Neurosurgeon-in-Chief (1, 1940, 4, 
1941) 

Deichmann, William B , Ph D Albany Med 
College, Albany, N Y Assoc Prof and Head, 
Div of Pharmacology (3, 1941) 
del Pozo, E C , M D Medellin 196, Mexico, DF , 
Mexico (1, 1943) 

Dempsey, Edward W , Ph D Harvard Med 
School, Boston, Mass Assoc Prof of Anatomy 
(1, 1940) 

Denslow, J S , D 0 Ivirksville College of Oste- 
opathy, Still Memorial Research Trust, Ivirks- 
ville, Mo Researcher (1, 1949) 

Denstedt, Omlle F , Ph D McGill Umv , Dept 
of Biochemistry, Montreal, Que , Canada Assoc 
Prof (2, 1948) 

Derbyshire, Arthur J , Ph D Harper Hospital, 
EEG Dept , Detroit, Mich (1, 1939) 
de Savitsch, Eugene, M D Suite 24, 1150 Con- 
necticut Ave , Washington, D C Clinical Instr 
in Surgery, Georgetown Umv School of Mcdi 
cine. Surgeon, Doctors Hospital (4, 1934) 
Dettwiler, Herman A , Ph D Eh Lilly and Co , 
Indianapolis, Ind Asst Dir , Biological Dtv 
(6, 1946) 

Deuel, Harry J , Jr , Ph D Umv of Southern 
Cahforma, Los Angeles Prof of Btochemtslry 
and Dean of Grad School (1, 1928 , 2, 1924, 6, 
1933) 

Deulofeu, Venancio D Chem Casilla Correo 
2539, Buenos Aires, Argentina Prof of Organic 
Chemistry, Univ of Buenos Aires (2, 1942) 
Deutsch, Harold F , Ph D Univ of Wisconsin, 
Dept of Physiological Chemistry, Madison 6 
Assoc Prof (2, 1948) 

Dewey, Virginia C , Ph D Amherst College, Bio- 
logical Lab , Amherst, Mass Research Assoc , 
Dept of Biology 12, 1949) 
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Dej, Frederick L, PhD, MD Box 11, Sub- 
marine Base, New London, Conn Lt{]g), 
U SN R (1, 1945) 

Deyrup, Ingrith J , Ph D Barnard College, 
Columbia Univ , Dept of Zoologj , Neu York 
Citj 27 4ss/ Prof (1, 1949) 

Dickison, H L , Ph D Bristol Labs , Inc , 
Bldg 6, Sjracuse 1, N Y (3, 1946) 

Dieckmann, William J , M D The Chicago Ljung- 
In Hospital, 5S41 Marjdand Ave , Chicago 37, 
B1 Mary Campau Ryerson Prof and Chairman 
of Dept of Obsletncs and Gynecology, XJniv of 
Chicago (3, 1947) 

Dienes, Louis, M D Massachusetts General Hos- 
pital, Boston Bacteriologist (G, 1924) 

Dill, David Bruce, Ph D Med Div , Army Chemi- 
cal Center, Md Scientific Dir (1, 1941, 2, 
1927, 5, 1936) 

Dille, James M , Ph D , M D Univ of Washing- 
ton School of Medicine, Seattle 5 Prof of 
Pharmacology, Asst Dean (3, 1939) 

Dillon, Robert T , Ph D G D Searle and Co , 
Box 6110, Chicago 80, 111 Head, Analytical Div 
(2, 1934) 

Dingle, John H , Sc D , M D Western Reserve 
Univ School of Medicine, Cleveland 6, Ohio 
Prof of Preventive Medicine (6, 1941) 

Di Palma, Joseph R , M D Long Island College 
of Medicine, 350 Henry St , Brookl 3 Ti, N Y 
Assoc in Physiology (I, 1943) 

Dische, Zacharias, M D Columbia Univ College 
of Phj'sicians and Surgeons, Dept of Bio- 
chemistrj , 630 W 168th St , New York Citj-- 32 
(2, 1944) 

Dixon, Harold M , M D Army Inst of Pathology, 
Washington 25, D C (4, 1936) 

Doan, Charles A , M D Ohio State Univ College 
of Medicine, Columbus Dean, Prof of Medi- 
cine (4, 1928) 

Dobriner, Konrad, M D Sloan-Kettenng Inst , 
444 E 68th St , Neii York Citj 21 Member 
(2, 1946) 

Dodds, Mary L , Ph D Pennsylvania State Col- 
lege, State College Prof , Foods and Nutrition 
Research (6, 1948) 

Dohan, F Curtis, M D 80 Princeton Rd , 
Cnywj^d, Pa Fellow, George S Cox Med Re- 
search Inst , Assoc in Medicine, Univ of Penn- 
sylvania (1, 1941) 

Doisy Edward A , Ph D St Loms Umv School 
of Medicine, St Loms 4, Mo Prof of Biological 
Chemistry (2, 1920) 

Dolman, C E , D P H , Ph D Univ of British 
Columbia, Vancouver, B C , Canada Head of 
Dept of Bacteriology and Preventive Medicine 
(6, 1947) 

Dominguez, Rafael, M D Western Reserve Univ , 
Cleveland, Ohio Assoc in Pathology, Dir of 
Labs and Research, St Luke's Hospital (1, 
1935) 


Donahue, D D , D Sc Natl Insts of Health, 
Div of Industrial Hygiene, Bethesda, Md 
Physiologist, Toxicology Section (3, 1941) 

Dorfman, Albert, PhD , M D Univ of Chicago, 
Dept of Pediatrics, Clucago, 111 Asst Prof 
(2, 1948) 

Dorfman, Ralph I , Ph D Western Reserve Univ 
School of Medicine, Dept of Biochemistry, 
Cleveland, Ohio Asst Prof of Biochemistry 
(2, 1940) 

Dotti, Louis Basil, Ph D St Luke’s Hospital, 
Amsterdam Ave and 113th St , New York 
City Chemist, Lecturer in Physiology and Bio- 
chemistry, New York Med College (1, 1937) 

Doty, J Roy, Ph D American Dental Assoc , 222 
E Shperior St , Chicago, 111 Sr Chemist (2, 
1941) 

Doudoroff, Michael, Ph D Univ of California, 
Dept of Bacteriology , 3619 Life Sciences Bldg , 
Berkeley 4 Assoc Prof (2, 1946) 

Dounce, Alexander L , Ph D Strong Memorial 
Hospital, 260 Crittenden Blvd , Rochester 
N Y Instr in Biochemistry, Umv of Rochester 
School of Medicine and Dentistry (2, 1944) 

Doupe, Joseph, M D Medical College, Dept of 
Physiology^ and Med Research, Bannatyne and 
Emily, Winnipeg, Manitoba, Canada Professor 
(1, 1949) 

Dow, Philip, Ph D Univ of Georgia School of 
Medicme, Augusta Assoc Prof of Physiology 
(1, 1939) 

Dow, Robert S , M D , Ph D Umv of Oregon 
Med School, Portland, Assoc Prof of Anat- 
omy (1, 1940) 

Downs, Ardrey W , M D , D Sc Umv of Alberta, 
Edmonton, Alberta, Canada Prof of Physi- 
ology and Pharmacology (1, 1917) 

Downs, Cora M , Ph D 1625 Alabama St , 
Lawrence, Kan (6, 1929) 

Doyle, William Lewis, Ph D 930 E 58th St , 
Chicago 37, HI Assoc Prof of Anatomy, Umv 
of Chicago (1, 1946) 

Drabkin, David L , M D Univ of Pennsylvania 
Grad School of Medicine, Philadelphia 4 Prof 
and Chairman of Dept of Physiological Chem- 
istry (2, 1928 , 5, 1934) 

Dragstedt, Carl A, PhD, MD Northwestern 
Univ Med School, 303 E Chicago Ave , 
Chicago, HI Prof of Pharmacology (1, 1928, 
3, 1932) 

Dragstedt, Lester R , M D , Ph D Umv of 
Chicago, Chicago, HI Prof of Surgery (I, 
1920) 

Draize, J H , Ph D Food and Drug Adrmn , 
Div of Pharmacology , Federal Security 
Agency , Washington, D C Pharmacologist (3, 
1940) 

Drake, T G H , M B Umv of Toronto, Toronto, 
Canada Jr Demonstrator in Pediatrics, Dept 
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of Medicine, Assoc Dir , Research Lab , Hos- 
pital for Sick Children (6, 1936) 

Draper, William B , M Sc , M D Umv of 
Colorado School of Medicme, 4200 E 9th Ave , 
Denver Assoc Prof of Physiology and Pharma- 
cology (1, 1947 , 3, 1938) 

Dreisbach, Robert H , Ph D , M D Stanford 
Umv School of Medicme, San Francisco 16, 
Calif Asst Prof (3, 1945) 

Dreyer, Nicholas Bernard, M A Univ of Ver- 
mont School of Medicme, Burlington Assoc 
Prof of Physiology and Pharmacology (3, 1942) 
Drill, Victor Alexander, Ph D , M D Wayne Umv 
College of Medicme, Detroit 26, Mich Prof of 
Pharmacology (1, 1943 , 3, 1946) 

Drinker, Cecil K , M D P O Box 602, Falmouth, 
Mass (1, 1916) 

Dnpps, Robert D , M D Umv of Pennsylvama 
School of Medicme, Philadelphia 4 Prof of 
Anesthesiology, Lecturer in Pharmacology ( 1 , 
1947, 3, 1946) 

Driver, Robert L , M D , Ph D Humboldt, Ten- 
nessee (1, 1946, 3, 1947) 

Drury, Douglas R , M D Umv of Southern 
California, Los Angeles Prof of Physiology 
(1, 1932) 

Dubin, Harry E , Ph D 11 W 42nd St , New York 
City 18 President, H E Dubtn Labs , Inc (2, 
1925) 

Dubin, Isadore N , M D Natl Cancer Inst , 
Bethesda, Md (4, 1947) 

Dubnoff, Jacob W , Ph D 1201 E Cahforma St , 
Pasadena 4, Calif Sr Research Fellow, Cali- 
fornia Inst of Technology (2, 1946) 

DuBois, Eugene F , M D Cornell Umv Med 
School, 1300 York Ave , New York City Prof 
and Head of Dept of Physiology and Biophysics, 
Attending Physician, New York Hospital ( 1 , 
1913,3, 1921,6, 1936) 

Du Bois, Kenneth P , Ph D Umv of Chicago, 
Dept of Pharmacology, Chicago 37, HI Asst 
Prof of Pharmacology (3, 1946) 

Dnbos, Rene J , Ph D , D Sc Rockefeller Inst 
for Med Research, 66th St and York Ave > 
New York City Head of Dept of Bacteriology 
(6, 1938) 

Dugal, L Paul, Ph D Laval Umv Med School, 
Research Dept on Acchmatization, Quebec 
Citj , Canada Research Prof and Head of Dept , 
Assoc Dir of Inst of Hygiene (1, 1947) 

Dukes, H H , D VJM , M S Cornell Umv , New 
York State Veterinary^ College, Ithaca Prof 
of Veterinary Physiology (1, 1934) 

Dulaney, Anna D , Ph D Umv of Tennessee, 
Pathological Inst , Memphis Assoc Prof of 
Bacteriology, Med School (6, 1924) 

Dumke, Paul Rudolph, M D Clinical Research 
Section, Med Research Lab , Army Chemical 
Center, Md Instr in Pharmacology, Univ of 
Pennsylvania, Captain, M C (3, 1942) 


Dunlap, Charles E , M D Tulane Umv of Lou- 
isiana, 1430 Tulane Ave , New Orleans Prof 
of Pathology (4, 1942) 

Dunn, Max Shaw, Ph D Umv of California, Los 
Angeles Prof of Chemistry (2, 1933) 

Dunn, Thelma Brumfield, MD Natl Cancer 
Inst , Bethesda, Md Pathologist (4, 1945) 
Dnriacher, Stanley H Med Div , Army Chemical 
Center, Md Chief, Section on Pathology (1, 
1949) 

Dury, Abraham, Ph D Dorn Lab for Med Re- 
search, Bradford Clinic, Bennett at Pleasant 
St , Bradford, Pa Asst Dir of Research (1, 
1948) 

Dntcher, James D , Ph D Sqmbb Inst for Med 
Research, New Brunswick, N J Research 
Assoc , Div of Organic Chemistry (2, 1946) 
Dntcher, R Adams, D Sc Pennsylvama State 
College, State College Prof and Head of Dept 
of Agricultural Biochemistry (2, 1920, 6, 1933) 
Duval, Charles Warren, M D Sacred Heart Hos- 
pital, Pensacola, Fla Prof Emeritus of Pathol- 
ogy and Bacteriology, Tulane Univ (4, 1913) 
dn Vigneaud, Vincent, Ph D Cornell Umv Med 
College, 1300 York Ave , New York City 21 
Prof of Biochemistry (2, 1929 , 5, 1934) 

Dworkin, Simon, D D S , M D McGill Umv , 
Biology Building, Montreal, Quebec, Canada 
Lecturer in Physiology, Faculty of Medicine 
(1, 1931) 

Dye, J A , Ph D Cornell Umv , James Law Hall 
Ithaca, N Y Prof of Physiology (1, 1929) 
Dye, Marie, Ph D Michigan State College, East 
Lansing Dean, School of Home Economics (2, 
1929 , 5, 1933) 

Dyer, Helen M , Ph D Natl Cancer Inst 
Bethesda, Md Biochemist (2, 1936, 5, 1937) 
Dziemian, Arthur J , Ph D Med Div , Army 
Chemical Center, Md Physiologist, Biophysics 
Section (1, 1948) 

Eadie, George S , Ph D Duke Umv School of 
Medicine, Box 3709, Durham, N C Prof of 
Physiology and Pharmacology (1, 1929, 3, 1940) 
Eagle, Harry, M D Natl Lists of Health, Bethes- 
da, Md Chief of Section on Exper Therapeutics, 
Microbiological Inst (3, 1946 , 4, 1936 , 6, 1946) 
Eakin, Robert E , Ph D Umv of Texas, Dept of 
Chemistry, Austin Assoc Prof of Chemistry 
(2, 1948) 

Earle, D P , Jr , M D , Med Sc D Nen York 
Umv College of Medicine, 477 First Ave , 
New York City 16 Assoc Prof of Medicine 
(1, 1947) 

Earle, Wilton R , Ph D Natl Cancer Inst , 
Bethesda, Md Cylologist, Head of Tissue Cul- 
ture Unit (4, 1940) 

Eaton, Monroe D , M D Harvard Med School, 
Boston, Mass Assoc Prof of Bacteriology and 
Immunology (6, 1937) 
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Eckenhoff, James E , M D Hospital of the Umv 
of Pennsylvania, Philadelphia ^ssoc in Clin- 
ical Pharmacology and Anesthesiology (1, 1948) 
Ecker, E E , Ph D Western Reserve Univ Scliool 
of Medicine, 2086 Adelbert Rd , Cleveland, 
Ohio Pro/ o/ Immunology (4, 1925 , 6, 1947) 
Eckstein, Gustav, M D Univ of Cincinnati Col- 
lege of Medicine, Cincinnati, Ohio Assoc Prof 
of Physiology (1, 1948) 

Eckstein, Henry C , Ph D Umv of Michigan, 
320 W Med Bmlding, Ann Arbor Assoc Prof 
of Biological Chemistry (2, 1925) 

Eckstein, R W , M A , M D Western Reserve 
Univ , Dept of Medicine, Cleveland, Ohio Sr 
Inslr , in charge of Cardiovascular Exrpcr Med 
Research Lab (1, 1947) 

Eddy, Bernice E , Ph D Natl Insts of Health, 
Inst of Microbiology, Bethesda 14, Md Sr 
Bacteriologist (6, 1949) 

Eddy, Nathan B , M D Natl Insts of Health, 
Bethesda, Md Principal Pharmacologist (3, 
1929) 

Eddy, Walter H , Ph D Box 969 Lake Worth, 
Fla Scientific Dtr , American Chlorophyll, Inc 
(2, 1913, 6, 1933) 

Edelmann, Abraham, Ph D Brookhaven Natl 
Labs , Upton, L I , N Y Physiologist (1, 
1948) 

Ederstrora, Helge E , Ph D St Louis Umv 
School of Medicine, Dept of Phj'siologj, 1402 
S Grand Blvd , St Louis 4, Mo Asst Prof 
(1, 1949) 

Edholm, O G , M B Umv of Western Ontario 
Med School, London, Ontario, Canada Head, 
Dept of Physiology (1, 1948) 

Edsall, Geoffrey, M D Boston Umv School of 
Medicine, 80 E Concord St , Boston 18, Mass 
Prof of Bacteriology (6, 1943) 

Edsall, John Tileston, M D Harvard Med 
School, Boston, Mass Assoc Prof of Biological 
Chemistry, Tutor in Biochemical Sciences (2, 
1931) 

Edwards, Dayton J , Ph D Cornell Umv Med 
College, 1300 York Ave , New York City Assoc 
Prof of Physiology, Asst Dean (1, 1921) 
Edwards, Jesse E , M D Mayo Clmic, Rochester 
4, Minn Asst Prof of Pathologic Anatomy, 
Mayo Foundation (4, 1941) 

Edwards, J Graham, Ph D 24 High St , Buffalo, 
N Y Assoc Prof of Anatomy, Umv of Buffalo 
(1, 1932) 

Eggerth, Arnold H , Ph D Hoagland Lab , 335 
Henry St , Brooklj n, N Y Assoc Prof of 
Bacteriology, Long Island College of Medicine 
(4, 1925) 

Ehrenstein, Maximilian R , Ph D Univ of Penn- 
sylvania Hospital, 806 Malouej Clinic, 36th 
and Spruce Sts , Philadelphia 4 Assoc Prof of 
Physiological Chemistry assigned to Medicine, 


Umv of Pennsylvania School of Medicine (2, 
1942) 

Ehrich, William E , M D Umv of Pennsylvania, 
Philadelphia Prof of Pathology, Grad School 
of Medicine, Chief, Div of Pathology, Philadel- 
phia General Hospital (4, 1946) 

Eichelberger, Lillian, Ph D Umv of Chicago, 
Dept of Surgery, Chicago, 111 Assoc Prof of 
Biochemistry (2, 1937) 

Eichna, Ludwig W , M D New York Umv Col- 
lege of Medicine, Dept of Medicine, 477 First 
Ave , New York City 16 Assoc Prof of Medi- 
cine, Visiting Physician, Bellevue Hospital (1, 
1949) 

Eller, John J , Ph D Umv of California Med 
Center, San Francisco 22 Assoc Prof of Bio- 
chemistry and Pharmacology, Univ of California 
College of Pharmacy (2, 1948) 

Elsenman, Anna J , Ph D U S Public Health 
Service Hospital, Lexington, Ky Biological 
Chemist (2, 1930) 

Elberg, Sanford S , Ph D Umv of California, 
Berkeley Assoc Prof of Bacteriology (6, 1948) 
Elderfield, Robert C , Ph D Columbia Umv , 
New York City Prof of Chemistry (2, 1934) 
Elftman, Herbert, PhD Columbia Umv Col- 
lege of Physicians and Surgeons, 630 W 168th 
St , New York City Assoc Prof in Anatomy, 
(1, 1940) 

Eliot, Martha M , M D World Health Organiza- 
tion, Palais des Nations, Geneva, Switzerland. 
Asst Dir General {5, 1933) 

Elklnton, J Russell, M D Umv of Pennsylvania- 
Hospital, Dept of Medicme Philadelphia (1, 
1947) 

Elliott, Henry W , Ph D Umv of California 
Med School, San Francisco Instr in Pharma- 
cology and Lecturer in Denial Pharmacology and 
Toxicology (3, 1948) 

Elliott, K Allan C , Ph D Montreal Neurological 
Inst , 3801 Umv St , Montreal, Que , Canada 
Asst Prof of Exper Neurology and Biochem- 
istry (2, 1937) 

Ellis, C H , Ph D Labs of Gordon A Alles, 770 
S Arroyo Parkwa}^ Pasadena 5, Calif Re- 
search Assoc in Physiology (1, 1947) 

Ellis, Fred W , Ph D Umv of North Carolina, 
Chapel Hill Asst Prof of Pharmacology (3, 
1945) 

Ellis, Lillian N , Ph D Adelphi College, Garden 
Citj% N Y Instr in Chemistry (5, 1940) 

Ellis, Max Mapes, Ph D Umv of Missoun Med 
School, Columbia Prof of Physiology and Phar- 
macology (1, 1923) 

Ellis, N R , M S U S Dept of Agriculture, 
Bureau of Animal Industry, Beltsville, Md 
Isst Chief, Animal Husbandry Div (2, 1928, 
5, 1933) 
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Ellis, Sidney, Ph D Temple Univ Med School, 
Dept of Pharmacology^ Philadelphia, Pa (3, 
1947) 

Elrod, Ralph P , Ph D Univ of South Dakota 
Med School, Verrmllion Chairman of Dept 
of Microbiology (6, 1947) 

Elser, William J , M D Kent, Conn (6, 1920) 
Elvehjem, Conrad Arnold, Ph D Umv of Wis- 
consin, Biochemistry Bldg , Madison Chair- 
man, Dept of Biochemistry, Dean of Grad 
School (2, 1931, 5, 1933) 

Embree, Norris Dean, Ph D Distillation Prod- 
ucts, Inc , 755 Ridge Rd W , Rochester 13, 
N Y Dir of Research (2, 1946) 

Emerson, George A , Ph D Univ of Texas, Med 
Branch, Galveston Prof of Pharmacology (3, 
1935) 

Emerson, Gladys A , Ph D Merck Inst of Ther- 
apeutic Research, Rahway, N J Nutritionist 
(5, 1942) 

Emerson, Oliver H , Ph D U S Dept of Agri- 
culture, Western Regional Research Lab , Al- 
bany 6, Calif Assoc Chemist (2, 1938) 

Emery, Frederick E , D V M , Ph D Univ of 
Arkansas School of Medicine, Little Rock Prof 
of Physiology and Pharmacology (1, 1930) 
Emmart, Emily W , Ph D Natl Insts of Health, 
Bethesda 14, Md (3, 1947) 

Emmett, Arthur D , Ph D Star Route 1, Lewiston, 
Mich (2, 1908, 5, 1933) 

Enders, John F , Ph D Harvard Univ Med 
School, Dept of Bacteriology, Boston, Mass 
Assoc Prof of Bacteriology and Immunology, 
Chief, Research Div of Infectious Diseases, 
Children’s Hospital (6, 1936) 

Endicott, Kenneth M , M D USPHS, Natl Insts 
of Health, Bethesda 14, Md Chief of Section 
on Metabolic and Degenerative Disease (4, 1947) 
Engel, Frank L , M D Duke Umv School of 
Medicine, Durham, N C Asst Prof of Medi- 
cine (1, 1947) 

Engel, Lewis L , Ph D , Massachusetts General 
Hospital, Huntington Labs , Boston Research 
Assoc in Biological Chemistry, Harvard Med 
School, Tutor in Biological Sciences, Harvard 
Umv (2, 1949) 

Engel, Ruben W , Ph D Alabama Polytechnic 
Inst , Lab of Animal Nutrition, Auburn Ani- 
mal Nutritionist (6, 1948) 

Engle, Earl Theron, Ph D Columbia Umv Col- 
lege of Physicians and Surgeons, 630 W 168th 
fot , New York City Prof of Anatomy (1, 
1930) 

English, James, Jr , Ph D Yale Umv , Sterhng 
Chemistry Lab , New Haven, Conn Asst Prof 
of Chemistry (2, 1946) 

Enright, John B , Ph D State of California Dept 
of Public Health, Berkeley Supervising Bac- 
teriologist (6, 1948) 


Epstein, Albert A , M D 1111 Madison Ave , 
New York City Physician, Beth Israel Hospital 
and Hospital for Joint Diseases (2, 1912) 

Ercoli, N , M D , Ph D Warner Inst for Ther- 
apeutic Research, New York City 11 Dir of 
Pharmacological Research (3, 1947) 

Erickson, Cyrus C , M D Duke Umv School of 
Medicine, Durham, N C Assoc Prof of Pathol- 
ogy (4, 1941) 

Erickson, John Otto, Ph D Veterans Admm 
Center, Radioisotope Lab , Wdshire and Saw- 
telle Blvds , Los Angeles 25, Calif (6, 1946) 
Eschenbrenner, Allen B , M D Natl Insts of 
Health, Bethesda 14, Md (4, 1946) 

Espe, Dwight L , Ph D State College Station , 
Dept of Dairy Husbandry, Fargo, N D 
(1, 1940) 

Essex, Hiram E , Ph D Mayo Foundation, Inst 
of Exper Medicine, Rochester, Minn Prof of 
Physiology (1, 1932, 3, 1940) 

Ettinger, C H , M D , C M Queen’s Umv , 
Kingston, Ontario, Canada Prof of Physiology, 
Asst Dir , Div of Med Research, Natl Re- 
search Council, Otlaica (1, 1943) 

Evans, Earl Alison, Jr , Ph D Umv of Chicago, 
Dept of Biochemistry , Chicago, Rl Prof and 
Chairman of Dept (2, 1939) 

Evans, Everett Idris, M D , Ph D Med College 
of Virginia, Richmond Prof of Surgery, Dir , 
Lab of Surgical Research (1, 1935) 

Evans, Gerald Taylor, M D , Ph D Umv of 
Minnesota Hospitals, Minneapolis Dir of Lab 
Sermce, Assoc Prof of Medicine, Univ of 
Minnesota (1, 1942) 

Evans, Herbert M , M D Umv of Cahfornia, 
Berkeley Prof of Anatomy and Dir of Inst 
of Exper Biology (1, 1919) 

Evans, Titus C , Ph D State Umv of Iowa, 
College, of Medicine, Iowa City Research Prof, 
Head of Radiation Research Lab (1, 1949) 
Eveleth, D F , Ph D , D V M North Dakota 
Agricultural College, Fargo Prof of Veterinary 
Science, North Dakota Agricultural Exper Sta- 
tion (2, 1939) 

Ebrerett, Mark R , Ph D Umv of Oklahoma 
School of Medicme, 800 N E 13th St , Okla- 
homa City 4 Dean, School of Medicine, Supt of 
Univ Hospitals (2, 1929) 

Everson, Gladys, Ph D Ion a State College, Ames 
Assoc Prof of Nutrition (6, 1948) 

Ewing, P L , Ph D Umv of Texas School of 
Medicme, Galveston Assoc Prof of Pharma- 
cology (3, 1938) 

Eyster, John A English, M D Umv of Wiscon- 
sin, Madison Prof of Physiology (1» 1906, 3B, 
1908) 

Fahr, George, M D Umv of Minnesota, 102 
Millard Hall, Minneapolis Prof of Clinical 
Medicine (1, 1913 , 3, 1940) 
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Failey, Craw ford F , Ph D 416 S 6tli St , Terre 
Haute, Ind Prof of Biochemistry, Univ of 
Chicago (2, 1933) 

Fairhall, Lawrence T , Ph D USPHS, Washing- 
ton, D C Principal Industrial Toxicologist 
(2, 1924) 

Falk, Carolyn R , B A 40 E 66th St , New York 
Citj Bacteriologist, Bureau of Labs , Dept of 
Health (G, 1943) 

Falk, K George, Ph D 40 E 66th St , New York 
Citj Dir , Lab of Industrial Hygiene (2, 1913) 
Farah, Alfred E , iM D Univ of Washington 
School of Medicine, Seattle Asst Prof of 
Pharmacology (3, 1948) 

Farber, Sidney, M D Harvard Med School, 25 
Shattuck St , Boston, Mass Asst Prof of 
Pathology (4, 1934) 

Fanner, Chester J , A M Northwestern Univ Med 
School, 303 E Chicago Ave , Chicago, HI 
Prof of Chemistry (2, 1935) 

Farr, Lee E , M D Brookhaven Natl Lab , 
Upton, L I , N Y Dir , Dept of Med Sciences, 
Phystcian-in-Chief, Brookhaven A^all Lab Hos- 
pital (4, 1941) 

Farrar, George E , Jr , M D Wj eth Inc , 1600 
Arch St , Philadelphia 3, Pa Med Dtr (3, 

1947) 

Farrell, Janies L , Ph D , M D 636 Church St , 
Evanston, HI (1, 1938) 

Fassett, David W , M D Eastman Kodak Co , 
Lab of Industrial Medicine, Kodak Park 
Works, Rochester, N Y (3, 1942) 

Fay, Manon, Ph D Woman’s Med College of 
Pennsj Ivania, Philadelphia 29 Dean, Prof of 
Physiological Chemistry (2, 1937) 

Featherstone, Robert M , Ph D State Univ of 
Iowa, College of Medicine, Iowa Citj Asst 
Prof of Pharmacology (3, 1947) 

Feigen, George A , Ph D Stanford Univ , Dept 
of Phjsiologj^ Stanford, Calif Instructor (1, 

1948) 

Feldman, Harry A , M D 704 Crawford Ave , 
Syracuse 10, N Y (6, 1943) 

Feldman, William H , D V M , MS Majm 
Foundation, Rochester, Minn Prof in the Div 
of Exper Surgery and Pathology (4, 1934) 

Fell, Norbert, Ph D Camp Detnck, Frederick, 
Aid Chief, Pilot Plant Div (6, 1944) 

Feller, A E , M D Western Reserve School of 
Aledicine, Cleveland 6, Ohio Assoc Prof of 
Preventive Medicine (6, 1943) 

Fellows, Edwin J , Ph D Temple Univ School 
of Aledicine, Philadelphia, Pa Asst Prof of 
Pharmacology (3, 1939) 

Pelsenfeld, Oscar, M D , D T M & H Hektoen 
Research Inst , 629 South Wood St , Chicago 
12, HI Dir of Bacteriology (G, 1949) 


Felton, Lloyd D , M D , D Sc USPHS, Natl 
lasts of Health, Bethesda, Md Med Dir (G, 
1920) 

Fenn, Wallace Osgood, Ph D Univ of Rochester 
School of Medicine and Dentistry, 260 Cnt- 
tenden Blvd , Rochester, N Y Prof of Phys- 
iology (1, 1924) 

Penning, Con, M D Univ of Utah School of 
Medicine, Salt Lake City Prof of Pharma- 
cology and Physiology (1, 1942) 

Fenton, P F , Ph D Brown Univ , Providence, 
R I Assoc Prof of Biology (1, 1947 , 5, 1949) 
Ferguson, Frederick P , Ph D Univ of Maryland 
School of Medicine, Dept of Physiology, Balti- 
more 1 (1, 1949) 

Ferguson, James Kenneth Wallace, M A , M D 
76 Kilbarry Rd , Toronto, Ont , Canada Prof 
of Pharmacology, Univ of Toronto, Wing Comdr , 
RCAF (1,1933,3,1941) 

Ferguson, John, Ph D Creighton Univ School of 
Medicine, Omaha 2, Neb Asst Prof of Phys- 
iology (1, 1949) 

Ferguson, John Howard, MA, MD Univ of 
North Carolina School of Medicine, Dept of 
Phjsiology, Chapel Hill Prof of Physiology 
and Acting Prof of Pharmacology (1, 1933) 
Ferguson, L Kraeer, M D 133 S 36th St , Phila- 
delphia 4, Pa Prof of Surgery, Grad School, 
Univ of Pennsylvania, Surgeon, Doctors’ Hosp 
and Woman’s Med College, Philadelphia General 
Hosp (4, 1935) 

Ferguson, Ralph L , M D Univ of South Dakota 
Med School, Dept of Pathologj', Vermillion 
Prof of Pathology (4, 1949) 

Ferry, John Douglass, Ph D Univ of Wisconsin, 
Dept of Chemistry, Madison Prof of Chem- 
istry 12, 1941) 

Ferry, Ronald M , M D 966 Alemorial Drive, 
Cambridge, Mass Assoc Prof of Biochemistry, 
Harvard Univ (2, 1924) 

Fetcher, Edwin S , Ph D Steamboat Springs, 
Colo (1, 1944) 

Fetter, Dorothy, Ph D Brooklj n College, Dept 
of Hygiene, Brookhn, N Y Instr in Phys- 
iology (1, 1944) 

Fevold, Harry L , Ph D Quartermaster Food and 
Container Inst , 1849 W Pershing Rd , Chicago 
9, 111 Chief, Food Research Div (2, 1942) 

Field, John, H, Ph D Navy Dept Office of Naval 
Research, Med Sciences Div , Washington, D C 
Head of Ecology Branch (1, 1930) 

Fincke, Margaret L , Ph D Oregon State Col- 
lege, Corvallis Assoc Prof of Foods and Nutri- 
tion, School of Home Economics (5, 1940) 

Findley, Thomas, Jr , AI D Ochsner Clinic, 3503 
Prytama, New Orleans, La Head of Dept of 
Internal Medicine, Asst Prof of Clinical Medi- 
cine, Tulanc Univ School of Medicine (1, 1938) 
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Finer ty, John C , Ph D Univ of Texas Med 
Branch, Dept of Anatomy, Galveston Assoc 
Prof of Anatomy (1, 1947) 

Finland, Maxwell, M D Boston City Hospital, 
Boston, Mass Assi Prof of Medicine, Harvard 
Med School (6, 1941) 

Finnegan, J K , Ph D Med CoUego of Virginia, 
Richmond 19 Asst Prof of Pharmacology (3, 
1947) 

Flror, Warfield Monroe, M D Johns Hopkins 
Hospital, Baltimore, Md Assoc Prof of Sur- 
gery, Johns Hopkins Univ (1, 1932) 

Fischel, Edward E , M D , D Med Sc 23 HAven 
Ave , New York City 32 Fellow in Medicine, 
Columbia Univ (6, 1948) 

Fischer, Ernst, M D Med College of Virgima, 
Richmond Prof of Physiology (1, 1936) 

Fischer, Hermann O L , Ph D Umv of Cali- 
fornia, Virus Lab , Forestry Bldg , Berkeley 4 
Lecturer, Dept of Biochemistry (2, 1940) 

Fischer, Martin H , M D Umv of Cmcmnati 
College of Medicine, Eden Ave , Cmcmnati 
19, Ohio Prof of Physiology (1, 1901, 2, 1919) 

Fishberg, Ella H , M A , M D Beth Israel Hos- 
pital, Stuyvesant Park E , New York City 
Biochemist (2, 1931) 

Fisher, Alpert Madden, Ph D Umv of Toronto, 
Connaught Med Research Labs , Toronto 5, 
Ont , Canada Research and Admin Assoc (2, 
1944) 

Fisher, Kenneth C , Ph D Umv of Toronto, 
Toronto, Ont , Canada Asst Prof of Physio- 
logical Zoology (1, 1940) 

Fishman, Wililam H , Ph D Tufts College Med 
School, 30 Bennet St , Boston 15, Mass Re- 
search Prof of Biochemistry (2, 1947) 

Fiske, Cyrus H , M D Harvard Med School, 
Boston, Mass Pi of of Biological Chemistry 
(2, 1914) 

Fitzhngh, O Garth, Ph D Federal Security 
Agency, Food and Drug Admin , Div of Phar- 
macology, Washington, D C Pharmacologist 
(3, 1940) 

Fleischmann, Walter, M D , Ph D Med Div , 
Army Chemical Center, Md Chief, Physiology 
Section, Instr in Pediatrics, Johns Hopkins 
Univ (1, 1940) 

Fleisher, Moyer S, MD Jenish Hospital, St 
Louis, Mo Research Bacteriologist (4, 1924, 6, 
1932) 

Flexner, Louis B , M D Carnegie Labs , Carnegie 
Inst of Washington, Wolfe and Madison Sts , 
Baltimore 5, Md Staff member. Dept of Embry- 
ology (1,1933 , 2, 1948) 

Flick, John A Umv of Pennsylvania School of 
Medicine, Dept of Bacteriology^, Philadelphia 
4 (6, 1949) 

Flock, Eunice V , Ph D hlaym Clinic, Rochester, 


Minn Assoc Prof in Ezper Medicine, Mayo 
Foundation, Umv of Minnesota (2, 1940) 
Florman, Alfred L , M D Mt Smai Hospital, 
New York City Investigator in Virology (6, 
1942) 

Flosdorf, Earl W , Ph D Forest Grove, Pa Dir 
of Research, Umv of Pennsylvania School of 
Medicine (6, 1941) 

Floyd, Cleveland, M D , Sc D 246 Marlborough 
St , Boston, Mass Chief Examiner, Boiton 
Health Dept (6, 1916) 

Foa, Piero Pio, Ph D 710 S Wolcott St , Chicago, 
ni Assoc Prof of Physiology and Pharma- 
cology, Chicago Med School (1, 1944) 

Folch, Jordi, M D McLean Hospital, Waverly, 
Mass Asst Prof of Biological Chemistry, Har- 
vard Med School, Dir of Scientific Research, 
McLean Hospital (2, 1941) 

Folkers, Earl, Ph D Merck and Co , Inc , Rah- 
way, N J Dir of Organic and Biochemical 
Research (2, 1947) 

Follensby, Edna M , Ph D 80 E Concord St , 
Boston, Mass Research Asst , Evans Memorial, 
Special Instr in Biology, Simmons College (6, 
1933) 

Follis, Richard H , Jr , M D Johns Hopkins 
Umv School of Medicine, Baltimore, Md 
Assoc Prof of Pathology (4, 1942) 

Fontaine, Thomas Davis, Ph D U S Dept of 
Agriculture, Bureau of Agnc and Indust 
Chemistry, Beltsville, Md Biochemist, Head, 
Div of Biologically Active Compounds (2, 1946) 
Foot, Nathan Chandler, M D Cornell Umv Med 
College, New York City Prof Emeritus of 
Surgical Pathology (4, 1924) 

Forbes, Alexander, AM , M D Harvard Um- 
versity. Biological Labs , Divimty Ave , Boston, 
Mass (1, 1910) 

Forbes, Ernest B , Ph D State College, Pa Prof 
Emeritus of Animal Nutrition (IR, 1917, 6, 

1936) 

Forbes, John C , Ph D Med College of Virgmia, 
Richmond Research Prof of Biochemistry (2, 

1937) 

Forbes, William H , Ph D Harvard Umv , 
Boston, Mass Asst Dir , Fatigue Lab , Asst 
Prof of Industrial Physiology (1, 1943) 

Forster, Francis M , M D Jefferson Med Col- 
lege, Philadelphia, Pa Asst Prof of Neurology 
(1, 1948) 

Fosdick, Leonard S , Ph D 311 E Chicago Ave , 
Chicago, HI Prof of Chemistry, Northwestern 
Umv (2, 1944) 

Foster, G L , Ph D Columbia Umv , College of 
Physicians and Surgeons, 630 W 168th St , 
New York City Prof of Biological Chemistry 
(2, 1923) 

Foster, Harry E , M D Fairmont Hotel, San 
Francisco, Cabf (6, 1913) 
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Foster, Jackson W , Ph D Univ of Texas, Dept 
of Bacteriology, Austin 12 Prof of Bacter- 
iology (2, 1946) 

Foster, Robert H K , Ph D , M D St Louis 
Umv School of Medicine, St Louis, Mo Prof 
and Dir of Dept of Pharmacology (1, 1940, 3, 
1944) 

Foster, Ruth A C , Ph D Princeton Univ , 
Princeton, N J (6, 1943) 

Fothergill, LeRoy D , M D Camp Dotrick, 
Frederick, Md ^isst Technical Dir (6, 1936) 
Fox, Sidnej W , Ph D low a State College, Chem- 
istry Dept , Ames Prof of Chemistry, Prof tn 
charge, Chcmislry Section, Iowa Agricultural 
Exper Station (2, 1946) 

Fraenkel, Gottfried S , Ph D Umv of Illinois, 
Urbana Prof of Entomology (5, 1949) 
Fraenkel-Conrat, Heinz, M D , Ph D U S Dept 
of Agriculture, Western Regional Research 
Lab , Albany 6, Calif Sr Chemist (2, 1942) 
Francis, Thomas, Jr , M D Umv of Michigan 
School of Public Health, Ann Arbor Henry 
Sewall Prof of Epidemiology (4, 1940, 6, 1930) 
Franke, Florent E , M D 9 Sylvester Ave , Web- 
ster Groves, Mo Assi Prof of Physiology, St 
Louis Umv School of Medicine (1, 1934) 
Frankel, Edward M , Ph D 214 River Rd , Nyack 
9, N Y Consulting Chemist (2, 1016) 

Fraps, R M , Ph D Bureau of Animal Husbandry, 
Beltsville, Md Sr Physiologist (1, 1947) 
Fraser, Donald T , MB, D P H Umv of To- 
ronto, Connaught Labs , Toronto 5, Canada 
Prof of Hygiene and Preventive Medicine (6, 
1935) 

Frear, Donald E H , Ph D Pennsylvania State 
College, Dept of Agricultural and Biological 
Chemistrjf, State College Prof of Agricultural 
and Biological Chemistry (2, 1946) 

Fredette, Victorian Umv of Montreal, Montreal, 
Que , Canada Asst Prof of Bacteriology, Assoc 
Dir , Inst of Microbiology (6, 1948) 

Free, Alfred H , Ph D Miles Labs , Inc , Re- 
search Lab , Elkhart, Ind Head of Biochemistry 
Section (2, 1946 , 5, 1944) 

Freeman, Harry, M D Worcester State Hospital, 
Worcester, Mass Internist, Research Service 
(1. 1939) 

Freeman, Leslie Willard, Ph D , M D Umv of 
Indiana, Dept of Surgery, Indianapolis Asst 
Prof of Surgery, Dir of Surgical Research (1, 
1944) 

Freeman, Norman E , M D Umv of California 
Med School, Dept of Surgery , San Francisco 
22 (1, 1936) 

Freeman, Smith, M D , Ph D Northwestern 
Umv School of Medicine, 303 E Chicago Ave , 
Chicago, ni Prof and Chairman of Dept of 
Exper Medicine (1, 1937) 

French, Cyrus E , Ph D Pcnnsydiania State Col- 


lege, State College Assoc Prof of Animal 
Nutrition (5, 1948) 

French, C Stacy, Ph D Carnegie Institution of 
Washington, Stanford Umv , Calif Dir , Div 
of Plant Biology (1, 1947, 2, 1946) 

Freund, Jules, M D Public Health Research 
Inst of the City of New York, New York City 
Chief of the Dtv of Applied Immunology (6, 
1924) 

Frey, Charles N , Ph D Standard Brands Inc , 
695 Madison Ave at 57th St , New York City 
22 Dir , Scientific Relations (6, 1948) 

Fried, Josef, Ph D Squibb Inst for Med Re- 
search, New Brunswick, N J Assoc Member, 
Div of Organic Chemistry (2, 1948) 

Friedemann, Theodore E , Ph D Northwestern 
Umv Med School, 303 E Chicago Ave , Chi- 
cago, HI Assoc Prof of Physiology (2, 1925) 
Friedemann, Ulnch, MD Jewish Hospital of 
Brooklyn, Dept of Bacteriology, Classon and 
St Marks Ave , Brookljm, N Y (6, 1938) 
Friedenwald, Jonas S , M A , M D 1212 Eutaw 
Place, Baltimore 17, Md Assoc Prof of 
Ophthalmology, Johns Hopkins Hospital (1, 
1947) 

Friedewald, William F , M D Emory Univ 
School of Medicine, Atlanta, Ga Prof of Bac- 
teriology, Assoc Prof of Medicine (4, 1941) 
Fnedgood, Harry B , M D Umv of California, 
Los Angeles Assoc Clinical Prof of Medicine, 
Pres and Chairman, California Inst of Cancer 
Research (1, 1936) 

Friedman, Maunce H , Ph D , M D 2040 Bel- 
mont Rd , Washington 9, D C (1, 1929) 
Friedman, Meyer, M D Harold Brunn Inst for 
Cardiovascular Research, Mt Zion Hospital, 
2200 Post St , San Francisco, Calif Director (1, 

1947) 

Fnedman, M H F , Ph D Jefferson Med Col- 
lege of Philadelphia, 1025 Walnut St , Phila- 
delphia, Pa Assoc Prof of Physiology (1, 
1941) 

Fnedman, Nathan B , M D Cedars of Lebanon 
Hospital, 4833 Fountain Ave , Los Angeles, 
Calif (4, 1942) 

Fnedman, Sydney M , M D , Ph D McGill Umv , 
Dept of Anatomy, Montreal 2, Que , Canada 
Asst Prof of Anatomy (1, 1947) 

Fnedman, Townsend B Children’s Memorial 
Hospital, Chicago, Dl Attending Allergist (G, 

1948) 

Frost, Douglas Van Anden, Ph D Abbott Labs , 
N Chicago, Rl Head of Nutritional Research 
{2, 1946 , 5, 1947) 

Fruton, J S , Ph D Yale School of Medicme, 
333 Cedar St , New Haven, Conn Assoc Prof 
of Physiological Chemistry (2, 1938) 
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Fugo, Nicholas W , Ph D Univ of Chicago, Dept 
of Obstetrics and Gynecology, Chicago, 111 
(3, 1944) 

Fnhrman, Frederick A , Ph D Stanford Univ , 
Dept of Physiologic Stanford Univ , Calif 
Assl Prof of Physiology (1, 1946) 

Fnlton, John Farquhar, Ph D , M D Yale Univ 
School of Medicine, New Haven, Conn Sterl- 
ing Prof of Physiology (1, 1925) 

Funk, Casmir, D Sc , Ph D 186 Riverside Drive, 
New York City 24 (2, 1921) 

Furchgott, Robert F , Ph D Washington Univ 
School of Medicine, Euclid Ave and Eangs- 
highn ay, St Louis 10, Mo Asst Prof of Phar- 
macology (2, 1948) 

Furth, Jacob, M D Oak Ridge Natl Lab , Oak 
Ridge, Tenn Chief of Pathology Section, Div of 
Biology (4,1932,6,1930) 

Gaebler, Oliver H , Ph D , M D Henry Ford 
Hospital, Detroit, Mich Head, Dept of Bio- 
chemistry, Edsel B Ford Inst for Med Re- 
search (2, 1927) 

Gaffron, Hans, Ph D Univ of Chicago, Dept of 
Chemistry, 6747 Ellis Ave , Chicago 37, Rl 
Assoc Prof of Biochemistry, Member, Inst of 
Radio Biology and Biophysica (2, 1941) 

Gagge, Adolf Pharo, Ph D Aeroraedical Research 
Lab , Wright Field, Dayton, Ohio Lt Col , 
Chief, Biophysics Branch, Air Corps, U S 
Army (1, 1939) 

Galambos, Robert, Ph D , M D Psycho-Acoustic 
Lab , Cambridge, Mass Research Fellow, Har- 
vard Univ (1, 1942) 

Gall, Edward A , M D Cincinnati General Hos- 
pital, Cincinnati, Ohio Mary M Emery Prof 
of Pathology, Univ of Cincinnati College of 
Medicine (4, 1941) 

Gallagher, Thomas F , Ph D Sloan-Kettering 
Inst , 444 E 68th St , New York City 21 Mem- 
ber (2, 1932) 

Gallup, Willis D , Ph D Oklahoma Agricultural 
and Mechanical College, Stillwater Chemist 
and Prof of Agricultural Chemistry (2, 1932) 
Gamble, James L , M D , S M 33 Edgehill Rd , 
Brookline, Mass Prof of Pediatrics, Harvard 
Med School (2,1922,5,1933) 

Gantt, W Horsley, M D Johns Hopkins Hospi- 
tal, Phipps Psychiatric Clinic, Baltimore, Md 
Assoc in Psychiatry (1, 1935) 

Garbat, Abraham L , M D 103 E 78th St , New 
York Citj Dir , Med Service, Lenox Hill Hos- 
pital, Clinical Prof of Medicine, New York 
Univ Med School (6, 1913) 

Gardner, Ernest, M D , Wayne Univ College of 
Medicine, Dept of Anatomy, 1512 St Antoine 
St , Detroit 26, Mich Asst Prof of Anatomy 
(1, 1949) 

Garner, Raymond L , Ph D Umv of Michigan 
Med School, 218 W Med Bldg , Ann Arbor 
Asst Prof of Biological Chemistry (2, 1947) 


Garrey, Walter Eugene, Ph D , M D Vanderbilt 
Univ School of Medicme, Nashville, Tenn 
Prof Emeritus of Physiology (IR, 1910, 2, 1906) 
Gasser, Herbert S , A M , M D Rockefeller Inst 
for Med Research, 66th St and York Ave , 
New York City Dir of Labs (1, 1916, 3, 1924) 
Gassner, Frank X , MS, D V M Colorado A 
and M College, Fort Collins Assoc Prof of 
Physiology, Colorado State College, Assoc Pathol- 
ogist, Colorado State Exper Station (1, 1947) 
Gates, Olive, M D Harvard Med School, 25 
Shattuck St , Boston, Mass Assoc Pathologist 
(4, 1940) 

Gaunt, Robert, Ph D Syracuse Univ , Syracuse, 
N Y Prof and Chairman of Dept of Zoology 
(1, 1939) 

Gay, Leslie N , M D 1114 St Paul St , Baltimore, 
Md Dir of Allergy Clinic, Johns Hopkins 
Hospital, Assoc Prof of Medicine, Johns 
Hopkins Univ (6, 1927) 

Gelling, E M K , M D , Ph D Univ of Chicago, 
Chicago 37, Rl Frank P Hixon Distinguished 
Service Prof of Pharmacology and Chairman of 
Dept (1, 1933 , 2, 1927, 3, 1926) 

Gelfan, Samuel, Ph D Yale Umv School of 
Medicine, 333 Cedar St , New Haven 11, Conn 
Asst Prof of Physiology (1, 1930) 

Gellhorn, Alfred, M D Columbia Umv College 
of Physicians and Surgeons, Dept of Pharma- 
cology, 630 W 168th St , New York City 32 
Assoc Prof of Pharmacology (3, 1946) 

Gellhorn, Ernst, M D , Ph D Umv of Mmnesota, 
Room 116, Med Sciences, Minneapolis Prof 
of Neurophysiology (1, 1930) 

Gemmill, Chalmers L , M D Umv of Virginia 
Med School, Charlottesville Prof of Pharma- 
cology (1, 1928, 2, 1935, 3, 1946) 

Gerard, R W , Ph D , M D Umv of Chicago, 
Chicago, Rl Prof of Physiology (I, 1927) 
Gersh, Isadore, Ph D Umv of Chicago, Dept of 
Anatomy, Chicago 37, HI Assoc Prof of Anat- 
omy (4, 1947) 

Gerstenberger, Henry John, M D Western Re- 
serve Umv School of Medicine, Cleveland, 
Ohio Prof Emeritus of Pediatncs, Dir of 
Pediatrics, Babies and Children’s Hospital (5, 
1938) 

Gesell, Robert, M D Umv of Michigan, Ann 
Arbor Prof of Physiology (1, 1913) 

Gettler, Alexander O , Ph D New York Univ , 
29 Washington Square, New York City Prof of 
Chemistry and Toxicology, Toxicologist to Chief 
Med Examiner’s Office (2, 1916) 

Gey, George Otto, M D Johns Hopkins Umv , 
Baltimore, Md Instr in Surgery (1, 1940) 
Gibbard, J , M Sc Dept of Natl Health and 
Welfare, Ottawa, Ont , Canada Chief, Lab of 
Hygiene (6, 1946) 

Gibbs, Fredenck Andrews, M D 720 N Michigan 
Ave , Suite 610 Chicaeo Rl (1 1935) 
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Gibbs, Owen Stanlej, M D P 0 Box 166, Wlnte 
haven, Tenn Dir , Gibbs Med licscarch Lab 
(1, 1935,3, 1930) 

Gibson, Robert Banks, Ph D Univ Hospital, 
Iowa Cit}% Iowa ^ssoc Prof of Biochcmislry , 
Slate Umv of loica (1, 1907, 2, 1906) 

Gies, William John, Ph D Columbia Umv , 632 
W 16Sth St , New York Git's Prof of Bio- 
logical Chemistry (IR, 1898, 2, 1906, 3R, 1909) 
Gilbert, Ruth, A M , M D RED 2, Altamont, 
N Y Asst Dir , Diagnostic Labs , New York 
State Dept of Health, Albany (6, 1920) 

Gilman, Alfred, Ph D Columbia Umv College 
of Phj'sicians and Surgeons, 630 W 16Sth St , 
New York Citj 32 Prof of Pharmacology (1, 
1935, 3, 1934) 

Gilson, Arthur S , Jr , Ph D Washington Umv 
hied School, St Louis, Mo Assoc Prof of 
Physiology (1, 1927) 

Givens, Maurice H , Ph D Box 5116, Biltmore, 
N C (1,1917,2,1915) 

Gjessing, Erland C , Ph D Umv of Virginia, 
Box 1062, Umv Station, Charlottesville Asst 
Prof of Biochemistry (2, 1948) 

Glass, Howard G , Ph D 514 Wesley Ave , Oak 
Park, Rl (3, 1947) 

Glazko, Anthony J , Ph D Parke, Davis and Co , 
Research Labs , Detroit 32, Mich Research 
Biochemist (1, 1942) 

Glick, David, Ph D Umv of Minnesota, 225 
Med Sciences Bldg , Minneapobs 14 Assoc 
Prof of Physiological Chemistry (2, 1936) 
Glickman, Nathaniel, M S Umv of Rlinois Col- 
lege of Medicine, Dept of Medicine, 1853 W 
Polk St , Chicago 12 Asst Prof of Medicine 
and Research Physiologist (1, 1947) 

Goebel, Walther F , Ph D Rockefeller Inst for 
Med Research, 66th St and York Ave , New 
York City Member (2, 1929, 6, 1937) 

Goemer, Alfred, Pharm D , M D 366 Sterling 
Place, Brooklyn, N Y Asst Clinical Prof of 
Medicine, Long Island College of Medicine (2, 
1939) 

Goettsch, Marianne, Ph D School of Tropical 
Medicine of Columbia Umv , San Juan, Puerto 
Rico Asst Prof of Chemistry (2, 1933, 5, 1941) 
Goetzl, Franz R , Ph D , M D Permanente Foun- 
dation, Dept of Med Research, Oakland 11, 
Calif Director (1, 1947) 

Gold, Harry, MX) Cornell Umv Med College, 
New York City Prof of Clinical Pharmacology, 
Attending Physician-in-Charge, Cardiovascular 
Research Unit, Beth Israel Hospital (3, 1927) 
Goldblatt, Harry, M D Cedars of Lebanon Hospi- 
tal, Los Angeles, Calif Dir , Inst for Med Re- 
search (1, 1945, 4, 1927) 

Golden, Alfred, M D Veterans Admin Hosp , 
Buffalo, N Y Chief of Lab Service, Lniv of 
Buffalo, Dept of Physiology (4, 1947) 


Goldfarb, Walter, M D 25 E 86th St , Now York 
City (1,1938) 

Goldforb, A J , Ph D College of the City of New 
York, New' York Cl tj Prof of Biologj/ (1,1930) 
Goldie, Horace, M D , D T M 7910 Lynnbrook 
Drive, Bethesda, Md (6, 1943) 

Goldring, William, hi D New York Umv College 
of hledicine, 477 First Ave , New Y’ork City 
4ssoc Prof of Medicine (1, 1939) 

Goldschmidt, Samuel, Ph D Umv of Pennsyl- 
vania Med School, Philadelphia Prof of 
Physiology (1,1919,2,1915) 

Goldsmith, Grace A , M D Tulane Umv of 
Louisiana, New Orleans Asst Prof of Medicine 
(5, 1943) 

Goldstein, Avram, hi D Harvard hied School, 
Boston, hlass Inslr in Pharmacology (3, 1948} 
Golub, Orville Joseph, Ph D Bio-Service Labs , 
Inc , 10717 Venice Blvd , Los Angeles 24, Cahf 
Associate (6, 1944) 

Gomori, George, hi D , Ph D Umv of Chicago, 
Chicago, 111 Prof of Medicine (4, 1948) 
Goodale, Walter T , M D 79 Webster Rd , Weston 
93, hlass Research Fellow, Harvard Med School, 
Asst in Medicine, Peter Bent Bngham Hospital 
(1, 1949) 

Goodman, Louis Sanford, MS, hi D Umv of 
Utah School of Medicine, Salt Lake City Prof 
of Pharmacology and Chairman of Dept of Phar- 
macology (1, 1946 , 3, 1937) 

Goodner, Kenneth, Ph D Jefferson Med College, 
Philadelphia, Pennsj'lvama Prof of Bacteriol- 
ogy (6, 1932) 

Goodpasture, Ernest William, M D Vanderbilt 
Umv Med School, Nashville, Tenn Prof of 
Pathology and Dean (4, 1923) 

Gordon, Albert S , Ph D New York Umv , Wash- 
ington Square College of Arts and Sciences, 
New York City Assoc Prof of Biology (1, 
1942) 

Gordon, Francis B , hi D Camp Detnck, Biology 
Dept , Frederick, Md Chief of MV Div (4, 1947) 
Gordon, Harry H , hi D 4200 E 9th Ave , Denver, 
Colo Prof of Pediatrics, Umv of Colorado 
Med School, Pediatrician in Chief, Colorado 
Gen Hospital (5, 1940) 

Gordon, Irvmg, M D New York State Dept of 
Health, Div of Labs and Research, New Scot- 
land Ave , Albany 1 Assoc Med Bacteriologist, 
Assoc Prof of Medicine and Bacteriology, Albany 
Med College (6, 1943) 

Gordon, William G , Ph D U S Dept of Agri- 
culture, Eastern Regional Research Lab , Phila- 
delphia 18, Pa Sr Chemist (2, 1939) 

Gortner, Ross Aiken, Jr , Ph D Wesley an Umv , 
Shanklm Lab , hLddletown, Conn Assoc Prof 
of Biochemistry (5, 1947) 

Gortner, Willis A , Ph D Pineapple Research Inst 
of Hawaii, Honolulu, T H Head of Dept of 
Chemistry (2, 1947) 
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Goss, Harold, Ph D Univ of California College 
of Agriculture, Davis Prof of Animal Hus- 
bandry (2, 1936, 5, 1933) 

Goth, Andres, M D Souths estern Med College, 
2211 Oak LaiNTi Ave , Dallas 4, Te^: Assoc Prof 
of Pharmacology (3, 1947) 

Gottschall, Russell Y , Ph D h'lichigan Dept of 
Health, Bureau of Labs , Lansing Bactertolo- 
gisl (6, 1939) 

Goudsmit, Arnoldus, Jr , M D , Ph D 4141 Wind- 
sor Rd , YoungstoAvn 7, Ohio (1, 1940) 

Gould, R Gordon, Ph D Presbyterian Hospital, 
1753 W Congress St , Chicago 12, 111 Assoc 
Attending Biochemist, Assoc Prof of Biological 
Chemistry, Univ of Illinois College of Medicine 
(2, 1949) 

Goner, William M , M D Upjohn Co , Research 
Div , Kalamazoo 99, Mieh (3, 1944) 

Grabfield, G Philip, M D 27 Forest St , Milton, 
Mass Assoc tn Medicine and Pharmacology, 
Harvard Med School, Col M C , U S A (3, 1923) 
Grady, Hugh G , M D Armed Forces Inst of 
Pathology, Washington, D C Scientific Dir , 
Am Registry of Pathology (4, 1940) 

Graef, Imng, D New York Univ College of 
Medicine, New York City Assi Prof of Cltn 
Medicine (4, 1941) 

Graham, Claire E , Ph D Wilson Labs , 4221 S 
Western Ave , Chicago, HI Dir of Research 
(2, 1948) 

Graham, Clarence H , Ph D Columbia Univ , 
New York City 27 Prof of Psychology (1, 1933) 
Graham, Helen Tredway, Ph D Euclid Ave and 
Kingshighway, St Louis, Mo Assoc Prof of 
Pharmacology, Washington Univ School of Medi- 
cine (1, 1933, 3, 1931) 

Granick, S , Ph D Rockefeller Inst for Med 
Research, York Ave at 66th St , New York 
City 21 Associate (2, 1949) 

Grant, E Rhoda, Ph D Univ of Rlinois Med 
College, Clinical Science Dept , 1853 West Polk 
St , Chicago 12, 111 Researcher in Clin Science 
(1, 1949) 

Grant, R Lorimer, Ph D Federal Security 
Agency^, Pood and Drug Admin , Div of Phar- 
macologj^ Washington 25, D C Pharmacolo- 
gist (2, 1938) 

Grant, Wilson Clark, Ph D 65 Beucler Place, 
Bergenfield, N J Asst Prof of Physiology, 
Columbia Univ College of Physicians and Sur- 
geons (1, 1949) 

Grau, Charles R , Ph D Univ of California, Div 
of Poultry Husbandry^, Berkeley 4 Asst Prof 
of Poultry Husbandry and Asst Poultry Husband- 
man tn Exper Station (5, 1949) 

Graubard, Mark, Ph D Univ of Minnesota, Dept 
of Physiology , Mmneapolis (1, 1940) 

Grauer, Robert C , MD Allegheny General Hos- 
pital, Pittsburgh, Pa Dir of Research, and Head 


of Dept of Endocrinology and Metabolism, Wrt- 
Itam H Singer Memorial Research Lab , Prof of 
Medicine, School of Medicine, Univ of Pitts- 
burgh (4, 1941) 

Gray, John S , Ph D , M D Northwestern Univ 
Med School, 303 E Chicago Ave , Chicago 11, 
HI Prof and Chairman of Dept of Physiology 
(1, 1937) 

Gray, M Geneva, Ph D Labs of Arthur D Little 
Inc , Cambridge, Mass Dir of Pharmacological 
Research (3, 1946) 

Gray, Samuel H , M D Jewish Hospital of St 
Louis, ICmgshighway and Forest Park Blvd , 
St Louis, Mo Dir of Labs , Assoc Prof of 
Pathology, Washington Univ (4, 1939) 

Gray, Stephen W , Ph D Emory Umv School of 
Medicine, Emory" Umv , Ga Asst Prof of 
Anatomy (1, 1948) 

Graybiel, Ashton, M D U S Naval School of 
Aviation Medicine and Research, Naval Air Sta- 
tion, Pensacola, Fla Coordinator of Research 
(1, 1948) 

Greaves, J D , Ph D U S Dept of Agriculture, 
Western Regional Research Lab , 800 Buchanan 
St , Albany 6, Calif Biochemist (2, 1938) 
Greaves, Joseph E , Ph D Utah State Agricul- 
tural College, Dept of Bacteriology" and Bio- 
chemistry, Logan (2, 1940) 

Greeley, Paul O , Ph D , M D Umv of Southern 
Cahforma Med School, Dept of Aviation Medi- 
cine, Umv Park, Los Angeles (1, 1940) 

Green, Arda Alden, M D Cleveland Clinic, Re- 
searca Div , Euclid and E 93rd St , Cleveland 6, 
Ohio (2, 1932) 

Green, Daniel M , M D G D Searle Co , Chi- 
cago 80, HI Dir of Biological Research (1, 
1948, 3, 1942) 

Green, David E , Ph D Umv of Wisconsm, En- 
zyme Inst , P O Box 2066 Madison 5 Prof of 
Enzyme Chemistry (2, 1941) 

Green, Harold David, M D Wake Forest College, 
Bow"man Gray" School of Medicme, Winston- 
Salem 7, N C Prof of Physiology and Pharma- 
cology (1,1936.3,1945) 

Green, Robert Holt Yale Umv School of Medi- 
cine, 333 Cedar St , New Haven, Conn (6, 1949) 
Greenberg, David Morns, Ph D Umv of Cah- 
forma, Berkeley 4 Prof and Chairman, Div of 
Biochemistry (2, 1927, 6, 1946) 

Greenberg, Louis D , Ph D Univ of California 
Med Center, 3rd and Parnassus Aves , San 
Francisco 22 Asst Prof of Pathology, Umv of 
California Med School (2, 1946) 

Greene, Carl Hartley, Ph D , M D 401 Clinton 
Ave , Brookly'n 5, N Y^ Assoc Chn Prof of 
Medicine, New York Umv Post-Grad Med 
School (1, 1921, 2, 1922, 4, 1924) 
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Greene, Harry S N , M D , G M Yale Univ 
School of Medicine, Dept of Pathology, New 
Haven, Conn Prof of Pathology (4, 1937) 
Greene, James Alexander, M D Baylor Umv 
College of Medicine, Buffalo Drive, Houston, 
Tex Prof and Chairman of Dept of Internal 
Mcdtcme and Dean of Clin Faculty (1, 1939) 
Greene, Ronald R , M D Northwestern Umv 
Med School, 303 E Chicago Ave , Chicago, 
III Jnsfr in Physiology, Instr in Obstetrics and 
Gynecology (1, 1941) 

Greengard, Harry, Ph D , M D Northn estern 
Umv Med School, 303 E Chicago Ave , Chi- 
cago, B1 Asst Prof of Physiology (1, 1939) 
Greenstein, Jesse P , Ph D Natl Cancer Inst , 
Bethesda, Md Chief Biochemist (2, 1935) 
Greenwald, Isidor, Ph D New York Umv Col- 
lege of Medicine, 477 First Ave , New York City 
As8oc Prof of Chemistry (2, 1912 , 5, 1933) 
Greep, Roy O , Ph D Harvard School of Dental 
Medicine, 25 Shattuck St , Boston 15, Mass 
Assoc Prof of Dental Science (1, 1940) 

Greer, C M , M S Vanderbilt Umv School of 
Medicine, Nashville, Tenn Research Assoc in 
Pharmacology (3, 1938) 

Gregersen Magnus I , Ph D Columbia Umv 
College of Ph 3 'sicians and Surgeons, 630 W 
168th St , Nen York City 32 Prof of Physiology 
(1, 1933) 

Gregg, Donald Eaton, Ph D , M D Field Research 
Lab , Med Dept , Fort ICnox, Ky Chief Re- 
search Physician (1, 1933) 

Gregory, John E , Hahnemann Med College, 
Phdadelphia, Pa Prof of Pathology (6, 1948) 
Gregory, Raymond L , Ph D , M D Umv of 
Texas School of Medicine, 1419 24th St , Gal- 
veston Prof of Medicine (1, 1945) 

Greig, Margaret E , Ph D Vanderbilt Umv 
School of Medicme, Nashville 4, Tenn Assoc 
Prof in Pharmacology (3, 1946) 

Greisheimer, Esther M , Ph D M D Temple 
Univ Med School, 3400 N Broad St , Phila- 
delphia, Pa Prof of Physiology (1, 1926) 
Grenell, Robert G , Ph D Johns Hopkins Umv , 
Dept of Biophysics, Baltimore, Md (1, 1946) 
Gnffin, Angus, Ph D George Washington Umv 
School of Medicine, Dept of Bacteriolog}^, 1335 
H St , N W , Washington, D C Assoc Prof of 
Bacteriology (G, 1940) 

Gnffith, Fred R , Jr , Ph D Umv of Buffalo Med 
School, 24 High St , Buffalo, N Y Prof of 
Physiology (1, 1923,6, 1933) 

Gnffith, Wendell H , Ph D Umv of Texas Med 
School, Galveston Prof and Chairman of Dept 
of Biochemistry and Nutrition (2, 1923, 5, 1934) 
Grimson, Keith S , M D Duke Univ School of 
Medicine, Durham, N C Prof of Surgery (1, 
1943,3, 1949) 


Grlndlny, John H , M D Maj’o Clinic, Rochester, 
Minn (1, 1945) 

Groat, Richard A , Ph D Wake Forest College, 
Bowman Gray School of Medicine, Winston- 
Salem 7, N C Assoc Prof of Anatomy (1, 1945) 
Groat, William A , M D 713 E Genesee St , Syra- 
cuse, N Y Prof of Clinical Pathology, Syracuse 
Untv College of Medicine (6, 1917) 

Grodkins, Fred S, PhD, MD Northwestern 
Umv Med School, 303 E Chicago Ave , Chi- 
cago 11, 111 Assoc Prof of Physiology (1, 1945) 
Groedel, Franz M , M D 829 Park Ave , New York 
Citj' Research F elloxo, Fordham Umv , Biology 
Dept (1,1949) 

Grollman, Arthur, M D , Ph D Southwestern 
Med College, 2211 Oak Lawn Ave , Dallas, Tex 
Prof of Medicine and Chairman of Dept of Exper 
Medicine, Prof of Pharmacology and Chairman 
of Dept of Physiology and Pharmacology (1,1928, 
3, 1933) 

Gross, Erwin G , Ph D , M D State Umv of Iowa, 
Med Labs , Iowa City Prof of Pharmacology 
(1, 1927,2, 1923,3, 1927) 

Gross, Robert E, MD Children’s Hosp , 300 
Longwood Ave , Boston 15, Mass Surgeon-in- 
Chief, Ladd Prof of Children’s Surgery (4, 
1940) 

Grossman, Morton Imn, Ph D , M D Umv of 
Bhnois College of Medicine, Clucago 12 Assoc 
Prof of Physiology (1, 1946) 

Groupe, Vincent, Ph D Rutgers Umv , Dept of 
Microbiology, New Jersey Agncul Exper 
Station, New Brunswick Assoc Prof in Animal 
Diseases (6, 1946) 

Gruber, Charles M , M D , Ph D Jefferson Med 
College, 1025 Walnut St , Philadelphia, Pa 
Prof of Pharmacology, (1, 1914, 3, 1919) 

Gruber, Charles M , Jr , M D Jefferson Med Col- 
lege Hospital, Philadelphia, Pa Research Fellow 
in Hematology (3, 1948) 

Gruhzit, Oswald M , M D Parke, Davis and Co , 
Research Labs , Detroit, Mich Research in 
Pathology and Pharmacology (4, 1928) 

Grundfest, Harry, Ph D Columbia Umv College 
of Phj^sicians and Surgeons, 630 W 168th St , 
New York City 32 Assoc in Neurology (1, 1932) 
Gudernatsch, F , Ph D 41 Fifth Ave , New York 
City 3 (1,1930) 

Guerra, Francisco, M Sc , M D Facultad de Medi- 
cina, Umv Nacional de Mexico, Mcxtco, D F 
Prof of Pharmacology (3, 1947) 

Guerrant, N B , Ph D Pennsj Ivania State Col- 
lege, State College Prof of Biological Chemistry 
(2, 1934,5, 1933) 

Guest, George Martin, MS, M D Children’s 
Hospital, Cincinnati 29, Ohio Prof of Pediat- 
rics, Umv of Cincinnati College of Medicine 
and Grad School (2, 1933) 
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Guest, Maunce Mason, Ph D Wajme Univ Col- 
lege of Medicine, Dept of Physiology, Detroit 
26, Mich Assoc Prof of Physiology (1, 1946) 
Gulick, Addison, Ph D 308 Westmount Ave , 
Columbia, Mo Prof of Physiological Chemistry, 
Unit) of Missouri (1, 1915, 5, 1933) 

Gunn, Francis D , M D , Ph D Univ of Utah 
School of Medicine, Salt Lake City Prof and 
Head of Dept of Pathology (4, 1938) 

Gunsalus, Irwin C , Ph D Indiana Univ , Bloom- 
ington Prof of Bacteriology (2, 1946) 

Gunn, Samuel, Ph D Univ of Pennsylvania 
School of Medicine, Philadelphia Prof of 
Physiological Chemistry (2, 1938) 

Gustavson, R G , Ph D Univ of Nebraska, Lin- 
coln Chancellor (2, 1927) 

Gustus, Edwin L ,PhD Bjorksten Research Lab , 
13791 Ave O, Chicago 33, Rl Vice President 
(2, 1934) 

Guterman, Henry S , M D Michael Reese Hos- 
pital, Chicago 16, 111 Asst Dir , Dept of Meta- 
bolic and Endocrine Research (1, 1949) 

Guthrie, Charles Claude, M D , Ph D Univ of 
Pittsburgh Med School, Pittsburgh, Pa Prof 
of Physiology and Pharmacology (1, 1906, 3, 
1909) 

Gutierrez-Noriega, Carlos, M D Facultad de 
Medicina, Av Grau, Lima, Peru Prof of Phar- 
macology (3, 1948) 

Gutman, Alexander B , M D Columbia Research 
Service, Welfare Island, New York City 17 
Director (2, 1947) 

Guttman, Rita M , Ph D Brooklyn College, 
Brooklyn, N Y Instr in Physiology (1, 1946) 
Guyton, Arthur C , M D Univ of Mississippi 
School of Medicine, Dept of Physiology^, Uni- 
versity Acting Chairman, Dept of Physiology 
(1, 1949) 

Gyorgy, Paul, M D Univ of Pennsylvania School 
of Medicine, 3400 Spruce St Philadelphia 4 
Prof of Clinical Pediatrics (2, 1938, 5, 1939) 
Haag, Harvey B , M D Med College of Virginia, 
Richmond Prof of Pharmacology (3, 1934) 
Haag, J R , Ph D Oregon Agric Exper Station, 
Corvallis Chemist (2, 1947 , 5, 1941) 

Haas, Erwin, Ph D Cedars of Lebanon Hospital, 
Inst for Med Research, Los Angeles 27, Cahf 
Research Assoc (2, 1946) 

Haberman, Sol, PhJ) Wm Buchanan Blood, 
Plasma and Serum Center, Baylor Hospital, 
Dallas, Tex Chief of Bacteriology and Serology 
Services (6, 1944) 

Hadidian, Zareh, Ph D Tufts College Med 
School, Boston, Mass (1, 1946) 

Hafkesbring, H Roberta, Ph D Woman’s Med 
College of Pennsylvania, East Falls, Phila- 
delnhia Prof of Physiology (1, 1931) 


Haggard, Howard W , M D 4 HiUhouse Ave , 
New Haven, Conn Dir of Lab of Applied 
Physiology, Yale Univ (1, 1919, 2, 1920) 

Hahn, Paul F , Ph D Meharry Med College, 
NoshviUe, Tenn Dir of Cancer Research Labs 
(1, 1946, 4, 1939) 

Haig, Charles, Ph D New York Med College, 
Fifth Ave at 106th St , New York City Assoc 
Prof of Physiology and Biochemistry (1, 1942) 

Haist, Reginald E , M D , Ph D Univ of Toronto, 
Toronto, Ontario, Canada Assoc Prof of Physi- 
ology (1, 1943) 

Halbert, Seymour P , M D Columbia Univ Col 
lege of Physicians and Surgeons, Dept of Oph- 
thalmology, 630 W 168th St , New York City 
32 (6, 1947) 

Haldi, John, Ph D Emory Univ School of Den- 
tistry, Emory University, Ga Prof of Physi- 
ology (1, 1928) 

Hale, Wm M , M D Brookhaven Natl Lab , 
Upton, L I , N Y Head, Div of Bacteriology 
and Virology, Bacienologist-in-Chief, Brookhaven 
Natl Lab Hasp (4, 1941,6, 1936) 

Haley, Thomas J , Ph D 4133 W 22nd Place, Los 
Angeles 16, Calif Chief, Div of Pharmacology 
and Toxicology, A E Project, Med School, Untv 
of California (3, 1949) 

Hall, Charles E , Ph D Univ of Texas, Med 
Branch, Dept of Physiology^, Galveston Asst 
Prof (1, 1949) 

Hall, F G , Ph D Duke Univ School of Medicine, 
Dept of Phy'siology and Pharmacologys Dur- 
ham, N C (1, 1937) 

Hall, George Edward, M D , Ph D Univ of 
Western Ontario, Ottaway Ave and Waterloo 
St , London, Ontario, Canada Dean of the Fac- 
ulty of Medicine (1, 1938) 

Hall, Victor E , M A , M D Stanford Univ , Dept 
of Phy'siology^ Stanford University^, Calif Prof 
of Physiology (1, 1934) 

Hall, W Knowiton, PhD Umv of Georgia School 
of Medicine, Augusta Assoc Prof of Biochem- 
istry (2, 1948) 

Hallenbeck, George Aaron, PhD, MD Mayo 
Clinic, Rochester, Minn Research Assoc (1, 
1946) 

Halhday, Nellie, PhD Laguna Honda Home, 
Lab of Exper Oncology , San Francisco, Calif 
(5, 1933) 

Halpert, B61a, MD Veterans Admin Hospital, 
2002 Holcombe Blvd , Houston 4, Texas 

Halstead, Ward C , Ph D , Umv of Chicago, 
Dept of Medicine, Chicago, Bl Assoc Prof 
of Exper Psychology, Div of Psychiatry (L 
1942) 

Ham, Arthur W , M B Umv of Toronto, Toronto 

5, Ontario, Canada Prof of Anatomy in charge 
of Histology (4, 1939) 
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Hambourger, Walter E , Pii D , M D G D Searle 
and Co, PO Bo\ 5110, Chicago, III Chief 
Pharmacologist (3, 1934) 

Hamilton, Bengt L K , M D US Marine Hospi- 
tal, Staten Island 4, N Y il/crf Dir , USPHS 
(2, 1925) 

Hamilton, James B , Ph D Long Island College 
of IMcdiciiie, Dept of Anatomj^ 350 Henry St 
Brookh n 2, N Y (1, 1938) 

Hamilton, Paul B , M D , Pli D Alfred I duPont 
Inst , Nemours Foundation, Rockland Rd , 
Wilmington 99, Del Chief of Biochcmislrii (2, 
1946) 

Hamilton, Tom S , Ph D Univ of Illinois, 1513 
W Clark St , Champaign Prof and Chief tn 
Animal Nutrition (2, 1937,5, 1938) 

Hamilton, W F , Ph D Univ of Georgia School 
of Aledicine, \ugustn Prof of Physiology (1, 
1924) 

Hammett, Frederick S , Ph D 493 Commercial 
St , Provincetown, Mass Sr Member Emeritus, 
Lahenau Hospital Research Inst (IR, 1920 , 2, 
1917) 

Hammon, William McD , M D , D P H Univ of 
Pittsburgh, Pittsburgh, Pa Prof of Epidemi- 
ology, Graduate School of Public Health (4, 
1944,6, 1946) 

Hampel, C W , Ph D New York Umv College of 
Medicine, New Y’ork Citj Assoc Prof of 
Physiology (1, 1936) 

Hamre, Dorothy, Ph D Squibb Inst for Med 
Research, New Brunswick, N J Research Assoc 
(6, 1948) 

Hand, David B , Ph D New York State Agricul- 
tural Evper Station, Geneva Head, Div of 
Food Science and Technology and Prof of Bio- 
chemistry (2, 1947) 

Handler, Philip, Ph D Duke Umv School of 
iMedicine, Durham, N C Assoc Prof of Bio- 
chemistry and Nutrition (2, 1944, 5, 1946) 

Handley, Carroll A , Ph D Baylor Umv Col- 
lege of Medicine, 1200 M D Anderson Blvd , 
Houston 5, Tex Prof of Physiology and Phar- 
macology (3, 1942) 

Haney, Hance F , Ph D , M D Umv of Oregon 
iMed School, Portland Asst Prof of Medicine 
(1, 1939) 

Hanger, Franklin, M D Columbia Univ College 
of Physicians and Surgeons, 630 W 16Sth St , 
New York City 32 Assoc Prof of Medicine 
(6, 1930) 

Hanke, Martin E , Ph D Umv of Chicago, Chi- 
cago, HI Assoc Prof of Biochemistry (2, 1925) 

Hanke, Milton Theo, Ph D 7550 S Green St , 
Chicago, HI Research Consultant, Biochemistry 
and Nutrition (2, 1919) 

Hanks, John H , Ph D Harvard Umv Med 
School, Boston, Mass Dept of Bacteriology, 


Bactenologisl of the Leonard Wood hfemorial 

(6, 1935) 

Hansen, Anld E , M D Univ of Texas Med 
School, Galveston Prof and Chairman of Dept 
of Pediatrics, Dir of Unw of Texas Child Health 
Program (4, 1941 , 6, 1942) 

Hanznl, Ram6n F , Ph D Killian Research Labs , 
49 W 45th St , New York City Biochemist 
(2, 1935) 

Hanzlik, Paul J , M D Stanford Umv School of 
Medicine, Sacramento and Webster Sts , San 
Francisco, Calif Prof of Pharmacology (1, 
1912, 3, 1912) 

Hardy, James Daniel, Ph D Russell Sage Inst 
of Pathology, 525 E 68th St , New York City 
Research Assoc (1, 1939) 

Hardy, Mary, D Sc The Brearley School, 610 E 
83rd St , New York City Teacher of Science 
(1, 1933) 

Hare, Kendnck, Ph D Children’s Hospital, 219 
Bryant St , Buffalo 9, N Y (1, 1938) 

Harford, Carl G , M D Washington Univ School 
of Medicine, St Louis, Mo Asst Prof of Medi- 
cine and Preventive Medicine (6, 1948) 

Harger, R N , Ph D Indiana Umv School of 
Medicine, Indianapolis Prof and Chairman of 
Dept of Biochemistry and Toxicology (2, 1938, 
3, 1949) 

Harkins, Henry N , Ph D , M D Umv of Wash- 
mgton School of Medicine, Seattle 5 (1, 1942) 
Harmon, Paul M , Ph D Indiana Umv , Bloom- 
ington Prof of Physiology (1, 1930) 

Harne, O G Umv of Maryland School of Medi- 
cine, Baltimore Assoc Prof of Histology (1, 
1935) 

Harned, Ben King, Ph D Lederle Labs , Pearl 
River, N Y Assoc Dir , Pharmacology Research 
(2. 1931, 3, 1941) 

Harris, Albert H , M D N Y State Dept of 
Health, Div of Labs and Research, New Scot- 
land Ave , Albany 1 Asst Dir for Local Labs 
(6, 1937) 

Harris, Albert Sidney, Ph D Baylor Umv Col- 
lege of Medicine, Houston 5, Texas (1, 1939) 
Harris, Milton, Ph D Harris Research Labs , 
1246 Taylor St , N W , Washington 11, D C 
President (2, 1939) 

Hams, Paul N , M D Eli Lilly and Company, 
Indianapolis, Ind Pathologist, Div of Pharma- 
cology (3, 1948) 

Hams, Philip L , Ph D Distillation Products, 
Inc , 755 Ridge Rd W , Rochester 13, N Y 
Head of Biochemistry Research Dept , Assoc in 
Physiology, Untv of Rochester School of Medi- 
cine and Dentistry (2, 1946, 5, 1945) 

Hams, Robert S , Ph D Massachusetts Inst of 
Technology, Cambridge Prof of Nutritional 
Biochemistry (5, 1941) 



698 


FEDERATION PROCEEDINGS 


Volume 8 


Harris, S C , Ph D No^th^\este^n Univ , Dept 
of Physiology and Pharmacolog 3 % Chicago, lU 
Chairman of Dept (1, 1947) 

Harns, T N , M D Children’s Hospital of Phila- 
delphia, Philadelphia, Pa Assoc in Pediatrics, 
Univ of Pennsylvania (6, 1946) 

Harris, William H , M D Tulane Univ School of 
Medicine, Nen Orleans, La Asst Prof of 
Pathology and Bacteriology (4, 1925) 

Harrison, Frank, Ph D Univ of Tennessee Col- 
lege of Medicine, Memphis Prof and Chief, 
Div of Anatomy (1, 1941) 

Harrison, James A , Ph D Temple Umv , Phila- 
delphia 22, Pa Prof of Biology (6, 1946) 
Harrison, Ross Granville, M D , Ph D Osborn 
Zoological Lab , New Haven, Conn Sterling 
Prof Emeritus of Biology, Yale Univ (1, 1906) 
Harrison, R Wendell, M D , Ph D Ellis Ave at 
58th St , Chicago 37, HI Prof of Bacteriology, 
Dean of Faculties and Vice Pres , Univ of Chi- 
cago (6, 1934) 

Harrow, Benjamin, Ph D College of the City of 
New York, Convent Ave and 139th St , New 
York City Prof of Chemistry (2, 1927) 

Hart, E B , B S Umv of Wisconsin Agricultural 
College, Madison Prof of Biochemistry (2, 
1910, 5, 1933) 

Hart, E Ross, Ph D Medical Division, Army 
Chemical Center, Md (3, 1944) 

Hart, William M , Ph D Temple Med School, 
Broad and Ontario Sts , Philadelphia 40, Pa 
Asst Prof of Physiological Chemistry ( 1 , 1946) 
Hartline, H K , M D Johns Hopkins Umv , 
Dept of Biophysics, Baltimore 18, Md ( 1 , 
1929) 

Hartman, Carl G , Ph D Ortho Research Founda- 
tion, Raritan, N J Dir of Physiology ( 1 , 1921) 
Hartman, Frank Alexander, Ph D Ohio State 
Umv , Dept of Physiology, Columbus Re- 
search Prof of Physiology (1, 1916) 

Hartman, F W , M D Henry Ford Hospital, 
Detroit, Mich Pathologist (4, 1927) 

Hartmann, Alexis P , M D 600 S Kingshighway, 
St Louis, Mo Prof of Pediatrics, Washington 
Univ School of Medicine (2, 1932) 

Harvey, A McGhee, M D Johns Hopkins Hospi- 
tal, Baltimore 5, Md Physician-in-Chief, Prof 
of Medicine, Johns Hopkins Univ Med School 
(1, 1946,3, 1946) 

Harvey, E Newton, Ph D Princeton Umv , Guyot 
Hall, Princeton, N J Henry Fairfield Osborn 
Prof of Biology (1, 1914, 2, 1916) 

Hass, George, M D Presbydenan Hospital of 
Chicago, Chicago, HI Prof and Chairman of 
Dept of Pathology, Untv of Hlinois College of 
Medicine (4, 1939) 

Hassid, William Z , Ph D , Umv of California, 
Div of Plant Nutrition, Berkeley Prof of 
Plant Nutrition (2, 1946) 


Hastings, A Baird, Ph D Harvard Med School, 
26 Shattuck St , Boston 15, Mass Hamilton 
Kuhn Prof of Biological Chemistry (1, 1927, 

2, 1921, 5, 1940) 

Hathaway, Millicent L , Ph D Agricultural Re 
search Adrmmstration, Bureau of Human Nutri- 
tion and Home Economics, Food and Nutrition 
Div , Washington 25, D C (5, 1945) 

Hanck, Hazel M , Ph D Cornell Umv , Ithaca, 
N Y Prof of Home Economics (6, 1941) 
Hauge, Siegfred M , Ph D Purdue Umv Agri- 
cultural Exper Station, Lafayette, Ind Re- 
search Assoc in Biochemistry (5, 1933) 
Hanrowitz, Felix, M D , D Sc Indiana Umv , 
Bloomington Prof of Biochemistry (2, 1949, 
6, 1948) 

Haury, Victor G , M D Box 206, Wellsville, Kan- 
sas (3, 1939) 

Haven, Frances L , Ph D Umv of Rochester 
School of Medicine and Dentistry, 260 Critten- 
den Blvd , Rochester, N Y Assoc in Biochem- 
Istry (2, 1941) 

Hawk, Philip B , Ph D Food, Drug and Cosmetic 
Consultants, 30 Rockefeller Plaza, Room 4631, 
New York City 20 Pres of Food Research Labs , 
Inc (1, 1903 , 2, 1906) 

Hawkins, J E , Jr , Ph D Merck Inst for Thera- 
peutic Research, Rahway, N J Physiologist 
(1, 1943) 

Hawkins, William Bruce, M D Umv of Rochester 
School of Medicine and Dentistry , 260 Critten- 
den Blvd , Rochester, N Y Assoc Prof of 
Pathology (4, 1933) 

Hawley, Estelle E , Ph D Umv of Rochester 
School of Medicine and Dentistry, Rochester, 
N Y Research Fellow in Pediatrics (6, 1936) 
Hawn, Clinton van Zandt, M D Mary Imogene 
Bassett Hospital, Cooperstown, N Y Pathol- 
ogist, Dir of Otsego County Labs (4, 1948) 

Hay, Eleanor Clarke, Ph D 7 Greenhill Rd , 
Madison, N J (1, 1945) 

Hayman, J M , Jr , M D Lakeside Hospital, 
Cleveland, Ohio Prof of Clinical Medicine and 
Therapeutics, Western Reserve Umv (1, 1928, 

3, 1932) 

Haynes, Florence W , Ph D Harvard Med 
School, 26 Shattuck St , Boston, Mass Research 
Assoc in Medicine (1, 1937) 

Hays, Edwin Everett, PhJD Armour Labs , 1426 
W 42nd St , Chicago 9, HI Dir of Biochemical 
Research (2, 1946) 

Hays, Harry W , Ph D Wayne Umv College of 
Medicine, 1612 St Antoine St , Detroit 26, 
Mich Assoc Prof of Physiology and Pharma- 
cology (3, 1949) 

Haythom, Samuel R , M D Allegheny General 
Hospital, 320 E North Ave , Pittsburgh, Pa 
Dir of William H Singer Memorial Lab (4, 
1925) 
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HajTvood, Charlotte, Ph D Mount Holjoko Col- 
lege, South Hadley, Mass Pro/ oj Physiology 
(1, 1939) 

Hazen, Elizabeth L , Ph D New York State Dept 
of Health Labs , 339 E 26th St , New York City 
Sr Baclcriologist (G, 1931) 

Hazleton, Lloyd W , Ph D Box 333, Falls Church, 
Va Research Consultant (3, 1944) 

Hechter, Oscar M , Ph D Worcester Foundation 
for Exper Biology'^, 222 Maple Ave , Shrewsbury, 
jMass (1, 1945) 

Hegnauer, Albert H , Ph D Boston Umv School 
of Medicine, Boston, Mass Assoc Pro/ o/ 
Physiology (1, 1937) 

Hegsted, David Mark, Ph D Harvard School of 
Public Health, Boston, Mass Prof of Nutrition 
(5, 1944) 

Heidelberger, Michael, Ph D Columbia Umv , 
620 W 168th St , New York City 32 Pro/ of 
Imniunochemistry , Chemist to the Presbyterian 
Hospital (2, 1927, 6, 1935) 

Heilbrunn, Lewis Victor, Ph D Umv of Pennsyl- 
vania, Philadelphia Pro/ of Zoology (1, 1930) 
Heim, J William, Ph D 1 Yale Ave , Dayton 6, 
Ohio Aero-Medical Lab , Army Air Forces, 
Wright Field Principal Research Physiologist, 
Asst in Physiology, Harvard School of Public 
Health (1, 1936) 

Heinbecker, Peter, M D Washington Umv Med 
School, St Louis, Mo Assoc Prof of Clinical 
Surgery (1, 1930) 

Heinle, Robert W , M D Western Reserve Umv , 
Cleveland, Ohio Asst Prof of Medicine (5, 
1948) 

Helff, O M , Ph D New York Umv , University 
Heights, New York City" Assoc Pro/ of Biology 
(1, 1932) 

Hellbaum, Arthur A , Ph D , M D Umv of Okla- 
homa School of Medicine, Oklahoma City Prof 
of Pharmacology (1, 1937, 3, 1945) 

Hellebrandt, Frances Anna, M D Med College 
of Virginia, Richmond Prof of Physical Medi- 
cine (1, 1933) 

Heller, Carl G , M D , Ph D Umv of Oregon 
Med School, Portland 1 Assoc Prof of Physi- 
ology and Medicine (1, 1945) 

Heller, Victor G , Ph D Oklahoma A & M College, 
Stillw ater Head of Dept of Agricultural Chem- 
istry Research (2, 1935, 5, 1935) 

Hellerman, Leslie, Ph D Johns Hopkins Umv 
School of Medicine, 710 N Washington St , 
Baltimore 6, Md Assoc Prof of Physiological 
Chemistry (2, 1935) 

Helmer, Oscar Marvin, Ph D Indianapolis Gen- 
eral Hospital, Indianapolis, Ind Head of Dept 
of Physiological Chemislry (2, 1935) 

Hemingway, Allan, Ph D 241 Cecil St , S E , 
Almneapolis, Minn Assoc Prof of Physiology, 
Lniv of Minnesota (1, 1933) 


Henderson, LaVell M , Pli D Umv of Illinois, 
W A Noyes Lab , Urbana Asst Prof of Bio- 
chemistry (2, 1949) 

Hendley, Charles D , Ph D Ohio State Umv 
Dept of Physiology, Hamilton Hall, Columbus 
10 Asst Prof of Physiology (1, 1949) 

Hendrix, Byron M , Ph D Umv of Texas School 
of Medicine, Galveston Prof of Biochemistry 
(2, 1920) 

Hendrix, James Paisley, M A , M D Duke Hospi- 
tal, Durham, N C Assoc in Medicine {in 
charge of Therapeutics), Assoc in Physiology 
and Pharmacology, Duke Umv School of Medi- 
cine (3, 1942) 

Hendry, Jessie L , M A Div of Labs and Re- 
search, New York State Dept of Health, New" 
Scotland Ave , Albany" Sr Bacteriologist (6, 
1938) 

Henle, Werner, M D 1740 Bainbndge St , Phila- 
delphia 46, Pa Assoc Prof of Virology in Pedi- 
atrics (6, 1938) 

Henry, James P , M A , M Sc Aero-Med Lab , 
Wright Field, Dayton, Ohio On leave of ab- 
sence from the Umv of Southern California, 
Los Angeles (1, 1947) 

Henschel, Austin F , Ph D Umv of hlmnesota, 
Minneapolis Asst Prof of Physiological Hy- 
giene (1, 1944) 

Hepburn, Joseph Samuel, Ph D , M D Chem D 
235 N 15th St , Philadelphia 2, Pa Prof of 
Chemistry and Research Assoc in Gastro-enterol- 
ogy. Registrar, Hahnemann Med College and 
Hospital (2, 1915) 

Hepler, Opal E , Ph D , M D Northwestern Umv 
Med School, 303 E Chicago Ave , Chicago, HI 
Assoc Prof of Pathology (4, 1939) 

Heppel, Leon A , Ph D , M D Natl Insts of 
Health, 4611 Maple Ave , Bethesda 14, Md 
Surgeon, USPHS (2, 1949) 

Herbst, Robert M , Ph D Kedzie Chemical Lab , 
Michigan State College, East Lansing Assoc 
Prof of Chemistry (2, 1938) 

Herget, Carl M , Ph D Med Div , Army Chemical 
Center, Md Chief, Biophysics Section (1, 1948) 

Herrick, Julia P , Ph D Mayo Foundation, Roch- 
ester, Mmn Assoc Prof of Exper Medicine 
(1, 1933) 

Herrin, Raymond C , Ph D , M D Umv of Wis- 
consin Med School, Madison Prof of Physi- 
ology (1, 1932) 

Herrington, Lovic P , Ph D 290 Congress Ave , 
New Haven, Conn Assoc Dir , John B Picrcc 
Lab of Hygiene, Research Assoc Prof , Dept of 
Public Health, Yale Med School (1,1942) 

Herriott, Roger M , Ph D Johns Hopkins School 
of Hygiene and Public Health, 615 N Wolfe 
St , Baltimore 5, Md Prof of Biochemistry (2, 
1940) 
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Hermann, Julian B , Ph B , M D 1186 Park Ave , 
New York Citj (3, 1941) 

Herrmann, George K , Ph D , M D Univ of 
Texas hied Branch, Galveston Prof of Medi- 
cine (4, 1925) 

Herrmann, Louis George, M D Cincinnati Gen- 
eral Hospital, Cincinnati 29, Ohio Attending 
Surgeon, Assoc Prof of Surgery, Univ of Cin- 
cinnati College of Medicine (4, 1933) 

Hershey, A D , Ph D Washington Univ School 
of kledicme, St Louis, Mo Assoc Prof of 
Bacteriology and Immunology (6, 1942) 

Hertz, Roy, Ph D , M D Natl Insts of Health, 
Bethesda 14, Md Public Health Surgeon (R), 
Div of Physiology (1, 1945) 

Hertz, Saul, M D Radioactive Isotope Founda- 
tion, 270 Commonw^ealth Ave , Boston, Mass 
Dir , Instr , Harvard Med School (4, 1936) 
Hertzman, Alrick B , Ph D St Louis Univ School 
of Medicine, St Louis, Mo Prof of Physiology 
and Dir of Dept (1, 1925) 

Herwick, Robert P , Ph D , M D American Home 
Products Corp , 22 E 40th St , New York City 
Med Dir , Whitehall Div (3, 1938) 

Hess, Charles L , M S , M D 308 Davidson Bldg , 
Bay City, Mich (1, 1916) 

Hess, Walter C , Ph D Georgetow n Med School, 
39th St and Reservoir Rd ,N W .Washington 7, 
D C Prof of Biological Chemistry (2, 1935) 
Hetherington, Albert W , Ph D School of Avia- 
tion Medicine, Randolph Field, Texas (1, 1943) 
Hewetson, Jean Hawks, M D 115 E York St , 
Biglerville, Pa (5, 1944) 

Hewitt, Earl Albon, Ph D Iowa State College, 
Ames Assoc Prof of Veterinary Physiology 
(1, 1932) 

Hewitt, Julia A W , B A % Emerson H Lilh- 
bndge, 8046 Woodlawn Drive, Minneapolis 21, 
Minn Sr Technician, Huntington Hospital Lab , 
Huntington, N Y (6, 1921) 

Heyroth, Francis F , M D , Ph D Univ of Cin- 
cinnati, Cmcinnati, Ohio Assoc Prof of Ind 
Toxicology and Asst Dir , Kettering Lab , Assoc 
Prof of Biological Chemistry, College of Medi- 
cine (2, 1936) 

Hiatt, Edwin P , Ph D Univ of North Carolina 
School of Medicine, Chapel Hill Assoc Prof of 
Physiology (1, 1942) 

Hickman, Kenneth C D , Ph D 56 Thackeray 
Rd , Rochester 10, N Y Consultant, Arthur D 
Little, Inc (2, 1944) 

Hiestand, William A , Ph D Purdue Univ , Dept 
of Biology , Lafayette, Ind Prof of Physiology 
(L 1947) 

Higgins, George M , Ph D Mayo Clmic, Roches- 
ter, Minn Prof of Exper Biology, Mayo Founda- 
tion (5, 1948) 

Higgins, Harold Leonard, M D 322 Franklin St , 
Newton, Mass (1, 1914 , 5, 1933) 


Highman, Benjamin, M D Natl Insts of Health, 
Bethesda, Md Surgeon, USPHS, Lab of Pa- 
thology and Pharmacology (4, 1947) 

Hill, Edgar S , Ph D Washington Univ College 
of Dentistry, St Louis, Mo Assoc Prof of 
Biological Chemistry and Physiology (2, 1936) 

Hill, Robert M , Ph D Univ of Colorado Med 
Center, 4200 E 9th Ave , Denver .Pro/ of 
Biochemistry (2, 1933) 

Hill, Samuel E , Ph D 18 Collms Ave , Troy, 
N Y Research Worker, The Behr-Manning Corp 
(1, 1934) 

Hilleman, Maurice, Ph D Armv Med Center, 
AMDR & GS, Dept of Virus and Rickettsial 
Diseases, Washington 12, D C Med Bacteri- 
ologist (6, 1949) 

Hiller, Alma, Ph D Presbyterian Hospital, 1763 
W Congress St , Chicago 12, R1 Assoc , Rush 
Dept of Biochemistry (2, 1929) 

Himwich, Harold E , M D Fallston, Md Chief, 
Clinical Research Branch, Med Div , Army 
Chem Center, Md (1, 1925 , 5, 1933) 

Himwich, Williamina A , Ph D Johns Hopkins 
Univ , Welch Med Library, Baltimore, Md 
(1, 1947) 

Hine, Charles H , Ph D , M D Univ of Cali- 
fornia Med School, Pharmacology and Toxi- 
cology Dept , Med Center, San Francisco 22 
Lecturer in Toxicology, Consulting Pharmacolo 
gist and Toxicologist, Shell Development Co 
(3, 1947) 

Hines, Harry M , Ph D State Univ of Iowa, Iowa 
City Prof of Physiology (1, 1928) 

Hines, Marion, Ph D Emory Umv Dept of 
Anatomy, Emory' University', Ga Prof of Exper 
Anatomy (1, 1932) 

Hinrichs, Marie, Ph D , M D Southern Illinois 
Normal Umv , Carbondale Prof of Physiology, 
Dir of Student Health Service (1, 1928), 

Hinsey, Joseph C , Ph D Cornell Univ Med 
College, 1300 York Ave , New York City Prof 
of Anatomy and Dean of the Med College (L 
1929) 

Hirschmann, Hans, M D , Ph D Lakeside Hos 
pital, Cleveland, Ohio Asst Prof of Biochem- 
istry, Dept of Medicine, Western Reserve Umv 
(2, 1946) 

Hirszfeld, Ludwik, M D Univ of Wroclaw , Wro 
claw, U1 Chaubinskiego 4, Poland Prof of 
Microbiology, Dir of Med Microbiology (G> 
1946) 

Hisaw, Fredenck L , Ph D Harvard Umv Bio- 
logical Labs , Cambridge, Mass Prof of Zoology 
(1, 1932) 

Hitchcock, David I , Ph D Yale Univ , 333 Cedar 
St , New Haven 11, Conn Assoc Prof of Physi- 
ology (2, 1930) 

Hitchcock, Fred A , Ph D Ohio State Univ , 
Columbus Prof of Physiology (1, 1927, 5, 1933) 
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Hitchcock, Philip, Ph D Aled College of Ala- 
bama, Dept of Phj siologj and Pharmacologj , 
Birmingham 5 Asst Prof of Physiology and 
Pharmacology (3, 1946) 

Hitchings, George H , Ph D 50 Primrose Ave , 
Tuckalioe 7, N Y , Chief Biochemist, Wellcome 
Research Labs (2, 1942) 

Hjort, Axel M , M D , Ph D P 0 Box 2S1, 14 
Fern Way, Scarsdale, N Y Adjunct Physician, 
Grasslands Hospital, Valhalla, jV F (2, 1925) 
Hoagland, Hudson, Ph D 222 Maple Ave ,Shre\is- 
bur 3 % Mass Exec Du , Worcester Foundation 
for Exper Biology, Neuiophysiologist, Worcester 
State Hospital (1, 1932) 

Hobby, Gladys L , Ph D 11 Bartlett St , Brook- 
hn 6, N A' Research Bacteriologist in charge of 
Biological Control, Chas Pfizer & Co (6, 1946) 
Hoberman, Henrj D , Ph D , M D Yale Univ 
School of Medicine, Dept of Phj Biological 
Chemistry, 333 Cedar St , New Haven 11, Conn 
Asst Prof of Physiological Chemistry (2, 1949) 
Hodes, Robert, Ph D Tulane Umv School of 
Medicine, Dept of Psj chiatrj , Nev Orleans 
12, La Pi of of Exper Eeurology and Neuro- 
physiology (1, 1941) 

Hodge, Harold Carpenter, Ph D Univ of Roch- 
ester School of Medicine and Dentistry, 260 
Cnttenden Blvd , Rochester 7, N Y Prof of 
Pharmacology and Toxicology (2, 1937 , 3, 1948) 
Hoefer, Paul F A , Ph D , M D Neurological 
Inst of Nei\ York, 710 W 168th St , New Y'ork 
City 32 Assoc Prof of Neurology (1, 1945) 
Hoff, Ebbe Curtis, Ph D Med College of Vir- 
ginia, Richmond 19 Assoc Prof (1, 1933) 

Hoff, Hebbel E , Ph D McGill Umv , Montreal, 
Quebec, Canada Prof of Physiology (1, 1933) 
Hoffman, William Samuel, Ph D , M D Hektoen 
Inst for Med Research, 629 S Wood St , 
Chicago 12, 111 Dir of Biochemistry, Cook 
County Hospital (2, 1935) 

Hofmann, Klaus, Ph D Univ of Pittsburgh 
Dept of Chemistry, Pittsburgh, Pa Research 
Prof (2, 1947) 

Hogan, Albert G , Ph D Univ of Missoun, 105 
Schneitzer Hall, Columbia Prof of Animal 
Nutrition (2, 1916 , 5, 1933) 

Hogness, Thorfin R , Ph D Umv of Chicago, 
Chicago 111 Dir , Inst of Radiobiology and Bio- 
physics (2, 1941) 

Hoick, Harald G O , Ph D Umv of Nebraska, 
College of Pharmacy, Lincoln Prof of Pharma- 
cology (1, 1935,3,1938) 

Hollaender, Alexander, Ph D Oak Ridge Natl 
Lab , Oak Ridge, Tenn (1, 1947) 

Hollander, Franklin, Ph D Mount Sinai Hospital, 
Fifth Ave and 100th St , New Y'’ork City Assoc 
in Physiology, Head, Gastro-enterology Research 
Lab (1, 1942, 2, 1932) 

Hollinshead, W Henry, Ph D hlay o Clinic, Sec- 


tion on Anatomy^ Rochester, ALiin Head of 
Section on Anatomy, Prof of Anatomy, Mayo 
Foundation (1, 1949) 

Holm, August, Sc D E 11 Squibb A Sons, New 
Brunswick, N J Research Assoc (6, 1946) 
Holman, Ralph Theodore, Ph D A and M College 
of Texas, College Station Assoc Prof of Bio- 
chemistry and Nutrition (2, 1948) 

Holman, Russell Lowell, M D Louisiana State 
Umv School of Medicine, New Orleans Prof 
of Pathology (4, 1940) 

Holmes, Arthur Dunham, Ph D Univ of Massa- 
chusetts, Amherst Research Prof of Chemistry 
(2, 1931, 5, 1933) 

Holmes, Joseph H , M D , D Med Sc Umv of 
Colorado School of Medicine, 4200 E Ninth 
Ave , Denver 7 Assoc Prof of Medicine (1, 
1947) 

Holmes, Julia O , Ph D Umv of Massachusetts, 
15 Sunset, Amherst Research Asst of Chemistry 
Dept (2,1942,5,1936) 

Holt, Joseph Paynter, M D , Ph D Standard Oil 
Co , Room 2400, 30 Rockefeller Plaza, NewA'ork 
City'^ 20 Dir of Med Research (1, 1942) 

Holt, L Emmett, Jr , M D 477 First Ave , New 
York City 16 Prof of Pediatrics, New 1 ork 
Umv College of Medicine (2, 1930, 5, 1946) 
Hoobler, Icie Macy, Ph D 660 Frederick St , 
Detroit 2, Mich Dir , Research Lab Children’s 
Fund of Michigan (2, 1925, 5, 1933) 

Hoobler, Sibley W , M D Umv of IVLchigan 
Hospital, Dept of Medicine and Surgery , Ann 
Arbor Asst Prof of Medicine (1, 1949) 

Hooker, Davenport, Ph D Umv of Pittsburgh 
School of Medicine, Pittsburgh, Pa Prof of 
Anatomy (1, 1920) 

Hooker, Sanford B , A M , M D SO E Concord 
St , Boston, Mass Member Evans Memorial 
(6, 1918) 

Hoover, Sam R , Ph D 7815 Linden Rd , Phila- 
delphia 18, Pa Sr Chemist Eastern Regional 
Research Lab , U S Dept of Agriculture (2, 

1946) 

Hoppert, C A , Ph D Michigan State College, 
Box 626, East Lansing Prof of Biological Chem- 
istry (5, 1935) 

Hopps, Howard C , M D Umv of Oklahoma 
School of Medicine, Dept of Pathology , SOI E 
13th St , Oklahoma City Prof and Chairman 
of Dept of Pathology (4, 1947, 6, 1946) 

Horecker, Bernard L , Ph D Natl Insts of 
Health, Bethesda 14, Md Sr Biochemist (2, 

1947) 

Horn, Millard J , Ph D 1811 Varnum St , N E , 
Washington IS, D C UH Dept of Igricullurc, 
Chemist (2, 1949) 

Horowitz, Norman H , Ph D California Inst of 
Technology , Pasadena Assoc Prof of Biology 
(2, 1946) 
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Horsfall, Frank L , Jr , M D CM Rockefeller 
Inst forlMed Research, 66tli St and York Ave, 
New lorkCit-s Member, Physician to the Hos- 
pital of the Rockefeller Inst for Med Research 
(6, 1937 j 

Horton, Richard G , Ph D Med Div , Army 
Chemical Center, Md Acting Chief, Toxicology 
Section (I, 1948) 

Horvath, Steven M , Ph D State Univ of Iowa 
School of Medicine, Dept of Ph 3 siologv, Iowa 
Citj (1, 1943) 

Horwitt, M K , Ph D Biochenucal Research 
Lab , Elgin State Hospital, Elgin, Rl Dir , 
Asst Prof , Biological Chemistry, Univ of Illi- 
nois College of Medicine (2, 1941 , 5, 1949) 
Hotchkiss, Rollln D , Ph D Rockefeller Inst for 
Med Research, 66th St and York Ave , New 
York Citj Associate (2, 1941) 

Hou, H C , M D Inst of Nutrition, Nanking, 
China Director, (5, 1949) 

Houck, C Riley, Ph D Univ of Tennessee Med 
School, Memphis 3 Asst Prof in Physiology 
(1, 1947) 

Hove, Edwin L , Ph D Alabama Poly^technic 
Inst , Lab of Animal Nutrition, Auburn Re- 
search Biochemist (5, 1946) 

Howard, Evelyn, Ph D Johns Hopkins School of 
Medicine, Baltimore, Md Asst Prof of Physi- 
ology (1, 1933) 

Howard, John Eager, A B , M D Johns Hopkins 
Hospital, Baltimore 5, Md Asst Prof of Medi- 
cine (1, 1946) 

Howard, Marion E , M D New Haven Hospital, 
New Haven, Conn Assoc Clinical Prof of 
Medicine \ ale School of Medicine, Assoc Physi- 
cian, Veil) Haven Hospital and New Haven Dis- 
pensary (4, 1939, 6, 1937) 

Howe, Howard A , Ph D Johns Hopkins Univ , 
1901 East Madison St , Baltimore 5, Md Ad- 
junct Prof of Epidemiology (6, 1949) 

Howe, Paul E , Ph D US Dept of Agriculture, 
Bureau of Animal Ind , Washmgton 25, D C, 
^ utntion Consultant (1, 1913, 2, 1909 , 6, 1933) 
Howe, Percy R , M D , D D S Forsyth Dental 
Infirmary , Harvard Med School, Boston, Mass 
Dir , Prof of Denial Sciences (5, 1936) 

Howell, Katherine M , M D 6830 S Merrill Ave , 
Chicago, 111 Head of Depts of Bacteriology and 
Serology (6, 1940) 

Howell, Stac-y F , Ph D V D Research Lab , 
U S Alarine Hospital, Stapleton, Staten Island, 
N "i Chemist, VSPHS (2, 1940) 

Howland, Joe W , M D , Ph D Strong Memonal 
Hospital, 260 Crittenden Blvd , Rochester 7, 
N Y Asst Prof of Radiation Biology, Univ of 
Rochester, Chief, Div of Med Services (1, 1949) 
Hubbard, P,oger Sanford, Ph D Umv of Buffalo 
School of Medicine, 24 High St , Buffalo 2, 
N Y Prof of Pharmacology (1, 1922,2, 1920) 


Hubbell, Rebecca B , Ph D Connecticut Agri- 
cultural Evpenment Station, New Haven Asst 
Biochemist (2, 1937 , 6, 1935) 

Hudack, Stephen Sylvester, M D 180 Fort Wash- 
ington Ave , New York City Assoc Prof of 
Orthopedic Surgery, Columbia Umv (4, 1933) 
Huddleston, Ora L , M D , Ph D Kabat-Kaiser 
Inst , 1815 Ocean Front, Santa Monica, Calif 
Med Dir (1, 1936) 

Hueper, Wilhelm C , M D Natl Cancer Inst , 
Bethesda, Md Chief, Cancerogemc Studies Sec 
iion (4, 1940) 

Huf, Ernst G , Ph D , M D 3500 Carolina Ave , 
Richmond, Va Asst Prof of Physiology, Med 
College of Virginia (1, 1949) 

Huff, Jesse W , Ph D Sharp &: Dohme, Inc , 
Glenolden, Pa Research Biochemist (2, 1949) 
Huffman, C F , Ph D Michigan State College, 
East Lansing Research Prof and Prof in Dairy 
Husbandry (5, 1937) 

Huffman, Max N , Ph D Southwestern Med 
College, 2211 Oak Lawn, Dallas, Tex Research 
Prof of Biochemistry (2, 1947) 

Huggins, Charles Brenton, M D Umv of Chicago, 
Chicago, HI Prof of Surgery (1, 1932) 
Huggins, Joseph, M D 111 N 49th St , Phila- 
delphia, Pa Asst Prof of Exper Neurology, 
Grad School of Medicine, Umv of Pennsylvania, 
Dir of Lab , Pennsylvania Hospital for Mental 
Diseases (1, 1936) 

Huggins, Russell A , Ph D Bajlor Univ College 
of Medicine, 1200 M D Anderson Blvd , Hous- 
ton 5, Te\ Assoc Prof of Pharmacology (3, 
1949) 

Hughes, Hettie B , Ph D Christ Hospital, Cin- 
cinnati 19, Ohio Research Assoc (2, 1946) 
Hughes, Josiah Simpson, Ph D Kansas State 
College, Manhattan Prof of Chemistry (2, 
1931, 6, 1939) 

Hughes, Thomas P , Ph D Johns Hopkins Univ 
School of Public Health, Baltimore, Md (6, 
1934) 

Hulpieu, Harold R , Ph D Indiana Umv School 
of Medicine, Indianapolis Prof of Pharma- 
cology (3,1939) 

Hunscher, Helen A , Ph D Western Reserve 
Umv , 2023 Adelbert Rd , Cleveland 6, Ohio 
Head of Dept of Home Economics (5, 1934) 
Hunter, Andrew, C B E , M B Hospital for Sick 
Children, Toronto, Ontario, Canada Consulting 
Biochemist, Prof Emeritus of Pathological Chem- 
istry, Umv of Toronto (2, 1908) 

Hunter, Francis Edmund, Jr , Ph D Washington 
Umv Med School, Dept of Pharmacologj , St 
Louis 10, Mo Asst Prof of Pharmacology (2, 
1946) 

Hunter, George, M A , D Sc Umv of Alberta, 
Edmonton, Canada Prof of Biochemistry (2, 
1924) 
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Hunter, Jesse E , Pli D Allied IMills, Inc , 7500 
S Adams St , Peoria, 111 Dti of Research (6, 
1936) 

Hunter, John, PhD Univ of Michigan, Ann 
■Irbor Inslr tn Physiology (I, 19-18) 

Hussey, Raymond, M D Wa> ne Univ Med Sci- 
ence Center, 154.7 Penobscot Building, Detroit 
26, Mich Dir , Inst for Occupational Health 
Research, Dean and Prof of Occupational Health, 
School of Occupational Health (4, 1927) 
Hutchens, John O , Ph D Univ of Chicago, 
Dept of Physiologj , Chicago 37, 111 Assoc 
Prof and Chairman of Dcpl of Physiology, Du 
of Toxicity Lab (1, 1947) 

Hutchings, Brian L , Ph D Lederle Labs Div , 
American Cjanamid Co , Pearl River, N Y 
Research Chemist (2, 1949) 

Hyman, Chester, Ph D Univ of Southern Cali- 
fornia School of Medicine, Los Angeles 4ss< 
Prof of Physiology (1, 1948) 

Ingalls, Mabel S , Ph D Salisbun iMills, Orange 
County , N Y (6, 1940) 

Ingle, Dwight J , Ph D Upjohn Research Labs , 
Kalamazoo, Mich Sr Reseat ch Scientist (1, 
1939) 

Ingraham, Raymond Clifford, Ph D Univ of 
Illinois College of Medicine, 1853 W Polk St , 
Chicago Asst Piof in Physiology (1, 1938) 
Ingram, W R , Ph D State Univ of low a College 
of Medicine, low a City Prof and Head of Dept 
of Anatomy (1, 1936) 

Irish, Don D , Ph D Dow Chemical Co , Midland, 
h'Lch Dir , Biochemical Research Lab (3, 1948) 
Irvin, J Logan, Ph D Johns Hopkins Umv 
School of Medicine, 710 N Washington St , 
Baltimore, Md Asst Prof of Physiological 
Chemistry (2, 1942) 

Irving, George Washington, Jr , Ph D U S Dept 
of Agriculture, Bureau of Agricultural and 
Industrial Chemistry, South Bldg , Washington 
25, D C Asst Chief (2, 1946) 

Irving, Laurence, PhD Swarthmore College, 
Swarthmore, Pa LtCol ,AC , Prof of Exper 
Biology (1, 1927) 

Irwin, M R , Ph D Univ of Wisconsin, Dept of 
Genetics, Madison Prof of Genetics (6, 1936) 
Isaacs, Raphael, M D 104 S Michigan Ave , 
Suite 630, Chicago 3, R1 Attending Physician, 
Dept of Hematology, Michael Reese Hospital 
(4, 1928) 

Isbell, Hams, M D USPHS Hospital, Lexington, 
Ky Med Dir , USPHS, Dir , Research Div 
(3, 1949) 

Isenberger, R M , M A , hi D Umv of Kansas 
School of Medicine, Kansas City Prof of Phar- 
macology (3, 1937) 

Ivy, A C , Ph D , M D Umv of Ulmois, Chicago 
Professional Colleges, Chicago, 111 Yicc-Pres , 


Distinguished Prof of Physiology (I, 1919, 5, 
1933) 

Iwamoto, Harry K , Ph D Univ of Maryland 
School of Medicine, Baltimore Asst Prof of 
Pharmacology (3, 1948) 

Izqmerdo, J Joaquin, M D Natl School of Medi- 
cine, Mexico City Prof of Physiology in Nall 
School of Medicine and the Escncla Medico Militar 
of Mexico (1, 1928) 

Jackson, Elizabeth B , A B Army Med Center— 
Ah'IDR & GS, Dept of Virus and Rickettsial 
Diseases, Washington 12, D C Bactenologisl 
(6, 1949) 

Jackson, Eugene L , Ph D 1322 W Broad St , 
Richmond 20, Va Med Dir , A H Robins Co 
(3, 1942) 

Jackson, Richard W , Ph D U S Dept of Agri- 
culture, Northern Regional Research Lab , 825 
N University St , Peoria 5, HI Head of Fer- 
mentation Dll) (2, 1930, 5, 1933) 

Jacobs, Merkel Henry, Ph D Univ of Pennsy 1- 
vania, Philadelphia Prof of General Physiology 
(1, 1919) 

Jacobs, Walter A , Ph D Rockefeller Inst for 
Med Research, 66th St and York Ave , New 
York City 21 Member Emeritus (2, 1908, 3, 
1913) 

Jacobson, Edmund, Ph D , M D Lab for Clinical 
Physiology , 55 E Washington St , Chicago, 111 
(I, 1929) 

Jaffe, Henry L , hi D Hospital for Joint Diseases, 
1919 Madison Ave , New York City Dir of 
Labs (4, 1925) 

Jahn, Theodore Louis, Ph D Umv of California, 
Los Angeles 24 Prof of Zoology (1, 1944) 

Jailer, Joseph W , Ph D Columbia Umv College 
of Physicians and Surgeons, New York City 
Instr in Medicine (1, 1948) 

Jamieson, Walter A , Sc D Green Braes, R P D 2, 
Indianapolis, Ind Dir , Biological Div , Eh 
Lilly A Co (6, 1927) 

Jandorf, Bernard J , Ph D Med Div , Army" 
Chemical Center, Md Research Biochemist, Bio- 
chemistry Section, Lecturer in Preventive Med- 
icine, Johns Hopkins Untv School of Medicine 
(2, 1946) 

Janes, Ralph G , Ph D State Umv of Iowa Col- 
lege of Medicine, Iowa City Assoc Prof of 
Anatomy (1, 1948) 

Jansen, Eugene P , B A Enzy me Research Lab , 
Western Regional Research Lab , Albany 6, 
Calif Sr Chemist, Bureau of Agricultural and 
Industrial Chemistry, U S Dept of Agncid- 
ture (2, 1947) 

Jaques, L B, PhD Univ of Saskatchewan, 
Saskatoon Canada Prof of Physiology (1, 
1943) 

Jasper, Herbert H , Ph D , D5s Sci Montreal 
Neurological Inst , 3801 Unnersity St , Mon- 


/ 
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treal, Quebec, Canada Lecturer in Neuro- 
clectrography and Dir of Dept of Eleclrophysi- 
ology (1, 1940) 

Jeans,? C,MD State Umv of Io^\ a, low a CRj 
Prof of Pediatrics (5, 1937) 

Jensen, Hans P , Ph D Med Dept Field Re- 
search Lab , Fort Knox, Ky Chief Biochemist 
(2, 1929) 

Jochim, Kenneth E , Ph D Univ of Kansas, 
Dept of Physiologj', Lawence (1, 1942) 

Johlin, J M , Ph D Vanderbilt Unix School of 
Medicine, Nashville, Tenn Assoc Prof of Bio- 
cheinislry (2, 1928) 

Johnson, B Conner, Ph D Univ of Illinois, 
Div of Animal Nutrition, 554 Davenport Hall, 
Urbana Assoc Prof (2, 1947 , 5, 1947) 

Johnson, Frank H , Ph D Pnncetoii Umv , 
Princeton, N J Asst Prof , Dept of Biology 
(1, 1942) 

Johnson, Joseph L , Ph D , M D How ard Umv 
School of Medicine, Washington, D C Pi of 
and Head of Dept of Physiology (1, 1934) 

Johnson, J Raymond, PhD Umv of Ottawa, 
Faculty of Medicine, Ottawa, Ontario, Canada 
(1, 1938) 

Johnson, Marvm J , Ph D Univ of Wisconsin, 
Biocheimatry Bldg , Madison Prof of Biochem- 
istry (2, 1941) 

Johnson, Robert E , M D , Ph D Umv of Rhnois 
College of Liberal Arts and Sciences, Dept of 
Physiologj , Urbana Head of Dept (1, 1944, 2, 
1939, 5, 1946) 

Johnson, S R , Ph D Missouri Farmers Assoc 
Milling Co , Springfield Dir of Nutrition (6, 
1947) 

Johnson, Victor, Ph D , M D Mayo Foundation, 
Rochester, Minn (1, 1933) 

Johnston, Charles G , M S , M D Wajme Umv 
College of Medicine, Detroit, Mich Pi of of 
Surgery (I, 1933) 

Johnston, Frances A , Ph D Cornell Univ , Ith- 
aca, N Y Asst Prof of Foods and Nutrition 
(5, 1948) 

Johnston, Margaret W , Ph D Box 452, Umv 
Hospital, Ann Arbor, Mich Research Assoc tn 
Internal Medicine (2, 1930 , 5, 1938) 

JoUiffe, Norman, M D 39 75th St , New York 
Citj (1, 1932) 

Jones, D Breese, Ph DUS Dept of Agricul 
ture, Bureau of Human Nutrition and Home 
Econoimcs, Agricultural Research Admin , 
Beltsville, Md Protein Chemist (2, 1920, 5, 
1935) 

Jones, Hardin B , Ph D Umv of California, 
Dn of Med Physics, Berkelej 4 Asst Prof 
of Med Physics and Physiology, Asst Dir of 
Donner Lab (1, 1949) 

Jones, James H , PhD Univ of Pennsjdvania 
School of Veterinary' hledicme, Philadelphia 4 


Prof of Physiological Chemistry (2, 1928 , 5, 
1933) 

Jones, Kenneth K , Ph D Northivestern Unn 
Med School, 303 E Chicago Ave , Chicago, 
111 Assoc Prof of Physiology and Pharmacology 
(1, 1936) 

Joseph, Norman R , Ph D Umv of Illinois, 1853 
W Polk St Chicago 12 Asst Prof of Chemistry 
(2, 1947) 

Joslin, Elliott P , M A , M D Newr England Dea- 
coness Hospital, 81 Baj' State Rd , Boston, 
Mass Dir , George F Bal cr Clinic (5,1933) 

Jukes, Thomas Hughes, Ph D Lederle Labs , 
Pearl River, N Y Head, Dept of Nutrition 
and Physiology Reseaich (2, 1935, 5, 1938) 

Jung, Frederic Theodore, Ph D , M D American 
Med Assoc , Chicago, 111 Asst Secretary (1, 
1930) 

Jungeblut, Claus W , hi D Columbia Umv Col- 
lege of Physicians and Surgeons, 630 W 168th 
St , New York City 32 Pi of of Bacteriology 
4, 1929, G, 1926) 

Kabat, Elvin A , Ph D Columbia Umv College 
of Phj'sicians and Surgeons, 710 W 168th St , 
New York Citj 32 Assoc Prof of Bacteriology 
(2, 1940 , 6, 1943) 

Kabat, Herman, Ph D , M D 2633 16th St , N W , 
Washington, D C Consultant tn Neurology, 
Health Dept District of Columbia (1, 1941) 

Kahn, Reuben L , Sc D , Umv of Michigan Hos- 
pital, Ann Arbor Assoc Prof of Serology of 
Syphilis and Chief of Serology Lab (4, 1934 , 6, 
1919) 

Kalckar, Herman M , M D , Ph D Umv of Co- 
penhagen, Inst for Enzj'me Research, 28 Juh- 
ane Maries Vej, Copenhagen, Denmark Re- 
search Prof (2, 1942) 

Kalmtsky, George, PhD State Umv of Iowa, 
Iowa City Asst Prof of Biochemrslry (2, 1948) 

Kamen, Martin D , Ph D Washington Umv Med 
School, 510 B Kingshighwaj', St Louis 10, Mo 
Assoc Prof of Chemistry (2, 1946) 

Kamm, Oliver, Ph D 365 Lakeshore Drive, De- 
troit 30, Mich Research Consultant, Parle, Davis 
and Co (2, 1928) 

Kaplan, Nathan O , Ph D Univ of Illinois College 
of Medicine Dept of Biological Chemistr}', 
1853 W Polk St , Chicago 12 Asst Prof (2, 
1949) 

Karel, Leonard, Ph D Natl Insts of Health, 
Div of Research and Fellowships, Bethesda 14, 
Md Exec Sec , Hematology and Pharmacology 
Study Sections, Umv of Maryland School of 
Medicine, Lecturer in Pharmacology (3, 1947) 

Karpovich, Peter V , hi D ,M P E Springfield 
College, Springfield, Mass Prof of Physiology 
(1, 1942) 

Karshan, Marwell, Ph D Columbia Umv , Dept 
of Biological Chemistry , 630 W 168th St , New 
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York Git'S 32 .Issor Prof of Bwchcimsiry 
(2, 1939) 

Karsner, Howard T , M D Dept of the Navy, 
Bureau of Medicine and Surgery, Research Div , 
Washington 25, D C Med Research Advisor 
(4, 1913) 

Katz, Louis Nelson, M ‘V , M D 2900 Ellis Ave , 
Chicago, 111 Dll of Cardiovascuhi Research, 
Michael Reese Hospital, Piofessoiial Lecturer 
in Physiology, Univ of Chicago (1, 1924) 
Katzman, Philip A , Ph D St Louis Univ School 
of jMedicine, 1402 S Grand Blvd , St Louis 4, 
Mo Assoc Prof of Biochemistry (2, 1935) 
Kaulbersz, Jerzy, Ph D M D Collegium Medica, 
Grzegorzecka 16, Cracow , Poland Prof of Physi- 
ology (1, 1944) 

Eaunitz, Hans, M D Columbia Univ College of 
Physicians and Surgeons, 630 W 16Sth St , 
New Y'ork City 32 Research Assoc in Pathol- 
ogy (4, 1947) 

Kay, Herbert Davenport, Ph D Natl Inst for 
Research in Dairying, Shinfield, near Reading, 
England Dir , Research Prof of Biochemistry, 
Univ of Reading (2, 1930) 

Kazal, Louis Anthony, Ph D Sharp & Dohme, 
Inc , Med Research Div , Glenolden, Pa Re- 
search Biochemist (2, 1947) 

Keeton, Robert W , M S , M D Univ of Illinois 
College of Medicine, 1817 W Polk St , Chicago 
Prof of Medicine (1, 1916, 3, 1924) 

Kehoe, Robert A , M D Univ of Cincinnati 
College of Medicine, Kettering Lab of Applied 
Phjsiology, Eden Ay^e , Cincinnati, Ohio Re- 
search Prof of Physiology (1, 1940) 

Keith, Norman M , M D Maj o Clinic, Rochester, 
IMinn Consulting Physician, Div of Medicine, 
Mayo Clinic, Prof of Medicine, Mayo Foundation, 
Univ of Minnesota (1, 1920, 3,1932,4, 1924) 
Keith, T B , Ph D Dept of Animal Husbandry , 
Univ of Idaho, Moscow , Idaho (5, 1941) 
Kellaway, Peter E , Ph D Baylor Univ College 
of Medicine, Houston, Texas Assoc Prof of 
N europsychiatry and Physiology , Dir of Lab of 
Clinical Elcclrophysiology (1, 1947) 

Keller, Allen D , Ph D Field Research Lab , 
Fort Knox, Ky Med Dept (1, 1931) 

Kellner, Aaron, M D Cornell Univ Med College, 
Dept of Pathology , 1300 York Ave , New York 
City 21 Research Assoc in Pathology, Dir of 
Central Labs , New York Hospital and Cornell 
Med Center (4, 1949) 

Kelser, Raymond A , D V M , Ph D The Wyndon, 
Apt A — 105, Wjnnewood, Pa Prof of Bac- 
teriology and Dean of Faculty, School of Veteri- 
nary Medicine, Univ of Pennsylvania, Philadel- 
phia (4, 1932) 

Kelsey, F Ellis, PhD Univ of Chicago Chicago, 
ni Assoc Prof of Pharmacology (3, 1941) 


Kelsey, Frances Kathleen O , Ph D Univ of 
Chicago, Chicago, 111 Research Assoc (Inslr ) 
in Pharmacology (3, 1941) 

Kemmerer, A R , Ph D Univ of Arizona, Tucson 
Head of Dept of Human Nutrition (5, 1940) 
Kempner, Walter, M D Duke Univ School of 
Medicine, Durham, N C Asst Prof of Medi- 
cine (1, 1940) 

Kendall, Edward C , Ph D , 627 Eighth Ave , 
S W , Rochester, Minn Prof of Biochemistry, 
Mayo Foundation, Univ of Minnesota (1, 1910, 
2, 1913, 4, prior to 1920) 

Kendall, Forrest E , Ph D 240-06-53rd Ave , 
Douglaston, Long Island, N Y Asst Prof 
of Biochemistry, Research Service, Columbia Div , 
Goldwater Memorial Hospital Welfare Island 
(6, 1943) 

Kennard, Margaret A , M D Univ of Oregon 
Med School, Dept of Surgery, Portland Assoc 
Prof of Exper Surgery (1, 1934) 

Kennedy, Cornelia, Ph D 2700 W Robbins St ,* 
Minneapolis 10, Minn Prof Emeritus of Agri- 
cultural Biochemistry, Univ of Minnesota (2, 
1924,5, 1934) 

Kensler, Charles J , Ph D Cornell Umv Med 
College, 1300 York Ave , New York City 21 
Instr , Dept of Pharmacology, Sr Research 
Fellow, Natl Research Council (3, 1949) 

Kent, John F , A M Army Med Center Washing- 
ton 12, D C Scientific Dir , Dept of Serology, 
irmy Med Dept Research and Grad School 
(6, 1947) 

Kenton, Harold B ,Ph D New England Deaconess 
Hospital, Boston, Mass Bacteriologist and Dir 
of the Blood Bank (6, 1934) 

Kenyon, Allan T , M D Umv of Chicago, Div of 
Biological Sciences, 950 E 59th St , Chicago, 
111 Asst Prof of Medicine (3, 1940) 

Keresztesy, John C , Ph D Natl Insts of Health, 
Bethesda 14, Md Scientist Officer Div of Physi- 
ology (2, 1941 , 5, 1945) 

Kerr, Stanley E , Ph D American Umv of Beirut, 
Beirut, Lebanon, Syria Prof of Biological Chem- 
istry (2, 1937) 

Kerr, Wm J , M D Univ of California Hospital, 
3rd and Parnassus Aves , San Francisco Physi- 
cian-in -Chief, Prof of Medicine, Univ of Cali- 
fornia (3, 1930) 

Kesten, Homer D , M D Columbia Univ^ College 
of Physicians and Surgeons, New York City 32 
Assoc Prof of Pathology (4, 1931) 

Kety, Seymour S , M D Umv of Pennsy Ivania 
Grad School of Medicine, Dept of Physiology 
and Pharmacology, Philadelphia 4 Prof of 
Clinical Physiology (1, 1949, 3, 1945) 

Keys, Ancel, Ph D Univ of IMinnesota, Stadium 
South Tower, Minneapolis Prof and Dir of 
Lab of Physiological Hygiene (1, 1939, 2, 1936) 
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Eidd, John G , hi D Cornell Univ hied College, 
1300 York Ave , New York City 32 Prof of 
Pathology, Pathologist, New York Hospital (4, 
1937,6, 1937) 

Kidder, George W , Ph D Amherst College, Dept 
of Biology, Amherst, hlass Prof of Biology 
(2, 1949) 

Kies, Marian W , Ph D Agricultural Research 
Center, North Bldg , Beltsvdle, Md Biochemist, 
Bur Agn and Indust Chemistry (2, 1948) 

Kik, M G , Ph D Umv of Arkansas College of 
Agriculture, Faj^etteville Assoc Prof of Agri- 
cultural Chemistry (5, 1942) 

Kilborn, Leslie G , M D , Ph D 47 Warren Rd , 
Toronto, Ontario, Canada At present West 
China Union Umv , Chengtu, Sze , China (1, 
1928) 

Eallian, John Allen, Ph D Killian Research Labs , 
Inc , 49 W 45th St , New York City (2, 1921) 
Kinard, F W , Ph D , M D Med College of the 
State of South Carolina, Charleston 16 Assoc 
Prof of Physiology (1, 1947) 

King, Barry G , Ph D Dept of Commerce, Civil 
Aeronautics Admin ,Med Service, Safety Regu- 
lations, Washington, D C Chief, Acromcdical 
Design and Material Div (1, 1938) 

King, Charles Edwin, Ph D Vanderbilt Univ , 
Nashville, Tenn Assoe Prof of Physiology 
(1, 1916) 

King, Charles Glen, Ph D Nutrition Foundation 
Inc , Chrysler Building, New York City Smcn- 
tifie Dir , Prof of Chemistry, Columbia Univ 
2, 1931, 5, 1933) 

King, Joseph T , M D , Ph D Umv of Minnesota 
Med School, 314 Millard Hall, Minneapolis 
Assoc Prof of Physiology (1, 1931) 

Kirch, Ernst R , Ph D Umv of Illinois College 
of Pharmacy, 808 S Wood St , Chicago 12, 111 
Assoc Prof of Chemistry (2, 1948) 

Kirchhof, Anton C , M S , M D Umv of Oregon 
Med School, Dept of Pharmacology, Portland 
1 Research Assoc (3, 1947) 

Kirk, Paul L , Ph D Umv of California, Berke- 
ley Prof of Biochemistry (2, 1933) 

Kirkbride, Mary B , Sc D 314 State St , Albany 6, 
N Y (6, 1921) 

Kirschbaum, Arthur, M D , Ph D Umv of Min- 
nesota Med School, Minneapolis Assoc Prof 
of Anatomy (4, 1948) 

Kisch, Bruno, M D Yeshiva Umv , New York 
City" Prof of Biochemistry (1, 1943) 

Kleiber, M , D Sc Umv of California, Davis 
Prof of Animal Husbandry (1, 1943 , 6, 1933) 
Klein, J Raymond, Ph D Brookhaven Natl Lab , 
Upton, L I , N Y Sr Biochemist, Dept of 
Biology (2„ 1941) 

Kleiner, Israel Sunon, Ph D New York Med 
College and Flow er Hospital, New York City" 29 
Prof of Physiology and Biochemistry (1, 1911, 
2, 1912, 3R, 1912,5, 1933) 


Kleitman, Nathaniel, Ph D Umv of Chicago, 
Chicago, 111 Assoc Prof of Physiology (1, 
1923) 

Klemperer, Fnednch Wilhelm, MD Trudeau 
Foundation, Trudeau, N Y Head of Dept of 
Biochemistry (2, 1941) 

Kletzien, Seymour W , Ph D 330 S Ninth St , 
Philadelphia, Pa Nutrition Research Clinic, 
Philadelphia Ly ing-In and Pennsydvama Hos- 
pitals Biochemist (5, 1933) 

Khne, O L , Ph D Federal Security Agency, Food 
and Drug Admin , Washington, D C Bio- 
chemist (6, 1936) 

Kline, Raymond F , M S R F D 1, Charlottes- 
ville, Va (1, 1946) 

Klotz, Imng M , Ph D Northwestern 'Umv , 
Dept of Chemistry, Evanston, Rl Assoc Prof 
of Chemistip (2, 1947) 

Kluver, Heinnch, Ph D Umv of Chicago, Chi- 
cago, Rl Prof of Exper Psychology (1, 1935) 
Knight, C Arthur, Ph D Umv of California, 
Virus Lab , Berkeley 4 Assoc Prof (2, 1946) 
Knisely, Melvin H , Ph D Med College of South 
Carolina, Dept of Anatomy , Charleston Chair- 
man of Dept of Anatomy (1, 1949) 

Knoefel, Peter K , M 4. , M D Umv of Louis- 
ville, 101 W Chestnut St , Louisville, Ky 
Prof of Phannacology (3, 1934) 

Knowlton, G Clinton, Ph D Emory Umv , Room 
101, Phy'siology Bldg , Emory University, Ga 
(1, 1938) 

Knox, Eugene W , M D 3026 S California Ave , 
Chicago 8, Rl Research Associate , Rheumatic 
Fever Research Inst , Northwestern Umv Med 
School (2, 1948) 

Knudson, Arthur, Ph D 41bany Med College, 
New Scotland Ave , Albany, N Y Prof of 
Biochemistry and Assoc Dean (2, 1919, 6, 1936) 
Knutti, Ralph Eddy, AI D Children’s Hospital, 
Los Angeles, Calif Dir of Labs , Asst Prof 
of Pathology, Umv of Southern California (4, 
1933) 

Kober, Philip A , B S Sherman Labs , Detroit, 
Mich Dir of Research (2, 1912) 

Kobrak, Heinnch G , Ph D Umv of Chicago, 
Chicago, Rl Asst Prof of Surgery (1, 1948) 
Kochakian, Charles D , Ph D Umv of Rochester 
School of Medicme and Dentistry, Rochester 7 , 

N Y Assoc Prof of Physiology (1, 1942 , 2, 
1948) 

Kocher, Rudolph Alfred, M D Bov 936, Carmel, 
Calif Dir of Velie Metabolic Clinic (2, 1915) 
Koehler, Alfred E , M D , Ph D 317 W Pueblo 
St , Santa Barbara, Calif Physician, Sansum 
Clinic, Santa Barbara Cottage Hospital (2, 1924) 
Koehn, Carl J , Ph D Surgeon General’s Office, 
Preventive Medicine Div , Washington, D C 
Chief, Nutrition Branch (5, 1949) 
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Koehne, Martha, T^h D 2S5 15th Avc , Apt 22, 
Columbus, Ohio Nutnhonisl, Ohio Stale Dcpl 
of Health (5, 1933) 

Eoelle, George B , Ph D Johns Hopkins Hospital, 
lYilmer Inst , Baltimore, Md Chalfonl Fellow in 
Ophthalmology (3, 1947) 

Koepf, George F , M D 537 Dclaw arc Avc , 
Buffalo 2, N Y 4ssoc in Physiology, Umv of 
Buffalo (1, 1942) 

Koerber, Walter L , Ph D E R Squibb and Sons, 
Ne\i Brunswick, N J dsst Dept Head (6, 
1943) 

Kohlstaedt, Kenneth G , M D Lilly Lab for 
Clinical Research, Indianapolis General Hos- 
pital, Indianapolis 7, Ind Director (1, 1947) 
Kohn, Henry I , Ph D , M D Umv of California 
Hospital, Radiology Dept , San Francisco Sur- 
geon, USPHS (1, 1940) 

Kolmer, John A,MS,MD,DPH 1 Mont- 
gomerj Ave , Bala-Cjnwrd, Pa Prof of Medi- 
cine, Temple Univ , Dir , Research Inst of 
Cutaneous Medicine (C, 1913) 

Komarov, Simon A , hi D , Pli D S S Pels Fund 
Med Research Lab , 255 S 17th St , Philadel- 
phia, Pa Dir of Dept of Biocheimstry , Temple 
Umv School of Medicine (1, 1933) 

Kopeloff, Nicholas, Ph D New York State Ps}"^- 
chiatric Inst , 722 W 168th St , New York City 
Principal Research Bacteriologist, New York State 
Psychiatric Inst and Hospital (6, 1937) 
Koppanyi, Theodore, Ph D Georgetow n Umv , 
Washington D C Prof of Pharmacology (1, 
1924, 3, 1935) 

Koprowski, Hilary, M D Lederle Labs Div , 
American Cyanamid Co , Pearl River, N Y 
Asst Dir , Viral and Rickettsial Research (6, 
1946) 

Kornberg, Arthur, M D Natl Insts of Health, 
Bethesda 14, Md Sr Surgeon (2, 1949) 

Korr, Irwin M , Ph D Kirksville College of Oste- 
opathy and Surgery, Kirksville, Mo Prof of 
Physiology (1, 1939) 

Kosman, A J , PhD Northwestern Umv hied 
School, Dept of Phj^siology , 303 E Chicago 
Ave , Chicago 11 , 111 Asst Prof (1,1949) 
Koster, Rudolf, Ph D Tulane Univ , Dept of 
Pharmacology, Station 20, New Orleans, La 
Insir , Dept of Pharmacology , School of Medi- 
cine (3, 1949) 

Kottke, Frederic J , Ph D , hi D Umv of h'lin- 
nesota, hlinneapolis Baruch Fellow in Physical 
Medicine (1, 1947) 

Kozelka, Frank L , Ph D Umv of Wisconsin, 
Dept of Pharmacology and ToMcology , hladi- 
son Assoc Prof of Toxicology (3, 1939) 

Krahl, Maurice E , Ph D Washmgton Umv 
School of h'ledicine, St Louis 10, hlo Asst 
Prof of Pharmacology (2,1939 , 3, 1949) 


Krakower, Cecil Alexander, M D Umv of Illinois 
College of Medicine, 1853 West Polk St , Chicago 
Prof of Pathology (4, 1945) 

Kramer, Benjamin, A M , M D 60 Plaza St , 
Brooklyn 17, N Y Pedialrician-in-Chicf, Brooklyn 
Jewish Hospital, Prof of Clin Pediatrics, Long 
Island College Med School (I, 1915, 2, 1914) 
Kramer, Martha, Ph D Kansas State College, 
Manhattan Asst Dean, School of Home Eco- 
nomics (5, 1933) 

Kramer, S D , M D , Ph D 192 Washington Sq , 
Salem, Maas Virologist (6,1944) 

Krampitz, Lester O , Ph D Western Reserve 
Umv , 2109 Adelbert Rd , Cleveland 6, Ohio 
Head, Dept of Microbiology (2, 1946 , 6, 1949) 
Krantz, John C , Jr , Ph D Umv of Marydand 
Med School, Baltimore Prof of Pharmacology 
(3, 1937) 

Kratzer, F H , Ph D Umv of California, Div of 
Poultry Husbandry, Davis Asst Prof (5, 1949) 
Krauss, William E , Ph D Ohio Agricultural 
Evper Station, Wooster Assoc Dir (2, 1932, 
5, 1933) 

Kraybill, Henry R , Ph D 5720 Woodlawn Ave , 
Chicago 37, 111 Professorial Lecturer, Dept of 
Biochemistry, Univ of Chicago, Dir , Dept of 
Scientific Research, American Meat Inst Foun- 
dation (2, 1942) 

Krayer, Otto, M D Harvard hied School, 25 
Shattuck St , Boston, hlass Assoc Prof of 
Comparative Pharmacology (3, 1938) 

Kreezer, George L , Ph D Washington Umv , 
St Louis 10, Mo Assoc Prof of Psychology 
(1, 1948) 

Krehl, Willard A , Ph D Yale Umv , 333 Cedar 
St , New Haven, Conn Asst Piof of Nutrition 
(2, 1947, 5, 1949) 

Krop, Stephen, Ph D Warner Inst , Dept of 
Pharmacology, 113 W 18th St , New York City 
(1, 1949, 3, 1944) 

Krueger, Albert Paul, M D Umv of California, 
Berkeley Prof and Chairman, Dept of Bac- 
teriology, Dir , Office of Naval Research Task V 
(4, 1930, 6, 1937) 

Krueger, Hugo M , Ph D Oregon State College, 
Dept of Zoology, Corvallis Prof of Physiology 
(1, 1931,3, 1935) 

Krumbhaar, Edward B , M D , Ph D Umv of 
Pennsydvama Med School, Philadelphia Prof 
Emeritus of Pathology (IR, 1914, 4, prior to 
1920) 

Kruse, Harry Dayton, IM D , Sc D Milbank Me- 
morial Fund, 40 Wall St , New York City (2, 
1933) 

Kruse, Theophile K , Ph D Umv of Pittsburgh 
Med School, Pittsburgh, Pa Prof of Physiology 
and Pharmacology (1, 1919, 3, 1920) 

Kubicek, William G , Ph D Umv of Minnesota 
Hospitals, Dn of Physical Medicine, IMin- 
neapolis Assoc Prof (1, 1947) 
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Kubie, Lawrence S , M D 7i E 81st St , New 
York City 29 Chn Prof of Psychiatry and 
Mental Hygiene, Yale Univ School of Medicine 
(4, 1928) 

Kuffler, Stephen W , M D Johns Hopkins Med 
School, Wilmer Inst , Baltimore 6, Md Assoc 
Prof of Physiological Optics (1, 1949) 

Kuhn, Harry A , M S 3915 Fulton St N W , 
Washington, D C Colonel, C W S , War Dept , 
Executive Officer, C W Procurement District 
(3, 1927) 

Kuhn, L Roland, Ph D Army Medical Center, 
AMDR GS , Washington 12, D C Chief, Dept 
of Bacteriology (6, 1939) 

Kuizenga, Marvin H , Ph D Upjohn Company , 
Kalamazoo, Mich Head of Dept of Pharma- 
cology-Endocrinology (2, 1947) 

Kun, Ernest, M D Tulane Umv , Dept of Medi- 
cine, 1430 Tulane Ave , New Orleans 12, La 
Asst Prof (3, 1949) 

Kunde, Margarete M , Ph D , M D 30 N Michi- 
gan Ave , Suite 1308, Chicago, 111 Instr in 
Medicine, Northwestern Untv Med School, Chn 
Asst in Endocrinology , Cook County Hospital 
(1, 1924) 

Kunitz, Moses, Ph D Rockefeller Inst for Med 
Research, Princeton, N J Assoc Member 
(2, 1947) 

Kurotchkin, Timothy J , M D 156 Forest Ave , 
Pearl River, N Y Bacteriologist (6, 1946) 

Kurtz, Alton C , Ph D Univ of Oklahoma Med 
School, Dept of Biochemistry , Oklahoma City 
Assoc Prof (2, 1942) 

Kuyper, Adrian C , Ph D Wayne Umv College 
of Medicine, Detroit 26, Mich Asst Prof of 
Physiological Chemistry (2, 1946) 

Kydd, David M , M D Yale Umv School of Medi- 
cine, New Haven, Conn Assoc Prof of Medi- 
cine (5, 1934) 

Kyker, Granvil C , Ph D Umv of North Carolina 
School of Medicine, Dept of Biological Chemis- 
try and Nutrition, Chapel Hill Assoc Prof 
(2, 1947) 

LaBelle, Annette, B A Grasslands Hospital, Val- 
halla, New York (1, 1948) 

Lackey, Robert W , Ph D Souths esterii Med 
College, Dept of Physiologyr and Pharmacology , 
Dallas 4, Texas Prof of Physiology (1, 1947) 
Lacorte, Jose G , MD institute Osnaldo Cruz, 
Rio de Janeiro, Brazil, S A Dir , Virus Sec- 
tion, Oswaldo Cruz Inst (6, 1946) 

Lacy, G R,MD Umv of Pittsburgh, Pittsburgh, 
Pa Prof of Bacteriology and Immunology (4, 
1927) 

Lalich, Joseph J , M D Umv of Wisconsin, Dept 
of Pathology^, 426 N Charter St , Madison 6 
Asst Prof of Pathology (4, 1946) 

Lamb, Alvin R , Ph D Hawauan Sugar Planters’ 
Assoc , Exper Station, Honolulu Research As- 
soc (2, 1923, 5, 1934) 


Lambert, Edward H , Ph D , M D Mayo Founda- 
tion, Rochester, Minn Asst Prof of Physiology 
(1, 1945) 

Lambert, Robert A , M D Bricks Springs, Greens 
boro, Ala Consultant for Fellowship Section, Pan 
American Sanitary Bureau, Regional Office of 
World Health Organization (4, 1922) 
Lambertsen, Christian J , M D Umv of Pennsyl- 
vania, Philadelphia, Pa Asst Prof of Pharma- 
cology, Assoc in Medicine (3, 1948) 

Lampen, J Oliver, Ph D 1530 Rydahnount Rd , 
Cleveland Heights, Ohio Assoc Prof of Micro- 
biology, Western Reserve Univ School of Medicine 
(2, 1947) 

Lamport, Harold, Jf D Yale Umv School of 
Medicine, Nei\ Haven, Conn Assoc Prof of 
Physiology (1, 1943) 

Lamson, Paul Dudley, MD Vanderbilt Umv 
Med School, Nashville, Tenn Prof of Pharma- 
cology (1,1921,3,1915) 

Lancefield, Rebecca C , Ph D 66th St and York 
Ave , Nea York City" 21 Assoc Member, Rocke 
feller Inst for Med Research (6,1933) 

Landis, Carney, Ph D Columbia Umv , Psy'chi- 
atric Inst , 722 W 168th St , New York City 
Principal Research Psychologist and Prof of 
Psychology (1, 1939) 

Landis, Eugene Markley, Ph D , MD Harvard 
Med School, Dept of Physiology, 25 Shattuck 
St , Boston, Mass George Higginson Prof of 
Physiology (1, 1928) 

Landowne, Milton, M D 6101 Steaart Ave , Balti- 
more 9, Md (1, 1947) 

Lands, Alonzo, M , Ph D Sterlmg-Winthrop Re- 
search Inst , Rensselaer, N Y [Head, Pharma 
cology Section (1, 1942, 3, 1947) 

Lange, Carl, M D 371 Morris St , Albany , N Y 
Assoc Bactei lologist, Divs of Labs and Public 
Health, N Y Slate Dept of Health (6, 1938) 
Langley, Wilson D , Ph D Umv of Buffalo Med 
School, 24 High St , Buffalo, N Y Prof of 
Biochemistry (2, 1937) 

Langworthy, Orthello R , M A , M D Johns Hop- 
kins Hospital, Baltimore, Md Assoc Prof of 
Psychiatry, Johns Hopkins Umv (I, 1928) 

Lanni, Frank, Ph D Duke Umv School of Medi- 
cine, Durham, N C Research Assoc (6, 1949) 
Lardy, Henry A , Ph D Umv of Wisconsin, 
Dept of Biochemistry , Madison 6 Assoc Prof 
(2, 1946, 6, 1949) 

Larrabee, Martin G , Ph D Johns Hopkins Umv , 
Biophy"sics Dept , Baltimore 18, Md (1, 1940) 
Larsen, Eleanor M , Ph D Umv of Wisconsin, 
Dept of Phy'siology , S hi I , Madison 6 Instr 
in Physiology (1, 1949) 

Larson, Carl L , M D Natl Insts of Health, Div 
of Infectious Diseases, Bethesda, Md Surgeon, 
USPHS (6, 1948) 
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Larson, Edward, Ph D Umv of Miami, JiLnmi, 
Fla Prof of Physiology and Pharmacology (1, 
1929, 3, 1937) 

Larson, Hardj W , Ph D Metropolitan Life 
Insurance Co , Biochemical Lnb , 1 Madison 
Ave , Nei\ York Citj Research Chemist (2, 

1937) 

Larson, Paul S , Ph D Med College of Virginia, 
Richmond Assoc Prof of Research Pharma- 
cology (1, 1939, 3, 1947) 

Lashley, K S , Ph D Yerkes Labs , Orange Park, 
Fla Research Prof of N eio opsijchologij , Harvard 
Umv , Dir , Yerkes Labs of Pnmalc Biology, 
Inc (1, 1923) 

Laskowski, M , Ph D Marquette Univ Med 
School, Milwaukee 3, Wis Assoc Prof of Bio- 
chemistry (2, 1944) 

Last, Jules H , Ph D , M D Umv of Illinois Col- 
lege of Medicine, Chicago Asst Prof of Phar- 
macology (3, 1948) 

Lauffer, Max A , Jr , Ph D Umv of Pittsburgh, 
Pittsburgh 13, Pa Research Prof , Dept of 
Physics and Physiological Chemistry (2, 1946) 

Laug, E P , Ph D Food and Drug Admin , Div 
of Pharmacology, 12th and C Sts S W , Wash- 
ington 25, D C Sr Pharmacologist (2, 1938, 
3, 1947) 

Lauson, Henry D , Ph D , M D Rockefeller Inst , 
66th St and York Ave , New' York Citj 21 
Associate (1, 1946) 

Lavine, T F , Ph D Lankenau Hospital Research 
Inst , Philadelphia, Pa Research Chemist (2, 

1938) 

Lawrence, W Sherwood, M D 906 Hazel St , 
Gridley, Calif (3, 1944) 

Lawson, Hampden, M D , Ph D Umv of Louis- 
ville, Louisville, Kj Prof of Physiology (1, 
1933) 

Lawton, Alfred H , M D , Ph D Veterans Admin , 
Bureau of Medicine and Surgery, Washington, 
D C Chief , Research Div (1, 1949,3,1948) 

Leake, Chauncey D , Ph D Umv of Texas Med 
Branch, Galveston, Vice-Pres of Umv of Texas 
in Charge of Med Program (1, 1923, 3, 1924) 

Leathern, James H , Ph D Rutgers Umv , New 
Brunswick, N J Prof of Zoology (1, 1945) 

Leathes, John Beresford, M A , MB Westfield 
Ware Lane, Lyme Regis, Dorset, England (2, 
1909) 

Lederer, Ludwig George, Ph D , M D Pennsyl- 
vania Central Airlines, Natl Airport, Washing- 
ton, D C , Med Dvr (1, 1940) 

Lee, Douglas H K , M D Johns Hopkins Umv , 
I Bowman School of Geography , Baltimore 18, 
Md Prof of Physiological Climatology, Lecturer 
in Physiological Hygiene (1, 1949) 

Lee, Milton O , Ph D 2101 Constitution Ave , 
Washmgton 25, D C Exec Sec and Managing 
Editor, American Physiological Society, Federa- 
hon Sec (1, 1927, 5, 1933) 


Leese, Chester E , Ph D George Washington 
Umv School of Medicmo, Washington, D C 
Assoc Prof of Physiology (1, 1934) 

Lehman, Arnold J , Ph D , M D Food and Drug 
Admin , Washington 25, D C Chief, Div of 
Pharmacology (3, 1937) 

Lehman, Robert A , Ph D New York Univ Col- 
lege of Medicine, 477 First Ave , New York City 
Instr in Therapeutics (3, 1942) 

Lehmann, Gerhard, M D , Dr Ing Scientific 
Dept , Hoffmann-LaRoche, Nutley' 10, N J 
Pharmacologist (3, 1939) 

Lehninger, Albert L , Ph D Umv of Chicago 
Med School, 960 E 69th St , Chicago 37, 111 
Asst Prof of Biochemistry in Depts of Bio- 
chemistry and Surgery (2, 1946) 

Lehr, David, M D New York Med College, 
Flower and Fifth Ave Hospitals, Fifth Ave 
at 106th St , New York City 29 Asst Prof of 
Pharmacology (3, 1947) 

Leichsenring, Jane M , Ph D Umv of Minnesota, 
Umv Farm, St Paul Prof of Nutrition (5, 
1948) 

Leimdorfer, Alfred, M D Umv of Blinois College 
of Medicine, Dept of Psychiatry, Chicago 12 
Assoc Prof (1, 1947) 

Lem, Allen, PhD Northwestern Umv Med 
School, Dept of Physiology, Chicago 11, HI 
Physiologist (1, 1946) 

Lenhart, Carl H , M D Lakeside Hospital, 2065 
Adelbert Rd , Cleveland, Ohio Oliver H Payne 
Prof of Surgery, Western Reserve Umv (1, 
1921) 

Lennette, Edwin H , Ph D , hi D California State 
Dept of Public Health, Berkeley Dir , Viral 
and Rickettsial Disease Lab (4, 1941 , 6, 1947) 
Leonard, Clifford Shattuck, Ph D 87 0\-ford Rd , 
Longmeadow, Springfield, Mass , Yale Umv 
Med School, New Haven, Conn Technical 
Assoc , Chemical-Biological Coordination Center, 
Natl Research Council (3, 1927) 

Leonards, Jack Ralph, Ph D Western Reserve 
Umv , Cleveland , Ohio Asst Prof of Bio- 
chemistry (2, 1948) 

Le Page, G A , Ph D Umv of Wisconsin, Mc- 
Ardle Memorial Lab for Cancer Research, 
Madison 6 Asst Prof of Oncology (2, 1949) 
Lepkovsky, Samuel, Ph D Umv of California, 
Poultry' Div , Berkeley' 4 Prof of Poultry 
Husbandry (2, 1933, 6, 1933) 

L’Esperance, Elise L , hi D 2 East 61st St , New 
York City' Dir , Strong Cancer Precaution Clinic, 
Memorial Hospital, and New York Infirmary 
(6, 1920) 

Leverton, Ruth M , Ph D Umv of Nebraska, 
Dept of Home Economics, Lincoln Assoc 
Prof of Human Nutrition Research (5, 1942) 
Levin, Louis, Ph D Columbia Unn , College of 
Phy sicians and Surgeons, 630 W 16Sth St , 
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New York Citj 32 Asst Prof of Anatomy (2, 
1939) 

Levine, Harold, Ph D 941 E Sylvan Ave , AIil- 
waukee 11, Wis (2, 1933,5,1933) 

Levine, Milton, Ph D Inst of E\per Medicine, 
College of Med Evangelista, 312 N Boyle Ave , 
Los Angeles, Calif Assoc Dir , Inst of Exper 
Medicine (6, 1942) 

Levine, Philip, M D Ortho Research Foundation, 
Raritan, N J Dtr , Biologic Div (6, 1925) 
Levine, Rachmiel, M D Michael Reese Hospital, 
Chicago, B1 Acting Dir , Dept of Metabolic 
Research, Professorial Lecturer in Physiology, 
Univ of Chicago ^1, 1942) 

Levine, Samuel Z , M D , New York Hospital, 
525 E 68th St , New York City Prof of Pedi- 
atrics, Cornell Univ Med College, Pediatrician- 
in-Chief, New York Hospital (5, 1933) 

Levine, Victor Emanuel, Ph D , M D Creighton 
Univ School of Medicine, Omaha, Nebr Prof 
of Biological Chemistry and Nutrition (2, 1936) 
Levinson, Samuel A , Ph D , M D Umv of Il- 
linois College of Medicine, 808 S Wood St , 
Chicago Prof of Pathology, Dir of Labs , 
Research and Educational Hospital (4, 1938) 
Levison, Louis A , M D 421 Michigan St , Toledo, 
Ohio Physician to Toledo and St Vincent Hos- 
pitals (6, 1916) 

Levy, Milton, PhD New York Umv College of 
Medicine, 477 First Ave , New York Citj 
Assoc Prof of Chemistry (2, 1933) 

Levy, Robert L , M D 730 Park Ave , New York 
City Prof of Clin Medicine, Columbia Umv 
College of Physicians and Surgeons (3, 1915) 
Lewey, F H , M D 3400 Spruce St , Philadelphia 
4, Pa Prof of Neuroanatomy, Umv of Pennsyl- 
vania Grad School of Medicine, Assoc in Neuro- 
pathology and Neurosurgery, Med School (1, 
1937) 

Lewis, George T , Ph D Emory Umv School of 
Medicme, Dept of Biochemistry , Emory Umv , 
Ga Assoc Prof (2, 1949) 

Lewis, Gladys Kinsman, Ph D 401 S Lafaj ette 
St , Denver 9, Colo (5, 1944) 

Lewis, Howard Bishop, Ph D Umv of Michigan 
hied School, Ann Arbor John Jacob Abel 
Umv Prof of Biological Chemistry (1, 1925, 
2, 1913, 5, 1933) 

Lewis, James C , Ph DUS Dept of Agriculture, 
Western Regional Research Lab , Albany 6, 
Calif Biochemist (2, 1946) 

Lewis, Jessica H , M D Umv of North Carolina 
School of Medicine, Dept of Phj siologj , Chapel 
Hill Research Assoc (1, 1949) 

Lewis, Julian Herman, M D 4750 Champlain 
Ave , Chicago, HI Assoc Prof of Pathology, 
Univ of Chicago, Member, Olho S A Sprague 
Memorial Inst (4, 1924) 


Lewis, Lena A , Ph D Cleveland Climc, Euclid 
Ave and E 93rd St , Cleveland 6, Ohio Research 
Staff (1, 1946) 

Lewis, Robert C , Ph D 4200 E 9th Ave , Denver, 
Colo Prof of Biochemistry, Univ of Colorado 
School of Medicine (2, 1931 , 5, 1933) 

Ley, Herbert Leonard, Jr , M D Army Medical 
Center, AMDR & GS,Dept Virus and Rickett 
sial Diseases, Washington 12, D C Assistant 
(6, 1949) 

Li, Choh Hao, Ph D Umv of California, 4596 Life 
Sciences Bldg , Berkeley Assoc Prof of Exper 
Biology (2, 1944) 

Li, Richard C , M D c/oDr T S Yu, 392MaDang 
Rd , Shanghai 25, China Guest in Dept of 
Pharmacology, Natl Med College of Shanghai 
(3, 1941) 

Libby, Raymond L , Ph D Veterans Admin , Wil- 
shire and Saw telle Blvds , Los Angeles 26, Calif 
Assoc Prof of Radio Biology, Umv of California 
Med School, Chief of Isotope Section, Veterans 
Hospital, Los Angeles (G, 1938) 

Liberson, W T , M D lust of Living, Hartford, 
Conn N europhysiologist (1, 1948) 

Libet, Benjamin, Ph D Umv of California Med 
Center, Dept of Anatomy , San Francisco Asst 
Prof of Physiology, Med School (1, 1942) 
Licklider, J C R , Ph D Harvard Umv , Psycho- 
Acoustic Lab , Cambridge, Mass Lecturer in 
Psychology (1, 1948) 

Liddell, Howard S , Ph D Cornell Umv , Ithaca, 
N Y Prof of Psychology (1, 1926) 

Lieb, Charles C , M D Columbia Umv College of 
Phy'sicians and Surgeons, 630 W 168th St , New 
York Citv Hosack Prof of Pharmacology (IR. 
1936, 3, 1915) 

Lieberman, Arnold L , M D , Ph D 328 No Coun- 
try' Club Rd , Tucson, Ariz (1, 1934) 
Lieberman, Seymour, Ph D Sloan-Kettenng 
Inst , 444 E 68th St , New York City 21 Asso- 
ciate (2, 1948) 

Lifson, Nathan, M D , Ph D 617 Kenwood Park- 
way, Minneapolis, Minn Prof of Physiology, 
Umv of Minnesota Med School (1, 1944) 
Lightbody, Howard D , Ph D QM Food and Con- 
tainer Inst for the 4rmed Forces, 1849 W Per- 
shing Rd , Chicago 9, 111 Dir of Food Labs (2, 
1936) 

Ligon, Edgar Williams, Jr , Ph D Production and 
Marketing Admin , Insecticide Div , Agricul- 
ture Bldg , Washington, D C (3, 1948) 
Lilienthal, Joseph L , Jr , M D Johns Hopkins 
Hospital, Baltimore 6, jMd Assoc Prof of Medi- 
cine (1, 1945) 

Lilhe, Ralph Stayner, Ph D Phy siological Labs , 
Univ of Chicago, Chicago 37, Bl Prof Emeritus 
of Physiology (IR. 1905, 2, 1913) 

Lilhe, R D , M D Pathology Lab , Natl Insts 



December 1949 


MEMBERSHIP LIST 


711 


of Health, Bethesda, Md Chief Med Dir , 
USPHS (4, 1941) 

Lim, Robert Kho-Seng, Ph D Academia Smica, 
320 Yo Yang Rd , Shanghai, China Dir of Inst 
of Medicine (1,1923) 

Lindeman, V F , Ph D Syracuse Uuiv , 16 Lyman 
Hall, S^ racuse, N Y Prof of Zoology, (1,1949) 
Lindsay, Stuart, M D Univ of California Med 
School, Univ Hospital, San Francisco 22 
Pathologist (4, 1949) 

Lindslej, Donald B , Ph D Northwestern Univ , 
Dept of Psychology, Evanston, 111 Ptof of 
Psychology (1, 1937) 

Linegar, Charles R , Ph D E R Squibb and Sons, 
Research and Development Labs , New Bruns- 
wack, N J Dir , Pharmacological Development 
Div , (3, 1938) 

Lineweaver, Hans, Ph D U S Dept of \gricul- 
ture, Western Regional Research Lab , Albany 
6, Cabf Head of Poultry Products Div (2, 1941) 
Link, Karl Paul, Ph D Univ of Wisconsin, Bio- 
chemistry Bldg , IMadison Prof of Biochemistry 
(2, 1931) 

Lintz, William, M D 36 Plaza St , Brooklyn, N Y 
Late Prof of Immunology and Bacteriology and 
Cltn Prof of Medicine, Long Island College of 
Medicine (G, 1920) 

Lipman, Mrs Miriam O , A M Presbyterian Hos- 
pital, Dept of Medicine, 620 W 168th St , New 
York City Research Asst , Edward Daniels 
Faulkner Arthritis Clinic (6, 1931) 

Lipmann, Fritz, hi D , Ph D jMassachusetts Gen- 
eral Hospital, Biochemical Research Lab , Bos- 
ton 14 Head, Prof of Biological Chemistry, Har- 
vard Med School (2, 1941) 

Lippincott, Stuart W , M D Umv of Washington 
School of hledicine, Seattle Chairman, Dept of 
Pathology (4, 1947) 

Lipton, Morris A , Ph D , jM D Univ of Chicago, 
59th St and Ellis Ave , Chicago 37, HI Resident, 
Dept of Psychiatry (2, 1946) 

Lisco, Hermann, M D Argonne Natl Lab , Chi- 
cago 80, III Dir , Med Div , Asst Prof of Pathol- 
ogy, Univ of Chicago (4, 1947) 

Litchfield, John T , Jr , M D American Cy anamid 
Co , 1937 W Mam St , Stamford, Conn Dir of 
Pharmacology (3, 1940) 

Little, James Maxwell, Ph D Bow man Gray 
School of Medicine of Wake Forest College, 
Winston-Salem, N C Prof of Pharmacology, 
Assoc Prof of Physiology (1, 1942 , 3,1947) 
Livingston, Alfred E , Ph D Temple Umv School 
of Medicine, Philadelphia, Pa Prof of Pharma- 
cology (1, 1917, 3, 19201 

Linngston, Robert B , M D 333 Cedar St , New 
Haven, Conn Insti , Lab of Physiology (1, 
1949) 


Lloyd, Dand P C , Ph D Rockefeller Inst for 
Mod Research, 66th St and York Ave , New 
York City 21 Assoc Member (1, 1939) 

Locke, Arthur P , Ph D Zonite Products Corp , 
New Brunswick, N J Chief Research Chemist 
(6, 1926) 

Lodholz, Edward, M D Univ of Ponnsydvania, 
Med Labs , Philadelphia Prof Emeritus of 
Physiology, Grad School of Medicine (1, 1913) 
Loeb, Leo, M D Washington Umv Med School, 
St Louis, Mo Prof Emeritus of Pathology (IR, 
1907, 4, 1913) 

Loefer, John B , Ph D Foundation of Applied Re- 
search, P 0 Box 2296, San Antonio 6, Tex 
Chief Biologist (1, 1949) 

Loew, Earl R , Ph D Boston Univ School of Medi- 
cine, 80 E Concord St , Boston 18, Mass (1, 
1940, 3, 1946) 

Loewe, W S , M D Umv of Utah School of Medi- 
cine, Dept of Pharmacology, Salt Lake City 1 
(3, 1936) 

Logan, Milan A , Ph D Umv of Cincinnati Col- 
lege of Medicine, Eden and Bethesda, Cincinnati 
19, Ohio Prof of Biological Chemistry (2, 1936) 
Long, C N H , D Sc , M D Yale Umv , 333 Cedar 
St , New Haven 11, Conn Dean, School of Medi- 
cine and Sterling Prof of Physiological Chemistry 
(1, 1935, 2, 1927) 

Long, Esmond R , M D 7th and Lombard Sts , 
Pluladelphia, Pa Dir , Henry Phipps Inst , Prof 
of Pathology, Umv of Pennsylvania (4, 1930) 
Long, Perrin Hamilton, M D Johns Hopkins 
Umv , 615 N Wolfe St , Baltimore, Md Prof of 
Preventive Medicine (3, 1940) 

Longcope, Warfield T , M D Cornhill Farm, Lee, 
Mass (3R, 1921,4, 1913, 6R, 1923) 

Longenecker, Herbert Eugene, Ph D Umv of 
Pittsburgh, Pittsburgh 13, Pa Dean, Grad 
School, Prof of Biochemistry (2, 1940 , 5, 1945) 
Longwell, Bernard B , Ph D Univ of Colorado 
School of Medicine, 4200 East 9th Ave , Denver 
7, Colo Prof of Biochemistry (2, 1946) 

Loomis, Ted A Ph D , M D Umv of Washington 
School of Medicine, Seattle Asst Prof of 
Pharmacology (3, 1948) 

Looney, Joseph M , M D 75 Park St , West Rox- 
bury'^. Mass Dir of Labs , Veterans Admin Hos- 
pital, West Roxbury, Mass (2, 1922) 

Loosli, Clayton Garr, M D Umv of Chicago, 
Chicago, HI Assoc Prof of Medicine (4, 1940) 
Loosli, J K , Ph D Cornell Umv , Animal Nutri- 
tion Lab , Ithaca, N Y Assoc Prof of Animal 
Nutrition and Assoc Animal N'utntionist in 
Exper Station (5, 1944) 

Lorber, Victor, M D , Ph D Western Reserv c 
Umv School of Medicine, Dept of Biochemis- 
try , Cleveland, Ohio Assoc Prof (1, 1944) 
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Lorente de N6, Rafael, M D Rockefeller Inst for 
Med Research, 66th St and York Ave , New 
York City Member (1, 1937) 

Lorenz, Egon, Ph D Natl Cancer Inst , Bethesda, 
Md Biophysicist (4, 1942) 

Lonng, H S , Ph D Stanford Univ , Stanford 
Univ , Calif Prof of Biochemistry (2, 1938) 
Lotspeich, William D , M D Oxford Univ , Dept 
of Biochemistry, Oxford, England Research 
Fellow in Biochemistry (1, 1948) 

Louis, Lawrence H , D Sc Umv Hospital, Dept 
of Internal Medicine, Ann Arbor, Mich Asst 
Prof of Biological Chemistry, Univ of Michigan 
(2, 1949) 

Loveless, Mary H , M D New York Hospital, 625 
E 68th St , New York City Research Assoc , 
Cornell Med School, Physician to Out-Patients, 
New York Hospital (6, 1941) 

Lowell, Francis C , M D 66 East Newton St , Bos- 
ton, Mass Assoc Prof of Medicine, Boston Untv 
School of Medicine (6, 1942) 

Lowenbach, Hans, M D Duke Univ Med School, 
Durham, N C Assoc Prof of Neuropsychiatry 
and Physiology (1, 1946) 

Lowry, Oliver H , M D , Ph D Washington Umv 
School of Medicine, 4680 Scott Ave , St Louis 
10, Mo Prof and Head of Dept of Pharmacology 
(2, 1942) 

Lu, Go, M D Stanford Umv School of Medicine, 
Dept of Pharmacology and Therapeutics, 2398 
Sacramento St , San Francisco 16, Cahf Re- 
search Assoc and Sterling -Winthr op Fellow (3, 
1949) 

Lubinski, Herbert, M D Jewish General Hospital, 
3755 St Catherine Rd , Montreal, Quebec, 
Canada Bacteriologist and Serologist (6, 1941) 
Lucas, Colin C , Ph D Umv of Toronto, Banting 
and Best Dept of Med Research, Toronto, On- 
tario, Canada Professor (2, 1946) 

Lucas, George H W , Ph D Umv of Toronto, 
Toronto, Ontario, Canada Prof of Phar- 
macology (2, 1925 , 3, 1928) 

Luck, James Murray, Ph D Stanford Umv , Stan- 
ford Umv , Calif Prof of Biochemistry (2,1925) 
Lucks, Balduin, M D 141 Montgomery Ave , Bala- 
C 3 mwyd, Pa Prof of Pathology, Univ of Penn- 
sylvania Med School, Philadelphia (4, 1924) 
Luckhardt, Arno Benedict, Ph D , M D Umv of 
Chicago, Chicago, 111 The Dr Wm Beaumont 
Distinguished Service Prof of Physiology (1, 
1911) 

Ludewig, Stephan, Ph D Umv of Virginia School 
of Medicine, Charlottesville Assoc Prof of 
Biochemistry (2, 1941) 

Luduena, Froilan P , Ph D , M D Sterling-Win- 
throp Research Inst , Rensselaer, N Y (3, 1941) 
Lukens, Francis D W , M D Umv of Pennsyl- 
vania 809 Malonej Clinic, 36th and Spruce Sts , 


Philadelphia Assoc Prof of Medicine, Dir of 
George S Cox Med Research Inst (1, 1938) 

Lund, E J , Ph D Umv of Texas, Dept of Zool 
ogy and Physiology, Austin Prof of General 
Physiology (1, 1930) 

Lundberg, Walter O , Ph D Hormel Inst , Austin, 
Minn Director, Prof of Agricultural Biochem 
isiry, Univ of Minn (2, 1949) 

Lundgren, Harold P , Ph D U S Dept of Agn- 
culture. Western Regional Research Lab , Al- 
bany 6, Calif St Chemist (2, 1942) 

Lundy, John Silas, M D Mayo Foundation, 
Rochester, Minn Chief of Section on Anesthesia 
(3, 1935) 

Lurie, Max B , M D Henry Phipps Inst , 7th and 
Lombard Sts , Philadelphia, Pa Assoc Prof of 
Exper Pathology (4, 1934, 6, 1930) 

Lutz, Brenton R , Ph D Boston Umv , 675 Com- 
monwealth Ave , Boston, Mass Prof of Biology 
(1, 1925) 

Luyet, Basile J , Sc D St Louis Univ School of 
Medicme, St Louis, Mo Prof of Biology (1, 
1936) 

Lyall, Harold W , Ph D New York State Dept of 
Health, Div of Labs and Research, Albany 
Asst Dir in charge of Antitoxin, Serum, and 
Vaccine Labs (6, 1937) 

Lyman, Carl M , Ph D A and M College of Texas, 
College Station Prof of Biochemistry and Nu- 
trition (2, 1940) 

Lyman, JohnF , Ph D Ohio State Umv , Towns- 
hend Hall, Columbus Prof of Agricultural 
Chemistry (2, 1920, 6, 1933) 

Maaske, Clarence A , Ph D Umv of Colorado 
School of Medicine, 4200 E 9th Ave , Denver 
Assoc Prof of Physiology and Pharmacology (1, 
1945) 

Macallum, A Bruce, M D , Ph D Umv of 
Western Ontario, Med School, London, Ontario, 
Canada Research Prof of Biochemistry (2, 1914) 
MacArthur, Edith H , Ph D Skidmore College, 
Saratoga Sprmgs, N Y Prof and Dir of Home 
Economics (5, 1933) 

MacCardle, Ross C , Ph D Natl Cancer Inst , 
Bethesda, Md Principal Cytologist (4, 1948) 
MacCorquodale, D W, PhD Abbott Labs, 
North Chicago, Bl Head of Biochemical Re- 
search (2, 1934) 

MacFadyen, Douglas A , M D Presb 3 derian Hos- 
pital, 1753 W Congress St , Chicago 12, 111 
Chairman of Dept of Biochemistry (2, 1942) 
Macht, David Israel, M D Sinai Hospital, Balti- 
more, Md Consultant Pharmacologist, Research 
Pharmacologist, Sinai Hospital Labs (IR, 1916, 

3, 1915) 

Macht, Martin B , Ph D The Jewish Hospital, 
Cincinnati 29, Ohio (1, 1948) 

MacKay, Eaton M , M D Scripps Metabolic 
Clinic, La Jolla, Calif (1, 1930) 
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MacKay, Inn F S , Ph D Univ College of the 
West Indies, Jamaica, British West Indies Prof 
of Phjstology (1,1949) 

Mackenzie, Cosmo G , Sc D Cornell Univ Med 
College, Dept of Biochemistry', 1300 York Ave , 
Ncv. York City 21 /Issoc Prof (1, 1946 , 2, 
1946,6, 1942) 

MacLeod, Colin M , M D New York Univ Col- 
lege of Medicine, 477 First Ave , New’ York City 
Prof of Bacteriology (6, 1937) 

MacLeod, Florence L , Ph D Univ of Tennessee, 
Knoxville Prof ofNnlnlion (2, 1927,5,1933) 

MacLeod, Grace, Ph D 106 Mornmgside Drive, 
New York City 27 Prof Emeritus of Nutrition, 
Teachers College, Columbia Vnw (2, 1924 , 5, 
1933) 

MacLeod, John, Ph D Cornell Univ Med Col- 
lege, 1300 York Ax’c , New York City AssJ Prof 
of Anatomy (1, 1942) 

MacNabb, Andrew L , V S , B V Sc Guelph, On- 
tario, Canada Principal, Ontario Veterinary Col- 
lege (6,1941) 

MacNider, William deB , M D , Sc D Univ of 
North Carolina, Chapel Hill Kenan Research 
Prof of Pharmacology (1, 1912 ,2, 1912 ,3, 1909, 
4, prior to 1920) 

MaePherson, Catherine F C , Ph D 236 Brock 
\ve N , Montreal West, Quebec, Canada (2, 
1947) 

MacVicar, Robert, Ph D Oklahoma A & M Col- 
lege, Stillwater Assoc Prof of Agricultural 
Chemistry Research (2, 1949) 

Madden, Sidney C , M D Brookhaven Natl Lab , 
Upton, L I , N Y Head, Div of Pathology, 
Palhologist-in-Chief , Brookhaven Nail Lab Hos- 
pital (4, 1939) 

Maddock, Stephen, M D Boston City' Hospital, 
Boston, Mass Dir of Surgical Research Lab , 
Asst Prof of Surgery, Tufts Med School (4, 
1931) 

Madsen, Louis L , Ph D Utah State Agricultural 
College, Dept of Animal Husbandry’, Logan 
Nutritionist (5, 1940) 

Magath, Thomas B , Ph D , M D Mayo Climc, 
Rochester, Minn Head of Div of Clinical Labs , 
Prof of Clinical Pathology and Parasitology , 
Univ of Minn , Mayo Foundation (1, 1928) 

Magill, Thomas P , M D Long Island College of 
Medicine, Brookly’n, N Y Prof of Bacteriology 
(6, 1937) 

Magoun, Horace W , Ph D Northwestern Univ 
IMed School, 303 E Chicago Ave , Chicago, III 
Prof of Microscopic Anatomy (1, 1937) 

Mahon, Eleanor Conway, Ph D Iron River, Mich 
(4, 1940) 

Main, Holland J , Ph D Eaton Labs , Inc , Eaton 
4.ve , Norwach, N Y Med Editor and Consultant 
in Physiology (1. 1936) 


Maison, George L , M S , M D Boston Umv Med 
School, 80 E Concord St , Boston 18, Mass 
Prof and Head of Pharmacology Dept (1, 1939 3, 
1948) 

Major, Randolph T , Ph D Merck and Co , Inc , 
Rahway’, N J Vice Pres and Scientific Dir (2. 
1942) 

Malkiel, Saul, Northwestern Univ Med School, 
Evanston, 111 Asst Prof of Medicine, Dir of 
Allergy Research Lab (6, 1948) 

Mallory, G Kenneth, M D Mallory Inst of Pa- 
thology’, Boston City Hospital, Boston, Mass 
Professor (4, 1940) 

Mallory, Tracy B , M D Massachusetts General 
Hospital, Boston Dir of Pathology and Bac- 
teriology, Prof of Pathology, Harvard Med School 
(4, 1937) 

Maloney, Arnold H , Ph D , M D Howard Umv 
School of Medicine, Washington, D C Prof and 
Head of Dept of Pharmacology (3, 1932) 
Maltaner, Frank, Ph D Scarsdale Manor, Scars- 
dale, N Y (6, 1920) 

Maluf, N S Rnstum, Ph D 101 W Chestnut St 
Louisville 2, Ky (1, 1942) ’ 

Man, Evelyn B , Ph D Yale Umv School of Medi- 
cine, 333 Cedar St , New Haven, Conn Asst 
Prof in Biochemistry Lab , Dept of Medicine 
(2, 1936) 

Manery, Jeanne Forest, Ph D Umv of Toronto 
Med School, Toronto, Ontario, Canada Demon- 
strator in Biochemistry (1, 1937) 

Mangun, George H , Ph D Henry Ford Hospital, 
16713 Heyden St , Detroit 23, Mich Sr Assoc 
in Clinical Chemistry (2, 1947) 

Mann, Frank C , M A , M D Mayo Climc, Box 
256, Rochester, Minn Prof of Exper Medicine, 
Mayo F oundalion (1, 1916 , 3, 1923 , 4, 1924) 
Manning, G W , M D 20 Woodmgton Ave , To- 
ronto, Ontario Canada Med Officer in Charge, 
No B RC A F Research Unit (1, 1944) 

Manville, Ira Albert, M D , Ph D 811 N W 19th 
Ave , Portland 9, Ore (1, 1933) 

Manwaring, Wilfred H , M D Stanford Umv , 
Stanford University, Calif Prof Emeritus of 
Bacteriology and Exper Pathology (4, prior to 
1920 , 6, 1917) 

Marbarger, John P , Ph D Umv of Illinois Phy si- 
cal Environment Unit, 1853 W Polk St , Chi- 
cago 12 Research Dir , Aeromedical and Physical 
Environment Lab , Assoc Prof of Physiology 
(1, 1949) 

Marcus, Stanley, Ph D Umv of Utah, Dept of 
Bacteriologi , Salt Lake City Assoc Prof (6, 
1948) 

Marine, David, M 4, , M D 18 Baltimore Ave , 
Rehoboth, Del (IR, 1910, 4, 1913) 

Markee, Joseph E , Ph D Duke Umv School of 
Medicine, Durham, N C Prof of Anatomy (1, 
1945) 
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Marko\Mtz, J, MD, PhD Umv of Toronto 
School of jMedicme, Toronto, Ontario, Canada 
Research Assoc in Physiology (1, 1929) 
Marmont, George H , Ph D Umv of Chicago, 
Inst of Radiobiolog} and Biophj'sics, Chicago 
37, 111 Ass< Prof of Physiology (1, 1941) 
Marmorston, Jessie 416 N Bedford Drive, 
Beterh Hills, Calif Assi Prof of Medicine, 
Umv of Southern California Staff, County and 
Cedars of Lebanon Hospitals (6, 1932) 

Marrazzi, Amedeo S , M D Med Div , Army 
Chemical Center, Md Chief, Toxicology Section 
(1, 1949, 3, 1938) 

Marsh, David F , Ph D West Virginia Univ , 
Dept of Pharmacolog 3 , Morgantown Head and 
Assoc Prof of Pharmacology (3, 1946) 

Marsh, Gordon, Ph D State Umv of lowm, Iowa 
Citj'^ Assoc Prof of Zoology (1, 1944) 

Marsh, M Elizabeth, Ph D Killian Research 
Labs, 49 W 46th St , New York City Asst Dir 
(1, 1929, 5, 1933) 

Marshak, Alfred Gordon, Ph D New York Umv 
College of Medicine, New York City Research 
Assoc (1, 1940) 

Marshall, Eh Kennerly, Jr , Ph D , M D Johns 
Hopkins Med School, Baltimore, Md Prof of 
Pharmacology and Exper Therapeutics (1, 1915, 
2, 1913,3, 1916) 

Marshall, Louise Hanson, Ph D Natl Insts of 
Health, Lab of Physical Biology, Bethesda, Md 
Physiologist (1, 1946) 

Marshall, Wade H , Ph D Natl Insts of Health, 
Bethesda, Md Research Fellow, Lab of Physical 
Biology (1, 1937) 

Martin, Arthur W , Jr , Ph D Umv of Washing- 
ton, Phvsiology Hall, Seattle Assoc Prof of 
Physiology (1, 1944) 

Martin, Donald S , M D Duke Umv Hospital, 
Durham, N C Assoc in Medicine (6, 1943) 
Martin, Foster N , Jr , Ph D , M D Tulane Umv 
Med School, Dept of Pharmacolog}', P O Sta- 
tion 20, New Orleans, La 4sst Prof of Phar- 
macologij (3, 1947) 

Martin, Stephens J , Ph D St Francis Hospital, 
Hartford, Conn (1, 1933) 

Marx, Walter, Ph D Umv of Southern California 
School of Medicine, Dept of Biochemistry , Los 
4ngeles 7, Calif Asst Prof of Biochemistry (2, 
1949) 

Mason, Edward C , M D , Ph D Umv of 
Oklahoma School of Medicine, Oklahoma City 
Prof of Physiology (1, 1935) 

Mason, Eleanor Dewey, Ph D Women’s Christian 
College, Dept of Physiology and Nutrition, 
Cathedral P 0 , Madras, India Prof of Physiol- 
ogy and Nutrition (1, 1946) 

Mason, Herman C , 3322 W Polk St , Chicago, HI 
Consulting Bacteriologist and Immunologist (6, 
1948) 


Mason, Harold L , Ph D Mayo Chmc, Rochester, 
Mmn Prof of Physiological Chemistry, Mayo 
Foundation, Univ of Minnesota (2, 1941) 
Mason, Howard S , Ph D Natl Insts of Health, 
Bethesda 14, Md Cancer Inst Fellow (2, 1949) 
Mason, Karl Ernest, Ph D Umv of Rochester 
School of Medicine and Dentistry, Rochester, 
N Y Prof of Anatomy (5, 1941) 

Mason, Morton F , Ph D Parkland Hospital, Oak 
Lawn Ave , Dallas, Tex Prof of Pathological 
Chemistry agid Exper Medicine, Southwestern 
Med College (2, 1938) 

Massengale, Oliver N , Ph D Mead Johnson and 
Co , Research Lab , Evansville, Ind Research 
Biochemist (2, 1937) 

Masson, Georges M C , Ph D Cleveland Clinic 
Foundation, Research Div , Cleveland, Ohio 
(1, 1944) 

Mathews, Albert P , Ph D Marine Biological 
Lab , Woods Hole, Mass Carnegie Prof 
Emeritus of Biochemistry, Univ of Cincinnati 
(IR, 1898,2, 1906) 

Matson, Gustave A , Ph D Minneapolis Memorial 
Blood Bank, Inc , 1914 La Salle Ave , Minne- 
apolis, Minn Director (G, 1946) 

Matthews, Samuel A , Ph D Williams College, 
Williamstown, Mass Prof of Biology (1, 1948) 
Mattill, Henry A , Ph D State Umv ofIowa,Iowa 
City Prof and Head of Dept of Biochemistry (1, 
1913,2, 1909 , 5, 1933) 

Mattis, Paul A , D Sc Atomic Energy Med Re- 
search Project, Western Reserve Univ , Cleve- 
land, Ohio Section Chief, Phai macology (3, 1946) 
Maurer, Frank W , Ph D 301 Lake Ave , Newton 
Highlands 61, Mass (1, 1941) 

Mautz, Frederick R , M D Western Reserve Univ 
School of Medicine, Cleveland 6, Ohio Asst 
Prof of Surgery (1, 1946) 

Maver, Mary E , Ph D Natl Cancer Inst , 
Bethesda 14, Md Sr Biochemist (2, 1947) 
Mavor, James Watt, Ph D 8 Gracewood Park, 
Cambridge, Mass (1, 1930) 

Maxfield, Mary E , Ph D Woman’s Med College 
of Pennsylvania, Dept of Phai macology, Phila 
delphia Assoc Prof (1, 1947) 

Mayer, Manfred M , Ph D 1739 Eutaw Place, Bal 
tmiore, Md Assoc Prof of Bacteriology, Johns 
Hopkins Hospital, School of Hygiene (6, 1946) 
Mayerson, Hymen S , Ph D Tulane Univ School 
of Medicine, Station 20, New Orleans, La Prof 
and Head of Dept of Physiology (1, 1928) 
Maynard, L A , Ph D Cornell Umv , Ithaca, N 
Y Prof of Nutrition and Biochemistry , Dir of 
School of Nutrition (2, 1930, 5, 1933) ^ 

Mazur, Abraham, Ph D City^ College of 
Y'ork, 139th St and Convent Ave , New York 
City 31 Asst Prof in Dept of Chemistry (2, 
1944) 
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McCann, William S , M D , D Sc Univ of Roches- 
ter School of Medicine, Rochester, N Y 77tc 
Charles A Dewey Prof of Mcd^cxnc (2, 1923, 
6, 1933) 

McCarrell, Jane D Hood College, Dept of Biol- 
ogy, Frederick, IMd (1, 1942) 

McCartj, Maclyn, AI D 66th St and York Ave , 
New York City 21 Assoc , Rockefeller Inst for 
Mai Research (6, 1947) 

McCawley, Elton Leeman, Ph D Yale Med 
School, New Haven, Conn Instr in Pharma- 
cology (3, 1944) 

McCay, Clive M , Ph D Cornell Univ , Animal 
Nutrition Lab , Dairj”^ Bldg , Ithaca, N Y Prof 
of Nuinlion (2, 1929, 5, 1933) 

McChesney, Evan William, Ph D Sterhng-Win- 
throp Research Inst , Rensselaer, N Y Mem- 
ber, Biological Div (1, 1944) 

McClellan, Walter S , M D Saratoga Spa, Sara- 
toga Springs, N Y Med Dir , Assoc Prof of 
Medicine, Albany Med College (1, 1931) 
McClendon, J F , Ph D Route 1 , Bov 383 , Trooper 
Rd , Norristown, Pa Research Prof of Physiol- 
ogy, Hahnemann Med College (1, 1910, 2, 1914, 
5, 1935) 

McCIung, L S Indiana Umv , Bloomington 
Assoc Prof and Chairman of Dept of Bacteriol- 
ogy (6,1948) 

McCollum, Elmer Verner, Ph D Johns Hopkins 
Umv , Baltimore 18, Md Prof Emeritus of Bio- 
chemistry (2, 1910, 5, 1933) 

McCollum, Ernestine Becker, M A Johns Hop- 
kins Umv School of H 3 'giene, Baltimore 5, Md 
Asst Prof of Biochemistry (6, 1938) 

McCouch, Grayson Prevost, M D Umv of Penn- 
sylvama School of Medicine, Philadelphia 
Assoc Prof of Physiology (1, 1926) 

McCouch, Margaret Sunwalt, Ph D Rose Tree 
Rd , R F D 1, Media, Pa (1, 1934) 

McCoy, Richard H , Ph D Umv of Pittsburgh, 
Pittsburgh, Pa Assoc Research Prof of Chem- 
istry (5, 1948) 

McCrea, Forrest D , Ph D Duke Umv School of 
Medicine, Durham, N C Assoc Prof of 
Physiology and Pharmacology (1, 1929, 3, 1937) 
McCrudden, Francis H , M D 19 Stoneleigh Rd , 
West Newton 65, Mass , Asst Med Dir , N^ew 
England Mutual Life Insurance Co (2, 1906) 
McCulloch, Warren Sturgis, M A , M D Umv of 
Rlinois College of Medicine, 912 S Wood St , 
Chicago Assoc Prof of Psychiatry (1, 1936) 
McCutcheon, Morton, M D Univ of Pennsyl- 
vania Med School Philadelphia Prof of Pa- 
thology (4, 1925) 

McDonald, Francis Guy, Ph D Mead Johnson and 
Co , Research Lab , 2404 Pennsylvania, Evans- 
ville, Ind Biochemist (2, 1936, 5, 1947) 
McDonald, Roger K , M D Baltimore City Hos- 
pitals, Cardiovascular Diseases Section, Balti- 


more 24, Md Sr Asst Surgeon, USPHS, Natl 
Heart Inst , Bethesda, Md (1, 1949) 

McEllroy, William Swindler, M D Umv of Pitts- 
burgh School of Medicine, Pittsburgh, Pa Dean, 
Prof of Physiological Chemistry (2, 1919) 
McEIroy, L W Pli D Umv of Alberta, Dept of 
Animal Science, Edmonton, Canada Assoc 
Prof of Animal Husbandry (6, 1944) 

McEIroy, William D , Ph D Johns Hopkins Umv , 
Dept of Biology, Baltimore, Md Asst Prof of 
Biology (1, 1946) 

McFarland, Ross A , Ph D Harvard Umv School 
of Public Health, Boston, Mass Assoc Prof of 
Industrial Hygiene (1, 1943) 

McFarlane, William Douglas, Ph D 496 Queen St , 
E , Toronto, Ontario, Canada Dir of Research, 
Canadian Breweries, Ltd (2, 1933) 

McGinty, Daniel A , Ph D Parke, Davis and Co , 
Detroit, Mich Research Physiologist (1, 1925) 
McGuigan, Hugh Alister, Ph D , M D Umv of 
niinoiB College of Medicine, 1853 W Polk St , 
Chicago Prof Emeritus of Pharmacology (IR, 
1907 , 2, 1906, 3R, 1913) 

McHargue, J S , Ph D Umv of Kentucky^, Dept 
of Chemistry, Kentucky^ Agricultural Evper 
Station, Levington Member Emeritus (2, 1927) 
McHenry, E W , Ph D Umv of Toronto, School 
of Hygiene, Toronto, Ontario, Canada Prof of 
Public Health Nutrition (2, 1938, 5, 1936) 
McIntyre, A R , Ph D , M D Umv of Nebraska 
College of Medicine, 42nd and Dewey Ave , 
Omaha Prof of Physiology and Pharmacology 
(1, 1933,3, 1938) 

McKee, Albert P R F D 7, Iowa City, Iowa (6, 
1948) 

McKee, Clara M , Squibb Inst for Med Research, 
New Brunswick, N J Assoc in Microbiology (6, 
1941) 

McKee, Frank W , M D Umv of Rochester School 
of Medicine and Dentistry , Rochester, N Y 
Instr in Pathology, James E Gleason Fellow 
(4, 1947) 

McKee, Ralph Wendell, Ph D Harvard Med 
School, 25 Shattuck St , Boston 15, Mass Asst 
Prof of Biological Chemistry (2, 1946) 
McKennis, Herbert, Jr , Ph D Med College of 
Virginia, Richmond Assoc Prof of Biochem- 
istry (2, 1948) 

McKibbin, JohnM , Ph D Syracuse Univ College 
of Medicine, Syracuse, N Y Assoc Prof of Bio- 
chemistry (2, 1948) 

McLain, Paul L , M D Umv of Pittsburgh Med 
School Pittsburgh, Pa Assoc Prof of Physi- 
ology and Pharmacology (1, 1948, 3, 1940) 

McLean, Franklin C , Ph D , M D Unu of Chi- 
cago, Chicago 37, 111 Prof of Pathological 
Physiology (1, 1914, 2, 1916, 3, 1916) 
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McLean, I Wilham, Jr , M D Parke, Davis Lab , 
Virus Research Div , Detroit, Mich Research 
Virologist (6, 1946) 

McLester, James S , M D Univ of Alabama, 
930 S 20th St , Birmingham Prof of Medicine 
(5, 1933) 

McLimans, WUham F , Ph D Univ of Minnesota, 
1834 Chelton Ave , St Paul Assi Prof of Bac- 
teriology and Immunology (6, 1949) 

McManus, J P A , M D Med College of Ala- 
bama, Birmingham Assoc Prof of Pathology 
(4, 1948) 

McMaster, Philip D , M D Rockefeller Inst for 
Med Research, 66th St and York Ave , New 
York City (4, 1924) 

McMeekin, Thomas L , Ph D U S Dept of Agri- 
culture, Eastern Regional Research Lab , Phil- 
adelphia, Pa Head of Protein Div (2, 1935) 
McNamara, Bernard P , Ph D Med Div , Army 
Chemical Center, Md Pharmacologist (3, 1947) 
McNaught, James Bernard, M D Univ of Colo- 
rado School of Medicme, Denver 7 Prof and 
Head of Dept of Pathology (4, 1936) 

McPhail, Murchie K , Ph D Natl Defense Board, 
SuflBeld Exper Station, SufSeld, Alberta, 
Canada (3, 1941) 

McQuarne, Irvine, Ph D , M D Univ of Minne- 
sota, Minneapolis Prof and Head of Dept of 
Pediatrics (1, 1949, 4, 1927, 5, 1933) 

McShan, W H , Ph D Univ of Wisconsin, Biol- 
ogy Bldg , Madison 6 Assoc Prof of Zoology 
(2, 1947) 

Medes, Grace, Ph D Lankenau Hospital Research 
Inst , Philadelphia, Pa Research Physiological 
Chemist (2, 1930) 

Medlar, Edgar M , M D Veterans Admin Hosp , 
Sunmount, N Y Chief Lab Pathologist (4, 1927) 
Meek, Walter J , Ph D Umv of Wisconsin, Madi- 
son Prof of Physiology, Assoc Dean of Med 
School (1, 1908) 

Mehl, John W , Ph D Umv of Southern Califor- 
nia, Dept of Biochemistry, 3551 Univ Ave , 
Los Angeles Prof of Biochemistry (2, 1946) 
Meier, Rolf, M D Basle Umv , Pelikanweg 7, 
Basle, Switzerland Prof of Pathological Physiol- 
ogy (3, 1949) 

Meiklejohn, Gordon, M D 678 Woodmont Ave , 
Berkeley, Calif Instr in Medicine, Umv of 
Caltforma Med School (6, 1948) 

Meites, Joseph Michigan State College, Dept of 
Physiology and Pharmacologj', East Lansing 
Asst Prof (1, 1949) 

Mellon, Ralph R , M S , M D , D P H Western 
Pennsylvania Hospital, Inst of Pathology, 
Pittsburgh Director (6, 1918) 

Melmck, Daniel, Ph D The Best Foods, Inc , Re- 
search Labs , Bayonne, N J Chief Technologist 
(2, 1940, 5, 1942) 


Melnick, Joseph L , Ph D Yale Umv School of 
Medicme, 333 Cedar St , New Haven 11, Conn 
Assoc Prof of Microbiology (2, 1946,6, 1948) 
Melville, Donald B , Ph D Cornell Umv Med 
College, 1300 York Ave , New York City 21 
Assoc Prof of Biochemistry (2, 1947) 

Melville, Kenneth Ivan, M D McGill Umv , Mon- 
treal, Quebec, Canada Asst Prof of Pharma- 
cology (3, 1931) 

Mendel, Bruno, M D Umv of Toronto, Banting 
and Best Dept of Med Research, 100 College 
St , Toronto 6, Ontario, Canada. Prof of Cellular 
Physiology (2, 1947) 

Mendelson, E S,BA RFD 2, Telford, Pa 
Physiologist, Head of Human Engineering Div , 
Naval Air Exper Station, Philadelphia, Pa (1, 
1949) 

Mendenhall, Waiter L , M S , M D Milford, Iowa 
(1,1915,3, 1917) 

Mendez, Rafael, M D Natl Inst of Cardiology, 
Calzada de la Piedad 300, Mexico D F , Mexico 
Head of Dept of Pharmacology (3, 1944) 
Mendlowitz, Milton, M D 136 E 64th St , New 
York City 21 Adjunct Physician in Ml Sinat 
Hospital of New York (1, 1949) 

Meneely, George R , M D Thayer Veterans Ad- 
min Hospital, Nashville, Tenn Asst Prof of 
Medicine (4, 1946) 

Menkin, Valy, M A , M D Temple Umv School of 
Medicine, Philadelphia, Pa Assoc Prof of Ex- 
per Pathology (1, 1932, 4, 1932, 6, 1931) 
Menten, Maud L , M D , Ph D Umv of Pitts- 
burgh, Pittsburgh, Pa Prof of Pathology (1, 
1915, 4, 1927) 

Mettier, Stacy R , M D Umv of California Hos- 
pital, San Francisco Prof of Medicine (4, 1932) 
Mettier, Fred A , Ph D M D Columbia Umv 
College of Phjsicians and Surgeons, Dept of 
Neurologj , New^ York Citj Assoc Prof of 
Anatomy (1, 1937) 

Meyer, Arthur E , Ph D Felloira Pharmaceutical 
Lab , New York City (1, 1948) 

Meyer, Curtis E , Ph D Upjohn Co , Kalamazoo, 
Mich Sr Research Chemist (2, 1942) 

Meyer, Frieda L , Ph D U S Dept of Agncul 
ture. Bureau of Human Nutrition, Food and 
Nutrition Div , Washington 25, D C Nutrition 
Specialist (5, 1949) 

Meyer, Karl, M D , Ph D Columbia Umv Col- 
lege of Phjsicians and Surgeons, 630 W 168th 
St , New York City 32 Assoc Prof of Biochem- 
istry, Dept of Medicine (2, 1934) 

Meyer, Karl F , M D , Ph D George W Hooper 
Foundation, Umv of California Med Center, 
San Francisco Director (4, 1930, 6, 1922) 
Meyer, Roland K , Ph D Umv of Wisconsin, 
Dept of Zoology , Biologj Bldg , Madison 6 
Prof of Zoology Q, 1949) 
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Meyerhof, Otto, MD Lnn of Pennsylvania 
School of Medieino, Dept of PlnsioloRical 
Clicnnstrx , Plul uleliiliu Research Prof of Rio- 
chom'^tru (2,1*1-11) 

Michel, Harry O , PIi D Med Di\ , Biociicinic i! 
Section, \rm\ C'lieinieal Center, Md Biochem- 
ist (2, lHI) 

Mickelsen, Olnf, Ph D Nutrition Branch USPIIS, 
MnslunRton 25, D C Chief Chcmtsl (2,1941) 

Mider, George Burroughs, M D Strong Memorial 
Hospital, Rochester 7 N Y Prof of Cancer 
Research (4, 1940) 

Miles, M'altcr R , Ph D \ ale Univ , 313 Cedar St , 
New II nen. Conn Prof of Psiicholoffij, School of 
Medicine and Inst of JI uinan Relations (1,1919) 

Milhorat, Ade T , M D Cornell Unn Mod Col- 
lege, New York City 21 Assoc Prof of Medicine 
and Instr in Pharmacology, Research Fellow, 
Russell Sage Inst of Pathology (1, 1934, 3, 
1937, 5, 1935) 

Miller, Augustus Taylor, Jr ,Ph D Univ of North 
Carolina Med School, Chapel Hill Assoc Prof 
of Physiology (1, 1944) 

Miller, Benjamin F , M D 71 hit Vernon St , 
Boston S, hlass Assoc Physician, Massachusetts 
General Hospital, Clin Prof of Medicine (on 
leave), George Washington Med School (2, 1938) 

Miller, Carey D , M S Univ of Hawaii, Honolulu 
Prof of Food and Nutrition, Hawaii AgncuUnral 
Exper Station (a, 1942) 

Miller, C Phillip, M S , M D Univ of Chicago, 
Chicago, 111 Prof of Medicine (4, 1925,6,1928) 

Miller, Edgar G , Jr , Ph D Columbia Univ , 630 
W 168th St , New York City' Prof of Biological 
Chemistry (2, 1930) 

Miller, Franklin R , M D Jefferson Med College 
and Hospital, Div of Hematology, Philadel- 
phia, Pa Assoc Prof of Medicine (4, 1940) 

Miller, Frederick R , M A , M D Univ of Western 
Ontano, Faculty of Medicine London, Ontario, 
Canada Research Prof of Neurophysiology (1, 
1908) 

Miller, Gail L , Ph D Inst for Cancer Research, 
Dept of General Biochemistry , Hasbrook and 
Hartel Aves , Philadelphia 11, Pa Assoc Mem- 
ber (2, 1949) 

Miller, G H , M D American College of Surgeons, 
40 E Erie St , Chicago 11, 111 Dir of Educa- 
tional Activities (3, 1925) 

Miller, George A , Ph D Harvard Univ , Psycho- 
Acoustic Lab , Cambridge, Mass Research Fel- 
low (1, 1948) 

Miller, H R , hi D hlontefiore Hospital, 1020 
Park Ave , New York City (1, 1947) 

Miller, James A , Ph D Umv of Wisconsin hied 
School, hIcArdle hlem Laboratory Research, 
Madison 6 Assoc Prof of Oncology (2, 1949) 


Miller, Leon L , Ph D , M D Univ of Rochester 
School of hledicmo and Dentistry, P 0 Box 287, 
Crittenden Station, Rochester, N Y Assoc 
Prof of Radiation Biology and Biochemistry (2, 
1947) 

Miller, Lila, Ph D Univ of Michigan, Dept of 
Biological Chemistry', Ann Arbor Asst Prof of 
Biological Chemistry (2, 1940) 

Miller, Lloyd C , Ph D Sterling-Winthrop Re- 
scarcii Inst , 33 Riverside Ave , Rensselaer, N 
Y Dir of Biology Div (3, 1938) 

Miller, R C , Ph D Pennsylvania State College, 
State College Asst Prof Agricultural and Bio- 
logical Chemistry (5, 1935) 

Miller, Zelma Baker, Ph D 71 Mt Vernon Bos- 
ton, hlass (2, 1940) 

Mills, Clarence A , Ph D , M D Cincinnati (aen- 
cral Hospital, Cincinnati 29, Ohio Prof of Ex- 
per Medicine, Univ of Cincinnati (1, 1921, 2, 
1921) 

Minot, Annie Stone, Ph D Vanderbilt Umv Med 
School, Nashville, Tenn Assoc Prof of Bio- 
chemistry (1, 1923) 

Mirsky, Alfred E , Ph D Rockefeller Inst for 
Med Research, 66th St and York Ave , Nevr 
York City' 21 Member (2, 1941) 

Mirsky, I Arthur, M D The Jewish Hospital, Cin- 
cinnati, Ohio Dir , May Inst for Med Research, 
Asst Prof of Biochemistry, Umv of Cincinnati 
(1, 1936) 

Mitchell, Harold H , M D 120 Laaky Drive, Bev- 
erly Hills, Cahf (6, 1943) 

Mitchell, Harold H , Ph D Univ of Illinois, 655 
Davenport Hall, Urbana Prof of Animal Nu- 
trition (2,1919,5, 1933) 

Mitchell, Helen S , Ph D Umv of Massachusetts, 
Amherst Dean of School of Home Economics (2, 
1925,5, 1933) 

Mitchell, Philip H , Ph D Brown Umv , Provi- 
dence 12, R I Robert P Brown Prof of Biology 
(2, 1909) 

Modell, Walter, M D Cornell Umv Med College, 
1300 York Ave , New York City Instr in Phar- 
macology (3, 1944) 

Moe, Gordon Kenneth, Ph D , M D Umv of 
Michigan, Ann Arbor Assoc Prof of Pharma- 
cology (3, 1944) 

Mohn, James F , M,D 24 High St , Buffalo, N Y 
Asst Prof in Bacteriology and Immunology, 
Umv of Buffalo School of Medicine (6, 1946) 

Molitor, Hans, hi D Merck Inst for Therapeutic 
Research, Rahway, N J Director (1, 1933, 3, 
1942) 

MoHand, Jacob, hi D , Ph D Umv of Oslo, Oslo, 
Norway' Prof of Pharmacology (3, 1948) 

Molnar, George W , Ph D hied Dept , Field Re- 
search Lab , Fort Knox, Kv Physiologist (1, 
1949) 
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Molomut, Norman, Ph D Biological Labs , 16 
Clinton St , Brookljm 2, N Y Dtr of research 
and of Labs (6, 1942) 

Moon, Virgil H , M Sc , M D Wake Forest Col- 
lege, Bovrman Gray School of Medicine, Win- 
ston Salem, N C Visiting Prof of Pathology 
(4, 1934) 

Moore, Arthur R , Ph D Univ of Portland, Dept 
of Biology, Portland, Ore (1, 1912) 

Moore, Carl Vernon, M D Washington TJmv 
School of Medicine, St Louis, Mo Prof of Medi- 
cine (4,1938,5,1941) 

Moore, Dan H , Ph D U S Navj"^ No 100, c/o 
Fleet Post Office, New York City (1, 1948) 
Moore, Lane A , Ph D U S Dept of Agriculture, 
Div of Nutrition and Physiology, Bureau of 
Dairj Industry, Beltsville, Md Head, Section of 
Dairy Cattle Nutrition (5, 1940) 

Moore, Robert A , M D Washington Univ Med 
School, St Louis, Mo Dean and Prof of Pathol- 
ogy (4, 1929) 

Moore, Robert M , M D Univ of Texas Med 
School, Galveston (1, 1932) 

Moore, Stanford, Ph D Rockefeller Inst for Med 
Research, York Ave at 66th St , New York City 
21 Associate (2, 1949) 

Moorhouse, Victor Henry K , M B Univ of Mani- 
toba, Winnipeg, Manitoba, Canada Prof of 
Physiology (1, 1912) 

More, Robert H , M D Pathological Inst , 3776 
University St , Montreal, Quebec, Canada 
Assoc Prof of Pathology, McGill Univ (4, 1949) 
Morehouse, Laurence E , Ph D Univ of Southern 
Califorma, Los Angeles 7 Assoc Prof (1, 1947) 
Morgan, Agnes Fay, Ph D Univ of California, 
Berkeley 4 Prof of Home Economics, Bio- 
chemist, Agrtc Exper Station (2, 1929, 5, 1933) 
Morgan, Charles F , Ph D Georgetown Univ 
School of Medicine, Washington, D C Prof and 
Chairman of Dept of Physiology (1,1948,3,1947) 
Morgan, Clifford T , Ph D Johns Hopkins Univ , 
Psychology Dept , Baltimore 18, Md (1, 1943) 
Morguhs, Sergius, Ph D Univ of Nebraska Col- 
lege of Medicine, Omaha 5 Prof and Chairman 
of Dept of Biochemistry (1, 1914, 2, 1916) 
Monson, Robert S , M D Rockefeller Foundation, 
66th St and York Ave , New York City 21 Asst 
Dir of Med Sciences (1, 1938) 

Moritz, Alan R , M D Western Reserve Univ , 
Cleveland, Ohio Prof of Pathology and Dtr of 
ike Institute (4, 1934) 

Morrell, Clarence Allison, Ph D Lab of Hygiene, 
Dept of Pensions and Natl Health, Sussex and 
John Sts , Ottawa, Ontario, Canada Sr Pharma- 
cologist (3, 1937) 

Morris, Harold P , Ph D Natl Cancer Inst , 
Bethesda 14, Md Principal Biocheintsl in Nu- 
trition (2,1944,5,1943) 


Morris, Marion C , Ph D Public Health Research 
Inst of City of New York, Foot of East 16th St , 
New York City Assoc in Div of Infectious Dis- 
eases (6, 1936) 

Morrison, Dempsie B , Ph D Univ of Tennessee 
College of Medicine, Memphis Assoc Prof of 
Chemislry (2, 1936) 

Morrison, James L , Ph D Emory Univ School of 
Medicine, Emory University, Ga Assoc Prof 
of Pharmacology (3, 1944) 

Morse, Minerva Ph D 6626 Kimbark Ave , Chi- 
cago, 111 Research Assoc , Dept of Pediatrics, 
Univ of Chicago (2, 1934) 

Morse, Withrow, Ph D 32 Manchester Rd , East- 
cheater, via Tuckahoe, N Y Consultant (2, 
1914) 

Mortimer, Bernard, Ph D , M D 26 N Ottawa 
St , Joliet, R1 , Cook County Hospital, Chicago 
(1, 1936) 

Morton, John J , M D Univ of Rochester School 
of Medicine and Dentistry, Rochester, N Y 
Prof of Surgery (4, 1927) 

Moses, Campbell, M D , Univ of Pittsburgh 
School of Medicine, Pittsburgh, Pa Dir of Ad- 
dison H Gibson Lab of Applied Physiology (1, 
1948) 

Motley, Hurley L , Ph D , M D Jefferson Hos- 
pital, Philadelphia, Pa Dir , Cardto-Respira- 
tory Lab , Jefferson Med College and Assoc Prof 
of Medicine (1, 1947) 

Mountain, Isabel M Ph D 9 Coohdge Ave , White 
Plains, N Y (6, 1947) 

Mountcastle, Vernon B, MD Johns Hopkins 
Univ Med School, Dept of Physiology, 710 N 
Washington St , Baltimore 6, Md Asst Prof of 
Physiology (1, 1949) 

Moxon, Alvin L , Ph D College Station, Brook- 
ings, S D Head, Chemistry Dept , South Dakota 
Agricultural Exper Station (2, 1944) 

Moyer, Arden W , Ph D 407 Mountain View Rd , 
Englewood, N J Research Biochemist, Ledcrle 
Labs , Pearl River, N Y (6, 1946) 

Moyer, Carl A , Ph D 6417 Glenrose Ct , Dallas 1, 
Tex Prof of Exper Surgery, Southwestern Med 
College (1, 1943) 

Mudd, Stuart, M A , M D Univ of Pennsylvama, 
Philadelphia Prof of Bacteriology (1, 1921,4, 
1927,6, 1927) 

Muehlberger, Clarence W , Ph D State Health 
Dept Labs Lansing, Mich Stale Toxieologist 
(3, 1928) 

Mueller, J Howard, Ph D Harvard Med School, 
Boston, Mass Charles Wilder Prof of Bacteriol- 
ogy and Immunology (2, 1922, 4, 1927, 6, 1920) 
Mnkherji,B ,D Sc All-India Inst of Hygiene and 
Public Health, Calcutta Dir of Biochemical 
Standardization Lab (3, 1938) 

Mulder, Arthur G , Ph D Lojmla Med School, 706 
S Walcott St , Chicago, HI (1, 1937) 



December 19J^9 


MEMBERSHIP LIST 


719 


Mulford, Dwight J , Ph D 306 Riven\ ay, Boston, 
Mass C/ite/ 0/ Lab , Massachusetts Dept of Puh- 
hc Health, Assoc tn Physical Chemistry, Harvard 
Untv (2,1948) 

Mulmos, M G , M D , Ph D New York Med Col- 
lege, Flower and Fifth Ave Hospitals, Fifth 
Ave and 105th St , New York City 29 Assoc 
Prof of Pharmacology (3, 1931) 

Mull, James W , Ph D 2020 State St , Quincy, 111 
Assoc , Quincy Specialties Co (2, 1937) 

Miiller, Otto H , R N Dr Syracuse Univ College 
of Medicine, Dept of Physiologj', Syracuse 10, 
N Y (1,1947) 

Mulligan, Richard M , M D Univ of Colorado 
School of Medicine, 4200 East 9th Ave , Denver 
Prof of Pathology (4, 1947) 

Mullin, F J , Ph D Univ of Chicago, Physiology 
Dept , Chicago 37, 111 Asst Prof of Physiology 
(1, 1937) 

Munro, F L , Ph D Jefferson Med College, 1026 
Walnut St , Philadelphia 7, Pa Research Chem- 
isl (2, 1948) 

Munro, Muriel Platt, Ph D Jefferson Med Col- 
lege, 1025 Walnut St , Philadelphia 7, Pa Re- 
search Chemist (2, 1948) 

Munsell, Hazel E , Ph D Massachusetts Inst of 
Technologj’’, Nutrition Biochemistry Labs , 
Dept of Food Technology, Cambridge Research 
Assoc (6, 1933) 

Muntwyler, Edward, Ph D Long Island College of 
Medicine, 350 Henry St , Brooklyn 2, N Y Prof 
of Biochemistry (2, 1931) 

Muntz, John A , Ph D 3356 Euclid Heights Blvd , 
Cleveland Heights, Ohio Asst Prof , Western 
Reserve Univ (2, 1948) 

Murlin, John R , Ph D Umv of Rochester School 
of Medicine and Dentistry, Rochester, N Y 
Prof Emeritus of Physiology and Dir Emeritus 
of Dept of Vital Economics (IR, 1906, 2, 1908, 
6, 1933) 

Murphy, James B , M D Rockefeller Inst for 
Med Research, 66th St and York Ave , New 
York City Member (4, prior to 1920) 

Murphy, Quillian R , M D , Ph D Umv of Wis- 
consm Med School, Dept of Physiology, Madi- 
son 6 Asst Prof (1, 1949) 

Murray, Everitt G D , M A McGill Umv , Mon- 
treal, Quebec, Canada Prof and Head of Dept 
of Bacteriology and Immunology , Bactenologisl- 
in-Chief to the Royal Victoria Children’s Memorial 
and Alexandra Hospitals (6,1933) 

Mushett, Charles W , Ph D Merck Inst for Ther- 
apeutic Research, Rahn a3 , N J Head of Dept 
of Pathology (4, 1948) 

Muus, Jytte, Mag Scient Mount Holjoke Col- 
lege, South Hadley , Mass Assoc Prof (2, 1946) 
Myers, Chester N , Ph D 34 Cedar Place, Yonkers 
5, N Y Chief, Div Chemotherapy, New YorL 


Skin and Cancer Hospital, Dir of Chemical and 
Clinical Research, H A Metz Labs , Inc (2, 1922) 
Nachmansohn, David, M D Columbia Umv Col- 
lege of Physicians and Surgeons, Dept of Neur- 
ology, 630 W 168th St , Nen York City 32 
Research Assoc in Neurology (1, 1940) 

Nadler, J Ernest, M D , Med D Sc 80-16 Lefferts 
Blvd , Kew Gardens 15, N Y (3, 1940) 
Nahum, Louis N , M D 1142 Chapel St , New 
Haven, Conn Asst Prof of Physiology, Yale 
Univ (1, 1934) 

Najjar, Victor A , M D Umv of Cambridge, Unit 
for Microbiology, Cambridge, England (2, 1946) 
Nash, Thomas P , Jr , Ph D 875 Monroe Ave , 
Memphis, Tenn Prof of Chemistry, Umv of 
Tennessee College of Medicine, Dean of School 
of Biological Sciences (2, 1923) 

Nasset, Edmund S , Ph D Umv of Rochester 
School of Medicine and Dentistry, Rochester, 
N Y Prof of Physiology (1, 1932 , 5, 1940) 
Nastuk, William L , Ph D Columbia Umv Col- 
lege of Phy'sicians and Surgeons, Dept of Physi- 
ology, 630 W 168th St , New York City 32 
Insir in Physiology (1, 1949) 

Nathanson, Ira T, M.S , MD Massachusetts 
General Hospital, Boston Asst tn Surgery, 
Instr in Surgery, Harvard Med School (1, 1943) 
Nathanson, Morris D , M D 6333 Wilshire Blvd , 
Los Angeles, Calif Assoc Clin Prof of Medi- 
cine, Univ of Southern California School of 
Medicine (3, 1940) 

Necheles, Heinrich, M D , Ph D Michael Rees& 
Hospital, Chicago, HI Dir of Dept of Gastro- 
intestinal Physiology, Professorial Lecturer in 
Physiology, Umv of Chicago (1, 1929) 

Neill, James M , Ph D Cornell Umv Med Col- 
lege, 1300 York Ave , New York City Prof, 
of Bacteriology and Immunology (6, 1930) 
Neilson, Charles Hugh, Ph D , M D Humboldt 
Bldg , St Louis, Mo Assoc Dean and Prof 
of Medicine, St Loins Univ Med School (2 
1906) 

Nelson, Arthur A , M D , Ph D Food and Drug 
Admin Div of Pharmacology, Washington 25, 
D C Med Officer {Pathology) (4, 1942) 

Nelson, Carl Ferdinand, M D , Ph D Univ of 
Kansas, Dept of Biochemistry , Lan rence Prof 
of Physiological Chemistry (2, 1914) 

Nelson, Carl T , M A , M D Harkness Pav 
Presbyterian Hosp , 180 Ft Washington Ave , 
New York City 32 (6, 1943) 

Nelson, Erwin E , Ph D , M D Food and Drug 
Admin , Drug Div , Washington 25, D C Chief, 
Neio Drug Section, Adjunct Clin Prof of Phar- 
macology, George Washington Umv School of 
Medicine (3, 1924) 

Nelson, E M , Ph D Food and Drug Admin , 
Washington, 18, D C Chief, Vitamin Dn (2, 
1927, 5, 1933) 
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Nelson, John B , Ph J) Rockefeller Inst for Med 
Research, Princeton, N J Assoc Member (4, 
1934) 

Nelson, John M , Ph D Columbia Univ , New 
York City 27 Prof Emeritus of Organic Chemis- 
try (2, 1923) 

Nelson, Norton, Ph D New York Umv College of 
Medicine, 477 First Ave , New York City 16 
Assoc Prof of Industrial Medicine (2, 1946) 
Nelson, P Mabel, Ph D Iowa State College, 
Ames Dean, Div of Home Economics (6, 1934) 
Nelson, Tell, M A , M D 1415 Kalakaua Ave , 
Honolulu 19, T H Practicing Physician (6, 
1938) 

Nelson, Victor E , M S 569 Putnam St , Eau 
Claire, Wis Prof of Physiological Chemistry 
(2, 1924) 

Nelson, Warren O , Ph D Umv of Iowa School of 
Medicine, Dept of Anatomy, Iowa City Prof 
of Anatomy (1, 1937) 

Neter, Erwin, M D Children’s Hospital, 219 Bry- 
ant St , Buffalo, N Y Attending Bacteriologist 
(6, 1937) 

Nettleship, Anderson, M D Umv of Arkansas 
School of Medicine, Little Rock Prof and Head 
of Dept of Pathology (4, 1942) 

Neuberg, Carl, Ph D , M D Med , Chera D 
536 W 113th St , New York City 26 Research 
Prof , New York Univ (2, 1944) 

Nenman, William F , Ph D , Umv of Rochester 
School of Medicine and Dentistry, 20 Alpine St , 
Rochester 7, N Y Asst Prof of Biochemistry 
and Pharmacology (2, 1949) 

Neumann, Charles, M D 625 E 68th St , New 
York Citj 21 Resident S irgeon, Neio York Hos- 
pital, Instr in Surgery, Neiv York Univ Post- 
Grad Med School (1, 1944) 

Neurath, Hans, Ph D Duke Umv School of 
Medicine, Durham, N C Prof of Physical 
Biochemistry (2, 1940, 6, 1944) 

Neuwelt, Frank, M D 604 Broadway, Gary, Ind 
Research Assoc , Dept of Gastrointestinal Re- 
search, Michael Reese Hospital (1, 1940) 
Neuwirth, Isaac, Ph D 209 E 23rd St , New York 
City 10 Prof of Pharmacology, New York Univ 
College of Dentistry (2, 1924 , 3, 1931) 

Newman, Elliot V , M D , Johns Hopkins Hos- 
pital, Baltimore, Md Asst Prof of Medicine 
(1, 1948) 

Newman, Henry W , M D Stanford Med School, 
Cla\ and Webster Sts , San Francisco 15, Calif 
Assoc Prof of Medicine (3, 1949) 

Nice, Leonard B , Ph D Chicago Med School, 
710 S Wolcott Ave , Chicago, 111 Prof of Physi- 
ology and Pharmacology (1, 1921) 

Nicholas, John S , Ph D YaleHmv , Osborn Zo- 
ological Lab , New Haven, Conn Bronson Prof 
of Comparative Anatomy (1, 1927) 


Nicholson, Hayden C , MS, M D Natl Re- 
search Council, Div of Med Sciences, 2101 
Constitution Ave , Washington 26, D C (1, 
1932) 

Nickerson, John L , Ph D Columbia Umv , 630 
W 168th St , New York City 32 Assoc Prof 
of Physiology (1, 1946) 

Nickerson, Mark, Ph D Umv of Utah School of 
Medicine, Salt Lake City Asst Prof of Phar- 
macology (3, 1947) 

Nicoll, Paul A , Ph D Indiana Umv , Blooming- 
ton Asst Prof of Physiology (1, 1945) 
Niemann, Carl G , Ph D Califorma Inst of Tech- 
nologj , Pasadena 4 Prof of Organic Chemistry 
(2, 1940) 

Nigg, Clara, Ph D E R Squibb and Sons, New 
Brunswnck, N J Head of Depts of Bacteriology 
and Virology, and of Microbiological Develop- 
ment (6, 1929) 

Nims, Leslie F , Ph D Brookhaven Natl Lab , 
Biology Dept , Upton, Long Island, N Y 
Acting Head of Dept (1, 1940) 

Noble, Robert Laing, M D , Ph D Umv of West- 
ern Ontario, Dept of Med Research, London, 
Ontario, Canada (1, 1941) 

Nord, F F , Ph D Fordham Umv , Dept of Or 
game Chemistrj', New York City Prof of 
Organic Chemistry and Enzymology (2, 1940) 
Norns, Earl R , Ph D Umv of Washington, Seat- 
tle Prof of Biochemistry and Exec Officer (2, 
1938) 

Norris, L C , Ph D Cornell Umv , Rice HaU, 
Ithaca, N Y Prof of Nutrition (2, 1939, 5, 
1934) 

Northrop, J H , Ph D Umv of California, Ber- 
kelej' 4 Member of Rockefeller Inst (2, 1938) 
Northup, David W , Ph D West Virginia Umv 
Med School, Morgantown Prof of Physiology 
(1, 1936) 

Novy, F G , M D , Sc D 721 Forest Ave , Ann 
Arbor, Mich Dean Emeritus of Med School and 
Prof Emeritus of Bacteriology, Umv of Mich- 
igan (2, 1906 , 4R, prior to 1919) 

Nowinski, W W , Ph D Umv of Texas School of 
Medicine, Galveston Research Assoc (1, 1948) 
Nungester, Walter James, Ph D , M D Univ of 
Michigan, Dept of Bactenologjs Ann Arbor 
Professor (6, 1949) 

Oberst, Fred W , Ph D U S School of Aviation 
Medicine, Randolph Air Force Base, Randolph 
Field, Tex Pharmacologist-Biochemist (2, 1936, 
3, 1949) 

Ochoa, Severo, M D New York Umv College of 
Medicine, 477 First Ave , New York City 16 
Prof of Pharmacology (2, 1942) 

Ogden, Eric Ohio State Umv College of Medi- 
cine, Dept of Physiology , Columbus 10 Prof 
of Physiology (1, 1941) 
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O’Hare, James P , M D 520 Common^\ ealth Ave , 
Boston, Mass Phyeician, Peter Bent Brighavi 
Hospital, Lecturer tn Medicine, Harvard Med 
School (4, 1927) 

Ohlson, Margaret A , Ph D Michigan State Col- 
lege, Dept of Foods and Nutrition, East Lan- 
sing Prof and Head of Dept of Foods and Nutri- 
tion (5, 1945) 

Okey, Ruth, Ph D Univ of California, 15S3 Life 
Sciences Bldg , Berkeley 4 Prof of Home Eco- 
nomics and Biochemist, State Exper Station 
(2, 1922, 5, 1933) 

Olcott, Harold S , Ph D U S Dept of Agricul- 
ture, Western Regional Research Lab , Albany 
6, Calif Head of Vegetable Processing Dtv (2, 
1935) 

Oldham, Helen, Ph D Univ of Chicago, Chicago, 
ni Asst Prof , Dept of Home Economics (5, 
1946) 

Olitsky, Peter K , M D Rockefeller Inst for Med 
Research, 66th St and York Ave , Nen York 
City Member (6, 1917) 

Oliver, Jean Redman, M D Hoagland Lab , 335 
Henry St , Brooklyn, N Y Prof of Pathology, 
Long Island College of Medicine (1, 1924,4, 1924) 

Oliver, Wade W , M D Rockefeller Foundation, 
New York City Assoc Dir of Div of Med 
Sciences (4, 1925) 

Olmsted, J M D , Ph D Univ of California, Ber- 
keley Prof of Physiology (1, 1920) 

Olsen, Norman S , Ph D Washington Univ Med 
School, 4580 Scott Ave , St Louis 10, Mo Asst 
Prof of Biological Chemistry (1,1948,2,1949) 

Olson, Byron J , Ph D , M D National Insts of 
Health, Bethesda, Md Surgeon, Div of Infec- 
tious Diseases (6, 1948) 

Olson, Carl, Jr , D V M , Ph D Univ of Ne- 
braska, Lincoln Chairman of Dept of Animal 
Pathology and Hygiene (4, 1937) 

Opdyke, David F , Ph D Western Reserve Univ 
Med School, Cleveland 6, Ohio Assoc Prof 
of Physiology (1, 1945) 

Opie, Eugene L , M D , Sc D Rockefeller Inst 
for Med Research, 66th St and York Ave , New 
York City 21 Member (IR, 1906, 4, 1913, 6R, 
1923) 

Oppenheimer, Enid Tribe 124 E 61st St , New 
York City Instr in Physiology, Columbia Univ 
(1, 1932) 

Oppenheimer, Ernst, M D Ciba Pharmaceutical 
Products, Inc , LafaAette Park, Summit, N J 
Vice-Pres in charge of Med Research (3, 1944) 

Oppenheimer, Morton Joseph, Ed IVI , M D 3400 
N Broad St , Philadelphia, Pa Prof of Physi 
ology, Temple Univ School of Medicine (1, 1942) 

Orent-Keiles, Elsa, D Sc U S Dept of Agricul- 
ture, Bureau of Human Nutrition and Home 
Economics, Beltsville, Md. In charge of l\utn- 


lion Investigations, Asst Chief, Foods and Nutri- 
tion Dtv (2, 1935, 6, 1935) 

Ort, John M , Ph D 401 Codwiso Ave , New 
Brunswick, N J Dir of Research, Carroll Dun- 
ham Smith Pharmacol Co (2, 1932) 

Orten, Aline Underhill, Ph D Wayne Univ Col- 
lege of Medicine, Detroit 26, Mich Research 
Assoc , Dept of Physiological Chemistry (5, 
1946) 

Orten, James M , Ph D Wayme Univ College of 
Medicine, Detroit 26, Mich Assoc Prof of 
Physiological Chemistry (2, 1936, 5, 1937) 

Orth, O Sidney, Ph D , M D Univ of Wisconsin, 
S M I , Madison Prof of Pharmacology (1, 
1942 , 3, 1944) 

Osborne, Stafford L , Ph D Northwestern Univ 
Med School, 303 E Chicago Ave , Chicago, 111 
Prof of Physical Medicine (1, 1941) 

Oser, Bernard L , Ph D Food Research Labs , 
Inc , 48-14 33rd St , Long Island City 1, N Y 
Director (5, 1945) 

Osier, Abraham G , Ph D Johns Hopkins Hos- 
pital, Monument and Wolfe Sts , Baltimore, Md 
Dir of Serologic Lab (6, 1949) 

Oster, Robert H , Ph D Univ of Maryland Med 
School, Greene and Lombard Sts , Baltimore 
Asst Prof of Physiology (1, 1938) 

Osterberg, Arnold E , Ph D Abbott Labs , Med 
Dept , N Chicago, 111 Assoc in Med Dept 
(2, 1933) 

Osterhout, Marian I Rockefeller Inst for Med 
Research, 66th St and York Ave , New York 
City' 21 Assoc , Div of General Physiology (1, 
1927) 

Osterhout, W J V , Ph D Rockefeller Inst for 
Med Research, 66th St and York Ave , New' 
York City' 21 Member Ementus (1, 1910) 

Otis, Arthur B , Ph D Univ of Rochester, Dept 
of Physiology, Rochester 7, N Y 4ss< Prof 
of Physiology (1, 1946) 

Ott, Walther H , Ph D Merck Inst for Therapeu- 
tic Research, Rahway, N J Head of Dept of 
Biological Control and Poultry Ahilntion (5, 
1949) 

Overman, Richard R , Ph D Univ of Tennessee 
College of Medicine, Division of Phy siology , 
Memphis Assoc Prof (1, 1946) 

Owen, Seward E , Ph D 418 S 20th \vc , May - 
wood, HI (1, 1938) 

Pace, Donald M , Ph D Univ of Nebraska Col- 
lege of Pharmacy', Dept of Physiology and 
Pharmacology , Lincoln Issoc Prof of Physi- 
ology (1, 1944) 

Pace, Nello, Ph D Umv of California, Div of 
Physiology', Berkeley 4 Asst Prof of Physiol- 
ogy (1, 1947) 

Pack, George T , IM D 139 E 36th St , New York 
Citi 16 Fellow in Cancer Research, Memorial 
Hospital (1, 1924) 
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Packchanian, Ardzroony, Ph D Univ of Te\as 
School of ^Medicine, Galveston Assoc Prof 
of Bacteriology and Tropical Medicine, Dir of 
Lab of Microbiology (6, 1943) 

Page, Edouard, Ph D Laval Univ Med School, 
Dept of Biochenustry , Quebec, Canada (1, 
1947) 

Page, Ernest W , M D Univ of California Hos- 
pital, Dept of Obstetrics and Gynecology, San 
Francisco 22 Asst Prof (1, 1947) 

Page, Imne H , M D Cleveland Clinic Founda- 
tion, 2040 E 93rd St , Cleveland 6, Ohio Dir 
of Research (1, 1937, 2, 1932) 

Painter, Elizabeth E , Ph D Univ of Illinois 
School of Medicine, 1863 W Polk St , Chicago 
Asst Prof of Physiology (1, 1941) 

Palmer, John W , Ph D E R Squibb and Sons, 
Georges Rd , New Brunswick, N J Head of 
Dept of Protein Fractionation (6, 1949) 

P’An, S Y , M D Columbia Univ College of 
Phj^sicians and Surgeons, New York City (3, 
1941) 

Pangbom, Mary C , Ph D New Scotland Ave, 
Albany, N Y Sr Biochemist, New York Stale 
Dept of Health, Div of Labs and Research (2, 
1941) 

Pappenheimer, A M , Jr , Ph D New York Univ 
College of Medicine, 477 First Ave , New York 
City 16 Assoc Prof of Microbiology (2, 1941, 
6, 1938) 

Pappenheimer, Alwin M , M.D 45 Holden St , 
Cambridge, Mass Prof Ementus of Pathology, 
Columbia Univ (4, 1922) 

Pappenheimer, John R , Ph D Harvard Med 
School, Boston, Mass Assoc in Physiology (1, 
1946) 

Papper, E M , M D Columbia Presbyterian Med 
Center, 630 W 168th St, New Yoik City Prof 
of Anesthesiology (3, 1949) 

Park, Edwards A , M D Johns Hopkins Hospital, 
Baltimore, Md Prof Ementus of Pediatncs, 
Johns Hopkins Univ (4, 1923) 

Parker, Robert F , M D Univ Hosps , 2065 Adel- 
bert Rd , Cleveland, Ohio Assoc Prof of Micro- 
biology and Medicine (4, 1942, 6, 1936) 

Parkins, William M , Ph D Route 2, Chariton, 
Iowa (1, 1939) 

Parpart, Arthur K , Ph D Princeton Umv , Guyot 
Hall, Princeton, N J Prof of Physiology (1, 
1937) 

Parr, Leland W , Ph D George Washington Univ 
School of Medicine, 1336 H St N W, Washing- 
ton, D C Prof of Bacteriology (4, 1940) 
Parrack, Horace O , Ph D Wnght-Patterson Air 
Force Base Aero-Med Lab , Dayton, Ohio Re- 
search Physiologist (1, 1948) 

Parsons, Helen T , M D , Ph D Umv of Wiscon- 
sin, Madison Prof of Home Economics, in charge 
of Purnell Research in Nutntion (2, 1929, 5, 
1933) 


Parsons, Robert J , M D Highland Alameda 
County Hospital, 2701 14th Ave , Oakland, 
Calif Pathologist, Dir of Labs (4, 1939) 
Paschkis, Karl E , M D Jefferson Med College, 
1025 Walnut St , Philadelphia 7, Pa Asst Prof 
of Medicine and Assoc in Physiology, Chief of 
Endocnne Clinic, Jefferson Hospital (1, 1942) 
Patt, Harvey M , Ph D Argonne National Lab , 
Chicago, 111 Physiologist (1, 1948) 

Patterson, Thos L , Ph D Wayne Umv College 
of Medicine, 1512 St Antoine St , Detroit, Mich 
Prof of Oro-Physiology and Dir of Dental Re- 
search, Umv of Detroit College of Dentistry (1, 
1920) 

Patterson, Wilbur I , Ph D Food and Drug Ad- 
min , Washington 25, D C Chief, Organic 
Analytical Methods (2, 1948) 

Patton, H D , Ph D , M D Umv of Washington 
School of Medicine, Dept of Physiologji- and 
Biophysics, Seattle 6 Asst Prof (1, 1947) 
Paul, John R , M A , M D Yale Umv Med 
School, 333 Cedar St , New Haven, Conn Prof 
of Preventive Medicine (4, 1927 , 6, 1937) 
Pearce, John Musser, M D 525 E 68th St , Nev 
Y’’ork City 21 Prof of Pathology, Cornell Umv 
Med College, Attending Pathologist, Neiv York 
Hospital (4, 1942) 

Pearce, Louise, M D Rockefeller Inst for Med 
Research, Pnnceton, N J Assoc Member in 
Pathology and Bactenology (3, 1915 , 4, 1925) 
Pearcy, Prank, Ph D , M D 2606 Oak Lawn Ave , 
Dallas, Tex (1, 1928) 

Pearlman, William H , Ph D Jefferson Med Col- 
lege, 1025 Walnut St , Philadelphia 7, Pa Assoc 
Prof , Biochemistry Dept (2, 1946) 

Pearse, Herman E , M D Umv of Rochester 
School of Medicine and Dentistry , Rochester, 
N Y Prof of Surgery (4, 1932) 

Pearson, Harold E , M D , M P H Umv of South- 
ern California Med School, Los Angeles Assoc 
Prof of Bacteriology, Med Microbiologist, Los 
Angeles County Hospital (G, 1948) 

Pearson, P B , Ph D Atomic Energy Commission, 
Div of Biology and Medicme, Washington 25, 
D C Chief of Biology Branch (2,1944,6, 1940) 
Pease, Marshall C , Jr , M D Branchville Rd , 
R F D 4, Ridgefield, Conn Historian of Am 
Acad of Pediatrics (6, 1920) 

Peck, Robert L , Ph D 939 Madison Ave , Plain- 
field, N J Sr Chemist, Merck and Co , Inc 
(2, 1947) 

Pemberton, Ralph, M S , M D Umv of Pennsyl- 
vania, Philadelphia Prof of Medicine, Graduate 
School of Medicine (5, 1933) 

Penfield, Wilder G , M D , D Sc McGill Umv , 
Montreal, Quebec, Canada Prof of Neurology 
and Neurosurgery (1, 1932) 

Penmngton, Mary Engle, PhD 233 Broaduay, 
Nev Y'ork City 7 Consultant in Connection mlh 



Dcccinher 1949 


MEMBERSHIP LIST 


723 


the Handling, Tronspoi lotion and Storage of Pci- 
tshablcs (2, 190S) 

Penrod, Kenneth E , Ph D Boston Univ School 
of Mcdicmc, Dept of Phj siologj', 80 E Concord 
St , Boston, Mass Asst Prof of Physiology 
(1, 1946) 

Peoples, S Anderson, M D Umv of California, 
Dept of Vcterimr^j Science, Davis Prof of 
Pharmacology (3, 1937) 

Perlman, Ely, IM D 77-14 113th St , Forest Hills, 
L I , N Y (6, 1944) 

Perlzweig, William A , Ph D Box 3711, Duke 
Umv School of Medicine, Durham, N C Prof 
and Chairman of Dept of Biochcnnslry and 
Nutrition, Biochemist, Dale Hospital (2, 1924, 
5, 1944) 

Permar, Howard H , M D Pathologic Labs , 
Mercy Hospital, Pittsburgh, Pa Dir of Labs 
(4, 1925) 

Petermann, Mary L , Pli D Sloan-Kettering Inst 
for Cancer Research, 444 E 6Sth St , New York 
City 21 Associate (2, 1947) 

Peters, John P , M D 123 Marvel Rd , New 
Haven 16, Conn John Slade Ely Prof of Medi- 
cine, Yale Univ School of Medicine (2, 1922) 

Peters, Lawrence, Ph D Western Reserve Umv 
Med School, Dept of Pharmacology, 2109 Adel- 
bert Rd , Cleveland 6, Ohio Sr Instr in Phar- 
macology (3, 1946) 

Petersen, William E , PhJD Umv of Minnesota, 
Div of Dairy Husbandry , St Pauli Professor 
(1, 1947) 

Petersen, William F , M D 1322 Astor St , Chi- 
cago, Bl Prof of Pathology, Univ of Illinois 
(3, 1923, 4R, 1923) 

Peterson, William H , Ph D Umv of Wisconsin, 
Biochemistry'^ Bldg , Madison Prof of Biochem- 
istry (2, 1919, 5, 1936) 

Pett, L B,MD , Ph D Dept of Natl Health and 
Welfare, Ottawa, Ontario, Canada Dir of Nu- 
Iniion (2, 1937, 5, 1945) 

Pfeiffer, Carl C , Ph D , M D Umv of Illinois, 
Dept of Pharmacology, 1853 W Polk St , Chi- 
cago 12 Prof and Chairman of Dept of Pharma- 
cology (3, 1938) 

Pfiffner, Joseph J , Ph D Parke, Davis & Co , 
Research Labs , Detroit 32, Mich Research 
Chemist (1, 1931, 2, 1931, 5, 1946) 

Phatak, Nilkanth M , Ph D North Pacific College 
of Oregon, School of Dentistry, Portland Assoc 
Prof of Physiology, Pharmacology, and Research, 
Instr , Dept of Pharmacology, Umv of Oregon 
Med School (3, 1941) 

Philips, Frederick S , Ph D Sloan-Kettering Inst 
for Cancer Research, 444 E 68th Street, New 
York City 21 Chief, Pharmacology Dept (3, 
1947) 

Phillips, Paul H , Ph D Umv of Wisconsin, Mad- 
ison Prof of Biochcmtsliy (2, 1940 , 5, 1938) 


Phillips, Robert Allan, M D U S Naval Med 
Research Unit No 3, American Embassy at 
Cairo, Egy'pt, %Navy Pouch Section, Navy 
Dept , Washington 25, D C (1, 1938) 

Pick, Ernst Peter, M D 19 E 98th St , New York 
City Assoc Pharmacologist, Ml ,Sinai Hospital, 
Clin Prof of Pharmacology, Columbia Umv 
(3, 1940) 

Pierce, Harold B , Ph D Umv of Vermont Col- 
lege of Medicine, Burlington Prof and Chair- 
man of Dept of Biochemistry (2, 1929, 5, 1933) 
Pierce, Harold Fisher, Ph D , M D State Vet- 
erans Hospital, Rocky Hill Conn (1, 1928) 
Pierce, Ira H , Ph D Umv of Iowa, Iowa City 
Assoc Prof of Pharmacology (3, 1933) 

Pike, Frank H , Ph D 437 W 59th St , New York 
City 19 Assoc Prof of Physiology, Columbia 
Umv (1, 1907) 

Pillemer, Louis, Ph D Western Reserve Umv , 
Inst of Pathology, Cleveland, Ohio Assoc 
Prof of Immunochemistry (6, 1942) 

Pincus, Gregory, Sc D Worcester Foundation for 
Exper Biology', 222 Maple Ave , Shrewsbury, 
Mass (1, 1935) 

Pincus, I J , M D Jefferson Med College, Phila- 
delphia, Pa Assoc in Physiology (1, 1948) 
Pinkerton, Henry, M D St Louis Umv School of 
Medicine, St Louis, Mo Prof of Pathology 
(4, 1931) 

Pinkston, James O , Ph D American Umv of 
Beirut, Beirut, Lebanon Pharmacologist (1, 
1936, 3, 1939) 

Pinson, Ernest A , Ph D 139 N Walnut St , Yel- 
low Springs, Ohio (1, 1943) 

Pittman, Martha S , Ph D Manhattan, Kan (5, 
1933) 

Pitts, Robert F , Ph D , M D Syracuse Umv Col- 
lege of Medicme, Syracuse, N Y Prof of Physi- 
ology (1, 1934) 

Pollack, Herbert, Ph D , M D 45 E 66th St , 
New York City 21 Assoc Physician and Chief 
of Metabolism Clinics, Ml Sinai Hospital (1, 
1933, 6, 1935) 

Pomerat, Charles Marc, Ph D Umv of Texas 
Med School, Galveston Prof of Anatomy (1, 
1944) 

Pommerenke, W T , Ph D , M D Umv of Roch- 
ester School of Medicine and Dentistry, Roches- 
ter 7, N Y Assoc Prof of Obstetrics and Gyne- 
cology (1, 1947) 

Pond, Samuel E , Ph D 400 S Mam St , East 
Hartford, Conn Consulting Engineer, P and 
IF A Div , Untied Aircraft Corp (1, 1924) 
Ponder, Eric, M D , Sc D Nassau Hospital, Mine- 
ola. Long Island, N Y (1, 1931) 

Poppen, John R , M D Aero Med Acceleration 
Lab , Naval Air Development Center, Johns- 
ville, Pa Director (1, 1948) 

Popper, Hans, Ph D , M D Cook County Hos- 
pital, 1825 W Harrison St , Chicago 12, III 
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Dir of Depl of Pathology and Scientific Dii 
of Hektoen Inst for Med Research, Assoc Prof 
of Pathology, Northwestern Univ Med School 
(4, 1942) 

Porter, Eugene L , Ph D Univ of Te\as Med 
Branch, Galveston Prof of Physiology (1, 1913) 
Porter, Thelma, Ph D Univ of Chicago, Chicago, 
111 Prof and Chairman of Depl of Home Eco- 
nomics (5, 1944) 

Potb, Edgar J , M D , Ph D Univ of Te\as Med 
School, Galveston Prof of Surgery (1, 1946) 
Potter, Truman S , M D 82 N Prospect St , Am- 
herst, Mass Independent Research Worker (6, 
1939) 

Potter, Van R , Ph D Univ of Wisconsin Med 
School, Me Ardle Memorial Lab , Madison Prof 
of Oncology (2, 1941) 

Powell, Horace M , Sc D 6665 Washington Blvd , 
Indianapolis, Ind Head Bactenologist, Eh Lilly 
&. Co (6, 1934) 

Power, Marschelle H , Ph D Ma>o Clinic, Roch- 
ester, Minn Prof of Physiological Chemistry, 
Mayo Foundation, Univ of Minnesota (2, 1932) 
Pratt, Joseph H , M D , Sc D New England Med 
Center, 23 Bennet St , Boston, Mass Physician- 
in-Chief, Boston Dispensary and Joseph H Pratt 
Diagnostic Clinic, Prof Emeritus of Clin Medi- 
cine, Tufts Med School (1, 1910, 3, 1910, 4, 
1927) 

Preisler, Paul W , Ph D 4680 Scott Ave , St Louis 
10, Mo Asst Prof of Biochemistry, Washington 
Univ School of Medicine (2, 1931) 

Pressman, David, Ph D Sloan-Kettenng Inst for 
Cancer Research, 444 East 68 St , New York 
City 21 Sr Fellow in Cancer Research (6, 1949) 
Price, Clifford W , Ph DUS Food and Drug 
4dmin , Washington, D C Bactenologist, Anti- 
biotics Analyst, Div of Penicillin Control and 
Immunology (6, 1946) 

Primsmetal, Myron, M A., M D 300 S Beverly 
Drive, Beverly Hills, Calif Sr Attending Physi- 
cian, Cedars of Lebanon Hospital, Los Angeles 
(3, 1941) 

Prosser, C Ladd, Ph D Univ of Ulinois, Natural 
History Bldg , Urbana (1, 1935) 

Puestow, Charles B , M D , Ph D Univ of Illi- 
nois College of Medicine, 1853 W Polk St , Chi- 
cago Asst Prof of Surgery (1, 1934) 

Pugsley, L I , Ph D Dept of Natl Health and 
Welfare Food and Drug Lab , Ottawa, Ontario, 
Canada Chief of Lab Service (2, 1937) 

Putnam, Frank W , Ph D Univ of Chicago, 947 
E 58th St , Chicago 37, HI Asst Prof of Bio- 
chemistry (2, 1947) 

Quackenbnsh, Forrest W , Ph D R-2, Brookston, 
Ind Prof and Head of Dept of Agncultural 
Chemistry, Purdue Univ (2, 1946) 

Quaife, Mary L , Ph D Distillation Products, 
Inc , 765 Ridge Rd W , Rochester 13, N Y 


Sr Research Chemist, Depl of Biochemistry (2, 
1948) 

Quastel, J H , D Sc , Ph D McGill Univ , Mont- 
real, Quebec, Canada Prof of Biochemistry 
(2, 1948) 

Queen, Frank B , M D Univ of Oregon School of 
Medicine, 3181 S W Marquam Hill Rd , Port- 
land Prof of Pathology (4, 1941) 

Quick, Armand J , M D , Ph D 561 N 16th St , 
Milwaukee 3, Wis Prof and Dir of Dept of 
Biochemistry, Marquette Med School (2, 1932, 
3, 1937) 

Quigley, J P , Ph D Univ of Tennessee, Dept 
of Pharmacology, Memphis 3 Prof and Chief 
of Div of Pharmacology (1, 1929 , 3, 1945) 
Quinn, Edmond John, Ph D 106 N Lee Ave , 
Rockville Center, Long Island, N Y Medicinal 
Sales Div , Merck & Co , Inc , Rahway, N J 
(2, 1927, 6, 1933) 

Raab, Wilhelm, M D Univ of Vermont College 
of Medicine, Div of Exper Medicine, Burhng- 
ton Prof , Head of Division and of Cardiovascu- 
lar Clin Research Unit (1, 1949) 

Rabmowitch, I M,DSc,MD CM 1020 Med 
Arts Bldg , Sherbrooke and Guy Sts , Montreal, 
Quebec, Canada Assoc Prof of Medicine and 
Lecturer in Med Jurisprudence and Toxicology, 
McGill Univ , Dir , Inst for Research, Montreal 
General Hospital (2, 1928, 5, 1933) 

Rachele, Julian R , Ph D Cornell Univ Med 
College, 1300 York Ave , New York City 21 
Assoc Prof of Biochemistry (2, 1948) 
Rackemann, Francis M , M D 263 Beacon St , 
Boston, Mass Physician, Massachusetts General 
Hospital, Lecturei in Medicine, Harvard Med 
School (6, 1923) 

Racker, Efraim, M D New York Umv College of 
Medicine, New York City 16 Asst Prof of 
Microbiology (2, 1948) 

Raffel, Sidney, Sc D , M D Stanford Univ , Dept 
of Bacteriolog} and E\per Pathology, Stanford 
Umv , Calif Asst Prof (6, 1938) 

Rahn, Hermann, Ph D Umv of Rochester School 
of Medicine and Dentistry, Rochester, N Y 
Asst Prof of Physiology (1, 1944) 

Rake, Geoffrey W , M B Sqmbb Inst for Med 
Research, Div of Microbiology, New Bruns- 
wick, N J Head of Div (6, 1939) 

Rakestraw, Norris W , Ph D Umv of Cahforma, 
Scripps Inst of Oceanography, LaJolla Prof 
of Chemistry (2, 1925) 

Rakieten, Nathan, Ph D Bristol Labs , Inc , P O 
Box 657, Syracuse 2, N Y Pharmacologist and 
Toxicologist (1, 1941) 

Ralli, Elaine P , M D 477 First Ave , New York 
City Assoc Prof of Medicine^ New York Univ 
College of Medicine (1, 1934 , 6, 1933) 

Ralston, H J , Ph D College of Physician and 
Surgeons, Dept of Physiology, 344 14th bt , 
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San Francisco 3, Calif issoc Prof of Physiol- 
ogy (1, 1947) 

Rammelkamp, Charles H , Jr , M D Western Re- 
serve Univ , Dept of Preventive Medicine, 
Cleveland 6, Ohio 4ssoc Prof of Medicine (6, 
1943) 

Ramsey, Robert Weberg, Ph D Med College of 
Virginia, Richmond Assoc Prof of Physiology 
and Pharmacology (1, 1939) 

Randall, Lowell O , Ph D Hoffmanii-LaRoche, 
Inc , Nutley 10, N J Pharmacologist (2, 1939) 
Randall, Walter C , Ph D St Louis Univ School 
of Aledicine, 1402 S Grand Blvd , St Louis, 
Mo Insir in Physiology (1, 1943) 

Randall, William A , Ph D Food and Drug Vd- 
min , Washington 25, D C Bacteriologist, Div 
of Penicillin Control and Immunology (6, 1946) 
Rane, Leo, Ph D Lederle Labs , Inc , Pearl River, 
N Y Dept Head, Normal Blood Plasma (6, 1942) 
Rantz, Lowell A , M D Stanford Univ Hospital, 
San Francisco 15, Calif Asst Prof of Medicine 
(3, 1946) 

Rapoport, Samuel, M D , Ph U Children’s Hos- 
pital Research Foundation, Llland and Beth- 
esda, Cincinnati, Ohio Assoc Prof of Pediatrics 
and Asst Prof of Biochemistry, Univ of Cincin- 
nati (2, 1941) 

Rapport, David, M D 416 Huntington \ve , Bos- 
ton, Maas Prof of Physiology, Tufts College 
Med School (1, 1922) 

Raska, Sigwin, Ph D Univ of North Dakota, 
Dept of Physiology and Pharmacology, Grand 
Fork Prof of Pharmacology (1, 1947) 
Rasmussen, A F , Ph D , M D Univ of Wiscon- 
sin Med School, Dept of Med Microbiology , 
Madison Assoc Prof (6, 1949) 

Rasmussen, Andrew Theodore, Ph D Univ of 
Minnesota Med School, Minneapolis Prof of 
Neurology (1, 1919) 

Ratner, Bret, M D 50 E 7Sth St , Nei\ York City 
Prof of Pediatrics, New York Univ College of 
Medicine (4, 1940 , 6, 1928) 

Ratner, Sarah, Ph D Nen York Univ College of 
Medicine, Dept of Pharmacology^ 477 First 
Ave , New York City' 16 Asst Prof of Pharma- 
cology (2, 1944) 

Raulston, B O , M D 200 S Hudson Ave , Los 
Angeles, Calif Prof of Medicine and Dir of 
Clinical Teaching, Univ of Southern California 
School of Medicine (3, 1942) 

Ravdin, I S , M D Univ of Penney Ivama Sphool 
of Medicine, Philadelphia John Rhea Barton 
Prof of Surgery, Chief Surgeon, Hospital of the 
Univ of Pennsylvania (1, 1930, 4, 1930) 
Rawson, Rulon W , M D Memorial Hospital, Nen 
York City Attending Physician, Chief, Dept of 
Clinical Investigation, Sloan-Kettenng Inst (I, 
1947) 


Raymond, Albert L , Ph D G D Searle and Co , 
P 0 Box 6110, Chicago 80, 111 Vice Pres in 
charge of Research and Development (2, 1932) 

Redheld, Alfred C , Ph D Woods Hole, Mass 
Prof of Physiology, Harvard Univ (1, 1919) 

Reed, Carlos I , Ph D Univ of Illinois College of 
Medicine, 1853 W Polk St , Chicago Prof of 
Physiology (1, 1923) 

Reed, Emerson A , Ph D Hahnemann Med Col- 
lege, Philadelphia, Pa Asst Prof of Physiology 
(I, 1948) 

Reed, Howard S , Ph D 3048 Life Sciences Bldg , 
Univ of California, Berkeley Prof of Plant 
Physiology (2, 1909) 

Reese, John D , M D North Carolina Sanatorium, 
McCain Pathologist and Lab Dir (4, 1949) 

Rehm, Warren S , Jr , Ph D , M D Univ of Louis- 
ville School of Medicine, Louisville, Ky Prof 
of Physiology (1, 1945) 

Reid, Marion Adelaide, Ph D New Jersey College 
for Women, New Brunswick Asst Prof , Dept 
of Zoology (1, 1941) 

Rgid, Mary E , Ph D Natl Insts of Health, Beth- 
esda 14, Md Cytologisl (5, 1947) 

Reimann, Hobart A , M D Jefferson Hospital, 
Philadelphia, Pa Prof of Medicine, Jefferson 
Med College (4, 1933) 

Reimann, Stanley P , M D , Sc D 703 W Phil- 
Ellena St , Mount Airy, Philadelphia, Pa Dir 
of Research Inst of Lankenau Hospital, Prof 
of Oncology, Hahnemann Med College and Hos- 
pital, Philadelphia (1, 1921 , 4, 1924) 

Remecke, Roger M , Ph D , M D Umv of Minne- 
sota, Dept of Physiology, Minneapolis 14 
Asst Prof (1, 1947) 

Reiner, John M , Ph D Tufts College Med 
School, Dept of Physiology, Boston, Mass (1, 
1947) 

Reiner, Laszlo, M D , Ph D Wallace and Tieman 
Products, Inc , 165 Franklin St , Bloomfield, 
N J Dir , Pharmaceutical Research (2, 1942, 
6, 1933) 

Reinhold, John G , Ph D Univ of Pennsydvania 
Hospital, 702 Maloney' Bldg , Philadelphia, Pa 
Asst Prof of Physiological Chemistry and Med- 
icine (2, 1936) 

Remington, John W , Ph D Univ of Georgia 
School of Medicine, Augusta Asst Prof of 
Physiology (1, 1943) 

Remington, Roe E , Ph D , P O Box 1252, Hender- 
sonville, N C Consultant (2, 1930, 5R, 1934) 

Renfrew, Alice G , Ph D Mellon Inst of Indus- 
trial Research, Univ of Pittsburgh, Pittsburgh, 
Pa Sr Fellow (2, 1939) 

Reynolds, Chapman, M D Louisiana State Umi 
School of iMedicine, New Orleans Asst Prof of 
Pharmacology (3, 1937) 
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Reynolds, Orr E , Ph D Office of Naval Research, 
Med Sciences Div , Washington, D C /lead 
of Physiology Branch (1, 1948) 

Reynolds, Samuel R M , Ph D 4028 Deepwood 
Rd , Baltimore 18, Md Staff Member and Physi- 
ologist, Carnegie Inst of \\ ashington, Dept of 
J^mbryjlogy (1, 1932) 

ReznikofT, Paul, MD Eew \ork Hospital, 525 E 
68lh bt New York CIt^ Assoc Piof of Clin 
Medicine, Cornell Umv Med College (1, 1927) 

Rhoads, Cornelius Packard, M D Memorial Hos- 
pital, 444 E 68th St , ISew York Citj Dir , 
Pi of of Pathology, Cornell Umv Med College 
(4, 1930) 

Rhoads, Jonathan Evans, AI D , D Sc 4023 Pine 
St , Philadelphia 4, Pa Asst Prof of Surgical 
Research (1, 1946) 

Rice, Christine E , Ph D Animal Diseases Re- 
search Inst , Canadian Dept of Agriculture, 
Hull, Quebec, Canada Agricultural Scientist 
(6, 1938) 

Rice, Harold V , Ph D Univ of Alberta, Edmon- 
ton, Alberta, Canada Prof of Physiology (1, 
1948) 

Rice, James C , Ph D Univ of Mississippi, P 0 
Bo\ 475, Universit) Pi of of Phannacology (3, 
1941) 

Rich, Arnold Rice, M D Johns Hopkins Hospital, 
Baltimore, Md Baxley Prof of Pathologi/, Johns 
Hopkins Univ (4, 1924) 

Richards, Alfred N , Ph D , M D , Univ of Penn- 
sylvania School of Medicine, Philadelphia 4 
Prof Emeritus of Pharmacology (IR, 1900, 2, 
1906, 3R, 1909) 

Richards, Oscar W , Ph D American Optical Co , 
Scientific Instrument Div , Bo\ A, Buffalo 15, 
N Y Chief Biologist (1, 1934) 

Richards, Richard Kohn, M D Abbott Labs , 
North Chicago, RI Dir of Phaimacologic Re- 
search, Lecturer in Pharmacology , N oi Ihiocslct n 
Umv Med School (1, 1938, 3, 1947) 

Richardson, Arthur P , M D Emorj Univ School 
of Medicine, Dept of Pharmacologj', Emor^ 
University , Ga Prof of Pharmacology (3, 1939) 

Richardson, Luther R , Ph D P O Bo\ 102, Col- 
lege Station, Te\ (5, 1942) 

Richter, Curt P , Ph D Phipps Psy chiatric Clinic, 
Johns Hopkins Hospital, Baltimore, Md Assoc 
Prof of Psycho-biology, Johns Hopkins Umv 
(1, 1924) 

Richter, Maurice N , M D 303 E 20th St , New 
York City Prof of Pathology, Bellevue Med 
Center, Post-Grad Med School Director, Umv 
Hosp (4, 1931) 

Ricketts, Henry T , M D Umv of Chicago, Dept 
of Medicine, Chicago, HI Assoc Prof of Medi- 
cine (1, 1940) 

Riegel, Byron, Ph D Northwestern Umv , Dept 
of Chemistry , Evanston, HI Professor (2, 1942) 


Riegel, Cecilia, Ph D Umv of Pennsylvania 
Hospital, Philadelphia 4, Pa Assoc , Dept of 
Research Surgery, Umv of Pennsylvania School 
of Medicine (2, 1938) 

Rigdon, R H , M D Umv of Texas Med Branch, 
Galveston Prof of Expei Pathology (4, 1941) 
Riggs, Douglas S , M D Harvard Med School, 
Boston, Mass Inslr in Pharmacology (3, 1948) 
Riggs, Lloyd K , Ph D Natl Dairy Research 
Labs , Oakdale, L I , N Y Dir of Nutritional 
Research (2, 1929) 

Riker, Walter F , Jr , M D Cornell Umv Med 
College, 1300 lork Ave , New York City 21 
Asst Prof of Pharmacology (3, 1947) 

Riley, Richard L , M D New York Univ Post- 
Grad Med School, Inst of Industrial Medicine, 
477 First Ave , New \ ork City Assoc in Medi- 
cine (1, 1948) 

Rinehart, James F , IM D Umv of California Med 
School, Parnassus and Third Aves , San Fran- 
cisco Prof of Pathology (4, 1933) 

Ring, Gordon C , Ph D Temple Univ Med 
School, Broad St , Philadelphia, Pa (1, 1933) 
RIoch, David McKenzie, M D Chestnut Lodge 
Sanitarium, 500 W Montgomery Aye , Rock- 
ville, Md Du of Research (1, 1931) 
Rittenberg, David, Ph D Columbia Umv College 
of Physicians ind Surgeons, 630 W 168th St, 
Ncyy York City 32 \ssoc Prof (2, 1939) 
Ritzman, E G , A M Umv of New Hampshire, 
Durham Research l^rof (5, 1933) 

Rivers, T M , M D , Sc D Hospital of Rockefeller 
Inst for Med Research, 06th St and York Ave, 
New York City Directui (4, 1925, 6, 1921) 
Robb, Jane Sands, Sc D , M D Sy racuse Univ 
College of Medicine, 761 Irving Ave , Syracuse, 
N Y Assoc Prof of /Pharmacology (1, 1924) 
Robbie, W A , Ph D State Umv of loyva College 
of Medicine, Dept of Ophthalmology, Iowa 
City Research Assoc , /^tof of Ophthalmology 
and Physiology (1, 1947) 

Robbins, Benjamin Howard, M S , M D Vander- 
bilt Umv School of Medicine, Nashville, Tenn 
Assoc Prof of Pharmacology (3, 1936) 

Robbins, Mary L , Ph D George Washington 
Umv School of Medicine, 1335 H St , N W , 
Washington 5, D C Asst Prof of Bacteriology 
(6, 1946) 

Roberts, Edward F , M D , Ph D Wy eth, Inc , 
1600 Arch St , Philadelphia 3, Pa Dir of Clin- 
ical Investigation (6, 1932) 

Roberts, Joseph T , M D , Ph D Veterans Ad- 
min Hospital, Batavia, N Y Chief of Med 
Service (1, 1947) 

Roberts, Lydia J , Ph D Umv of Puerto Rico, 
Rio Piedras, P R Prof and Chairman of Dept 
of Home Economics (5,1933) 
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Roberts, Sidnej, Pli D Uinv of California Med 
School, Los Vngelcs last Cluneal Prof of 
Physiological Clicnnslry (1, 194G) 

Robertson, Elizabeth Chant, M D , Pli D Univ 
of Toronto, Toronto, Ontaiio, Caiiida Re- 
search Fellow in Pediatries (6, 1939) 

Robinson, Charles Summers, PhD Vanderbilt 
Univ Med School, Nashville, Tenn Prof of 
Biochemistry (2, 1925) 

Robinson, Elliott S , M D , Ph D R F D 4, Laco- 
nia, N H Dir of Div of Biologic Labs , Mass 
Dept of Health {Leave of Absence) (6, 1935) 
Robinson, G Canby, MD, 4712 Kesvick Rd , 
Baltimore, Md Exec Sec , Maryland Tubercu- 
losis Assoc (IR, 1912, 3, 1921) 

Robinson, Harry J , Ph D Merck Inst for Ther- 
apeutic Research, Rah\\a 3 , N J Asst Dir 
(3, 1946) 

Robinson, Herbert E , Ph D Sv ift and Co , Re- 
search Labs , Union Stock Yards, Chicago 9, 
Rl Asst Dir of Research (5, 1947) 

Robinson, Howard W , Ph D Broad and Ontario 
Sts , Philadelphia, Pa Prof of Physiological 
Chemistry, Temple Univ School of Medicine 
(2, 1929) 

Robinson, Sid, Ph D Indiana Umv Med School, 
Bloomington Prof of Physiology (1, 1941) 
Robinson, True W , Ph D Wnght-Patterson Air 
Force Base, Aero-Med Lab , Dayton, Ohio 
Chief of Metabolism Unit (1, 1948) 

Roblin, Richard O , Jr , Ph D 1937 W Mam St , 
Stamford, Conn Dir of Chemotherapy Dtv , 
American Cyanamid Co (2, 1946 , 6, 1947) 
Robscheit-Robbins, F S , Ph D Umv of Roches- 
ter School of Medicme and Dentistry, Roches- 
ter, N Y Assoc in Pathology (1,19^,4,1930) 
Rodbard, Simon, Ph D Michael Reese Hospital, 
Cardiovascular Dept , 29th and Ellis Aves , 
Chicago, 111 (1, 1942) 

Roe, Joseph Hyram, Ph D George Washmgton 
Umv School of Medicine, Washington, D C 
Prof of Biochemistry (2, 1927 , 5, 1933) 

Roeder, Kenneth D , M A Tufts College, Med- 
ford, Mass Assoc Prof of Biology (1, 1942) 
Roepke, Martin Henry, Ph D Umv Farm, St 
Paul, IVLnn Prof of Veterinary Medicine (3, 
1937) 

Rogers, Fred T , Ph D , M D Dallas Med and 
Surgical Clinic, 4105 Live Oak St , Dallas 1, 
Tex (1, 1917) 

Rogoff, Julius M , M D , Sc D Umv of Pitts- 
burgh School of Medicme, Pittsburgh, Pa Prof 
of Endocrinology (1, 1916, 3, 1916) 

Ronzoni, Ethel, Ph D Washington Umv Med 
School, St Louis 4, Mo Asst Prof of Biological 
Chemistry (2, 1923) 

Roos, Albert, M D Washington Umv School of 
Medicme, Dept of Phi-siologi , Euclid Ave and 


Kingshighw aj , St Louis 10, Mo Instr in Physi- 
ology and Surgery (1, 1949) 

Root, Howard F , M D 44 Dwight St , Brookline, 
Mass Assoc in Medicine, Harvard Med School 
(5, 1933) 

Root, Raymond W , Ph D College of the City of 
New York, Dept of Biology , 139th St and Con- 
vent Ave , New York City Assoc Prof of Biol- 
ogy, Head of Div of Physiology (1, 1949) 

Root, Walter S , Ph D Columbia Univ College 
of Physicians and Surgeons, 630 W 168th St , 
New York City 32 Prof of Physiology (1, 1932) 
Rosahn, Paul D , M D 92 Grand St , New Britam, 
Conn Pathologist, New Britain General Hos- 
pital, Assoc Clinical Prof of Pathology, Yale 
Univ School of Medicine (4, 1934) 

Rose, Harry M , M D Columbia Umv College of 
Physicians and Surgeons, 630 W 168th St , New 
York City 32 Assoc Prof of Bacteriology (6, 
1949) 

Rose, Jerzy E , M D Johns Hopkins Univ Med 
School, Dept of Physiology, 710 N Washmg- 
ton St , Baltimore 6, Md Asst Prof of Physi- 
ology and Psychiatry (1, 1949) 

Rose, William C , Ph D Umv of Rlmois, Urbana 
Prof of Biochemistry (2, 1912, 5, 1933) 
Rosenblueth, Arturo, M D Instituto Nacional de 
Cardiologia, Calzada de la Piedad 300, Mexico 
D F , Mexico (1, 1932) 

Rosenfeld, Morns, M D Johns Hopkins School of 
Medicme, Baltimore, Md Assoc Prof of 
Pharmacology and Exper Therapeutics (3, 1934) 
Rosenow, Edward C , M D Longview State Hos- 
pital, Research Dept , Cincinnati 16, Ohio (4, 
1913, 6, 1915) 

Rosenthal, Otto, MD Univ of Pennsylvama 
School of Medicme, Philadelphia, Pa Asst 
Prof of Cancer Research, Harrison Dept of 
Surgical Research (2, 1946) 

Rosenthal, Sanford M , M D Natl Insts of 
Health, Bethesda, Md Sr Pharmacologist 
USPHS (3, 1925) 

Rosenthal, S R , M D , Ph D Umv of Illinois 
College of Medicme, Chicago Assoc Prof of 
Preventive Medicine and Public Health, Dir , 
Institution for Tuberculosis Research of Umv 
of Illinois (1,1948,4,1941) 

Ross, Joseph F , M D Robert Dawson Evans 
Memorial, 65 E Newton St , Boston, Mass 
Physician, Massachusetts Memorial Hospital, As- 
soc Prof of Medicine, Boston Univ School of 
Medicine (4, 1941) 

Rossiter, R J , Ph D Umv of Western Ontario, 
London, Ontario, Canada Prof of Biochemis- 
try (2, 1948) 

Rostorfer, Howard Hayes, Ph D Indiana Unn , 
Dept of Phy siology , Bloomington 4sst Prof 
of Physiology (1, 1946) 
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Roth, Grace M , Ph D Mayo Clinic, Rochester, 
jMinn Assoc in Clin Physiology (1, 1939) 
Roth, L W , Ph D Abbott Research Labs , Dept 
of Pharmacology, North Chicago, Rl Research 
Pharmacologist (1, 1947) 

Rothchild, Irving, Ph D Ohio State Univ , Dept 
of Obstetrics and Gjnecologv, Univ Hospital, 
Columbus, Ohio (1, 1949) 

Rothemund, Paul W K , Dr -Ing Antioch Col- 
lege, Yellow Springs, Ohio Pro/ o/ Chemistry, 
Research Chemist, C P Kettering Foundation 
(2, 1940) 

Rothstein, A , Ph D Umv of Rochester School 
of Medicine and Dentistry, Rochester 7, N Y 
Asst Prof in Pharmacology, Chief of Physio- 
logical Section, Pharmacological Div , Atomic 
Energy Project (1, 1949) 

Rous, Peyton, M D , Sc D Rockefeller Inst for 
Med Research, York Ave at 66th St , New York 
City Member Emeritus (4, 1913) 

Routh, Joseph I , Ph D State Univ of Iowa, Iowa 
City Assoc Prof of Biochemistry (2, 1942) 
Rovenstine, Emery Andrew, M D 477 First Ave , 
New York City Prof of Anesthesia, New York 
Univ , Dir of Div of Anesthesia, Bellevue 
Hospital (3, 1944) 

Rowntree, Jennie I , Ph D Univ of Washington, 
Seattle Prof of Home Economics (5, 1933) 
Rowntree, L G , M D , Sc D DuPont Bldg , E 
Flagler St at 2nd Ave , Miami, Fla ( 1 , 1911, 
2, 1910, 3, 1908, 4, prior to 1920 , 6, 1933) 
Rubenstein, Boris B , Ph D , M D Michael Reese 
Hospital, Dept of Metabohc and Endocrine 
Research, E 69th St and Ellis Ave , Chicago, 
111 (1, 1934) 

Rubin, Saul H , Ph D Hoffmann-LaRoche, Ino , 
Nutley 10, N J Dir of Nutrition Labs (2, 
1947, 6, 1947) 

Ruch, Theodore C , Ph D Umv of Washington, 
204B Physiology Hall, Seattle 6 Prof of Physi- 
ology and Biophysics (I, 1933) 

Ruchman, Isaac, Ph D Cincinnati General Hos- 
pital, Cincinnati, Ohio Asst Prof of Bacteri- 
ology (6, 1948) 

Rusch, Harold Paul, M D Univ of Wisconsin 
Med School, McArdle Memorial Lab , Madison 
6 Prof of Oncology, Dir of Lab ( 4 , 1940) 
Rushmer, Robert F , M D Umv of Washington 
School of Medicine, Dept of Physiology and 
Biophysics, Seattle 6 Asst Prof ( 1 , 1949) 
Rusoff, Louis L , Ph D Louisiana State Umv , 
Baton Rouge Assoc Dairy Nutritionist in Hi- 
per Station and Assoc Prof of Nutrition (5, 
1948) 

Russell, Jane A , Ph D Yale Umv School of Med- 
icine, 333 Cedar St , New Haven, Conn Instr 
in Physiological Chemistry (1, 1939) 

Russell, Walter C , Ph D New Jersey Agnoultural 
Exper Station, Rutgers Umv , New Brunswick 


Research Specialist and Prof of Agricultural 
Biochemistry (2, 1932, 5, 1933) 

Ryan, Andrew Howard, M D Chicago Med 
School, 710 S Wolcott Ave , Chicago, Rl Assoc 
Prof of Physiology and Pharmacology (1, 1912) 
Rytand, David A , M D Stanford Umv Hospital, 
San Francisco 15, Calif Assoc Prof of Medicine, 
Stanford Umv School of Medicine (3, 1946) 
Sabin, Albert, M D Children’s Hospital Research 
Foundation, Cincinnati, Ohio Prof of Research 
Pediatrics, Univ of Cincinnati (6, 1946) 

Sacks, Jacob, Ph D , M D Brookhaven Natl 
Lab , Biology Dept , Upton, L I , N Y Scien- 
tist (1, 1948 , 3, 1933) 

Sah, Peter P T , Ph D Umv of Calif , Div of 
Pharmacology and E\per Therapeutics, San 
Francisco Lecturer in Pharmacology (3, 1941) 
Sahyun, Melville, Ph D Sahyun Research Lab , 
1425 Bath St , Santa Barbara, Calif (2, 1932) 
Sakami, Warwick, Ph D Western Reserve Umv 
School of Medicine, 2109 Adelbert Rd , Cleve- 
land 6, Ohio Asst Prof of Biochemistry (2, 
1949) 

Salk, Jonas E , M D Umv of Pittsburgh School 
of Medicine, Pittsburgh, Pa Assoc Research 
Prof of Bacteriology (6, 1947) 

Salmon, W D , AM Alabama Polytechnic Inst , 
Auburn Animal Nutritionist (2, 1929 , 5, 1933) 
Salter, William T , M D Yale Univ School of 
Medicine, 333 Cedar St , New Haven, Conn 
Prof of Pharmacology (1, 1933 , 3, 1942 , 5, 1934) 
Sammis, Florence E , M D 133 E 68th St , New 
York City Physician, Allergy, OPD, New York 
Hospital (6, 1943) 

Sampson, John J , M D 2211 Post St , San Fran- 
cisco, Calif (1, 1932) 

Sampson, Myra M , Ph D Smith College, North- 
ampton, Mass Prof of Zoology (5, 1935) 
Samuels, Leo T , Ph D Umv of Utah Med 
School, Salt Lake City Prof and Head of Dept 
of Biological Chemistry (2, 1941, 3, 1937, 5, 
1949) 

Sandels, Margaret R , Ph D Florida State Umv , 
Tallahassee Dean of School of Home Economics, 
Prof of Nutrition (6, 1933) 

Sandiford, Irene, PhD Bi llin gs Hospital, Umv 
of Chicago, Chicago, 111 Asst Prof of Medicine 
(2, 1926, 5, 1933) 

Sandow, Alexander, Ph D Washington Square 
College of Arts and Sciences, New York Umv , 
New York City Assoc. Prof of Biology (I> 1945) 
SandweiBS, David J , M D 9739 Dexter Ave , 
Detroit, Mich Instr in Clin Medicine, Wayne 
Umv College of Medicine, Physician, Harper 
Hospital {OPD) (1, 1944) 

Sanford, Arthur H , M A , M D Clin Labs , 
Mayo Climc, Rochester, Minn Head of Div 
of Clin Labs (6, 1920) 
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Santos, Francisco O , Ph D Univ of the Phihp- 
pmes, Los Banos, Laguna Prof and Head of 
Dept of Agricultural Chemistry, College of Agri- 
culture (5, 1936) 

Saphir, Otto, M D Michael Reese Hospital, 29tli 
St and Ellis Ave , Chicago 16, Rl Pathologist, 
Clin Prof of Pathology, Umv of Illinois Med 
School (4, 1927) 

Saphra, Ivan, M D Beth Israel Hospital, New 
York Cit} Assoc Bacteriologist (G, 1946) 
Sarett, Herbert P , Ph D Tulane Med School, 
1430 Tulane Ave , New Orleans 13, La Asst 
Prof of Biochemistry (2, 1946, 5, 1947) 

Samoff, Stanley J , M D Harvard School of Pub- 
lic Health, Dept of Phj'siology, 55 Shattuck St , 
Boston 15, Mass Asst Prof of Physiology (1, 
1949) 

Saslow, George, Ph D , M D Washington Univ 
Med School, Dept of Neuropsj'chiatrj^ 640 
S IHngshighw aj^ St Louis, Mo Asst Prof 
of Psychiatry, Assoc Physician to the Student 
Health Service (1, 1936) 

Satterfield, G Howard, A M Univ of North 
Carolina, State College of Agriculture and En- 
gineering, Raleigh Prof of Biochemistry (2, 
1944, 5, 1941) 

Saul, Leon Joseph, M A , M D Room 1907 , 255 
S 17th St , Philadelphia 3, Pa (1, 1933) 
Sawyer, Charles H , Ph D Duke Univ School of 
Medicine, Dept of Anatomy, Durham, N C 
Asst Prof of Anatomy (1, 1949) 

Sawyer, Margaret E MacKay, Ph D 142 Lower 
Albert St , Kingston, Ontario, Canada (1, 1935) 
Sawyer, Wilbur A , M D 770 Hilldale Ave , 
Berkeley 8, Calif (4, 1930) 

Saxton, John A , Jr , M D Snodgrass Lab of Path- 
ologj and Bacteriologj'', 1430 Carroll St , St 
Louis, Mo Asst Prof of Pathology, Washington 
Univ School of Medicine, Lab Dir , Hospital 
Div , City of St Louis (4, 1944) 

Sayers, George, Ph D Univ of Utah, Dept of 
Pharmacology, Salt Lake City 1 Assoc Prof 
of Pharmacology (1, 1948 3, 1947) 

Scantlebury, Ronald E , Ph D Natl Insts of 
Health, Div of Research Grants and Fellow- 
ships, Bethesda 14, Md (1, 1948) 

Schales, Otto, D Sc Ochsner Clinic, Prytania and 
Aline Sts , New Orleans, La Dir of Chemical 
Research, Ochsner Foundation, Asst Prof of 
Biochemistry , Tulane Univ School of Medicine 
(2, 1944) 

Scharles, Frederick H , M D 911 Alma Ave , 
Oakland, Calif (5, 1936) 

Schattenberg, Herbert John, M S , M D Lab of 
Clin Pathology, 220-222 Med Arts Bldg , San 
Antonio, Tex Director (4, 1940) 

Schenken, John R , M D Umv of Nebraska Col- 
lege of Medicine, Omaha Prof of Pathology and 
Bacteriology (4, 1942) 


Scherago, Morris, D V M Umv of Kentuckj’’, 
Lexington Prof and Head of Dept of Bacteriol- 
ogy (6, 1948) 

Scherp, Henry W , Ph D Univ of Rochester 
School of Medicine and Dentistry, Rochester 
7, N Y Assoc Prof of Bacteriology and Im- 
munology (G, 1940) 

Schick, Bela, M D 17 E 84th St , New York City 
Pediatrician, Mt Sinai and Sea View Hospitals 
(6, 1924) 

Schififrin, Milton J , Ph D Hoffmann-LaRoche, 
Inc , Chicago, HI Research Consultant (1, 1943) 
Schiller, Alfred A , M D Univ of Illinois College 
of Medicine, Chicago Asst Prof of Physiology 
(1, 1948) 

Schiller, Joseph, M D , Ph D 65 West 11th St , 
New York City 11 Assoc Prof of Physiology, 
Long Island Univ (1, 1949) 

Schlenk, Fritz, PhD Science Hall, Iowa State 
College, Ames Prof of Bacteriology (2, 1942) 
Schlesinger, M J , Ph D , M D Beth Israel Hos- 
pital, 330 Brookline Ave , Boston, Mass Dir 
of Pathology, Asst Prof of Pathology, Harvard 
Med School (4, 1942, G, 1921) 

Schlomovitz, Benjamin H , M D 1210 Majestic 
Bldg , 231 W Wisconsin Ave , Milwaukee, Wis 
(1, 1919) 

Schlnmberger, Hans G , M D Ohio State Univ 
School of Medicine, Columbus Assoc Prof 
in Pathology (4, 1945) 

Schmeisser, Harry C , M D Umv of Tennessee, 
Memphis Prof of Pathology (4, 1937) 

Schmidt, Carl F , M D Univ of Pennsylvama 
Med School, Philadelphia Prof of Pharmacol- 
ogy (1,1929,3, 1924) 

Schmidt, C Robert, Ph D , M D Hertzler Clinic, 
Halstead, Kan Resident Surgeon (1, 1940) 
Schmidt, Gerhard, M D Boston Dispensary, 26 
Bennett St , Boston, Mass Sr Research Fellow, 
Tufts College Med School (2, 1939) 

Schmidt, L H , Ph D Christ Hospital Inst of 
Med Research, Cincinnati, Ohio Dir of Re- 
search, Assoc Research Prof of Biochemistry, 
Umv of Cincinnati College of Medicine (2, 1936, 
3, 1946) 

Schmidt-Nielsen, Bodil, D D S Kettering Lab , 
Umv of Cincinnati, Cincinnati, Ohio Research 
Assoc (1, 1949) 

Schmidt-Nielsen, Knut, Ph D Kettering Lab , 
Umv of Cincinnati, Cincinnati, Ohio Asst 
Prof (1, 1949) 

Schmitt, Francis Otto, Ph D Dept of Biologj , 
Massachusetts Inst of Technology, Cambridge 
Prof of Biology (1, 1930) 

Schmitt, Otto H , Ph D Umv of Minnesota, 
Dept of Phjsics, Minneapolis 14 Assoc Prof 
of Zoology and Physics (1, 1947) 
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Schneider, Charles L , M D , Ph D Herman Kie- 
fer Hospital, Detroit 2, Mich Resident in Obstet- 
rics, College of Medicine, Wayne Unit) (1, 1949) 
Schneider, Edward C , Ph D 26 Gordon Place, 
Middletown, Conn Prof Emeritus of Biology, 
TJ esleyan Univ (IR, 1912, 2, 1912) 

Schneider, Howard A , Ph D Rockefeller Inst 
for Med Research, 66th Street and York Ave- 
nue, Nei\ York City 21 Associate (6, 1947) 
Schneierson, S Stanley, M D Mount Sinai Hos- 
pital, 2 East 100th St , New York City 29 Assoc 
Bacteriologist (6, 1946) 

Schoenbach, Emanuel B , M D Johns Hopkins 
School of Hygiene, 616 N Wolfe St , Baltimore, 
Md Assoc Prof of Preventive Medicine (6, 
1941) 

Schoepfle, Gordon M , Ph D Washington Univ 
School of Medicine, St Louis, Mo Asst Prof 
of Physiology (1, 1943) 

Scholander, P F , M D , Ph D Su arthraore Col- 
lege, Dept of Zoology, Swarthmore, Pa Re- 
search Biologist (1, 1947) 

Schradieck, Constant E , M D General Delivery, 
Germantown, Philadelphia, Pa (6, 1921) 
Schreiner, Oswald, Ph D U S Dept of Agricul- 
ture, Bureau of Plant Industry, Washington 
25, D C Chief of Div of Soil Fertility Investi- 
gations (2, 190S) 

Schroeder, E F , Ph D G D Searle & Co , P O 
Bo\ 6110, Chicago 80, Rl Research Biochemist 
(2, 1938) 

Schroeder, Henry A , M D Dept of Internal Med- 
icine, Hypertension Div , Washington Univ , 
640 S Kingshighway, St Louis 10, Mo (1, 1947) 
Schubert, Maxwell, Ph D Dept of Therapeutics, 
New York Univ College of Medicine, 477 First 
Ave , New York City 10 Research Assoc in 
Therapeutics (3, 1947) 

Schuck, Cecelia, Ph D Purdue Univ , Dept of 
Home Economics, Lafa 3 ^ette, Ind Prof of Nu- 
trition (5, 1941) 

Schueler, Fred W , Ph D State Univ of Iowa 
College of Medicine, Dept of Pharmacology, 
Iowa City Instructor (3, 1949) 

Schultz, Edwin William, M D Stanford Univ , 
743 Cooksey Lane, Calif Prof of Bacteriology 
and Exper Pathology (4, 1927 , 6, 1928) 

Schultz, Fred H , Jr , Ph D Commercial Solvents 
Corp , Terre Haute, Ind Research Pharmacolo- 
gist (3, 1948) 

Schultze, Max O , Ph D Univ of Minnesota, Div 
of Agricultural Biochemistry, St Paul 8 Pro- 
fessor (2, 1938) 

Schweigert, B S , Ph D Univ of Chicago, Amer- 
ican Meat Inst Foundation, 939 E 67th St , 
Chicago 37, HI Asst Prof of Biochemistry, 
Biochemist, American Meat Inst Foundation (2, 
1949) 


Schweizer, Malvina, PhD New York Umv, 
Washington Square College of Arts and Sci 
ences. New York City Instr in Biology (1, 
1944) 

Schwerma, Henry, Ph D Los Angeles County 
General Hospital, 1200 N State St , Los An 
geles 33, Calif (1, 1948) 

Schwert, George W , Ph D Duke Umv School 
of Medicine, Dept of Biochemistrjq Durham, 
N C Asst Prof (2, 1949) 

Schivimmer, Sigmund, Ph D Enz 3 'me Research 
Lab , 800 Buchanan St , Alban 3 6, Calif Chem- 
ist, U S Bureau of Agricultural and Induslnal 
Chemistry (2, 1947) 

Scott, Charles Covert, Ph D , M D Inlou Clinic, 
Shelbyville, Ind (3, 1945) 

Scott, David AJymer, Ph D Connaught Labs , 
Univ of Toronto, Toronto 6, Ontario, Canada 
Research Member (2, 1935) 

Scott, Ernest L , Ph D 64 South St , Bogota, N J 
Assoc Prof Emeritus of Physiology, Columbia 
Univ (IR, 1914, 2, 1915) 

Scott, Frederick Hughes, Ph D , M B Univ of 
Minnesota, Minneapolis Prof Emeritus of Phys- 
iology (IB, 1908 , 2, 1909) 

Scott, James K , M D Univ of Rochester School 
of Medicine and Dentistry, Atomic Energy 
Project, Rochester 7, N Y Chief, Pathology 
Section, AEC, Assoc in Pathology (4, 1949) 

Scott, John C , Ph D Hahnemann Med College, 
Philadelphia Pa Prof and Head of Dept of 
Physiology (1, 1936) 

Scott, R W , M A , M D City’’ Hospital, Cleve- 
land, Ohio Physician in Chief, Prof of Clin 
Medicine, Western Reserve Univ (1, 1917, 3, 
1917) 

Scott, V Brown, Ph D , M D Inloy Clinic, Shel- 
by'ville, Ind Internist, Div of Medicine (L 
3941) 

Scott, W W , Ph D , M D Brady Urological Inst , 
Johns Hopkins Hospital, Baltimore 5, Md (li 
1943) 

Scrimshaw, Nevin S , Ph D , M D Institute de 
Nutricion de Centro America y Panama Guate- 
mala Cityq Guatemala, Central America Dir of 
Div of Nutrition, Pan American Sanitary Bit 
reaii (5, 1949) 

Scudi, John V , Ph D Pyndium Corp , Lepern 
Park, Yonkers 2, N Y Dir of Researth (2, 
1942, 5, 1945) 

Seager, Lloyd D , M S , M D Woman’s Med Col 
lege of Pennsvlyama, East Falls, Philadelphia 
Prof of Pharmacology and Toxicology (3, 1939) 

Sealock, Robert R , Ph D Iona State College, 
Ames Assoc Prof of Chemistry (2, 1940, 5, 
1941) 

Seastone, C V , Jr , M D Umv of Wisconsin 
Med School, Madison Prof and Chairman of 
Med Bacteriology (G, 1939) 
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Sebrell, W H , Jr , INI D Natl Lists of Health, 
Bethesda 14, Md Dir , Exper Biology and Medi- 
cine Inst , Professorial Lecturer on Nutnlion, 
George Washinglon Umv (2, 1938, 5, 19371 
Seecof, Daiid P , M D 1970 Daly Avc , Bronx, 
New York City (4, 1927) 

Seegnl, Beatrice Carrie, M D Columbia Umv 
College of Ph}'sicians and Surgeons, 630 W 
IGSth St , New York City 32 Assoc Prof of 
Bacteriology (6, 1949) 

Seegal, David, M D Maimonides Hospital, Brook- 
13m, N Y Dir of Med Services (6, 1930) 
Seegers, Walter H , Ph D Wayne Univ College 
of Medicine, 1512 St Antoine St , Detroit 26, 
Mich Prof of Physiology (1, 1947, 2, 1941) 
Seevers, Maurice Harrison, Ph.D , M D Umv 
of ALchigan, Ann Arbor Prof of Pharmacology 
(1, 1933, 3, 1930) 

Segaloff, Albert, M D Alton Ochsner Med Foun- 
dation, 3503 Prytama St , New Orleans, La 
Dtr of Endocrine Research (4, 1946) 

Seibert, Florence B , Ph D Umv of Pennsyl- 
vania, Henry Phipps Inst , 7th and Lombard 
Sts , Philadelphia Assoc Prof of Biochemistry 
2, 1925) 

Seidell, Atherton, Ph D 2301 Connecticut Ave , 
Washington D C Special Expert, Natl Insts 
of Health (2, 1924) 

Seifter, Joseph, M D Wyeth Inst of Applied 
Biochemistry, Philadelphia, Pa Dtr of Re- 
search (3, 1940) 

Seifter, Sam, Ph D Long Island College of Medi- 
cine, 350 Henry St , Brookl3m 2, N Y Assoc 
Prof of Biochemistry (2, 1946) 

Selkurt, Ewald E , Ph D Western Reserve Umv 
School of Medicine, Cleveland 6, Ohio Assoc 
Prof of Physiology (1, 1945) 

Selle, Wilber Arthur, Ph D Umv of Texas Med 
School, Galveston Prof of Physiology (1, 1938) 
Sellers, E A , M D , Ph D Umv of Toronto, 
Dept of Physiolog}"^, Toronto, Ontario, Canada 
Assoc Prof of Physiology, Assoc Pro( in Ban- 
ting and Best Dept of Med Research (1, 1947) 
Selye, Hans, M D , Ph D Inst of Exper Medi- 
cine and Surgery , Umv of Montreal, Montreal, 
Quebec, Canada Prof and Dir (1, 1934) 
Sendroy, Julius, Jr , Ph D Naval Med Research 
Inst , Natl Naval Med Center, Bethesda 14, 
Md Chief Chemist (2, 1928) 

Sevag, M G , Ph D Umv of Pennsydvania School 
of Medicine, Dept of Bacteriology, Philadel- 
phia Assoc Prof Biochemistry in Bacteriology 
(2, 1949, 6, 1941) 

Sevrmghaus, Elmer L , M A , M D Hoffmann 
La Roche, Inc, Nutley^ 10, N J Dir of Clin 
Research, Clin Prof of Medicine, New York 
Med College (2, 1923, 5, 1939) 

Shaffer, Morris F , Ph D Tulane Umv School of 
IMedicme, Dept of Bacteriology , New Orleans, 
La Professor (4, 1939, 6, 1937) 


Shaffer, Philip A , Ph D Washington Umv Med 
School, St Louis 10, Mo Distinguished Service 
Prof of Biological Chemislni (2, 1906, 5, 1935) 
Shanes, Abraham M , Ph D Georgetown Umv 
School of Medicine, Dept of Physiology and 
Bioplysics, Washington 7, D C (1, 1946) 
Shank, Robert E , M D Washington Umv School 
of Medicine, St Louis 10, Mo Prof of Preventive 
Medicine (2, 1947) 

Shannon, James A , Ph D , M D Squibb Inst 
for Med Research, New Brunswick, N J Di- 
rector (1, 1933 , 3, 1945) 

Shapiro, Herbert, Ph D Henry Phipps Inst , 7th 
and Lombard Sts , Philadelphia 47, Pa Research 
Assoc (1, 1937) 

Sharpless, George R , Sc D Lederle Labs , Pearl 
River, N Y Research Biochemisl (5, 1942) 
Shaw, J C , Ph D Umv of Maryland, Dept of 
Dairy Husbandry, College Park, Md Professor 
(L 1947) 

Shaw, James H , Ph D Harvard School of Dental 
Medicine, Boston, Mass Assoc in Nutrition 
(5, 1948) 

Shaw, Myrtle, PhD 11 S Lake Ave Albany, 
N Y Sr Bacteriologist, Div of Labs and Re- 
search, N Y State Dept of Health (6, 1937) 
Shay, Harry, M D Temple Umv School of Medi- 
cine, Philadelphia, Pa Dtr of Pels Research 
Inst and Clin Prof of Medicine (1, 1944) |ij 
Shear, M J , Ph D Natl Cancer Inst , Bethesda, 
14, Md Chief of Chemotherapy Section (2, 1930) 
Sheard, Charles, Ph D Mayo Foundation, Roch- 
ester, Minn Chief of Div of Physics and Bio- 
physical Research, Prof of Physiological Optics 
and Biophysics, Umv of Minnesota (I, 1925) 
Sheehan, Donal, M D , D Sc New York Umv , 
Bellevue Med Center, 477 First Ave , New 
York City (1, 1938) 

Shelesnyak, M C , Ph D Johns Hopkins Univ , 
Arctic Inst of North America, Baltimore, Md 
(1, 1948) 

Shellev, Walter B , Ph D , M D Hitchcock Clinic, 
Hanover, N H (1, 1946) 

Shenun, David, Ph D Columbia Umv College of 
Physicians and Surgeons, 630 W 168th St , New 
York City'' 32 Assoc Prof of Biochemistry (2, 
1944) 

Sheppard, Pay, M S Umv of Oklahoma Med 
School, Oklahoma City Instr in Biochemistry 
(2, 1936) 

Sherman, Henry C , Ph D Columbia Umv , New 
York City Mitchell Prof Emeritus of Chemis- 
try (IR, 1923, 2, 1906 5. 1933) 

Sherman, William C , Ph D Ralston Purina Co , 
St Louis, Mo Head of Biological Labs (5, 1949) 
Sherwin, Carl Paxson, Sc D , M D , Dr P H 6 
Carstensen Rd Scarsdale, N Y Dir of Meta- 
bolic Service, St Vincent's Hospital, Issoc 
Physician, French Hospital (2, 1917) 
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Sherwood, Noble P , Ph D , M D Univ of Kan- 
sas, 517 Snow Hall, Lawrence Prof of Baclert- 
ology (6, 1928) 

Sherwood, Thomas Cecil, Ph D , M D 1824 Rob- 
ert St , New Orleans, La Southern Baptist Hos- 
pital Staff Member, Internal Medicine (1, 1938) 
Shettles, Landrum B , Ph D , M D Columbia 
Univ , College of Physicians and Surgeons, Box 
330, 622 W 168th St , New York City (1, 1946) 
Shideman, Fredenck E , Ph D Univ of Michigan, 
Dept of Pharmacology, Ann Arbor Inetr in 
Pharmacology (3, 1944) 

Shimkin, Michael Boris, M D Umv of California 
Med School, San Francisco Dir , Lab of Exper 
Oncology (4, 1940) 

Shinowara, George Y , Ph D Ohio State Umv 
College of Medicine, Dept of Pathology, Col- 
umbus Assoc Prof , Dept of Pathology, Chem 
Pathologist, Umv Hospital (2, 1949) 

Shipley, Reginald A , M D Western Reserve Univ 
School of Medicine, Cleveland 6, Ohio Asst 
Prof of Medicine (1, 1946) 

Shipley, Robert E , M D Lilly Lab for Clin Re- 
search, Indianapolis City Hospital, Indianap- 
olis, Ind (1, 1945) 

Shlve, William, Ph D Umv of Texas, Austin 
Assoc Prof of Chemistry (2, 1948) 

Shlaer, Simon, Ph D Box 1663, Los Alamos, 
N M (1, 1938) 

Shock, Nathan W , Ph D Baltimore City Hos- 
pitals, Baltimore 24, Md Chief, Section on 
Gerontology, USPHS, Nall Insts of Health, 
Bethesda, Md (1, 1942) 

Shoemaker, Harold A , Ph D Umv of Oklahoma 
School of Medicine, 801 E 13th St , Oklahoma 
City Asst Dean, Prof of Pharmoxology (3, 
1941) 

Shope, Richard E , M D Ridge Road, Kingston 
N J Merck Inst for Therapeutic Research (4, 
1934) 

Shorr, Ephraim, M D New York Hospital, 526 E 
68th St , New York City Asst Attending Physi- 
cian, Asst Prof of Medicine, Cornell Umv 
Med College (1, 1931, 3, 1942) 

Shrigley, E W , Ph D , M D Indiana Umv Med 
Center, Dept of Microbiology, 1040-1232 W 
Michigan St , Indianapolis 7 (6, 1946) 
Shwartzman, Gregory, M D 230 E 60th St , New 
York Citj Head of Dept of Bacteriology, Mount 
Sinai Hospital, Prof of Bacteriology, Columbia 
Univ (4, 1929 , 6, 1930) 

Sichel, F J M , Ph D Umv of Vermont College 
of Medicine, Burlmgton Prof and Chairman of 
Dept of Physiology and Biophysics (1, 1939) 
Sickles, Grace M , B A 2201 Twelfth St , Troy, 
N Y Assoc Bacteriologist, Div of Labs and 
Research, New York State Dept of Health (6, 
1932) 


Sickles, Gretchen R , A B New York State 
Dept of Health, Div of Labs and Research, 
Albany, N Y Asst Bacteriologist (6, 1937) 

Siebenmann, Charles O , D Eng Connaught 
Med Research Labs , Umv of Toronto, To- 
ronto 6, Ontario, Canada Research Assoc (3, 
1946) 

Siebert, Walter J , M D Lutheran Hospital, 
St Louis, Mo Dir of Labs , Pathologist (4, 
1932) 

Silber, Robert H , Ph D Merck Inst , Rahway, 
N J Head, Dept of Biochemistry (2, 1948) 

Silberberg, Martin, M D Snodgras Lab of Path- 
ology, City Hospital, 1430 Carroll St , St Louis 
4, Mo Instr in Pathology, Washington Untv 
School of Medicine (4, 1944) 

Silberberg, Ruth, M D Snodgras Lab of Path- 
ology, City Hospital, 1430 Carroll St , St Louis 
4, Mo Instr in Pathology, Washington Umv 
School of Medicine (4, 1944) 

Silvette, Herbert, Ph D Meharry Med Col- 
lege, Dept of Pharmacology, Nashville, Tenn 
Visiting Prof of Pharmacology (1, 1943, 3, 

1940) 

Simmonds, Sofia, Ph D Yale Umv , Osborn Bo- 
tanical Lab , New Haven 11, Conn Asst Prof of 
Microbiology (2, 1948) 

Simonds, James P , Ph D , M D 2033 W Morse 
Ave , Chicago 45, 111 Prof Emeritus of Pa- 
thology, Northwestern Umv Med School (4, 
prior to 1920) 

Simonsen, Daisy G , Ph D Los Angeles Countj 
Hospital, 1200 N State St , Los Angeles 33, 
Calif Chemist and Toxicologist, Instr in Medi- 
cine, Univ of Southern California Med School 
(2, 1949) 

Simonson, Ernst, M D Umv of Minnesota, Lab 
of Physiological Hygiene, Stadium South Ton er, 
Minneapolis 14 Assoc Prof of Physiology (1, 

1941) 

Simpson, Miriam E , Ph D , M D Umv of Cali- 
fornia, Div of Anatomy, Berkeley Prof of 
Anatomy (1, 1946) 

Singal, Sam A , Ph D Umv of Georgia School of 
Medicine, Augusta Assoc Prof of Biochem 
islry (2, 1948) 

Singer, Thomas P , Ph D Western Reserve Umv , 
Cleveland, Ohio Asst Prof of Biochemistry 
(2, 1948) 

Sizer, Irwin W , Ph D Massachusetts Inst of 
Technology, Cambridge Assoc Prof of Physi- 
ology (1, 1944) 

Skinner, John Taylor, Ph D The Grapette Co , 
Camden, Ark Chief Chemist (2, 1946) 

Slaughter, Donald, M D Umv of South Dakota 
School of Med Sciences, Vermillion Dean (3, 
1938) 

Smadel, Joseph Edwin, M D Army Med Dept , 
Dept of Virus and Rickettsial Diseases, Re- 



December 1949 


MEMBERSHIP LIST 


733 


search and Grad School, Washington 12, D C 
Scientific Dir (4, 1940, 6, 1937) 

Small, James C , M D 101 S 39th St , Philadel- 
phia, Pa Assoc in Medicine, Umv of Pennsyl- 
vania Grad School of Medicine (4, 1927) 
Smetana, Hans F , M D Armed Forces Inst of 
Pathologj , 7th St and Independence Ave , 
Washington 25, D C (4, 1934) 

Smith, Arthur H , Ph D Wayne Univ College of 
Medicine, Detroit 26, Mich Prof of Physio- 
logical Chemistry (1, 1923 , 2, 1921, 5, 1933) 
Smith, Austin Edward, M D American Med As- 
soc , 635 N Dearborn St , Chicago, R1 Acting 
Sec of Council on Pharmacy and Chemistry, 
Research Assoc , Umv of Chicago, Dept of 
Pharmacology (3, 1942) 

Smith, Clarence A , Ph D Standard Brands, Inc , 
595 Madison Ave , Nen York City Technical 
Dir , Agncidiural Dept (1, 1921) 

Smith, David T , M D Duke Hospital, Durham, 
N C Prof of Bacteriology and Assoc Prof of 
Medinne (5, 1943, 6, 1949) 

Smith, Dietrich Conrad, Ph D Umv of Maryland 
School of Medicme, Lombard and Greene Sts , 
Baltimore Assoc Prof of Physiology (1, 1937) 
Smith, Douglas E , Ph D Argonne Natl Lab , P 
0 Bov 5207, Chicago 80, Rl (1, 1947) 

Smith, Edwin L , Ph D Umv of Texas Dental 
School, Houston Prof of Physiology (1, 1948) 
Smith, Elinor Van Dom, Ph D 5 Middle St , 
Hadley, Mass Assoc Prof of Bacteriology, 
Smith College (6, 1940) 

Smith, Elizabeth R B , Ph D % Dr^ Paul K 
Smith, 1336 H St , N W , Washmgton 5, D C 
(2, 1938) 

Smith, Emil L , Ph D Umv of Utah School of 
Medicine, Salt Lake City 1 Assoc Prof of 
Biochemistry (2, 1946) 

Smith, Erma A , Ph D , M D 1600 W Maypole 
St , Chicago 12, m (1, 1928) 

Smith, George H , Ph D Yale Umv School of 
Medicine, Nen Haven, Conn Prof of Immunol- 
ogy and Asst Dean, Chairman of Dept of Bac- 
teriology, Yale Univ (6, 1918) 

Smith, H P , M S , M D Columbia Umv Col- 
lege of Phjsicians and Surgeons, 630 W 168th 
St , New York City 32 Dela field Prof of Pathol- 
ogy (1,1937,4,1925) 

Smith, Homer W , Sc D Nen York Umv , Belle- 
vue Med Center, 477 First Ave , Nen York 
City Prof of Physiology (1, 1923 , 2, 1930) 
Smith, Jamce M , Ph D Umv of Blinois, Dept 
of Home Economics, Urbana Prof and Chief 
of Nutrition (5, 1947) 

Smith, John E , Ahl , MD Washington Umv 
School of hledicme, St Louis 10, jMo Asst 
Prof of Medicine (1, 1947) 

Smith, Lawrence Weld, M D 119 E 26th St , 
New York Citj 10 (4, 1927) 


Smith, Lee Irvin, Ph D Umv of Minnesota School 
of Chemistry, Minneapolis 14 Prhf and Chief of 
Dtv of Organic Chemistry (2, 1942) 

Smith, Margaret Cammack, Ph D El Encanto 
Estates, Tuscon, Ariz (5, 1933) 

Smith, Maurice I , M D Natl Insts of Health, 
Bethesda 14, Md Principal Pharmacologist, 
USPHS (1, 1920, 3, 1916) 

Smith, Paul K , Ph D George Washington Univ 
School of Medicine, Dept of Pharmacology, 
1335 H St , N W , Washington 5, D C Prof 
of Pharmacology and Exec Officer of Dept (2, 
1937, 3, 1937) 

Smith, Paul W , Ph D Umv of Oklahoma School 
of Medicine, 801 E 13th St , Oklahoma City 
Assoc Prof of Pharmacology (1, 1933) 

Smith, Philip Edward, Ph D Columbia Umv , 630 
W 168th St , New York City 32 Prof of Anat- 
omy (1, 1923) 

Smith, Ralph G , M D , Ph D Tulane Umv , Sta- 
tion 20, New Orleans, La Prof of Pharmacology 
(3, 1929) 

Smith, R Blackwell, Jr , Ph D Med College of 
Virgima, Richmond 19 Lecturer in Pharmacol- 
ogy (3, 1944) 

Smith, Sedgwick E , Ph D Cornell Umv , Dept 
of Ammal Husbandry, Ithaca, N Y Animal 
Physiologist (5, 1945) 

Smith, Susan Gower, M A Duke Umv , Durham, 
N C Assoc in Dept of Medicine and Nutrition, 
School of Medicine (5, 1939) 

Smith, Wilbur Kenneth, M D Umv of Rochester 
School of Medicme and Dentistry, Rochester, 
N Y Assoc, Prof of Anatomy (1, 1939) 

Smith, Willie W , Ph D Natl Insts of Health, 
Bethesda, Md Physiologist (1, 1941) 

Smithbnrn, Kenneth C , M D Rockefeller Foun- 
dation, 49 W 49th St , New York City Staff 
Member, International Health Dtv (6, 1937) 
Smolens, Joseph, B S Wyeth Research Inst , 900 
N Broad St , Philadelphia, Pa Head of Dept 
of Immunology (6, 1943) 

Smythe, C V , Ph D 5000 Richmond St , Phila- 
delphia, Pa Head of Biochemistry, Rohm A 
Haas Co (2, 1934) 

Snape, William J , M D Jefferson Med College, 
Philadelphia, Pa Assoc tn Physiology (1, 1948) 
Snell, Albert M , M D Mayo Clinic, Rochester, 
Mmn Head of Section on Medicine, Prof m 
Medicine, Mayo Foundation Grad School, Univ 
of Minnesota (4, 1930) 

Snell, Esmond E , Ph D Univ of Wisconsin, 
Madison 6 Prof of Biochemistry (2, 1942, 5, 
1946) 

Snider, Ray S , Ph D Northwestern Umv School 
of Medicine, 303 E Chicago Ave , Chicago 11, 
111 Assoc Prof of Anatomy (1, 1949) 

Snyder, Franklin Faust, M D Boston Ljnng-In 
Hospital, Boston, Mass (1, 1936) 
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Sobel, Albert E , Ph D Jemsh Hospital of Brook- 
IjTi, Prospect Place and Classon Ave , Brooklyn, 
N y Head of Dept of Chemtslry, Adjunct Prof 
of Chemistry, Polytechnic Inst of Brooklyn (2, 

1939) 

Sobin, Sidney S , M D , Ph D 405 N Bedford 
Drive, Beverl3' HiUs, Calif Research Assoc 
in Physiology, Untv of Southern California 
(1, 1949) 

Sobolka, Harry H , Ph D Mount Sinai Hos- 
pital, Fifth Ave and 100th St , New York 
City 29 Head of Dept of Chemistry (2, 1932,5, 
1933) 

Solandt, Donald Young, M D , Ph D Univ of 
Toronto, Toronto, Ontario, Canada Prof of 
Physiology in charge of Biophysics, Faculty of 
Medicine, Prof and Head of Dept of Hygiene, 
Sehool of Hygiene (1, 1937) 

Sollmann, Torald, M D 14327 Superior Rd , 
Cleveland, Ohio Dean and Prof Emeritus of 
Pharmacology, Western Reserve Univ (IR, 1902, 
2, 1906,3, 1908) 

Solotorovsky, Moms, Ph D 203 W 5th St , Plain- 
field, N J Merck Inst for Therapeutic Research, 
Rahway, N J , Research Assoc in Chemotherapy 
(6, 1946) 

Somogyi, Michael, Ph D 216 S Kingshighway, St 
Louis, Mo Biochemist, Jewish Hospital of St 
Louts (2, 1927) 

Soskin, Samuel, M D , Ph D Michael Reese Hos- 
pital, 29th St and Ellis Ave , Chicago 16, HI 
Med Dir and Dir of Research Inst , Dean, 
Postgrad School (1, 1930, 5, 1933) 

Soule, Malcolm H , Sc D Univ of Michigan, 
Ann Arbor Prof of Bacteriology, and Chairman 
of Dept of BacUnology (4, 1927, 6, 1925) 

Spam, Will C , M D 116 E 63rd St , New York 
City Clin Prof of Medicine, Post-Grad Med 
School, Columbia Univ (6, 1923) 

Spealman, C R , Ph D Dept of Commerce, Civil 
Aeronautics Admin , Washington 26, D C (1, 

1940) 

Specht, Heinz, Ph D Natl Insts of Health, 
Bethesda, Md Scientist, USPHS (1, 1941) 
Speirs, Mary, Ph D Georgia Agricultural Exper 
Station, Experiment Head of Dept of Home 
Economics (5, 1949) 

Sperry, Roger W , Ph D Univ of Chicago, Dept 
of Anatomy, Chicago 37, 111 (1, 1946) 

Sperry, Warren M , Ph D New York State Psychi- 
atric Inst , 722 W 168th St , New York City 32 
Principal Research Biochemist, Assoc Prof of 
Biological Chemistry, Columbia Univ (2, 1929, 
6, 1933) 

Spiegel, Ernest A , M D Temple Umv School of 
Medicine, Broad and Ontario Sts , Philadelphia, 
Pa Prof of Exper Neurology (1, 1936) 
Spiegel-Adolf, Mona, M D Temple Umv School 


of Medicine, Broad and Ontario Sts , Phila- 
delphia, Pa Prof and Head of Dept of Colloid 
Chemistry (2, 1933) 

Spiegelman, Sol, Ph D Umv of Minnesota Med 
School, Dept of Phj^siology, Minneapolis 14 
(J, 1946) 

Spies, Tom D , M D Hillman Hospital, Birming- 
ham, Ala Dir of Nutrition Clinic, Prof of 
Nutrition and Metabolism, Northwestern Univ 
Med Sehool (3, 1941, 4, 1940 , 5, 1938) 

Spink, Wesley W , M D Umv of Minnesota Hos- 
pital, Minneapolis Assoc Prof of Medicine, 
Umv of Minnesota Med School (6, 1940) 

Spohn, Adelaide, Ph D Elizabeth McCormick 
Memorial Fund, 848 N Dearborn St , Chicago, 
III Nutritionist (5, 1933) 

Spoor, Herbert J , Ph D , M D Bristol Myers 
Co , New York City Asst Dir of Med Div 
(1, 1946) 

Sprent, J F A , Ph D Umv of Toronto, 43 
Queens Park, Toronto 5, Ontario, Canada Aasl 
Prof , Sr Research Fellow, Ontario Research 
Foundation (6, 1949) 

Sprinson, David B , Ph D Columbia Umv Col- 
lege of Ph3'8icians and Surgeons, Dept of Bio- 
chemistry, 630 W 168th St , New York City 32 
Research Assoc (2, 1949) 

Sproul, Edith E , M D Columbia Univ College 
of Physicians and Surgeons, Dept of Pa- 
thology, 630 W 168th St , New York City 32 
(4, 1941) 

Sprunt, Douglas H , M D , MS Umv of Ten- 
nessee, «Memphis Prof of Pathology, Head 
of Dept of Pathology and Bacteriology (4, 1934, 
6, 1936) 

Stacy, Ralph W , Ph D Ohio State Umv , Dept 
of Physiology^, Hamilton Hall, Columbus 10 
Asst Prof (1, 1949) 

Stadie, William C , M D 821 Maloney Climc, 36th 
and Spruce Sts , Philadelphia 4, Pa John Herr 
Musser Prof of Research Medicine, Univ of 
Pennsylvania (2, 1922) 

Stainsby, Wendell J , M D Geisinger Memorial 
Hospital, Danville, Pa Chief Physician (6, 
1930) 

Stanley, Wendell M , Ph D Umv of California, 
Berkeley 4 Prof and Chairman of Div of Bio- 
chemistry, Dir of Virus Lab (2, 1936) 

Stannard, James Newell, Ph D Umv of Roches- 
ter Med Sehool, Atormc Energy Project, Roch- 
ester 7, N Y Assoc Prof of Radiation Biology 
(1, 1938) 

Stare, Fredrick J , Ph D , M D 695 Huntington 
Ave , Boston 15, Mass Prof of Nutrition, Har- 
vard Umv (2, 1937 , 6, 1942) 

Starr, Isaac, M D Hospital of the Umv of Penn- 
sylvama, Philadelphia Hartzell Prof of Re- 
search Therapeutics (1, 1929 , 3, 1942) 
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Stnrrakj, George W , I\I D Univ of Western On- 
tmo, Med School, London, Ontirio, Canada 
j'lssoc Prof of Physiology (1, 1937, 3, 1944) 
Stead, Eugene A , Jr , M D Duke Univ , Dept 
of Medicine, Durham, N C (1, 1945) 

Stearns, Genevieve, Ph D State Univ of Iowa, 
College of Medicine, Iona Citi Research Prof 
of Pediatrics (2, 1932, 6, 1937) 

Steel, Matthevr, Ph D Long Island College of 
Medicine, 350 Henrj St , Brooklyn, N Y Prof 
of Biological Chemistry (2, 1909) 

Steele, J Murray, M D Third (NYU) Research 
Div , Goldwater Memorial Hospital, Welfare 
Island, New York City Assoc Prof of Medi- 
ans, New York Univ , Dir of 3rd Med Div , 
TFe(/arc Hospital (1, 1936) 

Steenbock, Harry, Ph D Univ of Wisconsin, 
Madison Prof of Biochemistry (2, 1912 , 5, 1933) 
Steggerda, F R , Ph D Univ of Illinois, 416 
Natural Historj Bldg , Urbana Assoc Prof 
of Physiology (1, 1934) 

Stehle, Raymond Louis, Ph D McGill Umv , Fac- 
ult}'' of Medicine, Montreal Quebec, Canada 
Prof of Pharmacology (2, 1920,3, 1922) 
Steigman, Ales J , M S , M D Natl Foundation 
for Infantile Paral} sis, 120 Broadn ay. New York 
City 5 (6, 1949) 

Steigmann, Frederick, M S , M D 348 S Hamlm 
Ave , Chicago, 111 Assoc in Medians, Umv 
of Illinois, College of M&iicine, Assoc Attend- 
ing Physician, Cook County Hospital (3, 1942) 
Steiman, S E , Ph D , M D 23 Broad St , Lynn, 
Mass Asst Physiaan, Meiropolilian State Hos- 
pital, Waltham, Mass (1, 1939) 

Stein, George J , Ph D 406th Med General Lab 
APO 600 %P M , San Francisco, Calif (6, 1947) 
Stem, William Howard, Ph D Rockefeller Inst 
for Med Research, 66th and York Ave , New 
York Cit 3 ^ 21 Assoc in Chemistry (2, 1946) 
Steinbach, H Burr, Ph D Umv of Minnesota, 
Dept of Zoolog}^ IMinneapolis (1, 1934) 
Steinberg, Bernhard, M D Toledo Hospital Inst 
of Med Research, Toledo, Ohio Dir of Toledo 
Hospital Inst , Chief Pathologist and Dir of 
Labs , Toledo Hospital (4, 1928 , 6, 1946) 

Steiner, Paul E , M D Univ of Chicago, Chicago, 
111 Prof of Pathology (4, 1939) 

Steinhardt, Jacinto, Ph D 1548 East-West High- 
way, Silver Spring, Md Dir , Operations Evalu- 
ation Group, Mass Inst of Technology (2, 1939) 
Steinhaus, Arthur H , Ph D 5315 Drevel Ave , 
Chicago, 111 Prof of Physiology, George Wil- 
liams College, Hyde Park (1, 1928) 

Sfekol, Jakob A , D Sc Lankenau Hospital Re- 
search Inst , Philadelphia 30, Pa Assoc Mem- 
ber (2, 1936) 

Stem, Kurt G , Ph D Poljdechnic Inst of Brook- 
lyn, 99 Livingston St ,Brookl 3 Ti 2, N Y Adjunct 
Prof of Biochemistry (2, 1938) 


Stelteii, DeWitt, Jr , M D , Ph D Harvard Med 
School, 25 Shattuck St , Boston 15, Mass Chief, 
Dip of Nutrition and Physiology (2, 1944) 
Stetten, Marjorie R , Ph D Harvard Med School, 
25 Shattuck St , Boston 15, Alass Assoc , Du 
of Nutrition and Physiology (2, 1947) 

Sfevens, S Smith, Ph D Harvard Univ , Memor- 
ial Hall, Cambridge, Mass Prof of Psychology, 
Dir of Psychological Labs (1, 1937) 

Stewart, Doroth} R , Ph D RocUord College, 
Rockford, 111 (1, 1947) 

Stewart, Fred W , MD Alemorial Hospital, 444 
E 68th St , Ne^\ York Cit 3 Pathologist, Prof 
of Pathology, Cornell Med School (4,1928) 
Stewart, Harold L, MD Natl Cancer Inst, 
Bethesda, Md Chef of Pathology Section (4 
193r) 

Stewart, Winifred Bayard, M D , M A 1930 Spruce 
bt , Philadelphia, Pa Prof of Neurology, Wo 
man’s Med College of Pennsylvania (1, 1941) 
Stickney, J Clifford, Ph D West Virginia Univ 
School of Medicine Morgantown Assoc Prof 
of Physiolu(,y (1 1944) 

Stiebeling, Hazel K , Ph D U S Dept of Agri- 
cultuie Washington, D C Chief, Bureau of 
Human Niitnlion and Home Economics (5, 1933) 
Stier, Theodore J B , Ph D Indiana Umv Med 
School, Bloomington Assoc Prof of Physiol- 
ogy (1, 1938) 

Still, Eugene U , Ph D 820 So Orange, Sarasota, 
Fla (1, 1929) 

Stillman, Ernest G , M D 45 E 75th St , New 
York City (6, 1930) 

Stimmel, Benjamin F , Ph D Rees-Stealy Med 
Research Fund, Ltd , 2001 Fourth Ave , San 
Diego, Calif Research Biochemist (2, 1947) 
Slock, Aaron H , M D Umv of Pittsburgh School 
of Medicine, Pittsburgh, Pa Asst Prof of 
Bacteriology and Immunology (6, 1947) 
Stockton, Andrew Benton, M D 655 Sutter St , 
San Francisco, Calif (3, 1931) 

Stoerk, Herbert C , M D Merck Inst for Thera- 
peutic Research, Rahway, N J Head of Dept 
of Cancer Research (4, 1948) 

Stoesser, Albert V , M D , Ph D Umv of Minne- 
sota Med School, 1409 Willow St , Loring Park, 
Minneapolis Chn Assoc Prof of Pediatries 
(6. 1949) 

Stohlman, Edward F , LL B Natl Insts of 
Health, Bethesda, Md Assoc Pharmacologist 
f3, 1948) 

Stokinger, Herbert B , Ph D 250 Meigs St , 
Rochester, N Y Assoc Prof of Pharmacology 
and Toxicology (G, 1947) 

Stokstad, E L Robert, Ph D Lederle Labs , Pearl 
River, N Y Chemist (2, 1947, 5, 1942) 

Stoland, O O , Ph D 1845 Learnard Aie , Law- 
rence, Ivan Prof of Physiology and Pharma- 
cology, Umv of Kansas (1, 1913) 
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Stone, William E , Ph D Univ of Wisconsin, 
Dept of Physiologj-^, Madison Asst Pi of of 
Physiology (1, 1945) 

Stormont, Robert T , Ph D , M D Food and Drug 
Admin , Washington, D C Med Dir , Profes- 
sional Lecturer tn Pharmacology, Georgstoion 
Untv Med School (3, 1941) 

Storvick, Clara A , Ph D Oregon State College, 
School of Home Economics, Corvallis, Ore 
4ssoc Prof of Foods and Nutrition (5, 1947) 
Stotz, Elmer, H , Ph D Univ of Rochester School 
of Medicine and Dentistry, Rochester 7, N Y 
Prof of Biochemistry (2, 1939) 

Stoughton, Roger W , Ph D MallincLrodt Chem- 
ical Works, 3600 N Second St , St Louis, Mo 
Research Chemist (3, 1939) 

Strong, Frank M , Ph D Univ of Wisconsin, 
Dept of Biochemistry, Madison 6 Prof of Bio- 
chemistry (2, 1941) 

Struck, Harold Carl, Ph D Creighton Univ 
School of Medicine, 302 N 14th St , Omaha 2, 
Nebr (1, 1940) 

Stuart, Charles A , Ph D 372 Lloyd Ave , Provi- 
dence, R I Assoc Prof of Biology, Biown 
L mi’ (6, 1935) 

Sturgis, Cyrus Cressey, M D Simpson Memorial 
Inst , \nn Arbor, Mich Dir of Thomas Henry 
Simpson Memorial Inst for Med Research, 
Chairman, Dept of Medians, Univ of Michigan 
Hospital (4, 1927) 

Sturkie, Paul D , Ph D Rutgers Univ , New 
Brunswick, N J Assoc Research Speaahst in 
Poultry Husbandry, Assoc Prof of Poultry Hus- 
bandry (1, 1948) 

Stutzman, Jacob W , Ph D , M D Boston Univ 
School of Medicme, Boston, Mass Assoc Prof 
of Pharmacology (1, 1946 , 3, 1948) 

Sugg, John Y , Ph D Cornell Umv Med College, 
1300 York Ave , Nei\ York Citi Assoc Prof 
of Bacteriology and Immunology (6, 1938) 
Sulkin, S Edward, Ph D Southwestern Med 
College, DaUas, Tex Prof and Chairman of 
Dept of Bacteriology and Immunology (6, 1944) 
Sullivan, Michael Xavier, Ph D Chemo-Medical 
Research Inst , Georgetown Umv , 37th & O 
Sts , N W , Washington, D C Dir and Research 
Prof of Chemistry (2, 1909) 

Sulzberger, Marion B , M D 999 5th Ave , New 
Y’ork Cit}' Assoc Cltn Prof of Dermatology 
and Syphtlology, N Y Post-Grad Med School 
of Columbia Umv , Assoc Dir of Skin and Can- 
cer Unit of N Y Post-Grad Hospital (6, 1936) 
Summerson, William H , Ph D Med Div , Army 
Chenucal Center, Md Chief, Biochemistry Sec- 
tion (2, 1942) 

Sumner, J B , Ph D Cornell Umv , Ithaca, N Y 
Dtr , Enzyme Chemistry Lab (2, 1919) 
Sund^rman, F William, M D , Ph D Umv of 
Texas, M D Anderson Hospital, 2310 Baldwin 


St , Houston 6 Prof of Exper Medians and 
Clin Pathology, Dir of Clin Research (2, 1931) 
Sundstroem, Edward S , M D Umv of Califor- 
nia, Berkeley 4 Prof Emeritus of Biochemistry 
(2, 1919) 

Snre, Barnett, Ph D Umv of Arkansas, Payntte- 
ville Head of Dept and Prof of Agricultural 
Chemistry (2, 1923 , 5, 1933) 

Sutherland, George P , M D Duke Umv School 
of Medicine, Durham, N C (1, 1939) 

Sutton, T Scott, Ph D Ohio State Umv , Colum- 
bus Prof , Dir of Inst of Ahdntion and Food 
Technology (5, 1936) 

Snrbely, Joseph L , Ph D Mound Lab , Mon- 
santo Chemical Co , Miamisburg, Ohio Phar- 
macologist (3, 1945) 

Swam, Robert E , Ph D 634 Mirada Ave , Stan- 
ford Umv , Calif Prof Emeritus of Chanistry 
(2, 1909) 

Swann, Howard G , Ph D Umv of Texas Med 
School, Dept of Physiology, Galveston Asst 
Prof of Physiology (1, 1940) 

Swanson, Pearl P , Ph D Iowa State College, 
Ames Prof of Foods and Nutniion, Dept of 
Foods and Nutrition (5, 1933) 

Swanson, William W , M S , M D 2376 E 7l8t 
St , Chicago, HI Asst Prof of Pedtatnes, 
N orthwestern Univ (2, 1938) 

Sweeney, H Morrow, Ph D Aero-Med Lab , 
Wright Field, Dayton, Ohio (1, 1939) 

Swift, Homer, M D , D Sc 888 Park Ave , New 
York City Menber, Rockefeller Inst for Med 
Research, Physiaan to Hospital of Rockefeller 
Inst for Med Research (6, 1920) 

Swift, Raymond W , Ph D Pennsylvania State 
College, State College Prof of Dept of Animal 
Nutrition (5, 1934) 

Swingle, Wilbur Willis, Ph D Princeton Umv , 
Princeton, N J Prof of Biology (L 1924) 
Swmyard, Ewart A , Ph D Umv of Utah, Salt 
Lake City Prof of Pharmacy, School of Phar- 
macy, Lecturer in Pharmacology , School of Medi 
ane (3, 1948) 

Sydenstricker, V P, MD Umv of Georgia 
School of Medicme, Augusta Prof of Medians 
(6, 1944) 

Sykes, Joseph F , Ph DUS Dept of Agricul- 
ture, Bureau of Dairy’ Industry’, BeltsviHe, Md 
Physiologist (1, 1942) 

Syverton, Jerome T , M D Umv of Minnesota, 
Minneapolis, Mmn Prof and Head, Dept of 
Bacteriology and Immunology (4, 1940 , 6, 1947) 
Szego, Clara M , Ph D Umv of California, Med 
School, Los Angeles Asst Clin Prof of Bio- 
physics (1, 1946) 

Szent-Gyorgyi, Albert, Ph D , M D Natl Insts 
of Health, Bethesda 14, Md (2, 1949) 
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Szepsenwol, Josel, M D Emorj Univ School of 
Medicine, Emory Umversitj , Ga Assl Prof 
of Anatomjj (1, 1948) 

Tabor, Herbert, M D Natl lusts of Health, 
Pharmacology Section, Bethesda 14, hid Sr 
Asst Surgeon, USPHS (3, 1947) 

Tager, Morris Western Reserve Univ , Cleveland, 
Ohio Dept of Microbiology (6, 1948) 

Tamter, M L , M A , M D Sterling-Winthrop 
Research Inst , 33 Riverside Ave , Rensselaer, 
N Y Director (1, 1929 , 3, 1927) 

Talbot, Samuel Armstrong, Ph D Johns Hopkins 
Hospital Baltimore, Md Instr in Physiological 
Optics, Johns Hoplins Univ (1, 1940) 
Taliaferro, William H , Ph D Umv of Chicago, 
Dept of Bactenologj'-, Chicago, HI Eliaktm 
H Moore Distinguished Service Prof of Para- 
sitology and Dean of Div of Biological Sciences 
(6, 1930) 

Tannenbaum, Albert, M D Michael Reese Hos- 
pital, 29th St & Elhs Ave , Chicago, HI Dir 
of Dept of Cancer Research (4, 1942) 

Tarver, Harold, Ph D Univ of California, Div 
of Biochemistry, Berkeley 4 Asst Prof of Bio- 
chemistry (2, 1947) 

Tashiro, Shiro, Ph D , M D Univ of Cincinnati 
College of Medicine, Cincinnati, Ohio Prof 
of Biochemistry (1, 1913, 2, 1913) 

Tatum, Arthur L , Ph D , M D Service Memorial 
Inst , Univ of Wisconsin, Madison Prof of 
Pharmacology (1, 1913, 3, 1919) 

Tatum, Edward L , Ph D Stanford Umv , School 
of Biological Sciences, Stanford Universit 3 ', 
Calif Prof of Biology (2, 1947) 

Tauber, Henry, Ph D V D Research Lab , U S 
Marine Hospital, Staten Island, N Y Bio- 
chemist, USPHS (2, 1933) 

Taylor, A N , Ph D Um\ of Oklahoma School 
of Medicine, Oklahoma City Asst Prof and 
Chairman of Dept of Physiology (1, 1948) 
Taylor, Alton R , Ph D Parke, Davis & Co , 
Detroit 32, Mich Sr Researcher, Research Div 
(2, 1947 , 6, 1943) 

Taylor, Craig L , Ph D Umv of California, Dept 
of Engineering, Los Angeles Assoc Prof of 
Engineering (1, 1945) 

Taylor, Fred A , Ph D 320 E North Ave , N S , 
Pittsburgh, Pa Biochemist, Singer Memorial 
Lab (2, 1933) 

Taylor, Haywood M , Ph D Duke Umv School of 
Medicine, Durham, N C Assoc Prof of Bio- 
chemistry and Toxicology, Biochemist and Toxi- 
cologist to Duke Hospital (4, 1942) 

Taylor, Henry Longstreet, Ph D Umv of Minne- 
sota, School of Public Health, Minneapolis 
Asst Prof of Physiological Hygiene (1, 1944) 
Taylor, John Fuller, Ph D Washington Uni\ 
School of Medicine, Euclid and Ivmgshlghwa^ 


St Louis, Mo Asst Prof of Biological Chemis- 
try (2, 1944) 

Taylor, M Wight, Ph D New Jersey Agricul- 
tural E\per Station, New Brunsnick Assoc 
Biochemist in Nutrition and Assoc Prof of 
Agriciiltuial Biochemistry, Rutgers Univ (5, 
1944) 

Taylor, Norman Burke, M D Umv of Toronto, 
Toronto 5, Ontario, Canada Prof of Physiology 
(1, 1922) 

Taylor, Richard M , Rockefeller Foundation, 66th 
St and York Ave , New York City (6, 1949) 
Taylor, Robert D , M D Clinical Research Div , 
Cleveland Foundation, Cleveland 6, Ohio Mem- 
ber (1, 1945) 

Teague, Robert S , Ph D , M D Medical College 
of Alabama, Dept of Pharmacology and Phjrsi- 
ologj’^, Birmingham 5 Assoc Prof of Physiology 
and Pharmacology (3, 1942) 

Templeton, Roy D , B S 5630 South Flores, San 
Antomo, Te\ (1, 1935) 

Ten Broeck, Carl, M D Rockefeller Inst for Med 
Research, Dept of Animal and Plant Pathology, 
Princeton, N J Director (4R, 1932 , 6, 1924) 
Tepperman, Jay, M D Syracuse Umv School of 
Medicine, Dept of Pharmacology, Syracuse, 
N Y Assoc Prof of Pharmacology (1, 1944) 
Terplan, Kernel L , M D Umv of Buffalo School 
of Medicine, Buffalo, N Y Prof of Pathology 
(4, 1935) 

Terry, Roger, M D Umv of Rochester School of 
Medicine and Dentistry, Dept of Pathology, 
Rochester 7, N Y Instr in Pathology (4, 1949) 
Thannhauser, S J , M D , Ph D Pratt Diagnos- 
tic Hospital, 30 Bennet St , Boston, Mass Prof 
of Clin Medicine, Tufts Med School, Assoc 
Chief of Pratt Diagnostic Hospital (2, 1937) 
Thatcher, Jonathan S , Ph D Ohio State Umv , 
Dept of Physiologj', Hamilton Hall, Colum- 
bus 10 Instructor (1, 1949) 

Thauer, Rudolf, M D 3226 Fuller St , Philadel- 
phia 36, Pa Physiologist, Research 11 orl in 
N A MC U S Navy (1, 1949) 

Thayer, Sidney Allen, Ph D 1402 S Grand Blvd , 
St Louis 4, Mo Assoc Prof of Biochemistry, 
St Louts Umv School of Medicine (2, 1933) 
Thienes, Clinton H , M D , Ph D Umv of South- 
ern California School of Medicine, Los Angeles 
Prof of Pharmacology (3, 1928) 

Thomas, Arthur W , Ph D Columbia Umv , New 
York Citj 27 Prof of Chemistry (2, 1924) 
Thomas, Byron H , Ph D Iowa State College, 
Ames Prof and Head of Animal Chemistry and 
i^utrilion, Iowa Agnc Exper Station (5, 1933) 
Thomas, Caroline Bedell, M D Johns Hopkins 
Hospital, Baltimore, Md Assoc Prof of Medi- 
cine, Johns Hoplins Univ School of Medicine 
(1, 1939) 
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Thomas, J Earl, M D Jefferson Med College, 
Philadelphia, Pa Prof of Physiology (1, 1922, 
3, 1924) 

Thompson, Marvin R , Ph D 67 Greenwich Ave , 
Stamford, Conn (3, 1944) 

Thompson, Randall L , Sc D , M D Indiana 
Univ , Med Center, Indianapobs 7 Prof of 
Bacteriology (6, 1937) 

Thompson, William R , Ph D 1 Darrock Rd , 
Dehnar, N Y Sr Biochemist, Div of Labs 
and Research, New York Stale Dept of Health 
(2, 1934) 

Thomson, David Landsborough, Ph D McGill 
Univ , Montreal, Quebec, Canada Prof of 
Biochemistry and Dean of Faculty of Grad Stud- 
ies and Research (2, 1929) 

Thom, George Widmer, M D Peter Bent Brigham 
Hospital, Boston, Mass Prof of Medicine, Har- 
vard Umv (1, 1939) 

Thorp, W T S , D VM Natl Insts of Health, 
Bethesda, Md Veterinary Pathologist (4, 1948) 
Tidwell, Herbert C , Ph D Southwestern Med 
College, 2211 Oak Lawn Ave , Dallas, Tex Prof 
and Chairman of Dept of Biochemistry (2, 1948) 
Tlllett, WiUiam S , M D New York Umv College 
of Medicine, Dept of Bacteriologj', 477 First 
Ave , New York City Prof of Medicine (6, 
1927) 

Tilt, Jennie, Ph D Florida State Umv , Tallahas- 
see Prof of Physiological Chemistry and Nutri- 
tion (5, 1937) 

Tipson, R Stuart, Ph D Mellon Inst of Indus- 
trial Research, Umv of Pittsburgh, Pittsburgh, 
Pa Sr Fellow, Dept of Research in Pure Chem- 
istry (2, 1937) 

Tipton, Samuel R , Ph D Umv of Tennessee, 
Dept of Zoology, Knoxville Prof of Zoology 
(1, 1940) 

Tislow, Richard, M D Sobering Corp , Bloom- 
field, N J Dtr of Biological Labs (1, 1944) 
Titus, Harry W , Ph D Lime Crest Research Lab , 
RFD 1, Newton, N J Technical Counsellor 
and Dir of Nutritional Research (2, 1929, 6, 
1933) 

Tobias, Julian M , M D Univ of Chicago, Chi- 
cago, HI Instr in Physiology (1, 1944) 
Tocantins, Leandro Mau6s, M D Jefferson Med 
College, Philadelphia, Pa Assoc Prof of Medi- 
cine (1, 1939) 

Todd, Wilbert R , Ph D Umv of Oregon Med 
School, Portland, Ore Assoc Prof of Biochem- 
istry (2, 1948 , 6, 1948) 

Todhunter, Elizabeth Neige, Ph D Umv of Ala- 
bama, Umversity Prof of Nutrition (S, 1939) 
Toenmes, Gernt, Ph D Lankenau Hospital, Phil- 
adelphia 30, Pa Sr Member, Inst for Cancer 
Research (2, 1934) 

Tolle, Chester D , Ph D Federal Security 
Agency, Food and Drug Admin , Washington, 
D C iSr Biochemist (5, 1942) 


Toman, James E P , Ph D Umv of Utah School 
of Medicine, Dept of Pharmacology and Physi- 
ology, Salt Lake City (1, 1946) 

Tomlinson, Wray Joseph, M D Fort Logan Vet- 
erans Hospital, Denver, Colo Chief of Labs , 
Asst Prof of Pathology, Univ of Colorado School 
of Medicine (4, 1945) 

Tompkins, Edna H , M D Yale Umv , Lab of 
Applied Physiology, 62 Hillhouse Ave , New 
Haven, Conn Research Assoc , Assoc Prof 
(4, 1941) 

Toomey, John A , LL B City Hospital, Div of 
Contagious Diseases, 3395 Scranton Rd , Cleve- 
land 9, Ohio Prof of Pediatrics, Western Re- 
serve Umv School of Medicine (G, 1943) 

Torda, Clara, Ph D , M D Cornell Umv Med 
College, New York City Research Fellow in 
Pharmacology (1, 1943 , 3, 1944) 

Toth, Louis A , Ph D Louisiana State Umv 
School of Medicine, Dept of Physiology, New 
Orleans 13 Assoc Prof of Physiology (1, 1940) 
Totter, John R , Ph D Umv of Arkansas School 
of Medicine, Little Rock Assoc Prof , Dept 
of Biochemistry (2, 1946) 

Tourtellotte, Dee, D Sc Charles B Knox Gelatin 
Co , 4th and Erie Sts , Camden, N J Head of 
Nutrition Lab (6, 1935) 

Tower, Sarah Sheldon, M D , Ph D Johns Hop- 
kins Umv , Baltimore, Md Instr in Psychiatry 
(1, 1932) 

Trager, William, M D , Ph D Rockefeller Inst 
for Med Research, Dept of Animal and Plant 
Pathology, Princeton, N J Associate (4, 1947) 
Traub, Frederick B , M D 205 E 82nd St , New 
York City 28 Assoc Bacteriologist, Jewish Hos- 
pital of Brooklyn (6, 1946) 

Travell, Janet, M D Cornell Umv Med College, 
New York City Asst Prof of Clin Pharmacol- 
agy (3, 1933) 

Travis, Lee Edward, Ph D Umv of Southern 
Califorma, Los Angeles Prof of Psychology 
and Dir of Psychological Center, Mayor, Y AAF 
{Yuma, Am ) (1, 1929) 

Treadwell, Carleton R , Ph D George Washing- 
ton Umv School of Medicine, Dept of Bio- 
chemistry, 1335 H St , N W , Washington, D C 
Assoc Prof of Biochemistry (2, 1944, 6, 1949) 
Treffers, Henry P , Ph D Yale Med School, 
Dept of Immunology, New Haven, Conn As 
soc Prof of Immuno-chemistry (6, 1942) 
Trimble, Harry C , Ph D Harvard Med School, 
26 Shattuck St , Boston, Mass Asst Prof of 
Biological Chemistry (2, 1929, 6, 1936) 

Tuft, Louis H , M D 1630 Locust St , Philadel- 
phia, Pa Asst Prof of Medicine, Temple Univ 
Med School, Chief of Clinic of Allergy and Ap- 
plied Immunology, Temple Univ Hospital (6, 
1928) 

turn Suden, Caroline, Ph D % J L Wolff, 38 
Crane Rd , Scarsdale, N Y (1, 1936) 
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Tunturi, Archie Robert, Ph D Umv of Oregon 
Med School, Portland Asst Prof of Anatomy 
(I, 1946) 

Tuohy, Edward B , MS, M D Mayo Climc, 
Rochester, Minn Prof of Anesthesiology, 

Mayo Foundation (3, 1941) 

Tamer, Abby H , Ph D Mount Holyoke College, 
South Hadle 3 % Mass Prof of Physiology (1, 
1928) 

Tuttle, Waid Wright, Ph D State IJniv of low a, 
Iowa Citj Prof of Physiology (1, 1925) 
Tweedy, Wilbur R , Ph D Veterans Admin Hos- 
pital, Radioisotope Unit, Hines, HI Assoc 
Director (2, 1931) 

Tyler, Albert, Ph D California Inst of Tech- 
nology, Pasadena, Cahf Assoc Prof of Em- 
bryology (6, 1946) 

Tyler, David B , Ph D Carnegie Inst of Washing- 
ton, Dept of Embrimlogy, Wolfe and Madison 
Sts , Baltimore 5, Md Member of Staff (1, 1943) 
Umbreit, Wayne W , Ph D Merck Inst for Thera- 
peutic Research, Rahl^aJ^ N J Head of Dept 
of Enzyme Chemistry (2, 1947) 

Unna, Elaus R W , M D Umv of Hlinois College 
of Medicine, 1853 W Polk St , Chicago 12, HI 
Assoc Prof , Dept of Pharmacology (1, 1941, 3, 
1944 , 5, 1942) 

Upton, Morgan, Ph D Rutgers Umv , Dept of 
Ps 3 chology, New Brunswick, N J (1, 1934) 
Urban, Frank, Ph D , M D 302 Northern Bldg , 
Green Bay, Wis (2, 1932) 

Utter, Merton F , Ph D Western Reserve Umv , 
Dept of Biochemistry, Cleveland, Ohio Assoc 
Prof of Physiological Chemistry (2, 1946) 
Vahlteich, Ella McCollum, Ph D 310 Walnut St , 
Englewood, N J (5, 1933) 

Valle, J R , M D Escola Paulista de Medicina, 
Caixa Postal 144-A, Sao Paulo, Brazil Prof 
of Pharmacology (3, 1947) 

Vanderscheer, James, Ch E 136 Linwood Ave , 
Ridgewood, N J Research Chemist, Lederle 
Labs CG, 1946) 

Van Dyke, H B , Ph D , M D Columbia Univ 
College of Ph 3 "sicians and Surgeons, 630 W 168th 
St New York 0^3"^ 32 HosacL Prof of Pharma- 
cology (1, 1925, 3, 1927) 

van Harreveld, Anthome, M A , M D California 
Inst of Technology’’, Pasadena Assoc Prof of 
Physiology (1, 1941) 

Van Liere, Edward J , M D , Ph D West ITrgima 
Umv School of Medicine, Morgantowm Prof 
of Physiology and Dean (1, 1927) 

Van Middlesworth, Lester, Ph D Umv of Ten- 
nessee, hlemphis Instr in Physiology (1, 1948) 
Van Slyke, Donald D , Ph D , ]M D Brookhaven 
Natl Lab , Upton, L I , N Y Assf Dtr m 
Charge of Depts of Biology and Med Sciences, 
Member Emeritus, Roclcfellcr Inst (2, 1908) 


van Wagenen, Gertrude, Ph D Yale Umv School 
of Medicine, New Haven, Conn Assoc Prof 
(1, 1932) 

van Wagtendonk, Willem J , Ph D Indiana Umv 
Dept of Zoology, Bloomington Assoc Prof 
(2. 1946) 

Van Winkle, Walton, Jr , M D American Med 
Assoc , 535 N Dearborn St , Chicago 10, HI 
(3, 1939) 

Vamey, Philip L Washington Univ School of 
Medicine, St Louis, Mo Asst Prof of Bacteri- 
ology (6, 1948) 

Vars, Harry M , Ph D Umv of Pennsylvania 
Med School, Harnson Dept of Surgical Re- 
search, Philadelphia Assoc Prof of Physio- 
logical Chemistry (2, 1935, 5, 1935) 

Velick, Sidney Frederick Washington Umv 
School of Medicine, Dept of Biochemistry, 
Euclid Ave and Kingshighway, St Louis 10, 
Mo Asst Prof of Biochemistry (2, 1946) 
Vennesland, Birgit, Ph D Umv of Chicago, Dept 
of Biochemistry, Chicago, HI Assoc Prof (2, 
1944) 

Venmng, Eleanor H , Ph D Umv Chmc, Royal 
Victoria Hospital, Pine Ave , Montreal, Que- 
bec, Canada Asst Prof of Medicine, McGill 
Umv (2, 1938) 

Vesthng, Carl SwensBon, Ph D Umv of Hlinois, 
Noyes Lab ,Urbana, HI Asst Prof of Biochem- 
tsiry (2, 1946) 

Vickery, Hubert B , Ph D Connecticut Agric 
Evper Station, New Haven Biochemist in 
Charge, Dept of Biochemistry , Lecturer in Physi- 
ological Chemistry, Yale Univ (2, 1923) 

Victor, Joseph, M D Camp Detwek, Frederick, 
Md Chief, Pathology Branch (4, 1935) 

Villee, Claude A , Jr , Ph D Harvard Med 
School, 25 Shattuck St , Boston 15, Mass Assoc 
tn Biological Chemistry (2, 1948) 

Virtue, Robert W , PhJD , M D Denver General 
Hospital, Denver 4, Colo Anesthesiologist (2, 
1939) 

Visscher, Frank E , Ph D Upjohn Co , Kalama- 
zoo 99, Mich Research Scientist, Dept of Phar- 
macology and Endocrinology (1, 1947) 

Visscher, Maurice B , Ph D , M D Umv of Min- 
nesota, jMinneapolis Prof and Head of Depi 
of Physiology (1, 1927) 

Voegtlin, Carl, Ph D Umv of Rochester Med 
School, Rochester, N Y Lecturer in Pharma- 
cology (IR, 1908, 2, 1908, 3, 1908) 
von "Haam, Emmerich, M D Ohio State Umv , 
Columbus Prof of Pathology (4, 1938) 

Von Oettmgen, W F , M D , Ph D Natl Insts 
of Health, Lab of Ph 3 ’Bical Biology, F\per 
Biology and Medicine Inst , Bethesda, Md 
Chief Industrial Toxicologist (3, 1925) 

Vons, LeRoy, Ph D Natl Research Council, 
2101 Constitution Ave , Washington 25, D C 
Exec Sec , Pood and Kulnlion Board (5, 1949) 
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Vorwald, Arthur J , Ph D , MX) Saranac Lake, 
N Y Dir , Edward L Trudeau Foundation and 
Saranac Lab (4, 1937) 

Vos, Bert J , Ph D , M D Food and Drug Admin , 
Div of Pharmacology, Washington, D C Assoc 
Pharmacologist (3, 1941) 

Wachstein, Max, M D St Catherine’s Hospital, 
Brooklyn, N Y Dir of Lab , Research Asst , 
Mt Sinai Hospital (4, 1947) 

Waddell, James, Ph D E I duPont de Nemours 
& Co , New Brunswick, N J Dir of Biological 
Lab (2, 1930 , 5, 1935) 

Wadsworth, Augustus B , M D Manchester, Vt 
(4, 1936, 6, 1920) 

Waelsch, Heinnch, M D , Ph D 722 West 168th 
St , New York City 32 Assoc Research Bio- 
chemist, N Y State Psychiatric Inst and Hos- 
pital, Assoc Prof of Biochemistry , Columbia 
Untv (2, 1941) 

Wagman, Imng H , Ph D Jefferson Med College, 
Dept of Physiology, Philadelphia 7, Pa Asst 
Prof of Physiology (1, 1946) 

Walsman, Harry A , M D , Ph D Univ of Illmois 
Med School, 1819 W Polk St , Chicago 12 
Resident Fellow in Pediatrics (2, 1944) 
Wakeman, Alfred J , Ph D Hatfield Hill Rd , 
Bethany, Conn Retired (2, 1906) 

Wakerlin, George E , Ph D , M D Univ of Illi- 
nois Med School, 1853 W Polk St , Chicago 
Prof of Physiology (1, 1933, 3, 1934) 

Wakirn, Ehalil G, MD, PhD Majo Clinic, 
Rochester, Minn Consultant, Prof of Physi- 
ology, Mayo Foundation (1, 1942) 

Walcott, William W , Ph D Columbia Univ Col- 
lege of Physicians and Surgeons, Dept of Physi- 
ology, New York City 32 Instructor (1, 1947) 
Wald, George, Ph D Harvard Univ , Biological 
Labs , Cambridge, Mass (1, 1934) 

Walker, Arthur M , MX) Univ of Pennsylvania, 
Philadelphia 4 Assoc Prof of Pharmacology, 
Major {MC),U S A (1, 1932, 3, 1939) 

Walker, Burnham S , Ph D , M D Boston Univ 
School of Medicine, 80 E Concord St , Boston, 
Mass Prof of Biochemistry (2, 1940) 

Walker, Harry A , Ph D Emory Univ School of 
Medicine, Emory Umversity, Ga Asst Prof 
of Pharmacology (3, 1948) 

Walker, Sheppard M , Ph D Washington Univ 
School of Medicine, St Louis, Mo Asst Prof 
of Physiology (1, 1946) 

Wallen -Lawrence, Zonja, Ph D 4534 W Pine 
Blvd , St Louis 8, Mo (2, 1937) 

Walter, Annabel W 29 Perry St , New York City 
14 Bacteriologist, New York City Dept of Health, 
Bureau of Labs (6, 1946) 

Walter, Carl W , M D Harvard Med School, 25 
Shattuck Street, Boston, Maes Xfist Chn Prof 
of Surgery, Sr Assoc in Surgery, Peter Bent 
Bngham Hasp (4, 1942) 


Walters, Orville S , Ph D , M D McPherson, Kan 
Physician (1, 1936) 

Walton, Robert P , PhX) , M D Med College of 
the State of South Carolina, Charleston Prof 
of Pharmacology (3, 1933) 

Walton, Seth T , VJVI D , Ph D Lab , Veterans 
Hospital, Oteen, N C Dir of Labs and Re- 
search (6, 1936) 

Walzer, Matthew, M D 20 Plaza St , Brooklyn, 
N Y Attending in Allergy, Jeunsb Hospital of 
Brooklyn (6, 1924) 

Wang, Chi Che, Ph DUS Veterans Admin 
Hospital, Hines, 111 In charge of Biochemical 
Research (2, 1922, 5, 1933) 

Wang, Shih-Chun, M D , Ph D Columbia Univ 
College of Physicians and Surgeons, 630 W 
168th St , New York City 32 Assoc Prof of 
Physiology (1, 1943) 

Wangeman, Clayton P , M D Broadway Med 
Center, Associated Anesthesiologists, Seattle, 
Washington (3, 1946) 

Wangensteen, Owen Harding, M D Univ Hos- 
pital, Minneapolis 14, Minn Prof of Surgery, 
Univ of Minnesota (1, 1947, 4, 1931) 

Ward, Arthur A , Jr , M D 8009 W 31st Ave , 
N E , Seattle, Wash Asst Prof of Surgery, 
Head of Div of Neurosurgery, Univ of Wash- 
ington School of Medicine (1, 1949) 

Ward, Walter E , Ph D , M D Cutter Labs 
Fourth and Parker Sts , Berkeley 1, Calif Assoc 
Med Dir (6, 1947) 

Ware, Arnold G , Ph D Wayne Univ College of 
Afedicine, Dept of Physiology^ 1512 Antoine 
St , Detroit 26, Mich Research Assoc (2, 1949) 
Warner, Emory D , M D Med Labs Bldg , Iowa 
City, la Prof of Pathology (4, 1937) 

Warner, Robert C , Ph D New York Univ Col- 
lege of Medicine, 477 First Ave , New York City' 
16 Asst Prof of Chemistry (2, 1946) 

Warren, Charles O , Ph D , M D The Common- 
wealth Fund, 41 E 57th St , New York City 22 
(1, 1941) 

Warren, James V , M D Emory Umv School of 
Medicine, Atlanta, Ga Prof of Physiology, 
Assoc Prof of Medicine (1, 1947) 

Warren, Joel 8900 Flower Ave , Silver Spring, 
Md (6, 1949) 

Warren, Marshall R , Ph D , M D Umv of Ten- 
nessee College of Medicine, Memphis Asst 
Prof of Pharmacology (3, 1948) 

Warren, Shields, M D 195 Pilgrim Rd , Boston, 
Mass Prof of Pathology, Harvard Med School^ 
Dir , Div of Biology and Medicine, USAEC (4^ 
1929) 

Wartman, William Beckman, M D Northwestern 
Univ , 303 East Chicago Ave , Chicago 11, lU 
Morrison Prof and Chairman of Dept of Path- 
ology (4, 1940) 
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Wasteneys, Hardolph, Ph D Univ of Toronto, 
Toronto, Ontario, Canada Prof and Head of 
Dept of Biochemistry (2, 1915) 

Waterman, Robert E , B S Sobering Corp , 86 
Orange St , Bloomfield, N J Vice-Pres (2, 

1940) 

Waters, Ralph Milton, M D 1300 University Ave , 
Madison, Wis Prof of Anesthesia, Univ of 
Wisconsin (3, 1937) 

Watson, Cecil J , M D , Ph D University Hos- 
pital, Dept of Medicine, Minneapolis, Minn 
Prof and Head of Dept of Medicine (4, 1941) 
Watson, Dennis W Univ of Minnesota Med 
School, Dept of Bacteriology and Immunology, 
Minneapolis Assoc Prof (6, 1949) 

Watson, John B , Ph D Bov 526, Westport, Conn 
(1, 1907) 

Wand, Russell A , MJD , Ph D Univ of Western 
Ontario Med School, London, Ontario, Canada 
Prof of Pharmacology (3, 1931) 

Waugh, David F , Ph D Massachusetts Inst ol 
Technology, Dept of Biology and Biological 
Engineermg, Cambridge Asst Prof of Physical 
Biology (1, 1943) 

Way, E Leong, Ph D Univ of Cahfornia Med 
Center, San Francisco, Calif Asst Prof of 
Pharmacology (3, 1947) 

Wearn, Joseph T , M D Lakeside Hospital, Cleve- 
land, Ohio Dir of Medicine, Prof of Medicine, 
Western Reserve Univ (1, 1921) 

Weatherby, J H , Ph D Med College of Virgmia, 
Dept of Physiology and Pharmacology, Rich- 
mond, Va Assoc Prof of Pharmacology (3, 

1941) 

Weber, Clarence J , M D , Ph D Chief, Lab 
Service (2, 1931) 

Webster, Bruce, M D , C M Cornell Univ Med 
College, 1300 York Ave , New York City Asst 
Prof of Medicine, Assoc Attending Physician, 
New York Hospital (5, 1936) 

Wdgna, Ren6, M D Presbyterian Hospital, Dept 
of Medicine, 622 W 168th St , New York City 
Asst Prof of Medicine (1, 1941) 

Weichert, Charles K , Ph D Univ of Cincinnati, 
Cmcinnati, Ohio Prof of Zoology (1, 1936) 
Weil, Alfred J , M D The Bronx Hospital, New 
York City Dir of Dept of Bacteriology (6, 
1940) 

Weil, Arthur, M D 952 5th Ave , New York City 
(4, 1940) 

Weil, Leopold, Ph D U S Dept of Agriculture, 
Eastern Regional Research Lab , Chestnut Hill 
Station, Philadelphia 18, Pa Chemist (2, 1942) 
Weinhouse, Sidney, Ph D Temple Univ , Re- 
search Inst , 3223 N Broad St , Philadelphia 40, 
Pa Biochemical Dir (2, 1948) 

Weir, Everett G , Ph D 231 S 13th Ave , Maj- 
nood, Rl (1, 1941) 


Weiser, Russell S , Ph D Univ of Washington 
School of Medicine, Seattle 6, Washington 
Assoc Prof of Microbiology (6, 1948) 

Weiss, Charles, Ph D , M D Jewish Hospital, 
York and Tabor Rds , Philadelphia, Pa Dir 
of Labs (4, 1934, 6, 1920) 

Weiss, Emil, M D , Ph D 5036 Bernard St , Chi- 
cago, HI Pathologist, People's Hospital (6, 
1927) 

Weiss, Paul, Ph D Univ of Chicago, Chicago, 
HI Prof of Zoology (1, 1936) 

Welch, Arnold D , Ph D , M D Western Reserve 
Umv School of Medicme, Cleveland, Ohio 
Prof of Pharmacology (3, 1942 , 6, 1944) 
Welch, Henry, Ph D U S Food and Drug Ad- 
min , Rm 6171 S Agriculture Bldg , Washing- 
ton, D C , Chief of Dtv of Penicillin Control 
and Immunology (6, 1932) 

Weld, Charles Beecher, M A , M D Dalhousie 
Umv , Halifax, N S , Canada Prof of Physi- 
ology (1, 1936) 

Weld, Mrs Julia T Columbia Umv College of 
Physicians and Surgeons, 630 W 168th St , 
New York City Research Assoc in Pathology 
(6, 1920) 

Welker, William H , Ph D 634 N Elmwood Ave , 
Oak Park, HI Prof Emeritus of Biological 
Chemistry, Univ of Hlinois College of Medicine 
(2, 1906) 

Weller, Carl Vernon, M D 1130 Fair Oaks Park- 
way, Ann Arbor, Mich Prof and Chairman of 
Dept of Pathology, Univ of Michigan, (4, 1923) 
Wells, Herbert S , M D Umv of Minnesota, Min- 
neapolis 14 Prof of Clin Physiology (1, 1932) 
Wells, Joseph Albert, M D , Ph D Northwestern 
Univ Med School, Chicago, HI Assoc Prof 
of Pharmacology (3, 1944) 

Welsh, John H , Ph D Harvard Umv , Biological 
Labs , 16 Dmmty Ave , Cambridge 38, Mass 
Assoc Prof of Zoology (1, 1946) 

Wendel, William B , Ph D Tulane Univ School 
of Medicme, 6501 St Charles Ave , Nen Orleans 
15, La Prof and Head of Dept of Biochemistry 
(2, 1932) 

Werber, Ema A , Ph JD 44 W 83rd St , New York 
City Dir of Research Lab , Jewish Hospital of 
Brooklyn (G, 1948) 

Werkraan, C H , Ph D lova State College, Sci- 
ence Hall, Ames Prof and Head of Dept of 
Bacteriology (2, 1942) 

Werle, Jacob M , M D 2000 W 25th St , Cleie- 
land 13, Ohio Surgeon (1, 1943) 

Werner, Harold W , Ph D The Wm S Merrell 
Co , Lockland Station, Cmcinnati, Ohio Dir 
Pharmacology Research (3, 1942) 

Wertenberger, Grace E , Ph D Umv of Indiana, 
Dept of Physiology^, Bloomington (1, 1943) 
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Werthessen, Nicholas T , Ph D Shrewsbury, 
Mass Worcester Foundation for Exper Biology 
Sr Fellow (1, 1946) 

Wescoe, W Clarke, M D Cornell Univ Med 
College, 1300 York Ave , New York Citj 21 
Inslr in Pharmacology (3, 1949) 

Wesson, Laurence G , Jr , Ph D New York Univ 
College of Medicine, Dept of Physiology, New 
York City 16 Asst Prof (1, 1949, 2, 1929, 3, 
1932) 

West, Edward S , Ph D Univ of Oregon Med 
School, Portland Prof of Biochemistry (2, 
1926) 

West, Harold D , Ph D Meharry Med College, 
Nashville 8, Term Prof and Head of Dept of 
Biochemistry (2, 1946) 

Westerfeld, Wilfred Wiedey, Ph D Syracuse 
Umv College of Medicine, Syracuse 10, N Y 
Prof of Biochemistry (2, 1944) 

Westfall, B A , Ph D Umv of Missoun School of 
Medicine, Dept of Physiology and Pharmacol- 
ogy, Columbia Prof of Pharmacology (1, 1949) 

Weston, Raymond E , M D , Ph D Montefiore 
Hospital, Med Div , New York City 67 Asst 
in Medicine (1, 1947) 

Weymouth, Frank W , Ph D Stanford Univ , 
Calif Prof and Exec of Dept of Physiology 
(1, 1917) 

Wheeler, George W , M D New York Hospital, 
235 E 73rd St , New York City Asst Dtr (6, 
1920) 

Wheeler, Mary W , M A New York State Dept 
of Health, Div of Labs and Research, Albany 
Assoc Bacteriologist (6, 1933) 

Wheelon, Homer, M S , M D Umv of Washing- 
ton, Seattle, Wash Prof of Medicine (1, 1919) 

Whipple, George H , M D , Sc D Umv of Roches- 
ter, Rochester, N Y Prof of Pathology and 
Dean of School of Medicine and Dentistry (I, 
1911, 4, 1913) 

White, Abraham, Ph D Umv of Califorma School 
of Medicme, Los Angeles 24 Prof and Chairman 
of Dept of Physiological Chemistry (2, 1934, 6, 
1937) 

White, Alan G C , Ph D Tulane Umv , Dept of 
Biochemistry, New Orleans, La Asst Prof of 
Biochemistry (2, 1949) 

White, Colin, B S Umv of Pennsylvania School 
of Medicine, Dept of Physiology, Philadelphia 
Asst Prof (1, 1949) 

White, Florence R , Ph D % Dr Juhus White, 
Natl Insts of Health, Natl Cancer Inst , 
Bethesda 14, Md Biochemist (2, 1946) 

White, Frank D , Ph D Umv of Manitoba, Fac- 
ulty of Medicme, Bannatjme Ave , Winnepeg, 
Manitoba, Canada Prof of Biochemistry, Bio- 
chemist, Winnipeg General Hsopital (2, 1931) 


White, Harvey Lester, M D Washington Umv 
Med School, St Louis 10. Mo Prof of Physi- 
ology (1, 1923) 

White, Julius, Ph D Natl Insts of Health, Natl 
Cancer Inst , Bethesda 14, Md Head Chemist 
(2, 1937) 

White, Paul Dudley, MD Massachusetts Gen- 
eral Hospital, Boston, Mass Physician (in 
charge of Cardiac Clinics and Lab ), Lecturer in 
Medicine, Harvard Med School (3, 1921) 
Whitehead, Richard W , M A , M D Umv of 
Colorado School of Medicine, 4200 E Ninth 
Ave , Denver Prof of Physiology and Pharma- 
cology (1, 1933, 3, 1928) 

Whitehorn, William V , M D Umv of Blmois 
College of Medicme, Chicago Asst Prof of 
Applied Physiology (1, 1947) 

Whittenberger, James L , M D Harvard School 
of Public Health, Dept of Physiology, 65 Shat- 
tuck St , Boston 15, Mass Asst Prof and Head 
of Dept of Physiology (1, 1949) 

Wiener, Alexander S , M D 64 Rutland Rd , 
Brooklyn, N Y Bacteriologist and Serologist 
to Office of Chief Med Examiner of New York 
City, Head of Transfusion Div , Jewish Hospital 
of Brooklyn (G, 1932) 

Wiersma, Cornells A G , Ph D California Lost 
of Technology^ Pasadena Assoc Prof of Physi- 
ology (1, 1941) 

Wiggers, Carl J , M D , Sc D Western Reserve 
Univ Med School, Cleveland, Ohio Prof and 
Dir of Physiology (1, 1907, 3R, 1909) 

Wiggers, Harold C , Ph D Umon Univ , Albany 
Med College, Dept of Physiology and Pharma- 
cology^ Albany 3, N Y Prof and Chairman of 
Dept (1, 1938) 

Wigodsky, Herman S , Ph D , M D Natl Re- 
search Council, Committee on Atomic Casual- 
ties, Div of Med Sciences, Washington 26, 
D C Professional Assoc (1, 1943) 

Wilder, Abraham, hi D USPHS Hospital, Levmg- 
ton, Ky Surgeon (B) (3, 1944) 

Wilber, Charles G , Ph D St Louis Umv , 1402 
S Grand Blvd , St Louis 4, Mo Dtr of Biolog- 
ical Labs (1, 1947) 

Wilde, Walter S , Ph D Tulane Univ School of 
Medicine, Station 20, New Orleans, La Assoc 
Prof of Physiology (1, 1944) 

Wilder, Russell M , Ph D , M D Mayo Clirnc, 
Rochester, Minn Prof of Medicine, Mayo Foun- 
dation, Umv of Minnesota (1, 1921, 4B, 1924, 
5, 1933) 

Wiley, Frank H , Ph D Federal Security Agency, 
Food and Drug Admin , Washington 25, D C 
Chemist (2, 1933) 

Wilhelml, Alfred E , Ph D Yale Univ School of 
Medicme, 333 Cedar St , New Haven 11, Conn 
Assoc Prof of Physiological Chemistry (2, 1942) 
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Wilhclmj, Charles Martel, M D Creighton Univ 
School of Medicine, Omaha, Neb Prof of 
Physiology (1, 1931) 

Wilkerson, Vernon A , M D , Ph D Med Arts 
Bldg , 61 K St , N W , Washington, D C Bio- 
chemical Consultant (2, 1936) 

Williams, Carroll M , Ph D , M D Harvard Univ , 
Biological Labs , Cambridge, Mass Asst Prof 

of Zoology (1, 1947) 

Williams, Harold H , Ph D Cornell Univ , Sav- 
age Hall, Ithaca, N Y Prof of Biochemistry 
(2, 1938, 5, 1936) 

Williams, Horatio B , jM D , Sc D Bov 893, Green- 
wich, Conn Dalton Prof Emeritus of Physiol- 
ogy, Columbia Univ (1, 1912) 

Williams, J W , Ph D Univ of Wisconsin, Chem- 
istrj Bldg , Madison Prof of Chemistry (2, 
1944) 

Williams, Ray D , M S , M D 6834 Waterman St , 
St Louis, Mo Asst Prof of Clin Medicine, 
Washington Univ (5, 1941) 

Williams, Robert Hardin, M D Univ of Wash- 
ington, Dept of Medicine, Seattle Prof and 
Exec Officer (4, 1940) 

Williams, Robert R , D Sc 297 Summit Ave , 
Summit, N J Dir of Grants, Research Corp 
(2, 1919, 5, 1941) _ 

Williams, Roger J , Ph JD Umv of Tevas, Dept 
of Chemistry, Austin Prof of Chemistry, Dir 
of Biochemical Inst (2, 1931) 

Williams, W Lane, Ph D Univ of Minnesota 
Med School, Minneapolis 14 Assoc Prof of 
Anatomy (1, 4, 1947) 

Wills, J H , Ph D Med Div , Pharmacology Sec- 
tion, Army Chemical Center, Md (1, 1943) 
Wilson, Armine T AKred I DuPont Inst , Wil- 
mmgton 99, Del (6, 1949) 

Wilson, David Wright, Ph D Univ of Pennsyl- 
vama Med School, Philadelphia Benjamin 
Rush Prof of Physiological Chemistry (1, 1916, 
2, 1915) 

Wilson, Eva D , Ph D 256 E Irvm Ave , State 
College, Pa (5, 1947) 

Wilson, Frank N , M D Univ Hospital, Ann 
Arbor, Mich Prof of Medicine, Umv of Mich- 
igan (4, 1925) 

Wilson, J Walter, Ph D Broun Umv , Dept of 
Biologj^ Providence 12, R I Chairman of 
Dept of Biology, F L Day Prof of Biology 
(1, 1949) 

Wilson, John W, PhD Wright-Patterson Air 
Force, Aero-Med Lab , Dayton, Ohio Research 
Physiologist (1, 1948) 

Wilson, Karl M , M D Umv of Rochester School 
of Medicme, Rochester, N Y Prof of Obstetrics 
and Gynecology (4, 1927) 


Wilson, P W , Ph D Univ of Wisconsin, Dept 
of Agricultural Bacteriology, Madison Prof 
in Agricultural Bacteriology (2, 1939) 

Wilson, Robert H , Ph D U S Dept of Agricul- 
ture, Western Regional Research Lab , 800 
Buchanan St , Albanj% Calif Pharmacologist 
(3, 1937) 

Winder, Claude V , Sc D Parke Davis and Co , 
Detroit, Mich Research Pharmacologist (1,1938, 
3, 1948) 

Windle, William Frederick, Ph D Univ of Penn- 
sylvania Med School, Philadelphia Prof and 
Chairman of Dept of Anatomy (1, 1937) 
Winkenwerder, Walter LaF , M D 1014 St Paul 
St , Baltimore, Md Assoc in Medicine, Johns 
Hopkins Med School (6, 1938) 

Winnick, Theodore, Ph D Umv of Iowa Med 
School, Iowa City Assoc Prof of Biochemistry 
(2, 1946) 

Winter, Charles A , Ph D Merck Inst for Thera- 
peutic Research, Rahway, N J Research Assoc 
(1, 1940) 

Winter, Irwin Clinton, Ph D , M D G D Searle 
and Co , P O Bov 5110, Chicago 80, Rl Dir 
of Clin Research (3, 1941) 

Wintermtz, M C , M D Yale Umv School of 
Medicine, New Haven, Conn Anthony N Brady 
Prof of Pathology (4, 1913) 

Winters, Jet C , Ph D Umv of Tevas, Austin 
Prof of Home Economics (6, 1933) 
Wintersteiner, Oskar, Ph D Squibb Inst for 
Med Research, New Brunswick, N J Member, 
Head, Dtv of Organic Chemistry (2, 1930) 
Wintrobe, Marwell Myer, M D , Ph D Salt Lake 
County General Hospital, Dept of Internal 
Medicine, 2033 S State St , Salt Lake City 6, 
Utah Prof and Head (4, 1940) 

Winzler, Richard J , Ph D Umv of Southern Cali- 
fornia Med School, Dept of Biochemistry, 
Los Angeles 7 Assoc Prof of Biochemistry 
(2, 1946) 

Wiseman, Bruce Kenneth, M D Ohio State Umv , 
Kinsman Hall, Columbus Prof and Chairman 
of Dept of Medicine, Asst Dir of Med Re- 
search (4, 1932) 

Wislocki, George B , M D Harvard Univ Med 
School, 25 Shattuck St , Boston, Mass Park- 
man Prof of Anatomy (1, 1924) 

Wissler, Robert W , M D , Ph D Albert Merritt 
Billings Hospital, 950 E 59th St , Chicago 37, 
111 Asst Prof of Pathology, Umv of Chicago 
(4, 1949) 

Witebsky, Ernest, M D Buffalo General Hospital, 
100 High St , Buffalo, N Y Prof and Head of 
Dept of Bacteriology and Immunology (6, 1935) 
Wittich, Fred W , M D 401 LaSalle Med Bldg , 
kLnneapolis 2, Minn Sec -Treas of Uncrtcan 
College of Allergists, Chairman of Exec Commit- 
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tee, International Assoc of Allergists (6, 1944) 
Wolbach, S Burt, M D Children’s Hospital, 
Boston, Mass Shattuck Prof Emeritus of Path- 
ological Anatomy, Harvard Med School, Dir 
of Nutritional Research, Children’s Hospital (4, 
prior to 1920) 

Wolf, Abner, M D Columbia Umv College of 
Physicians and Surgeons, New York City 32 
Assoc Prof of Neuropathology (4, 1948) 

Wolf, Arnold Veryl, Ph D Umon Univ , Albany 
Med College, Albany, N Y Assoc Prof of 
Physiology and Pharmacology (1, 1946) 

Wolf, Stewart, M D Cornell Umv Med College, 
New York City Asst Prof of Medicine (1,1948) 
Wolff, Harold G , M D , M A New York Hospital, 
525 E 68th St , New York City Assoc Prof 
of Medicine, Cornell Univ Med College, Assoc 
Attending Physician, Neio York Hospital (1, 
1930 , 3, 1942) 

Wolff, William A , Ph D Wake Forest College, 
Bowman Gray School of Medicine, Winston- 
Salem 7, N G Asst Prof of Biochemistry (2, 
1947) 

Womack, Madelyn, Ph D U S Dept of Agricul- 
ture, Agncultural Research Admin , Foods and 
Nutrition Div , Washmgton 25, D C Biochem- 
ist (5, 1947) 

Wood, Earl H , Ph D , M D Mayo Aero-Med 
Unit, Majo Foundation, Rochester, Minn As- 
soc Prof of Physiology, Grad School, Univ 
of Minnesota, Consultant in Physiology, Mayo 
Clinic (1, 1943 , 3, 1948) 

Wood, Harland G , Ph D Western Reserve Univ , 
Dept of Biochemistry, Cleveland 6, Ohio Prof 
of Biochemistry (2, 1944) 

Wood, John L , Ph D Umv of Tennessee School 
of Biological Sciences, 875 Monroe Ave , Mem- 
phis 3 Assoc Prof of Chemistry (2, 1947) 
Woodbury, Robert A , Ph D , M D Umv of 
Tennessee, Dept of Pharmacology, Memphis 
Prof of Pharmacology (1, 1936, 3, 1941) 

Woods, Alan C , M D Johns Hopkins Hospital, 
Wilmer Ophthabnological Inst , Baltimore, Md 
Dir of Inst and Ophthalmologist-in-Chief , Act- 
ing Prof of Ophthalmology, Johns Hopkins Umv 
(6, 1918) 

Woods, Ella, Ph D Umv of Idaho, Moscow Home 
Economist, Exper Station (2, 1925 , 5, 1933) 
Woods, Lauren A , M D , Ph D Umv of Mich- 
igan, Dept of Pharmacology, Ann Arbor In- 
structor (3, 1949) 

Woodward, Alvalyn E , Ph D Umv of Michigan, 
Ann Arbor Asst Prof of Zoology (1, 1932) 
Woodyatt, RoIIin T , M D 237 E Delaware Place, 
Chicago, R1 Prof of Medicine, Rush Med Col- 
lege, Umv of Chicago (2, 1912) 

Wooley, Jerald G Natl Insts of Health, Exper 
Biology and Medicine Inst , Bethesda, Md (6, 
1949) 


Woolley, D Wayne, Ph D Rockefeller Inst for 
Med Research, 66th St and York Ave , hfew 
York City Member (2, 1946, 5, 1941) 

Woolpert, Oram C , M D , Ph D Camp Detnck, 
Frederick, Md Tech Dir of Biological Div , 
Chemical Corps (6, 1947) 

Woolsey, Clinton N , M D Umv of Wisconsin, 
Service Memorial Insts , Madison Charles Sum- 
ner Slichter Research Prof of Neurophysiology 
(1, 1938) 

Wortis, S Bernard, M D New York Umv Col- 
lege of Medicme, Dept of Psychiatry, New York 
City 16 Prof and Chairman of Dept of Psychi- 
atry, Dir of Psychiatric Div of Bellevue Hos- 
pital (1, 1947) 

Wnght, Angus, M D Umv of Southern Califor- 
ma Med School, 657 S Westlake Ave , Los An- 
geles Pathologist, California Hospital (4, 1935) 
Wright, Arthur W , M D Albany Med College, 
Nen Scotland Ave , Albany, N Y Prof of 
Pathology and Bacteriology (4, 1941) 

Wnght, Charles Ingham, Ph D Natl Insts of 
of Health, Bethesda, Md Sr Pharmacologist, 
USPHS (1, 1935 , 3, 1936) 

Wnght, George G , Ph D Camp Detnck, Fred- 
erick, Md Chief, Special Procedures Branch, 
S-Div (6, 1943) 

Wnght, Harold N , Ph D Umv of Minnesota, 
Minneapolis Assoc Prof of Pharmacology (3, 
1933) 

Wright, Lemuel D , Ph D Sharp and Dohme, 
Inc , Med Research Div , Glenolden, Pa , Dir 
of Nutritional Research (2, 1946, 6, 1946) 
Wright, Sydney L , Ph D Endsmeet Farm, Wyn- 
cote. Pa (2, 1933) 

Wulflf, V J , Ph D Umv of Rbnois, Dept of 
Zoology' and Physiology, Urbana Asst Prof 
of Physiology, Special Research Asst (1, 1949) 
Wyckoff, Ralph W G , Ph D USPHS, Natl Insts 
of Health, Bethesda, Md Sr Scientist (6, 1940) 
Wyman, Jeffries, Jr , Ph D Harvard Umv , Bio- 
logical Labs , Cambridge, Mass Assoc Prof 
of Zoology (1, 1928) 

Wyman, Leland C , Ph D Boston Umv , College 
of Liberal Arts, 675 Commonwealth Ave , Bos- 
ton, Mass Prof of Biology (1, 1927) 

Wynne, Arthur M , Ph D Umv of Toronto, Dept 
of Biochemistry, Toronto, Ontano, Canada 
Prof of Biochemistry (2, 1940) 

Yonkman, Frederick F , Ph D , M D Ciba Phar- 
maceutical Products, Inc , Summit, N J Dir 
of Research at Ciba, Lecturer in Pharmacology, 
Columbia Univ College of Physicians and Sur- 
geons (3, 1931) 

Youmans, John B , M D Umv of Rlinois, Chi- 
cago, HI Dean and Prof of Medicine, College of 
Medicine, Med Dir of Research and Educational 
Hospitals (5, 1948) 
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Youmans, 'William Barton, Ph D , M D TJmv of 
Oregon Med School, Portland Prof of PhyBi- 
ology (1, 1939, 3, 1949) 

Young, A G , Ph D , M D 620 Commonwealth 
Ave , Boston, Mass Asst Prof of Therapeu- 
tics, Boston Vmv School of Medicine, Med Dir 
of Corey Hill Hospital, Brookline (3, 1925) 
Young, E G , Ph D Dalhousie Univ , Halifax, 
N S , Canada Prof of Biochemistry (2, 1925) 
Youngburg, Guy E , Ph D Route 2, Box 268, 
Mesa, Anz (2, 1927) 

Ymle, Charles L , hi D , C M Univ of Rochester 
School of Medicine and Dentistry, Rochester, 
N Y Assoc Prof of Pathology (4, 1941) 
Zarrow, M X , Ph D Purdue Umv , Dept of 
Biological Sciences, Lafayette, Ind (1, 1949) 
Zechmeister, L , Dr Ing California Inst of Tech> 
nology, Pasadena Prof of Organic Chemistry 
(2, 1941) 

Zeckwer, Isolde T , M D Univ of Pennsylvania 
School of Medicine, Philadelphia Assoc Prof 
of Pathology (1, 1934 , 4, 1927) 

Zeldman, Irving, M D Umv of Pennsylvama 
School of Medicine, Dept of Pathology, Phila- 
delphia Instructor (4, 1949) 


Zcldis, Louis J , M D Brookhaven Natl Lab , 
Med Dept , Upton, Long Island, N Y Patholo- 
gist, Div of Pathology and Brookhaven Nail Lob 
Hospital (4, 1945) 

Zilversmit, D B , Ph D Umv of Tennessee, Dept 
of Physiology, Memphis 3 Instructor (1, 1949) 
Zimmerman, Harry M, MD Montefiore Hos- 
pital, Gun Hill Rd , New Y’ork City 67 (4, 1933) 
Zirkle, Raymond E , Ph D Umv of Chicago, Chi- 
cago, HI Prof of Botany and Dir of Inst of 
Radiobiology and Biophysics (1, 1948) 

Zittle, Charles A , Ph D U S Dept of Agricul- 
ture, Eastern Regional Research Lab , Phila- 
delphia 18, Pa Chemist, Protein Dw (2, 1946) 
Zucker, Marjorie B , Ph D New York Umv 
School of Dentistry, Dept of Physiology , 209 
E 23rd St , New York City 10 (1, 1947) 
Zweifach, Benjamin W , Ph D New York Hos- 
pital and Cornell Univ Med College, Dept of 
Medicine, 525 E 68th St , New York City 21 
Assf Prof of Physiology (1, 1945) 

Zwemer, Raymnnd L , Ph D 5003 Battery Lane, 
Bethesda 14, Md Exec Sec , Natl Academy of 
Sciences and Natl Research Council (1, 1930) 


SUMMARY OF MEMBERSHIP 

The American Physiological Society 1155 

American Society of Biological Chemists 828 

Amenoan Society for Pharmacology and Expenmental Therapeutics 410 

The American Society for Experimental Pathology 333 

Amencan Institute of Nutrition 347 

The Amencan Association of Immunologists 375 

Total membership of Federation 3445 


DECEASED MEMBERS 


Addis, Thomas (1, 1922) June 4, 1949 
Baxter, 3 G (2, 1946) April 18, 1949 
Becker, Theodore J (3, 1944) August, 1947 
Bookman, Samuel (2, 1912) October 8, 1946 
Brewer, George (1, 1937) June 13, 1949 
Brooks, Sumner C (1, 1923) April, 1948 
Cameron, A T (2, 1914) September 25, 1947 
Dann, W J (2, 1937, 5, 1938) December 5, 1948 
Fraser, Alexander MacLeod (3, 1939) 1949 
Knehesky, Boris (1, 1948) August 28, 1949 
Krogh, August (1, 1946) September, 1949 
McCulIagh, D Roy (2, 1932) September 17, 1949 


Michaelis, Leonor (2, 1929) October 9, 1949 
Petroff, S A (6, 1926) November 26, 1948 
Porter, 'W T (1, 1891) February 16, 1949 
Renshaw, Birdsey (1, 1941) November 23, 1948 
Ries, Fred A (1, 1933) August 1949 
Schnedorf, Jerome J (1, 1941) December 26 1948 
Sinclair, R Gordon (2, 1931) August 17, 1949 
Soley, Mayo (1, 1943) June 21, 1949 
Tajlor, Alonzo E (6, 1933) 20, 1949 

Tisdall, Frederick F (2, 1922 , 5. 1933) April 23, 
1949 

West, Randolph (2, 1931) May 20, 1949 




LIST OF MEMBERS BY LOCATION 


Alabama 

AuBUR^ Alabama Pohjlcchntc Imt R W 
Engel, 5, E L Hove, 5, W D Salmon, 2, 5 

Biiuiingham Bapltsl Hasp A E Casey, 4 
Htllman Hasp T D Spies, 3, 4, 6 Umv of Ala- 
bama R D Baker, 4, J M Bnihn,l,E B Car- 
michael, 1, 2, P Hitchcock, 3, J S McLester, 5, 
J F A McManus, 4, R S Teague, 3, Elizabeth N 
Todhunter, 5 

Gheensboro Pan American Samiary Bureau 
R A Lambert, 4 

Arizona 

Tucson Umv of Arizona A R Kemmerer, 5 
Unclassified A L Lieberman, 1, G E Young- 
berg, 2 

Arkansas 

Camden Grapelle Co J T Skinner, 2 

Fayetteville Untv of Arkansas M C Kik, 5, 
B Sure, 2, 5 

Little Rock Umv of Arkansas J E Davis, 1, 
3,P L Da3,2,5,F E Emerj,l,A Nettleship, 4, 
J R Totter, 2 

California 

Albany TFesiern Regional Lab USDA A M 
Ambrose, 3,B Axelrod,^ A K Balls,2,F DeEds, 
2,3,0 H Emerson, 2, H L Fraenkel-Conrat, 2, 
J D Greaves, 2, E F Jansen, 2, J C Lewis, 2, 
H Lineveaver, 2,H P Lundgren, 2,H S Olcott, 
2, S Schwimmer, 2, R H Wilson, 3 

Berkeley Cutter Labs W E Ward, 6 Slate 
Dept Pub Health J B Ennght, 6, E H Len- 
nette, 4, 6 Umv of California F W Allen, 2, 
H A Barker, 2, L L Bennett, 1, Matilda M 
Brooks, 1,M Calvin, 2, F H Carpenter, 2, I L 
Chaikoff, l.M Doudoroff,2,S S Elberg, 6,H M 
Evans, 1, C R Grau, 5, D M Greenberg, 2, 5, 
W Z Hassid, 2, H B Jones, 1, P L iSrk, 2, 
C A Knight, 2, A P Krueger, 4, 6, S Lepkovsky, 

2.6, C H Li,2,G Meikle]ohn,6, AgnesF Morgan, 

2.6, RuthOkey,2,5, J M D Olmsted, 1,N Pace, 
1, H S Reed, 2, Minam E Simpson, 1, W M 
Stanley, 2, E S Sundstroem, 2, H Tarver, 2, 
T Winmek, 2 Unclassified L J Bogert, 2, H C 
Bradley, 1, 2 

Davis IJniv of California H H Cole, 1, H 
Goss, 2, 5, M Kleiber, 1, 5, F H Kratzer,5,S A 
Peoples, 3 

Los Aj^geles Bio Service Labs 0 J Golub, 6 
Cedars of Lebanon Eo^ N B Friedman, 4, H 
Goldblatt, 1, 4, E Haas, 2, M Prinzmetal, 3 
Children’s Hosp R E Knutti, 4 Coll of Med 
Evangelists H A Davis, 4, M Levine, 6 Co 
Hosp H E Pearson, 6, H Schwerma, 1, Daisy 
G Simonsen, 2 Gooch Labs B W Beadle, 2 
Umv of Calif omia T H Bullock, 1,W G Clark, 
1,3,F Crescitelli, 1, M S Dunn, 2, H B Fned- 
good,l,T J Haley, 3, T L Jahn,l,S Roberts,!, 
Clara M S^ego, 1 , C L Taylor, 1 , A White, 2, 5 
Umv of So California W H Bachrach, 1,F M 
Baldwin, 1, H J Deuel, Jr ,1,2, 5, D R Drur 5 ’', 
1,P 0 Greelej,l,C Hiunan, 1, Jessie Marmors- 
ton, 6, W Marx, 2, J W Mehl, 2, L E More- 
house, 1,M D Nathanson, 3, B O Raulston, 3, 


S S Sobin, 1, C H Thienes, 3. L E Travis, 1, 
R J Winzier, 2,A Wnght, 4 V A J 0 Enek- 
son, 6, R L Libby, 6 Unclassified W M Calnll, 
2,P A Cavelti,6,H H MitcheU,6 

Modesto Grange Co H J Almquist, 2, 6 

Oakland Alameda County Inst R J Par- 
sons, 4 Permanente Fndn F R Goetzl, 1 

Olive View Olive View Sanatorium Mane C 
D ’Amour, 1 

Palo Alto Stanford Untv W H Manwanng, 
4, 6,J R Slonaker, IR 

Pasadena Alles Labs C H Elbs, 1 Cali- 
fornia Inst of Tech G A Alles, 1,3, H Borsook, 
^ D H Campbell, 6, J W DubnofE, 2, N H 
Horowitz, 2, C G Niemanm2,A Tyler, 6, A Van 
Harreveld, 1, C A G "mersma, 1, L Zech- 
meister, 2 

San Diego County Hosp H A Ball, 4 Rees- 
Stealy Med Research Fund B F Stimmel, 2 
Senppsinst of Oceanography N W Rakestraw,2 
ScTipps Metabolic Clin E M MacBIay, 1 

San Francisco Laguna Honda Home Nelhe 
Halliday, 6, M B Shimkin, 4 Mt Zion Hosp 
G R Biskind, 4, S O Byers, 1, M Fnedman, 1 
Stanford Univ A L Bloomfield, 3, 4, A J Cox 
Jr,4 W C Cutting, 3, R H Dreisbach, 3, P j’ 
Hanzlik, 1, G Lu, 3, H W Newmam 3, L A 
Rantz, 3, D A Rytand, 3 Umv of California 
H H Anderson, 3, W L Bostick, 4, J L Carr, 4, 
J J Eller, 2, H W Elliott, 3, N E Freeman,!, 
L D Greenberg, 2, W M Hammon, 4, 6, C H 
Hine, 3, W J Kerr, 3, H I Kohn, ! , B Libet, 1, 
S Lindsaj, 4, S R Mettier, 4, K F Meyer, 

4, 6, E W Page, !,H J Ralston, !, J F Rine- 
hart, -HP P T Sah,3,E L Way, 3 Unclassified 
H E Foster, 6, J J Sampson,!, A B Stockton, 3 

Santa Barbara Collage Hosp F E BischofF, 
2, 6, A E Koehler, 2 Sahyun Research Lab M 
Sahyun, 2 

Santa Monica Kabat-Kaiser Inst 0 L Hud- 
dleston, 1 

Stanford University Stanford Umv J P 
Baumberger, !, J M Cnsmon, !, P M Dawson, 
!R, G A Feigen,l,C S French, !, 2, F A Fuhr- 
man, !,V E Hall,!,H S Lonng, 2,J M Luck, 2, 
S RafFel, 6, E W Schultz, 4, 6, R E Swam, 2, 
E L Tatum, 2, F W Weymouth, ! 

Unclassified W S Lawrence, 3, F H 
Scharles, 5, E L Walker, 3 

Colorado 

Denver Umv of Colorado F A Cajon, 2 5, 
H J Corper, 2,W B Draper, !, 3, H H Gordon, 

5, R M Hill, 2, J H Holmes, !,R C Lems, 2, 5, 
B B Longwell, 2, C A Maaske, !, J B Mc- 
Naught, 4, R hi Mulligan, 4, R W Whithead, 
!, 3 Vniv of Denver Broda 0 Barnes, 1, F 
D’Amour, ! Unclassified Glad 3 S K Lems, 5, 
W J Tomlinson, 4, R Virtue, 2 

Fort Collins Colo A <L M Coll F X Gas- 
sner, ! 

Unclassified Helen Bourquin, ! 

Conneclicut 

East Hartford United Aircraft Corp S E 
Pond, ! 
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Greenwich St Luke’s Convalescent Hasp A A 
Albanese, 2 Unclassified H L Amoss, 4, 6 
Hartford Conn State Dept of Health Olive R 
Benham, 6 Inst of Living W T Liberson, 1 St 
Francis Hasp S J Martin, 1 
Middletown Wesleyan Univ R A Gortner, 6, 
E G Schneider, IR, 2 

New Haven Conn Agnc Exper Sta Rebecca 
B HubbeU, 2, 5, H B Vickery, 2 Yale Univ 
R J Anderson, 2, G A Baitsell, 1, D H Bar- 
ron, 1, W Bergmann, 2, F G Blake, 4, 6, C I 
Bliss, 3, E J Boell, 1, D M Bonner, 2, D D 
Bonnycastle, 3, J R Brobeck,l,C H Bunting, 4, 
H G Cassidy, 2, G R Cowgill, 1, 2, 6, E C 
Curnen, 6, D C Darrow, 2, J English, 2, J S 
Fruton, 2, J F Fulton, 1, S Gelfan, 1, R H 
Green, 6, H S N Greene, 4, H W Haggard, 1,2, 
R G HarnsoiR 1, L P Herrington, 1, D I 
Hitchcock, 2, H D Hobennan. 2, Manon E 
Howard, 4, 6, W A Krehl, 2, 6, D M Kydd, 5, 
H Lamport, 1, G S Leonard, 3, G N H Long, 
1,2, Evelyn B Man, 2, E L McCawley, 3,J L 
Melmck, 2, 6, W R Miles, 1, L N Nahum, 1, 
J S Nicholas, 1,J R Paul, 4, 6, J P Peters, 2, 
P D Rosahn, 4, Jane A Russell, 1,W T Salter, 
1, 3, 6, Sofia Simmonds, 2, G H Smith, 6, Edna 
H Tompkins, ^ H P Treffers, 6, Gertrude Van 
Wagenen,l,A E Wilhelmi,2,M C Wintemitz,4 
New London U S Nam Submarine Base F L 
Dey, 1 Unclassified ^thanne Blunt, 2 
Rockville Eastern Stale Farmers' Exchange 
W E Anderson, 2, 5 

Stamford American Cyanamid Co J T Litch- 
field, Jr , 3, R 0 Roblin, Jr , 2, 6 Unclassified 
M R Thompson, 3 

Storrs Univ of Connecticut V Groups, 6 
Unclassified H Louise Campbell, 6, N L 
Cressey, 6, W J Elser, 6, M C Pease, 6, H F 
Pierce, 1, A J Wakeman, 2,J B Watson,! 

Delaware 

Wilmington Alfred I DuPont Inst L E 
Farr, 4, P B Hamilton, 2, A T Wilson, 6 Un- 
classified D Manne, 4 

District of Columbia 

Dept of Health H Rabat, 1, 

Food and Agric Org Charlotte Chatfield, 6 
George Washington Univ E C Albritton, 1, 
A Gntfin, 6, C E Leese, 1, Zelma B Miller, 2, 
L W Parr, 4, Mary L Robbins, 6, J H Roe, 2, 6, 
EhzabethR B Smith, 2, P K Smith, 2,3, C R 
Treadnell, 2, 5 

Georgetown Univ R A Cutting, 1, E de 
Savitsch, 4, W C Hess, 2, T Koppanyi, 1. 3, 
C F Morgan, 1, 3, A M Shanes, 1, M X Sul- 
livan 2, E B Tuohy, 3 
Hams Research Labs M Harris, 2 
Howard Univ W M Booker, 1, 3, S A Cor- 
son, 1, J L Johnson, 1, A H Maloney, 3,E G 
Weir, 1, V A Wilkerson, 2 
Natl Research Council M 0 Lee, 1, 5, H C 
Nicholson, 1, L Vons,5,H S Wigodsky, 1,R L 
Zwemer, 1 

Pa Cent Airlines L G Lederer, 1 
U S Govt AEC P B Pearson, 2 5 Army 
Inst of Pathol H M Dixon, 4, H G Grady, 4, 
H F Smetana, 4 Army Med Ctr H C Batson, 
6, M Hilleman, 6, Ehzabeth B Jackson, 6, J F 
Kent, 6, L R Kuhn, 6, H L Ley, Jr , 6, J E 
Smadel, 4, 6 Army Med Dept , Field Duty N S 
R Maluf, 1 , G J Steim 6, J M Werle, 1 
Army Med Dept , SGO C J Koehn, Chief, 6 


Dept of Agnc Geor^n Adams, 5, CaUie M 
Coons, 5, Millicent L Hathaway, 5, P E Howe, 
1, 2, 5, G W Irving, Jr , 2, E W Ligon, Jr , 3, 
Frieda L Meyer, 6, 0 Schreiner, 2, Hazel K 
Stiebehng, 6 , Madelyn Womack, 6 Dept of Com- 
merce B G King, 1. C R Speahnan, 1 Food 
and Drug Admin H A Braun, 3, J H Draize, 3, 
O G Fitzhugh, 3, R L Grant, 2, 0 L Kline, 6, 
E P Laug, 2, 3,A J Lehman, 3, A A Nelson, 4, 
E E Nelson, 2,5, E M Nelson, 1, 3, W I Pat- 
terson, 2, C Price, 6, W A Randall, 6, R T 
Stormont, 3, C D Tolle, 6, B J Vos, 3, H 
Welch, 6, F H Wiley, 2 Navy Med Dept , Field 
Duty D H Moore, 1 ONR W V Consolazio, 2, 
J Field, 1,0 E Reynolds, 1 USPHS Winifred 
M Ashby, 6, L T Fairhall, 2, 0 Mickelsen, 2 
VA A H Lawton, 1, 3, A M Walker, 1, 3 
Unclassified H G Armstrong, 1 , Eleanor W 
J Butz,6,M H Friedman, 1,LW Hazelton, 3, 
M J Horn, 2,MananW Kies, 2, H A Kuhn, 3, 
M Landowne, 1, Sybil L Smith, 6 

Florida 

Coral Gables Univ of Miami C Brooks, 1,3, 
D H Cook, 2 

Gainesville Flonda Agnc Exper Sta G K 
Davis, 5 Univ of Flonda O M Cope, 1 
Lake Worth Amer Chlorophyll, Inc W H 
Eddy, 2, 6 

Miami Untv of Miami E Larson, 1, 3 Un- 
classified L G Rowntree, 1, 2, 3, 4 
Orange Park Yerkes Lab of Pnmate Biology 
K S Lashley, 1 

Pensacola Sacred Heart Hasp C W Duval, 4 
U S Naval Air Sta A Graybiel, 1 
Tallahassee Flonda State Untv Margaret R 
Sandels, 6, Jennie Tilt, 6 
Unclassified G R Cnsler, 1,S D Kramer, 6, 
0 Riddle, IR, E U StiU, 1 

Georgia 

Atlanta Emory Univ W F Fnedewald, 4 
Augusta Univ of Georgia R P Ahlquist, 3, 
L Allen, 1, A P Bnggs, 2, P Dow, 1, W K 
Hall, 2, W F Hamilton, 1, J W Remington, 1, 
S A Smgal, 2, V P Sydenstncker, 6 
Emory University Emory Univ H W Ad^, 
1,S W Gray, 1,J Haldi, 1,M Hines, 1, G C 
i^owlton, 1, G T Lewis, 2, J L Morrison, 3, 
A P Richardson, 3, J Szepsenwol, 1, H A 
Walker, 3, J V Warren,! 

Experiment Georgia Agnc Exper Sta Mary 
Speirs, 6 

Hawaii 

Honolulu G 0 Burr, 2, 5, W A Gortner, 2, 
A R Lamb, 2, 5, C D Miller, 6, T Nelson, 6 

Idaho 

Moscow Univ of Idaho T B Keith, 6, Ella 
Woods, 2, 5 


niinois 

South III Normal Univ 


Mane 


Carbondale 
Hinnchs, 1 ^ -r, „„i, 

Chicago Amer Coll of Surgeons C ^ 

1, G H Miller, 3 Amer Dental Assn J R Dot^, 
2 Amer Med Assn F T Jung, 1 , A E Smtb,^, 
W Van Winkle, Jr ,3 Armour Labs E K 
Army, QMC, Food <L Container Inst H \ xT 

2, H D Lightbody, 2 AEC Argonne La6 A M 
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Brues,l,ll Lisco,4,H M Patt, 1,D E Smith,! 
Bilhngs Hasp R W lYissler, 4 Bjorkslcn Re- 
seat eh Labs E L Gustus, 2 Chicago Lying-In 
Hosp W J Dieckmann, 3 Chicago Med School 
G Chuk, 1, P P Foa, 1, L B Nice, 1, A H 
R}an, 1 Cook Co Hosp W S Hoffman, 2, B 
Mortimer, 1, H Popper, 4 Elizabeth McCormick 
Mem Fund Adelaide Spohn, 5 G D Scarle d, 
(Jo R T Dillon, 2, W E Hambouger, 3, A L 
Rajmond, 2,E F Schroeder, 2, I C Winter, 3 
George Williams Coll A H Steinhaus, 1 Heklocn 
Research Inst 0 Felsenfeld, 6 Hoffmann-La 
Roche, Inc M J Schiffnn, 1 Lab for Clin 
Physiology E Jacobson, 1 Loyola Med School 
A G klulder, 1 Michael Reese Hosp C Cohn, 1 , 
H S Gutemian, 1, R Isaacs, 4, L N Katz, 1, 
R Levine, 1,H Necheles, 1,S Rodbard, 1,B B 
Rubenstein, 1, 0 Saphir, 4, S Soskin, 1, 5, A 
Tannenbaum, 4 Mt Sinai Hasp I Davidsohn, 
4,6 Northwestern Univ J H Annegers, 1,J M 
Beazell, 1, F C Bing, 2, 5, J M Brookhart, I, 
W C Buchbinder, 1, H Bullj2, C A Dragstedt, 

1, 3, C J Farmer, 2, L S Fosdick, 2, S Free- 
man, 1,T E Fnedmann, 2, J S Gray, 1, R R 
Greene, I, H Greengard, 1 , F S Grodins,!^ C 
Harris, 1, Opal Hepler, 4, K K Jones, 1, W E 
Knox, 2, A J Kosman, l.MargareteM Kunde, 1, 
A Lein, 1, H W Magoun, 1, S L Osborne, 1, 
J P Siraonds, 4, R S Snider, l.W W Swanson, 

2, W B Wartmann, 4, J A Wells, 3 People's 
Hosp E Weiss, 6 Presbyterian Hosp R G 
Gould, 2, G Hass, 4, Alma Hiller, 2 Rhenmaiic 
Fever Research Inst D A Boroff, 6,A F Cobum, 
6 Swift (Si Co HE Robinson, 5 Umv of Chi- 
cago W Adams, 1 , J G Allen, 1 , A S Alving, 1 , 
H S Anker, 2, E P Benditt, 4, S Black, 2, K 
Bloch, 2, W Bloom, 4, N R Brewer, 1, Margaret 
C Hessler Brookes, 6, W Burrows, 6, P R Can- 
non, 4, 6, A J Carlson, 1, 5, T B Coohdge, 2, 
J M Coon, 3, A Dorfman, 2, W L Doyle, 1, 
L R Dragstedt, 1 , K P Dubois, W Lillian Eichel- 
berger, 2, E A Evans, Jr , 2, C F Failey, 2, 
N W Pugo, 3, H Gaffron, 2, E M K Geihng, 
1,2,3, R W Gerard, 1, G Gomon, 4, E S G 
Barron, 2, W C Halstead, 1, M E fianke, 2, 
R W Harnson, 6, T R Hogness, 2, C B Hug- 
gins, 1,J 0 Hutchens, 1, F E Kelsey, 3, Frances 
KatUeen O’ Kelsey, 3 , A T Kenyon, 3 , N Kleit- 
man, 1 H Kluver, 1, H G Kobrak^ 1, H R 
Kraybill, 2, A L Lehmnger, 2, J H Lewis, 4, 
R S Lillie, 1R,2,M A Lipton,2,C G Loo3h,4, 
A B Lucl^rdt, 1, H A McGuigan, IR, 2, 3R, 
F C McLean, 1,2, 3, B F Miller, 2, C P MiUer, 
4, 6, Minerva Morse, 2, F J Mullin, 1, Helen 
Oldham, 5, Thelma Porter, 5, F W Putnam, 2, 
H T Ricketts, 1, Lydia J Roberts, 5, O H 
Robertson, 4R, Irene Sandiford, 2, 5, B S Schwei- 
gert, 2, R W Sperry, 1, P E Steiner, 4, W H 
Tahaferro, 6, J M Tobias, 1, B Vennesland, 2, 
P Weiss, 1, R T Woodyatt, 2, R E Zirkle, 1 
Untv of Illinois D I Abramson, 1, A Arkin, 1,3, 
A Bachem, 1, P Bailej, 1, G A Bennett, 4, 0 
Bergeim, 1,2,0 A Bessey, 2,5,J E Bourque,!, 
Gladys R Bucher, 1,P C Bucy, 1,N O Callo- 
way, 3, W J R Camp, 3, H R Catchpole, 1, 
S P Colowick, 2, C W Darrow, 1, I Gersh, 4, 
P A Gibbs, 1,N Ghckman, 1,E Rhoda Grant, 1 , 
^I I Grossman, 1 , R C Ingraham, 1 , A C Ivy, 
1> 5, N R Joseph, 2, N 0 Kaplan, 2, R W 
Keeton, 1,3, E R Kirch, 2, C A Krakower, 4, 
J H Last, 3, A Leimdorfer, 1 , S A Levinson, 4, 
P A Macfadjmn, 2, J P Marbarger, 1, W S 
McCulloch, 1, Elizabeth E Painter, 1, W F 
Petersen, 3, 4R,C C Pfeiffer, 3, C B Puestow,!, 


C I Reed,l,S R Rosenthal, 1, 4, A A Schiller, 
1, F Steigmann, 3, K R W Unna, 1, 3, 6, H A 
Waisman,2,G E Wakerhn, 1, 3, W H Welker, 2, 
W V Whitehorn, 1, J B Youmans, 6 Wilson 
Labs Claire E Graham, 2 Unclassified L Ar- 
nold, 4,6, G H Berryman, 1,T B Fnedman, 6, 
M T Hanke, 2, Kathenne M HoweU, 6, H C 
Mason, 6, Erma Smith, 1 
Elgin Elgin State Hosp M K Horwitt, 2, 5 
Evanston Northwestern Univ F A Brown, Jr , 
1,J W Buchanan, 1,1 M Klotz, 2,D B Linds- 
ley, 1, S Malkiel, 6, B Riegel, 2 Unclassified 
J I Farrell, 1 

Hines VA Hines Veterans Hosp S E Owen. 1 , 
W R Tweedy, 2, C C Wang, 2, 5 
North Chicago Abbott Labs R D Coghill,2, 
D V Frost, 2, 6, D W Maccorquodale, 2, 
A E Osterberg, 2, R K Richards 1, 3, L W 
Roth, 1 


Peoria Allied Mills J E Hunter, 5 USDA 
North Regional Research Lab R W Jackson, 2, 5 
Quinct Quincy Specialties Co J W MuU, 2 
Rockford Rockford Coll Dorothy R Stew- 
art, 1 

Urbana Univ of Illinois H E Carter, 2, 6, 
T K Cureton, Jr , 1, L M Henderson, 2. B C 
Johnson, 2, 5, R E Johnson, 1, 2, 6, H H Mitch- 
ell, 2, 5, C L Prosser, 1,W C Rose, 2, 5, Jamce 
M Smith, 5, F R Steggerda, 1 , C S Vesthng, 2, 
V J Wulff, 1,T S Hamilton, 2, 5 
Wilmette Amer Inst of Baking W B Brad- 
ley, 1 

Unclassified H G Glass, 3 


Indiana 

Bloomington Indiana Umv H G Day, 2, 5 
I C Gunsalu8,2,P M Harmon, 1,F A Hauro- 
witz, 2, 6, L S McClung, 6, P A Nicoll, 1, S 
Robinson, 1 , H H Rostorfer, 1 , T J B Stier, 1 
W J Van Wagtendonk, 2, Grace E Werten- 
berger, 1 

Elkhart Miles Labs L A Crandall, 1,6, A H 
Free, 2, 5 

Evansville Mead Johnson and Co C E Bills, 
2, 6, W M Cox, Jr , 2, 5, 0 N Massengale, 2, 
F G McDonald, 2, 5 

Indianapolis Eh Libby and Co 0 K Behrens, 
2, K K Chen, 1, 3, G H A Clowes, 2, 6, H A 
Dettwiler, 6, P N Harris, 3, O M Helmer, 2, 
W A Jamieson, 6, K G Kohlstaedt, 1, H M 
Powell, 6, R E Shipley, 1 Indiana Umv School 
of Med D E Bowman, 2, Versa V Cole, 3, L 
W Freeman, 1, R N Harger, 2, 3, H R 
Hulpieu,3, E W ShnMe}^ 6, R L Thompson, 6 
Pitman-Moore Co B E Abreu, 3, C A 
Bunde, 1 

Lafatette Purdue Umv R C Corley, 2, 
S M Hauge,5,W A Hiestand, 1,F W Quacken- 
bush, 2, Ceceha Schuck, 5, M X Zarrow, 1 

Shblbtville Inlow Clin C C Scott, 3, B B 
Scott, 1 

Terre Haut Comm Solvents Corp F H 
Schultz, Jr , 3 

Unclassified F Neuwelt, 1 


Iowa 

Ames Iowa State Coll Gladys Everson, 5, 
S W Fox, 2,E A Hewitt, 1,P Mabel Nelson, 5, 
F Schlenk, 2, R R Sealock, 2, 5, Pearl P Swan- 
son, 5, B H Thomas, 5, C H Werkman, 2 
Iowa Citt State Univ of Iowa S B Barker, 1 , 
C P Berg, 2,5, J H Bodine, 1,S C Cullen, 3, 
T C Evans, 1, R M Featherstone, 3, R B 
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Gibson, 1, 2, E G Gross, 1, 2, 3, W M Hale, 

4, 6, H M Hines, 1, S M Horvath, 1, W R 
Ingrain, 1, R G Janes, 1, P C Jeans, 5, G 
IGdmtsky, 2, G Marsh, 1, H A MattiU, 1, 2, 5, 
A P McKee, 6, W 0 Nelson, 1, I H Pierce, 3, 
W A Robbie, 1,J I Routh,2,F W Bchueler,3, 
Genevieve Stearns, 2, 6, W W Tuttle, 1, E D 
Warner, 4 Unclassified Amy L Darnels, 2, 6 

Unclassified W L Mendenhall, 1, 3, W M 
Parkins, 1 

Kansas 

Halstead Herizler Clin C R Schmidt, 1 

Kansas Citt Univ of Kansas R M Isen- 
berger, 3 , C J Weber, 2 

Lawbence Umv of Kansas CoraM Downs, 6, 
K Joclnm, 1,C F Nelson, 2, N P Sherwood, 6, 
0 0 Stoland, 1 

Manhattan Kansas State Coll Leah Ascham, 

5, J S Hughes, 2, 6, Martha Kramer, 5 

Wichita VA Hosp N F Blau, 2 

Unclassified V G Haury, 3 , Martha S Pitt- 
man, 5,0 S Walters 

Kentucky 

Fobt Knox Army Med Dept Field Research 
Lab E A Blair, 1,R W Clarke, 1,R G Daggs, 
1,5,D E Gregg, 1,H Jensen, 2, A D Keller,!, 
G W Molnar, 1 

Lexington Ky Agric Exper Sta G D Buck- 
ner, 2 Univ of Ky J S McHargue, 2, M Scher- 
ago, 6 USPHS W L Adams, 3, Anna J Eise- 
man, 2, H Isbell, 3, A Wikler, 3 

Louisville Univ of Louisville J T Bradbury, 
1, P K Knoefel, 3, H Lawson, 1, W S Rehm, 
Jr , 1 Unclassified F A Simon, 6 

Louisiana 

Baton Rouge Louisiana Stale Univ L L 
Rusoff, 5 

New Orleans Louisiana State Univ R Ash- 
man, I, R W Brauer, 3, G J Buddingh, 4, R L 
Holman, 4, C Reynolds, 3, L A Toth,! Ochsner 
Clin T Findley, Jr , !, 0 Schales, 2, A Sega- 
loff, 4 South Baptist Hosp T C Sherwood, ! 
South Reg Research Lab USDA A M Alt- 
schul, 2 Tulane Univ L M N Bach, L C E 
Dunlap, 4, Grace A Goldsmith, 5, W H Har- 
ris, 4, R Hodes, !, R Koster, 3, E Kun, 3, 
F N Martin, Jr , 3, H S Mayerson, !, H P 
Sarett, 2, 5, M F Shaffer, 4, 6, R G Smith, 3, 
W B Wendel,2jA G C '\^te,2,W S Wilde,! 
Unclassified J T Halsey, 3R 

Maine 

Machiasport F G Benedict, 2 

Maryland 

Army Chemical Center U S Army Chem 
Center L E Chadwick, !,W H Chambers, !, 5, 
F N Craig, !, J H Defandorf, 3, D B Dill, 
!, 2, 5, A J Dziemian, 1, S H Durlacher, L W 
Fleischmann, ! , E R Hart, 3, C M Herget, !,H E 
Himwich, !, 5, R G Horton, !,B J Jandorf, 2, 
A S Marrazzi, !, 3, B P McNamara, 3, H O 
Michel, 2, W H Summerson, 2 , J H Wills,! 

Baltimore Baltimore City Hospitals R K 
McDonald, !, N W Shock, ! Carnegie Inst of 
Washington L B Flexner, !, 2, S R M Reyn- 
olds, !, D B Tyler, ! Goucher Coll Phoebe J 
Crittenden, !, 3 Hynson Westcott and Dunning 
J H Brewer, 6 Johns Hopkins Hosp F B 


Bang, 4, J H Baxter, 3, R J Bing, !, Eleanor A 
Bbss, 6, A M Chesney, 4, W M Firor, !, J S 
Fnedenwald, !, W H Gantt, !, A M Harvey 
!, 3,J E Howard, !,G B Koelle, 3,0 R Lang- 
worthy, !, J L Lilienthal, Jr , !, E V New- 
man, !, A G Osier, 6, E A Park, 4, A R Rich, 4, 
C P Richter, !,W W Scott, !, A C Woods, 6 
Johns Hopkins Univ E C Andrus, !, Anna M 
Baetjer, !,P Bard, !,D Bodian, 6,P Bnnk, Jr, 
! , R B Bromiley, ! , D W Bronk, ! , T C Butler, 
3, Carohne A Chandler, 6, A Chapanis, 1, W M 
Clark, 2, B Cohen, 2, P W Davies, !, E H 
Dearborn, 3, R H Folks, Jr , 4, L N Gay, 6, 
G 0 Gey, 1,R G Grenell,!,H K Harthne, !, 
L Hellerman, 2jR M Hernott, 2, W A Him- 
wich, !, Evelyn Howard, ! , A H Howe, 6, T P 
Hughes, 6, J L Irvin, 2, S W Kuffler, !,M G 
Larrabee, 1,D H K Lee, !,P H Long, 3, E K 
Marshall, Jr , !, 2, 3, M M Mayer, 6, E V Mc- 
CoUum, 2, 6, Ernestine B McCollum, 5, W D 
McELroy, 1,C T IHorgan, !,V B Mountcastle, ! , 
J E Rose, !,M Rosenfeld, 3jE B Schoenbach, 
6, M C Shelesnyak, !, S A Talbot, !, Carohne 
B Thomas, !, Sarah S Tower, !, W L Winken- 
werder, 6 Poliomyelitis Research Center Isabel M 
Morgan, 6 Sinai Hosp Labs D I Macht, IR, 
3 Univ of Maryland W R Amberson, 1, Mane 
A Andersch, 2, C J Carr, 3, C W Ch^man, 3, 
F P Ferguson, !,0 G Harne, !,H K Iwamoto, 

3, R F IQine, 1, J C Krantz, Jr , 3, R H Oster, 
!, D C Smith, ! Unclassified J F Reback, 6, 
C D Snyder, !R 

Beltsville USDA Natl Agnc Research 
Center H G Barott, 6, H R Bird, 5, Ehzabeth 
C Calhson, 6, C A Cary, 2, F A Csonka, 2, 
N R Ellis,2,5,T D Fontaine, 2, R M Fraps,!, 
D B Jones, 2, 6, L A Moore, 6, Elsa Orent-Keiles, 
2, 5, J F Sykes, ! 

Bethesda Natl Insts of Health G H Algire,4, 
Evelyn M Anderson, !,H B Andervont, 4, L L 
Ashbum, 4, H D Baernstein, 2, M Belkin, 3, 
W J Bowen, !, J Bozicevich, ^ Sara E Bran- 
ham, 6, G Brecher, 4, W R Brjmn, !, 4, D 
Burk, 2, H W Chalkley, !,F S Daft, 2, 5, A J 
Dalton, 4, I N Dubm, 4, Thelma B Dum, 4, 
Helen M Dyer, 2, 5, H Eagle, 3, 4, 6, W R 
Earle, ^ Bermce E Eddy, 6, N B Eddy, 3, 
Enuly Walcott Emmart, 3 , K M Endicott, 4, 
A B Eschenbrenner, 4, L D Felton, 6, H 
Goldie, 6, J P Greenstein, 2, L A Heppel, 2, 
R Hertz, !, B Highman, 4, B L Horecker, 2, 
W C Hueper, 4, L Karel, 3, J C Keresztey, 
2, 6, A Komberg, 2,C L Larson, 6, R D Lillm, 

4, E Lorenz, 4, R C Maccardle, 4, Louise R 
Marshall, !,W H Marshall, !, H S Mason, 2, 
MaryE Maver,2,H P Morns, 2, 5, B J Olson, 
6, Mary Ehzabeth Reid, 6, S M Rosenthal, 3, 
R E Scantlebury, !, W H Sebrell, Jr , 2, 6, 
A Seidell, 2, J A Shannon, !, 3, M J Shear, 2, 
M I Smith, !,3,W W Smith, !,H Specht, 1, 
H L Stewart, 4, E F Stohlman, 3, A Szent- 
Gyorgyi,2,H Tabor, 3, W T S Thorp, 4, W F 
Von Oettingen, 3, Florence R White, 2, J 



Sendroy, Jr , 2 , , j t r 

College Park Univ of Maryland J 

Frederick Hood Coll Jane D McCarrell, 1 
U S Army Chem Corps, Camp DeincL J o 
Bateman, !, A K Boor, 2, C R Brewer, 2,!^ A 
Chambers, !, 6, N Fell, 6, L D FothergiH, e, 
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F B Gordon, 4, J Victor, 4,0 C Woolpert, 6, 
G G Wright, 6 

RocKVini.E Chestnut Lodge Santtanum D M 


Riocli, 1 _ , T 

Unclassified hi G Binus, 1, Esther L 
Batchelder, 5, Lyle V Beck, 1,J Steinhardt, 2, 
J Warren, 6 


MaBsachusetts 

Amherst Amherst Coll Virginia C Dewei, 2, 
G W Kidder, 2 Univ of Massachusetts A D 
Holmes, 2, 6, Julia 0 Holmes, 2, 5, Helen S 
hlitchell, 2, 5 Unclassified T S Potter, 6 
Boston Area Arthur D Little, Inc M Geneva 
Graj,3 Boston City Hasp W B Castle, 4, C S 
Davidson, 5, M Finland, 6, S Maddock, 4,G K 
Mallorj%4 Boston Lying-In Hosp F F Snyder,! 
Boston Untv D L Belding, 4, W C Boyd, 6, 
G Edsall, 6, Edna M Follensby, 6, A H Heg- 
nauer, 1,0 B Hooker, 6, E R Loew, 1,3,F G 
LoMelI,6,B R Lutz, 1,G L Maison, 1,3,K E 
Penrod, 1, J F Ross, 4, J W Stutzman, 1, 3, 
B S Walker, 2, L C Wyman, 1, A G Young, 3 
Children’s Hosp S B Wolbach, 4 Forsyth Dental 
Infirmary for Children P R Howe, 5 H arvard 
Umv C B Anfinsen, Jr , 2, O T Bailej% 4, 
E G Ball, 2, G P Berry 4, 6,H L Blumgart, 1, 
E S Castle, 1, H A Christian, 4, E J Cohn, 
1, 2, J B Conant, 2, W J Crozier, 1, E W 
Dempsey, 1, M D Eaton, 6, J T Edsall, 2, 
J F Enders.G.S Father, 4, R M Ferry, 2, C H 
Fiske, 2, J Folch, 2, A Forbes, 1, H S Forbes, 
1R,W H Forbes, 1,R Galambos, 1, J L Gam- 
ble, 2, 6, Olive Gates, 4, A Goldstein, 3, W T 
Cloodale, 1, G P Grabfield, 3, R 0 Creep, 1, 
R E Gross, 4, J H Hanks, 6, A B Hastings, 
1, 2, 5, Florence W Haynes, 1,1) M Hegsted, 5, 
H L Higgins, 1, 5, F L Hisaw, 1,0 Krayer, 3, 
E M Landis, 1, J C R Licklider, 1, R A Mc- 
Farland, 1, R W McKee, 2, G A Miller, 1, 
A R Montz,4,J H Mueller, 2, 4, 6, J P O’Hare, 
4, A hi Pappenheimer, 4 , J R Pappenheimer, 1 , 
F M Rackemann, 6, A C Redfield, 1, D S 
Riggs, 3, H F Root, 5, S J Samoff, 1, M J 
Schlesinger, 4, 6, J H Shaw, 6, F J Stare, 2, 5, 
D Stetten, Jr , 2, Marjone R Stetten, 2, S S 
Stevens, 1, G W Thorn, 1, H C Tnmble, 2, 5, 
C A Villee, Jr , 2, G Wald, 1, C W Walter, 4, 
S Warren, 4, J H Welsh, 1,J L Whittenberger, 
1, C hi Williams, 1, G B Wislocki, 1, J Wy- 
man, Jr , 1 Lahey Clinic F N Alan, 4 Mass 
Dept of Public Health C Floyd, 6, D J hlul- 
ford, 2 Massachusetts General Hosp J Aub, 1, 5, 
W Bauer, 1,H K Beecher, 3, Mary A B Brazier, 
1, L Dienes, 6, L L Engel, 2, F lapmann, 2, 
T B Mallory, 4,1 T Nathanson, 1,P D Wlute, 
3 Mass Inst of Tech R S Hams, 5, Hazel E 
MunseU, 5,F 0 Schmitt, 1,1 W Sizer, 1,D F 
Waugh, 1 New England Deaconess Hosv E P 
loshn, 5, H B Kenton, 6 New England Jour of 
Medicine R N Nye, 6 Radioactive Isotope Fndn 
S Hertz, 4 Tufts Coll E B Astwood, 1, A 
Bhss, 1, E A Brown, 6, A Canzanelli, 1, L 
Carmichael, 1 , H N Christensen, 2, B B Clark, 
3,W H Fishman, 2, Z Hadidian, 1,J H Pratt, 
1,3,4,D Rapport, 1,J hi Reiner, 1,G Schmidt, 
2,S J Thannhauser,2 V A Hosp J hi Loonej,2 

Lamtience U S Army QMC Climatic Research 
Lab H S Belding, 1 

Lynn Metropolitan Stale Hosp S E Stei- 
man, 1 

hlEDFORD Tufts Coll K D Roeder, 1 


Northampton Smith Coll Myra Sampson, 5, 
Elinor Vandorn Smith, G 
So Hadley Mt Holyoke Coll Charlotte Hay- 
wood, 1 , Jytte Muub, 2, Abby H Turner, 1 
Springfield Springfield Coll P V Karpo- 
vicli, 1 

West Newton New England Mutual Life Insur 
Co F H hlcCrudden, 2 
W^iLLiAMSTOwN Williams Coll S A hlat- 
thews, 1 

Worcester Worcester Fndn M C Chang, 1, 
O M Hechter, 1, H Hoagland, 1, G Pincus, 1, 
N T Werthessen, 1 Worcester State Hosp H 
Freeman, 1 

Unclassified T M Carpenter, IR, 2, 5, Made- 
leine Field Crawford, 1 , C K Dnnker, 1 F 
S Hammett, IR, 2, R G Hoskins, IR, W T 
Longcope, 3R, 4, 6R, A P hlathews, IR, 2, F W 
Maurer, 1,P H Pratt, IR, W A Sawyer, 4, 6 

Michigan 

Ann Arbor Univ of Michigan J W Bean, 1, 
F H Bethell,4,D F Bohr, 1,C R Brassfield, 1, 
D E S Brown, 1,G C Brown, 6, J P Chandler, 
2, 5, M B Chenoweth, 3, A A Christman, 2, 
J W Conn, 5, H C Eckstein, 2, T Francis, Jr , 
4,6,R L Garner, 2, R Gesell, 1,S W Hoobler, 

1, J Hunter, 1, hlargaret W Johnston, 2, 5, 
R L Kahn, 4, 6, H B Lems, 1, 2, 5, L H Louis, 

2, Lila hliller, 2, G K Moe, 3, F G Novy, 2, 
W J Nungester, 6, hi H Seevers, 1, 3, F E 
Shideman, 3, hi H Soule, 4, 6, C C Sturgis, 4, 
C V Weller, 4, F N Wilson, 4, L A, Woods, 3, 
A E Woodward, 1 

Detroit Children's Fund IcieM Hoobler, 2, 6 
Harper Hosp A J Derbyshire, 1 Henry Ford 
Hosp Vivian G Behrmann, 1, 0 H Gaebler, 2, 
F W Hartman, 4, G H hlangun, 2 Herman. 
Kiefer Hosp C L Schneider, 1 Parke, Davi& 
and Co 0 D Bird, 2, A C Bratton, Jr , 3, R A^ 
Brown, 6, G Chen, 3, A J Glazko, 1, 0 M 
Gruhzit, 4, O Kamm, 2, D A McGinty, 1, I 
W hIcLean, Jr, 6, J J Pfigner, 1, 2, 6, A R 
Taylor, 2, 6, C V Winder, 1, 3 Sherman Labs 
P A Kober,2 Wayne Umv V A Drill, 1, 3, E 
Gardner, 1, M hi Guest, 1, H W Hays, 3, R 
Hussey, 4, C G Johnston, 1, A C Kuyper, 2, 
Aline U Orten, 5,J M Orten, 2,5,T L Patter- 
son, 1,D J SandweiBs, 1, W H Seegers, 1, 2, A. 
H Smith, 2, 6, A G Ware, 2 
East Lansing Michigan State Coll Dena C, 
Cederquist, 5, W D Collings, 1 , hlane Dye, 2, 5, 
R hi flerbst,2,C A Hoppert,5,C F Hugmann, 
6, J hleites, 1, hlargaret A Ohison, 5, Unclassi- 
fied S H Bartleys 1 

ICalajiazoo Upjohn Co G C Bond, C, G F. 
Cartland, 2, W hi Govier, 3, D J Ingle, 1, 
hi H Kuizenga,2,C E ^Ie^er,2,F E hisscher,! 

Lansing State Dept of Health R Y Gottschall, 
6,C W hluehibcrger, 3 

hliDLAND Dow Chemical Co D D Irish, 3 
Unclassified A D Emmett, 2, 5, C J Hcr- 
rich, 1,C L Hess, 1 , Eleanorc C Mahon, 4 

Minnesota 

Austin Hormcl Inst W C Lundberg, 2 
hliNNEAPOLis General Mills Lola E Booher, 
2,5 Umv of Minnesota J hi Adams, 4, W D 
Armstrong, 2, A B Baker, 4, C P Barnum, Jr , 
2, E T Bell, 4, R N Bieter, 3,J R R Bobb, 1, 
E A Boy den, 1, J Brozek, 1, B Campbell, 1, 

S L Cohen, 2, Elizabeth hi Cranston, 3, G T 
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Evans, 1,G Fahr, 1,3,E Gellhorn, 1 , D Glick, 2, 
M Graubard, 1 , A Hemingway, 1, A F Henschel, 
1,A Keys, 1,2, J T King, 1, A Kirschbaum, 4, 
F J Kottke, 1 , W G Kubicek, 1 , N Lifaon, 1 , 
I McQuarne, 1, 4, 5, A T Rasmussen, 1, R M 
Reinecke, 1,0 H Schmitt, 1, F H Scott, IR, 2, 
E Simonson, 1,L I Smith, 2, S Spiegelman, 1, 
W W Spink, 6, H B Steinbach, 1, A V Stoes- 
ser, 6,J T Syverton, 4, 6, H L Taylor, 1,M B 
Visscher, 1,0 H Wangensteen, 1,4, C J Watson, 
^ H S Wells, 1, W L Williams, 1, 4, H N 
Wnght, 3 

Rochester Mayo Clinic and Fndn R C 
Adams, 3, A Albert, 1,S Amberg, IR, 2,3R,E J 
Baldes, 1,J Berkson, 1, R G Bickford, 1, J L 
Bollman, 4, H B Burchell, 1, H R Butt, 5, 
C F Code, 1,K B Corbin, 1,J E Edwards, 4, 
H E Essex, 1, 3, W H Feldman, 4. Eumce V 
Flock, 2, J H Grindlay, 1, G A Hallenbeck, 1, 
Julia F Herrick, 1,0 M Higgins, 5, W H 
Hollinshead, 1, V Johnson, 1,N M Keith, 1,3,4, 
E C Kendall, 1, 2, 4, E H Lambert, 1, J S 
Lundy, 3, T B M^ath, 1, F C Mann, 1, 3, 4, 
H L Mason, 2, M H Power, 2, Grace M Roth, 1, 
A H Sanford, 6, G Sheard, RAM Snell, 4, 
K G Wakim,l,R M Wilder, 1,4,5, E H Wood, 
1.3 

St Paul Hniv of Minnesota P D Boyer, 2, 
D R Bnggs, 2, G M Bnggs, 5, Cornelia Ken- 
nedy, 2, Jane M Leichsennng, 5, W F Mc- 
Limans, 6, W E Petersen, 1, M H Roepke, 3, 
M 0 Schultze, 2 

Unclassified F W Wittich, 6, Julia A W 
Hewitt, 6 


Mississippi 

Universitt Univ of Mississippi A C Guy- 
ton, 1,J D Reese, 4, J C Rice, 3 

Missouri 

Columbia Umv of Missouri Bertha Bisbe^ , 5, 
S Brody, 2, 6, M M Ellis, 1, A Gulick, 1, 6, 
A G Hogan, 2, 5, R B Livingston, 1, B A West- 
falLl 

Kirksville Kirksinlle Coll of Osteopathy 
J S Denslow, RIM Korr, 1 

Springfield Farmers Assoc Milling Co 
S R Johnson, 6 

St Louis Central Inst for Deaf H Davis, 1, 
Jewish Hospital M S Fleisher, 4, 6, S H Gray, 
4,M Somogyi,2 Lutheran Hosp W J Siebert,4 
Malhnckrodt Chem Works R W Stoughton, 3 
Ralston Purina Co W C Sherman, 6 Snodgrass 
Lab of Pathology J A Saxton, Jr , 4, M Silber- 
berg, 4 St Louis Univ G 0 Broun, 4, B de 
Boer, 1,3, E A Doisy, 2, Helge E Ederstrom, 1, 
R H K Foster, 1, 3, P E Franke.RA B Hertz- 
man, 1, P A Katzman, 2, B J Luyet, 1, C H 
Neilson, 2, H Pinkerton, 4, W C Randall, 1, 
S A Thayer, 2, C G Wilbur, 1 Washington 
Univ W M Allen, 1, G H Bishop, R J J 
Bronfenbrenner, 4, 6, S C Bukantz, 6, C Car- 
Tuthers, 2, Mildred Cohn, 2, C F Con, 2, 3, 
GertyT Con, 2, 3, J Erlanger, IR, A S Gdson, 
Jr , 1, Helen T Graham, 1, 3, C G Harford, 6, 
Alexis P Hartmann, 2, P Heinbecker, 1, A D 
Hershey, 6, E S Hill, 2, P E Hunter, 2, M D 
Kamen, 2, M E Krald, 2, 3, G L Kreezer, 1, 
J O Lampen,2,L Loeb, IR, 4, O H Lowry, 2, 
C V Moore, 4, 5, R A ]\Ioore,4,N S Olsen, 1,2, 
P W Preisler, 2, Ethel Ronzoni, 2, A Roos, 1, 
G Saslow, 1,G M Schoepfle, 1, H A Schroeder, 


1, P A Shaffer, 2 R E Shank, 2, Ruth Silber- 
berg, 4,J R Snuth, 1, J F Taylor, 2, P L Var- 
ney, 6, S F Vehck, 2, S M Walker, 1, H L 
White, 1, R D Williams, 5 Undassified L R 
Jones, 6, Zonja Wallen-Lawrence, 2 

Nebraska 

Omaha Creighton Univ J Ferguson, 1, V E 
Levine, 2, H C Struck, 1, C M Wilhelmj, 1 
Univ of Nebraska A L Bennett, 1 , A R Mc- 
Intyre, 1, 3, S Morgulis, 1, 2, J R Schenken, 4 

Lincoln Umv of Nebraska R G Gustavson, 

2, H G O Hoick, 1, 3, Ruth M Leverton, 5, 
C Olson, Jr, 4, D M Pace,l 

New Hampshire 

Hanover Hitchcock Clin W B Shelley, 1 

Durham Univ of New Hampshire E G Ritz- 
man, 5 

Unclassified 0 W Barlow, 3, E S Robinson, 


New Jersey 


Bayonne Best Foods, Inc D Melnick, 2, 5 
Bloomfield Shenng Corp R Tislow, 1, 
R E Waterman, 2 Wallace and Tieman Products 
L Reiner, 2, 6 

Camden Knox Gelatine Protein Products, Inc 
Dee Tourtellotte, 5 

Clifton Taknmine Lab Mildred Adams, 2 
Hoboken Continental Foods M L Anson 2 
Jersey City Margaret Hague Maternity Hosp 
L C Cheslej^ 1 

Morristown MaltbieChem Co R L Cahen,3 
New Brunswick Carroll Dunham Smith Phar- 
maceutical Co J M Ort, 2 E I Dupont de 
Nemours and Co J Waddell, 2,5 E R Squibb 
and Sons R W Bates, 2, W E Bunney, 6, 
B F Chow, 2, 5, 6, J D Dutcher, 2, J Pried, 2, 
Dorothy Hamre, 6, A Holm, 6, W L Koerber, 6, 
C R Linegar, 3, Clara M McKee, 6, Clara Nigg, 
6, J W Palmer, 6, G W Rake, 6, 0 Winter- 
steiner, 2 N J Agric Exper Sta M W Tay- 
lor, 5 N J Coll for Women Manon A Reid, 1 
Rutgers Univ J B Allison, 2 6, A A Boyden, 
6, J H Leathern, 1, W C Russell, 2, 5, P D 
Sturkie, 1, M Upton, 1 Zonile Products A P 
Locke, 6 

Newton Lime Crest Research Lab H W Titus, 


2 , 5 , J 

Nutlei Hoffmann -La Roche J C Bauernfeind, 
5,G Lehmann, 3, L O Randall, 2, S H Rubin, 
2, 6, E L Sevnnghaus, 2, 5 
Princeton Princeton Univ H F Blum, 1, 
A. M Chase, 1, Ruth S Cooper, 6, Ruth A 0 
Foster, 6, E N Harvey, 1, 2, F H Johnson, !, 
A K Parpart, 1, W W Swingle, 1 Rockefell^ 
Tnst M Kunitz, 2, J B Nelson, 4, J H 
rop, 2, Louise Pearce, 3, 4, C Tenbroeck, 4R, 6, 
W Trager, 4 ^ „ /-.i j 

Rahway Merck and Co G E Boxer, 2, Gladys 
A Emerson, 6, K Folkers, 2, J E Hawfans, Jr , 
l.R T Major, 2, H Molitor, 1, 3, C W Mushett, 
!, W H Ott, 6, R L Peck 2, E J Qmnn, 2, 6, 
H J Robinson, 3, R H Silber, 2, M Solotorov- 
3 ky, 6, H C Stoerk, 4, W W Umbreit, 2, C A 

Winter, 1 , ^ ^ tt or, 

Raritan Ortho Research Fndn C G Hartman, 

I, P Levine, 6 , , t- 

Summit Ciba Pharmaceutical Products, Inc 
B N Graver, 3, E Oppenheime^S. F F Yo^k- 
man, 3 Research Corp R R Williams, 2, o 
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Unclassified F M Berger, 3, W C Grant, 1, 
Eleanor C Hay, 1, R E Shopo, 4, Ella M Vahl- 
teich, 5 

New Mexico 

Los Alamos U S Atomic Energy Comm 
S Shlaer, 1 

New York 

Albany Albany Med Coll S E Barrera, 1, 
G P Child, 3 ^^R S Cunmnghanu 1 jW Deich- 
mann, 3, A Ivnudson, 2, 5, H C Wiggers, 1, 
A V Wolf A W Wnght, 4 N Y Stale Dept 
of Health Rachel Brovsn, 6, Julia M Coffey, 6, 
Sophia M Cohen, 6 , G Dalldorf , 4 , Ruth Gilbert, 
^I Gordon, 6, A H Harris, 2nd, 6, Elizabeth L 
Hazen, 6, Jessie L Hendry, 6, C Lange, 6, H W 
Lyall, 6, F Maltaner, 6, Mary C Pangborn, 2, 
M^yrtle Shaw, 6, Grace M Sickles, 6, Gretchen R 
Sickles, 6, W R Thompson, 2, Mary W Wheeler,6 
Alfred Alfred Univ H 0 Burdick, 1 
Batavia VA Hasp J T Roberts, 1 
Buffalo Amer Optical Co 0 W Richards,!, 
Children’s Hasp K Hare, 1, E Neter, 6 Untv 
of Buffalo E M Bridge, 2, J G Edwards, 1, 
F R Griffith, Jr , 1, 6, R S Hubbard, 1, 2, 
G F Koepf, 1,W D Langley, 2, J F Mohn,6, 
K L Terplan,4,E Witebsky, 6 
CooPERSTowN M I Bassett Hasp J Bordlej , 
III, 1, C V Z Hawn, 4 
Geneva N Y Stale Agric Exper Sta D B 
Hand, 2 

Ithaca Cornell Univ 0 D Anderson, 1, 
J A Baker, 4, Louise J Daniel, 2, H H Dukes, 
1, J A Dye, 1, Hazel M Hauck, 5, Frances A 
Johnston, 5, H S Liddell, I, J K Loosh, 6, 
L A Maynard, 2, 5, C M McCay, 2, 5, L C 
Norns, 2, 5, S E Smith, 6, J B Sumner, 2, 
H H Williams, 2, 5 

Middletown St Catherine’s Hasp M Wach- 
stein, 4 

New York City Area Adelphi Coll Lillian 
N Ellis, 5 Ayer Fndn Ophthal Res Lab W H 
Buschke, 1 Babies Hasp Dorothy H Andersen, 

4 Beth Israel Hasp A A Epstein, 2, Ella H 
Fishberg, 2, I Saphra, 6 Biological Labs N 
Molomut, 6 Brearley School Mary Hardy, 1 
Bristol Myers Co H J Spoor, 1 Bronx Hasp 
A J Weil, 6 Brooklyn Coll H G Albaum, 2, 
R H Cheney, 3, Dorothy Fetter, 1, Rita M 
Guttman, I Bunzell Labs H H Bunzell, 2 
City of N Y Dept of Health L Buchbmder, 6, 
Carolyn R Falk, 6, Annabel W Walter, 6 Coll 
of City of N Y E Borek, 2, A J Goldforb, 1, 
B Harrow, 2, A Mazur, 2, R W Rook! Colum- 
bia Untv H A Abramson, 1, 2, T H Allen, 1, 
C V Bailey, 2, 5, L Bauman, 2, Jeannette A 
Behre, 2, B N Berg, 4, M T Bogert, 2, S E 
Bradley, 1,E Brand, 2, M Bruger, 2, 6, Mary L 
Caldwell, 2, 6, E Chargaff, 2, Ada R Clark, 6, 
H T Clarke, 2, R C Darling, 1,C R Dawson, 2, 
Ingrith J Deyrup, 1,Z DiBche,2,A R Dochez, 
4R,6R,R C Elderfield,2,H Elftman, 1, E T 
Engle, 1, E E Fischel, 6, G L Foster, 2, A 
Gellhorn,3,W J Gie8,lR,2,3R, A Gilman, 1, 3, 
C H Graham 1 , C H Greene, 1, 2, 4, M I 
Gregersen, 1, H Grundfest, 1, A B Gutman, 2, 

5 P Halbert, 6, F Hanger, 6. M Heidelberger, 
2,6,P F A Hoefer,l,S S Huaack,4,J W Jailer, 
Ij C W Jungeblut, 4, 6, E A Kabat, 2, 6, 
Karshan, 2, H Kaumtz 4, H D Kesten, 4, 
N Kopeloff, 6, L S Kubie, 4, C Landis, 1,L 


Levin, 2, R L Levy, 3, C C Lieb, IR, 3, Minam 

0 Lipman, 6, Grace MacLeod, 2, 5, F A Mettler, 

1, K Meyer, 2, E G Miller, Jr , 2, C N Myers, 

2, D Nachmansohn, 1, W L Nastuk, 1, C Ti 
Nelson, 6, J M Nelson, 2, J L Nickerson, 1, 
EnidT Oppenheimer,l,S Y P’An,3,E M Pap- 
per, 3, E P Pick, 3, F H Pike,l,D Rittenberg, 
2,W S Root,l,H M Rose, 6, E L Scott, IR, 2, 
Beatrice C Seegal, 6, D Shemin, 2, H C Sher- 
man, IR, 2. 6, L B Shcttles, 1, G Shwartzman, 
4,6,H P Smith,!, 4, P E Smith, !,W C Spam, 
6, W M Sperry, 2, 5, D B Sprinson, 2, Marion 
B Sulzberger, 6, A W Thomas, 2, Caroline turn 
Suden, !, H B Van Dyke, !,3,H Waelsch, 2, 
W W Walcott, 1 , Shih-Chun Wang, ! , R Wogria, 
!,JuliaT Weld, 6, A Wolf, 4, Marjorie B Zucker, 
! Commonwealth Fund C O Warren, ! Cornell 
Untv Med School S C Allen, !,S Bayne-Jones, 
4, 6, C A Binger, !, R W Bonsnes, 2, G B 
Brown, 2, A Brunscnwig, 4, M Cattell, !, 3, 
M B Chenoweth, 3, N Choucroun, 6, P F De 
Gara,6,E D Dubois, 1, 3, 5, V du Vigneaud, 2, 6, 
D J Edwards, !,N C Foot, 4, R F Furchgott, 
2, H Gold, 3, J D Hardy, !, J C Hinsey, 1, 
A Kellner, 4, C J Kensler, 3, J G ICidd, 4, 6, 
S Z Levine, 5, Mary H Loveless, G, C G Mac- 
Kenzie, !, 2, 5, J MacLeod, !,D B Melville, 2, 
A T Milhorat, 1,3,5, W Modell,3,J M Neill, 6, 
C Neumann, 1,J M Pearce, 4, J R Rachele, 2, 
P Rezmkoff, !,W F Riker, Jr , 3, Florence E 
Sammis, 6, E Shorr, !, 3, J Y Sugg, 6, Clara 
Torda, !, 3, Janet Travell, 3, B Webster, 5, 
W C Wescoe, 3, G W Wheeler, 6, S Wolf, !, 
H G Wolff, 1,3, B W Zweifach, 1 Dubin Labs 
H E Dubin, 2 Endo Prod , Inc , Research Labs 
H Blumberg,6 Fellows Pharm Lab A E Meyer, 

1 Fletschman Labs L Atkin, 2, 5 Food, Drug 
and Cosmetic Cons P B Hawk, 1, 2 Food Re~ 
search Labs Inc B L Oser, 6 Fordham Univ ' 
L R Cerecedo, 2, 6, F F Nord, 2, Ooldwater 
Mem Hasp F E Kendall, 6, J M Steele, 1 
Grasslands Hasp A M Hjort, 2, Annette La 
Belle, 1 Hoagland Lab A H Eggerth, 4 Hasp 
for Joint Dis A Bodansky, 2, H L Jaffe, 4 
Jewish Hosp E Alture-Werber,6,U Fnedemann, 
6, A E Sobel, 2, F B Traub, 6, M Walzer, 6, 
Erna A Werber, 6, A S Wiener, 6 Killian Re- 
search Labs R F Hanzal, 2, J A Killian, 2, 
M Ehzabeth Marsh, 1, 5 Lab of Industrial Hyg 
K G Falk, 2 Lederle Labs , Inc G W Clark, 2, 
H R Cox, 6,R W Cunningham, 3, I S Daniel- 
son, 2, B K Harned, 2, 3, B L Hutchings, 2, 
T H Jukes, 2, 5, H Koprow ski , 6 , A W Moyer, 
6, L Rane, 6, G R Sharpless, 5, E L R 
Stokstad, 2, 5, J Vanderscheer, 6 Lenox HiU 
Hosp R Burton-Opitz, IR, 2, 3R Long Isld Coll, 
of Medicine C McC Brooks,!,! R DiPalma, 1 

J B Hamilton, 1, B Kramer, 1, 2, W Lintz, 6, 
T P Magill,6,E Muntw'jler, 2, Jean R Oliver, 
1,4, S Seifter,2,M Steel, 2, Mainmomdes Hosp 
D Seegal, 6 Memorial Hosp 0 Bodansk} , 2, 3, 
Elise L L’Esperance, 6, G T Pack, 1, R W 
Raw son 1, C P Rhoads, 4, F W Stewart, 4 , 
Metropolitan Life Ins Co E F Bench, 2, 5, 
X R Blatherwack, 1, 2, 5, H W Larson, 2, 
Milbanl Mem Fund H D Kruse, 2 Montcfiorc 
Hosp H R Miller, 1,E J Baumann 2, R F 
Weston, !,H M Zimmerman, 4 Mt Sinai Hosp 
A L Florman,6,F Hollander, 1, 2, E Perlman 
6, H Pollack, 1, 5, Bela Schick, G, S S Schneir- 
son, 6, H H Sobotka, 2, 5 Yatl Dairy Research 
Labs Inc L K Riggs 2 Vassau Hosp P 
Ponder, 1 V !' Med Coll R 1 Block, 2,5, 
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C Haig, 1,1 S Kleiner, 1, 2, 3R, ^ D Lehr, 3, 
M G Mulinos, 3, New ForA, W P Anslow, 

Jr , 2, R C Batterman, 3, M B Bender, 1, 
J G Benton, 3, B B Brodie^2, 3,R K Cannan, 
2,G L Cantoni,3,H A Charipper,l,H Chasis,!, 
L R Ciiristensen, 6, A L Cop]ev,l,A F Cour- 
nand, 1, S A D’Angelo, 1, R C Debodo, 1, 3, 
A C Degraff, 3,D P Earle, Jr ,1,L W Eichna, 
1,A L Garbat, 6,A 0 Gettler, 2, W Goldnng, 

1, A S Gordon, 1,1 Graef,4,I Greenwald, 2, 6, 
C W Hampel, 1, 0 M Helff, 1, L E Holt, Jr , 

2, 5, R A Lehman, 3, M Levy, 2, O Loewi, 3, 
C M MacLeod, 6, A G Marahak, 1, E M 
Medlar, 4, N Nelson, 2, C Neuberg, 2, I Neu- 
wirth, 2,3,S Ochoa, 2, A M Pappenheimer, Jr , 

2, 6, E llacker, 2, Elaine P Ralli, 1, 6, B 
Ratner, 4, 6, Sarah Ratner^ 2, M N Richter, 4, 
R L Riley, 1, E Rovenstine, 3, A Sandow, 1, 
M Schubert, 3, Malvina Schweizer,l,D Sheehan, 

1, H W Smith, 1,2, W S Tillett, 6, F C Tui, 

3, R C Warner, 2, L G Wesson, Jr , 1, 2, 3, 
S B Wortis, 1 Nutrition Fndn , Inc C G King, 

2, 5 Chas Pfizer and Co Gladys L Hobby, 6 
Polyclinic Inst F M Allen, IR, 4 Polytechnic 
Inst K G Stern, 2 Pubic Health Research 
Inst J Freund, 6, M C Morns, 6 Pyridium 
Corp J V Scudi, 2, 5 Rockefeller Inst for Med 
Research R M Archibald, 2, M W Chase, 6, 
A E Cohn,lR,3,L C Craig, 2, R J Dubos, 6, 
H S Gasser,!, 3, W F Goebel, 2, 6, S Gramck,2, 
F L Horsfall, Jr , 6, R D Hotchloss, 2, W A 
Jacobs, 2, 3, Rebecca C Lancefield, 6, H D 
Lauson, 1, D P C Lloyd, 1, R L de No, 1, 
M McCarty, 6, P D McMaster,4,A E Mirsky, 
2, S Moore, 2, R S Monson,l,J B Murphy, 4, 
P K Olitsky, 6, W W Oliver, 4, E L Opie, 
1R,4,6, Manan I Osterhout,l,W J V Osterhout, 
1,T M[ Rivers, 4, 6, P Rous, 4, H A Schneider, 
5,K C Smithburn, 6, W H Stem, 2, H Swift, 6, 
R M Taylor, 6, D D VanSlyke,2,D W Wool- 
ley, 2, 5 Roosevelt Hasp W W Brandes, 4, 
R A Cooke, 6, St Luke’s Hosp L B Dotti, 1, 
St Vincent’s Hosp C G De Gutierrez-Mahoney, 

1, 4, C P Sherwin, 2 W J Schiefilin and Co 
E W Blanchard, 1 Sloan-Kettcnng Inst K 
Dobnner, 2, T F Gallimher, 2, S Lieberman, 2, 
Mary L Petermann, 2, F S Philips, 3, D Press- 
man, 6 Standard Brands, Inc C N Frey, 6, 
C A Smith, 1 Standard Oil Co J P Holt, 1 
Tuberculosis Research Lab B D Davis, 6 
U S Atomic Energy Comm A Edelraann, 1, 
J R Klein, 2, S C Madden, 4, L F Nims, 1, 
J Sacks, 1, 3, L J Zeldis, 4 USPHS Hosp 
B Hamilton, 2, S F Howell, 2, H Tauber, 2 
TFarner Inst for Therap Research N Ercoli, 3, 
S Ivrop, 1, 3 Wellcome Research Labs E J 
Debeer, 3, G H Hitchings, 2 Whitehall Pharma- 
col Co R P Herwick, 3 Yeshiva Untv B 
Kisch, 1 Unclassified S Ansbacher, 2, W N 
Berg, 2, T E Boyd, 1 , Kathenne L Bowman, 6, 
Wei-ChangChu,3,H D Dakin, 2, E M Frankel, 

2, C Funk, 2, W Goldfarb, 1, F M Groedel, 1, 
E Gudematsch, 1, J B Herrmann, 3, N Jolhffe, 
1,M Mendlowitz, 1 , W Morse, 2, J E Nadler, 3, 
Mary Engle Pennington, 2, J SchiUer, 1, D P 
Seecof, 4, L W Smith, 4, E G Stillman, 6, 
A Weil, 4 

Norwich Eaton Labs , Inc R J Mam, 1 
Poughkeepsie VassarColl RuthE Conklin,! 
Rensseeaer Sterling -Winthr op Research Inst^ 
A Arnold, 5, A M Lands, 1,3, P P Luduena,3, 
E W McChesney, 1 , L C Aliller, 3,M L Tain- 
ter, 1, 3 


Rochester Distillation Prod , Inc S R 
Ames, 2, N D Embree, 2, P L Hams, 6, 2, 
Ma^ Louise Quaife, 2 Eastman Kodak Co 
D W Fa8sett,3 Umv of Rochester E F Adolph, 

1, E L Ailing, 4, W F Bale,l,H A Blair, 1,W 
R Bloor, IR, 2, Janet H Clark, 1, S W Clausen, 

2, E A K Culler, IR, A L Dounce,2,W 0 Fenn, 
L Frances L Haven, 2, W B Hawkins, 4, Estelle 
E Hawley, 6, H C Hodge, 2, 3, J W Howland,! 
C D Kochakian, 1, 2. K E Mason, 6, W S 
McCann, 2, 6, F W McKee, 4, G B Mider, 4, 
L L Miller, 2, J J Morton, 4, J R Murhn, IR, 2, 
6,E S Nasset, 1,5,W F Neuman, 2, A B Otis, 
1,H E Pearse,4,W T Pommerenke, 1,H Rahn, 

1 , F S Robscheit-Robbms, 1, 4, A Rothstein, 1, 
H W Scherp,6,J K Scott, 4, W K Smith, 1,J 
N Stannard, 1, H E Stokmger, 6, E H Stotz, 

2, R Terry, 4, C Voegthn, 2, G H Whipple, 1,4, 
K M Wilson, 4, C L Yuile, 4 

Saranac Lake Trudeau Fndn F Klemperer, 
2, A J Vorwald, 4 

Saratoga Springs O Baudisch, 2, W S Mc- 
Clellan, 1 

Syracuse Bristol Labs , Inc S B Binkley, 2, 
H L Dickison,3,N Rakieten, 1 Syracuse Univ^ 
P B Armstrong, 1,A D Bass, 3, H A Feldman, 
6, R GaunLl,V F Lmdeman, 1, J M McKib- 
bm, 2, 0 H Muller, 1, R F Pitts, 1, Jane S 
Robb, 1, J Tepperman, 1, W W Westerfeld, 2 
Troy Bekr-Manning Corp S E Hill, 1 
Unclassified Mary B Kirkbride, 6, F P 
Knowlton, IR, M S Dooley, 3RMI C D Hick- 
man, 2, Mabel S Ingalls, 6, Edith H Mac- 
Arthur, 6 


North Carolina 


Chapel Hill Univ of North Carolina J C 
Andrews, 2, K M Bnnkhous, 4, F E Ellis, 3, 
J H Fer^son, 1,E P Hiatt, 1,G C Kyker, 2, 
Jessica H Lewis, 1, W D MacNider, 1, 2, 3, 4, 
A T Miller, Jr, 1 

Durham Duke Umv J W Beard, 4, 6, F 
Bernheim, 2, 3, G S Eadie, 1, 3, F L Engel, 1, 
C C Erickson, 4, K S Grimson, 1, 3, F G Hall, 
1,P Handler, 2, 6, J P Hendn\,3,W Kempner, 
1,F Lanni,6,H Lowenbach, 1, J E Markee, 1, 
F D McCrea, 1,3,H Neurath, 2, 6, W A Perl- 
zweig, 2, 6, C H Sawyer, 1, G W Schwert, 2, 
D T Smith, 5, 6, Susan G Smith, 5, E A Stead, 
Jr , 1, G F Sutherland, 1 , H M Taylor, 4 
Oteen VA Hosp S T Walton, 6 
Raleigh Untv of North Carolina G H Satter- 


field, 2, 5 ^ . 

Winston-Salem Wake Forest Coll C Artom, 
2,H D Green, 1,3, R A Groat, 1,J M Little, 
1,3,V H Moon, 4, W A Wolff, 2 
TiNCLARsiFiEn M H Givons, 1, 2, R E Rem- 


ington, 2, 5R 


North Dakota 

Fargo North Dakota Agric Coll D L Espe, 1, 
D F Eveleth, 2 , a t> 

Grand Forks Umv of North Dakota, o a 
Roska, 1 

Ohio 


kKRON City Hosp L Catron, 4, 

Dincinnati Children’s Hosp Resmrch Fndn 
L Cooper, 6, G M Guest, 2, S Rapoport,2, 
J Steigman,6 Christ Hosp Het-tmB Hughes, 
L H Schmidt, 2, 3 JeimshHosp M B Macht, 
Longvteto Slate Hosp E C Rosenow, 4, 0 



December 1949 


LIST OF MEMBERS BY LOCATION 


755 


May Inst for Med Research R H Broh-Kahn, 
1 I A Mirsky, 1 Merrcll Co H W Werner, 3 
IJniv of Cincinnati G H Acheson, 1,3 iM A 
Blankenhorn, 4, M J Boyd, 2, G Eckstein, 1, 
M H Fischer, 1,2, E A Gall, 4, L G Herrmann, 
4,F F Heyroth, 2,R A Kehoe, 1,M A Logan, 
2, C A Mills, 1, 2, I Ruchman, 6, A Sabin, 6, 
B Schimdt-Nielsen, 1, K Schmidt-Nielsen, 1, 
S Tashiro, 1, 2, C K Weichert, 1 
CnEVEiiAND Asthma, Hay Fever and Allergy 
Fndn M B Cohen, 6 City Hasp R W Scott, 
1, 3, J A Toomej, 6 Cleveland Clinic Fndn 
A C Corcoran, 1, Arda A Green, 2, Lena A 
Lewis, 1, G M C Masson, 1, I H Page, 1, 2, 
F W Sunderman, 2, R D Taylor, 1 St Luke’s 
Hasp R Dominguez, 1 TFcsfern Reserve Univ 
R S Alexander, 1, C S Beck, 4, G A Brecher, 1, 
E Bueding, 2, 3, H N Cole, 3, Mary E Collett, 

1, J H Dingle, 6, R I Dorfman,2,E E Ecker, 

4, 6, R W Eckstein, 1, A E Feller, 6, H J 
Gerstenberger, 5, J M Hayman, Jr , 1, 3, R W 
Heinle, 5, H Hirschmann, 2, Helen A Hunscher, 

5, H T Karsner, 4, 6, L 0 Krampitz, 2, 6, 
C H Lenhart, IM R Leonards, 2, V Lorber,!, 
P A Mattis, 3,F R Mautz, 1, J A Muntz, 2, 
D F Opdyke, 1,R F Parker, 4,6, L Peters, 3, 
L Pillemer, 6, C H Rammelkamp, Jr , 6, W 
Sakanu, 2, E E Selkurt, 1, R A Shipley, 1, 
T P Singer, 2, T Sollman, IR, 2, 3, M Tager, 6, 
M F Utter, 2, J P Wearn, 1,A D Welch, 3, 5, 
C J Wiggers, i,3R,H G Wood, 2 

CoLtarBTJs Ohio State Dept of Health ^Martha 
Koehne, 5 Ohio State Umv C A Angerer, 1, 
E Bozler, 1, J B Brown, 2, 6, Katharine A 
Brownell, 1, G M Curtis, 1, 4, C A Doan, 4, 
F A Hartman, 1,C D Hendley, 1,F A Hitch- 
cock, 1, 5, J F Lyman, 2, 5, E Ogden, 1, I 
Rothchild, 1, H G Schlumberger, 4, G Y 
Shinowara, 2, R W Stacy, 1, T S Sutton, 5, 
J S Thatcher, 1,E Von Haam, 4, B K Wise- 
man, 4 

Datton U S Ait Force, Aero Med Lab 
E S Fetcher, 1, A P Gagg, 1, J W Heim, 1, 
J P Henry, 1,H O Parrack, 1,E A Pinson,!, 
T W Robinson, 1, H M Sweeney, 1, J W 
Wilson, 1 

Miamisbttrg Monsanto Chem Co J L Svir- 
bely, 3 

Oberlin Oberltn Coll C G Rogers, IR 
Rossfohd Ammo Products Co M J Blish, 2 
Tolebo Mercy Hosp E L Burns, 4, Toledo 
Hasp L A Levison, 6, B Steinbe^, 4 
Wooster Ohio Agric Exper Sta R M 
Bethke, 2, 5,W E Krauss, 2, 5 
Yellow Springs Antioch Coll P W K 
Rothemund, 2 

Unclassified W D Block, 2, A W Bosivorth, 

2, 5, A Goudsmit, 1 


Oklahoma 

Oklahoma City Umv of Oklahoma M R 
Everett, 2, B Halpert,4, A A Hellbaum, 1, 3, 
H C Hopps, 4, 6,A C Kurtz, 2, E C Mason,!, 
FayShepMrd,2,H A Shoemaker, 3 , P W Smith, 
!, A N Taylor, 1 

Stillwater Oklahoma A and M Coll W D 
Gallup, 2, V G Heller, 2,5, R Mac Vicar, 2 

Oregon 

Corvallis Oregon Agnc Exper Sta J R 
Haag, 2, 5 Oregon State Coll J S Butts, 2, 5, 
Margaret L Fincke, 5, H M Krueger, !, 3, 


Clara A Storvick, 6, Rosalind Wulzen, IR 
Unclassified Alice M Balirs, 1 
Portland North Pacific Coll of Oregon 
N M Pliatak, 3 Univ of Oregon W F Allen, 
!R, Clarissa H Beatty, 1, J M Brookhart, !, 
N A David, 3, R S Dow, !, H F Haney, 1, 
C G Heller, 1, Margaret A Kennard, !, A C 
Ivirchhof, 3, F B Queen, 4, W R Todd, 2, 5, 
A R Tunturi, 1,E S West, 2, W B Youmans, 
!, 3 Umv of Portland A R Moore, 1 General 
I A Manville, 1 


Pennsylvania 

Bradford Dorn Lab for Med Research A 
Dury, ! 

Danville Gcistnger Mem Hosp W J Stans- 

by, 6 

Philadelphia Children’s Hosp S S Cohen, 
2 Daniel Baugh Inst of Anatomy R F Becker,! 
Hahnemann Med Coll T C Barnes, !, 3, R 
Beutner, !, 3, A Bondi, 6, J E Gregory, 6, 
J S Hepburn, 2, J F McClendon, !R, 2, 5, 
E A Reed, 1, J C Scott, 1 Inst for Cancer 
Research Gail L Miller 2 Jefferson Med Coll 
A Cantarow, !,3, J 0 Crider, !,M H F Fned- 
man, 1, K Goodner, 6, C Gruber, !, 3, F R 
Miller, 4, H L Motley, 1,F L Munro, 2, Muriel 
P Munro, 2, K E Paschkis, 1, W H Pearlman, 
2,H A Reunann,4,W J Snape, 1,J E Thomas, 
1,3,L M Tocantins,!,! H Wagman, ! Jewish 
Hosp C Weiss, 4, 6 Lankenau Hosp Research 
Inst Mary A Bennett, 2, T F Lavine, 2, Grace 
Medes, ^ J A Stekol, 2, G Toennies, 2 Phila- 
delphia General Hosp J G Reinhold, 2 Phila- 
delphia Lying-In Hosp S Kletzien, 5 Rohm 
and Haas C V Smythe, 2 Sharp and Dohme, 
Inc L E Arnow, 2, R H Barnes, 2, 5, K H 
Beyer, Jr , 1, 3, W P Boger, 3,D K Bosshardt. 
5,J W Huff, 2, L A Kazal,2,L D Wright, 2, 6 
TempleUniv W E Chamberlain, !,D A Collins 
!,S Ellis, 3, G E Farrar, Jr ,3,E J Fellows, 3, 
Esther M Greisheimer, 1, J A Harrison, 6, 
W M Hart,l,J A Kolmer,6,S A Komarov,!, 
A E Livingston, !, 3, V Menkin, !, 4, 6, M J 
Oppenheimer, 1,1 J Pincus, !, G C Ring, !, 
HW Robinson, 2, H Shay, 1,E A Spiegm, !, 
Mona Spiegel-Adolf, 2, L H Tuft, 6, S Wein- 
house, 2 U S D A East Regional Research 
Lab W G Gordon, 2, S R Hoover, 2, T L 
McMeekin, 2, L Weil, 2, C A Zittle, 2 U S 
Naval Air Ex'per Sta , Aero Med Lab J R 
Poppen, ! Umv of Pennsylvania W H F Addi- 
son, !R, J D Aronson, 4, 6, J H Austin, 2, 
C Bachman, 2, H C Bazett, !, P E Boyle, 4, 
C Breedis, 4, J M Buchanan, 2, D R Coman, 
4, J H Comroe, Jr , !, 3, F C Dohan, 1, D L 
Drabkin,2,5,R D Dripps,!,3,R L Driver,!, 3, 
P R Dumke, 3,J E Eckenhoff, !,M R Ehren- 
stein, 2, W Ehrich, 4, J R Elkinton, ! L K 
Ferguson, 4, J A Flick, 6, E W Flosdorf, 6, 
S Goldschmidt, 1, 2, S Gurin,2,P Gvorgy, 2, 5, 
T N Hams, 6, L V Heilbrunn, !, R Hober, IR, 
J Huggins, 1,M H Jacobs, 1,J H Jones, 2, 5, 
R A Kelser, 4, S S Ket}’-, 1, 3, E B Krumb- 
haar, !R, 4,C J Lambertsen, 3, F H Lewej,!, 
E Lodholz, !, B Luck6, 4, F D Lukens, 1, 
E R Long, 4, hi B Lurie, 4, 6, G P McCouch, 
!, Margaret S McCouch, 1, M McCutcheon, 4, 

0 Mej'erhof,2,S Mudd,!,4,6,R Pemberton, 5, 

1 S PLavdin , ! , 4 , S P Reimann , ! , 4 , A N Rich- 
ards, IR, 2, 3R, Cecilia Riegel, 2, 0 Rosenthal, 2, 
C F Schmidt, !, 3, Florence B Seibert, 2, M G 
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Sevag, 2, 6, H Shapiro, 1, J C Small, 4, W C 
Stadie,2,I Starr, 1, 3, H M Vars,2,5,C White, 
1,D W Wilson, 1,2, W F Windle, 1 , 1 T Zeck- 
wer, 1,4,1 Zeidman,4,Wtstar Inst W H Lewis, 
IR ]Vo?nen’s Med Coll Phyllis A Bott, 2, 
Marion Fay, 2, Mary E Ma\field,l,L D Seager, 
3, Winifred B Stewart, 1 Wyeth, Inc E F 
Roberts, 6, J Seifter,3,J Smolen8,6 Unclassified 
C P Brown, 6, W Henle, 6, J E Rhoads, 1, 
L J Saul,l,C E Schradieck, 6, R Thauer, 1 

Pittsburgh Allegheny General Hosp R C 
Grauer,4,S R Ha3d.horn,4 Mercy Hosp H H 
Pennar, 4 Singer Mem Lab F A Taylor, 2 
Umv of Pittsburgh A E A\elrod,5,G J Co\,2, 
6, L H Cretcher, 2, T S Danowski, 1, B F 
Daubert, 2, C C Guthrie, 1, 3, K Hofmann, 2, 
D Hooker, 1, T K Kruse, 1,3, G R Lacy, 4, 
M A Lauffer, Jr , 2, H E Longenecker, 2, 6, 
R H McCoy, 5, W S McEllroy, 2,P L McLain, 
1, 3, M L Menten, 1, 4, C Moses, 1, Alice G 
Renfrew, 2, J M Rogoff, 1, J E Salk, 6, A H 
Stock, 6, R S Tipson, 2, Western Pennsylvania 
Hosp R R Mellon, 6 

State College Pennsylvania State Coll 
A Black, 6, R V Boucher, 5, Mary L Dodds, 5, 
R A Dutcher, 2, S, E B Forbes, IR, 5, D E 
Frear, 2, C E French, 6, N B Guerrant, 2, 5, 
R C Miller, 6, R W Swift, 6, Eva D Wilson, 5 

SwABTHiioHB SwarlhmoTe Coll L Irving, 1, 
P F Scholander, 1 

Unclassified Jean H Hewetson, 5, E S 
Mendelson, 1, S L Wright, 2 

Puerto Rico 

C F Asenjo, 2, J H Axtmayer, 5, Mananne 
Goettsch, 2, 5 

Rhode Island 

Providence Brown Univ P H Mitchell, 2, 
C A Stuart, 6, J W Wilson,! 


Lamson, 1, 3^ Annie S Minot, 1, B H Robbins, 

3, C S Robinson, 2, Unclassified 0 T Avery 

4, 6R, G R Meneely, 4 ’ 

Oak Ridge AEC H D Bruner, 3, W E Cohn 

2, A Hollaender, 1 ’ 

Texas 

Austin Umv of Texas R E Eakm, 2, J W 
Foster, 2, E J Limd, 1, W Shive, 2, R J Wil- 
liams, 2,6, J C Winters, 6 
College Station A and M Coll of Texas 
R T Holman, 2, C M Lyman, 2, L R Richard- 
son, 5 

Dallas Baylor Hosp S Haberman, 6 Dallas 
Med and Surg Clin F T Rogers, 1 Parkland 
Hosp M F Mason, 2 Southwestern Med Fndn 
A Goth, 3, A Grollman, 1, 3, M N Huffman, 2, 
R W Lackey, 1,C A Moyer, 1,S E Sulkin,6, 
H C Tidwell, 2 Unclassified F Pearcy, 1, 
J Furth, 4, 6 

Fort Worth Terrell’s Labs H H Beard, 2, 6 
Galveston Umv of Texas C R Allen, 1, 
D B Calvin,!, 2, G A Emerson, 3, P L Ewing, 

3 , J C Finerty . 1 , R L Gregory, 1 , W H Grif- 
fith, 2,6, C E Hall, 1, A E Hansen, 4, 6, B M 
Hendrix, 2, G Herrmann, 4, C D Leake, 1, 3, 
R M Moorm 1, W W Nowinski, 1, A Pack- 
ehanian, 6, C M Pomerat, 1, E L Porter, 1, 
E J Poth, 1, R H Rigdon, 4, W A Selle, 1, 
H G Swann, 1 

Houston Baylor Umv K L Burdom 6, J A 
Greene, 1, C A Handlej, 3, A S Hams, 1, 
R A Huggins, 3, P E Kellaway, 1 Umv of Texas 
E L Smith, 1 

Randolph Field School of Aviation Med 
H F Adler, 1, A W Hethenngton, 1, F W 
Oberst, 2, 3 

San Antonio Fndn of Applied Research 
J B Loefer, 1, Lab of Clin Pathology H J 
Schattenberg, 4 Unclassified R D Templeton, 
1 


South Carolina 

Charleston Med Coll of State of South 
Carolina T G Bernthal, 1, F W Ivinard, 1, 
M H Knisely, 1,R P Walton, 3 

South Dakota 

Brookings South Dakota Agric Exper Sla 
A L Moxon, 2 

Vermillion Umv of South Dakota R S An- 
derson, 1, R P Elrod, 6, R L Ferguson, 4, 
D Slaughter, 3 


Tennessee 

IvNowiLLE Umv of Tennessee S R Tipton, 
1, Florence L MacLeod, 2, 6 
Memphis Umv of Tennessee R H Alden, 1, 
R V Brown, 1,S R Bruesch, 1 , AnnaD Dulaney, 
6, A Golden, 4, F Harrison, 1, C R Houck, 1, 
D B Morrison, 2, T P Nash, Jr ,2,R R Over- 
man, 1, J P Quigley, 1, 3, H C Schmeisser, 4, 
D H Sprunt, 4, 6,L V Middlesn'orth, 1, M R 
Warren, 3, J L Wood, 2, R A Woodbury, 1, 3, 
D B Zilversmit, 1 

Nashville Meharry Med Coll P F Hahn, 

1, 4, H Silvette, 1, 3. H D West, 2 Vanderbilt 
Umv M T Bush, 3, H J Curtis, 1,W J Darby, 

2, 6, J R Dawson, Jr , 4, W E Garrey, IR, 2, 
E W Goodpasture, 4, C M Greer, 3, Margaret 
E Greig, 3, J M Johlin, 2, C E King, 1,P D 


Utah 

Logan State Agric Coll J E Graves, 2, 
L L Madsen ,6 , , „ 

Salt Lake Cm Univ of Utah F Binkley, 2, 
H W Davenport, 1, C Fenmng, 1, L S Good- 
man, 1,3, F D Gunn, 4, W S Loewe,3,S Mar- 
cus, 6, G A. Matson, 6, M Nickerson, 3, L t 
Samuels, 2, 3, 5, G Sajers, 1, 3, E L Simth, 
2, E A Swinyard,3,J E P Toman, 1 Salt Lake 
Co Gen Hosp M M Wintrobe, 4 


Vermont 

Burlington Umv of Vermont A H Chambera, 
1,N B Dreyer, 3,H B Pierce, 2, 6, W Raab,l, 
F J M Sichel, 1 

Unclassified A B Wadsworth, 4, 6 


Virginia 

Charlottesville Umv of Virginia S W 
3ntton, 1, J R Cash, 4, A Chanutin, 2, H 
Ihase, 3, E L Corel , 1, C L Gemmill, 1, 2, d, 
5 C Gjessmg, 2, S LudeMOg, 2 n 

Lynchburg Lynchburg Stale Colony tr ix 

Richmond A H Robins Co E L Jacl^M, 3 
tied Coll of Virginia L D F Abbott, 2, f 
kpperly, 4, E I Evans, 1. J K ^nnegan, 3, 
S Fischer, 1, J C Forbes, 2, H B Haag, , 



December 1949 


LIST OF MEMBERS BY LOCATION 


757 


Frances A Hellebrandt, 1, E C HofT, 1, E G 
Huf, 1, P S Larson, 1, 3, H McKennis, Jr , 2, 
E C L Miller, 6,11 W Ramsey, 1,R B Smith, 
Jr , 3, J H Weatherby, 3 

Washington 

SE 1 .TTLE Assn Ancslhcstologtsls C P Wangc- 
man, 3 A^atl Canners Assn E D Clark, 2 
Vmv of Washington H S Bennett, 1,L D Carl- 
son, 1,J M DilIe,3,A E Farah,3,D M Green, 
1,3,H N Harkins, 1,S W Lippincott, 4, T A 
Loomis, 3, A W Martin, Jr , 1 , E R Norris, 2, 
H D Patton, 1, Jennie I Roiintree, 5, T C 
Ruch, 1, R F Rushmer, 1, R S Weiser, 6, H 
RTieelon, 1, A A Ward,Jr,l,R H Williams, 4 

West Virginia 

]MoRGAJ«Tom\ II csl Fn Univ D F Marsh, 3, 
D W Northrup, 1, J C Stickney, 1, E J Van 
Liere, 1 

Wisconsin 

I^Iadisor Univ of 11 isconsin D M Angevme, 
4, C A Baumann, 2, 5, H D Bouman, 1, H C 
Bradley, 1, 2, Mary V Buell, 2, R H Burris, 2, 

V H Cheldehn, 2, 5, P F Clark, 4, 6, P P 
Cohen, 2, W W Cravens, 5, H F Deutsch, 2, 
C A Elvehjem, 2, 5, J A E Eyster, 1, 3R, 
J D Ferry, 2, D E Green, 2, E B Hart, 2, 5, 
R C Herrin, 1,M R Irmn, 6,iM J Johnson, 2, 
F L Ivozelka,3,J J Lalich,4,H A Lard>,2,5, 
Eleanor M Larsen, 1, G A Le Page, 2, K P 
Lmk, 2, W H McShan,2, W J Meek, 1, R K 
Mejer, 1, J A Miller, 2, Q R Murphy, 1, S 
Orth, 1,3, Helen T Parsons, 2, 5, W H Peterson, 
2, 5, P H Phillips, 2, 5, V R Potter, 2, A F 
Rasmussen, 6, H P Rusch, 4,C V Seastone, Jr , 
6, E E Snell, 2, 5, H Steenbock, 2, 5, W E 
Stone, 1, F M Strong, 2, A L Tatum, 1, 3, 
R M Waters, 3, D W Watson, 6, J W Williams, 

2, P W Wilson, 2, C N Woolsey, 1 

Milwaukee Marquette Umv WAD Ander- 
son, 4, H Beckman, 3, J C Bock, 2, M Laskow- 
ski, 2, A J Quick, 2, 3, Pabst Breimng Co H 
Le\nne, 2, 5 

Woon VA Hosp B H Schlomovitz, 1 

Unclassified F Urban, 2 

Wyoming 

Sheridan VA Hosp J Blumenstock, 1 
Canada 

Alberta Nall Defense Board, Suffield Exper 
Sta M K McPhail, 3 Umv of Alberta 4.rdrei 
W Downs, 1, G Hunter, 2, L W McElroy’’, 5, 
H V Rice, 1 

British Columbia Umv of British Columbia 
C Black, 1, C E Dolman, 6 

Manitoba Unw of Manitoba J Doupe, 1, 

V H K Moorhouse, 1 , F D White, 2 

New Brunswick St John’s Hosp E A G 
Branch, 4, R J Collins, 3 

Nova Scotia Dalhousie Untv A M Fraser, 

3, C B Weld, 1,E G Young, 2 

Ontario Dept of Natl Health and Welf 
J Gibbard, 6, C A Morrell, 3, L B Pett, 2, 5, 
L I Pugsley, 2 Ontario Aqnc Coll H D Bran- 
ion, 5, A L hlacNabb, 6 Queen’s Umv E M 
Bojd, 3, C H Ettinger, 1 Royal Military Coll 
i^Iargaret E M Sawyer, 1 Untv of Ottaioa J 
R Johnson, 1 Umv of Toronto E Baer, 2, C 


H Best, 1, 2, G C Butler, 2, J Campbell, 
1, W R Campbell, 2, T G H Drake, 5, J 
K W Ferguson, 1, 3, H 0 L Fischer, 2, A 
M Fisher, 2, K C Fisher, 1, D T Fraser, 6, 
R E Haist, 1, A W Ham, 4, A Hunter, 2, 
C C Lucas, 2, G H W Lucas, 2, 3, Jeanne F 
Mnnery,l,J Alarkon itz, 1 , E W McHenry, 2, 6, 
B Mendel, 2, Elizabeth C Robertson, 5, D A 
Scott, 2, E A Sellers, 1, C 0 Siebenmann, 3, 
D Y Solandt, 1,J F A Sprent, 6,N B Taylor, 
1, H Wasteneys, 2, A M Wymne, 2 Untv of 
Western Onl A C Burton, 1, J B Collip, 1, 2, 

0 G Edholm,l,G E Hall, 1, A B Macallum,2, 
F R Miller, 1, R L Noble, i,R J Rossiter, 2, 
G W Stavraky^, 1, 3, R A Waud, 3 Unclassified 
G W Manning, 1, Clara C Benson, 2 

Quebec Canadian Breweries, Ltd W D Mc- 
Farlane, 2 Canad Dept of Agric Christine E 
Rice, 6 Jewish Gen Hosp H Lubinski, 6 Laval 
Umv R Bernard, 1, L P Dugal, 1, E Page, 1 
McGill Univ P B Babkin, IR, W Bourne, 3, 
J S L Browne, 1, R A Cleghorn, 1, E W 
Crarapton, 5, 0 F Denstedt, 2, S Dworkin, 1, 
K A C Elliott, 2, S M Fnedman, 1, H E 
Hoff, 1, H H Jasper, 1, K I Melville, 3, R H 
More, 4, E G D Murray, 6, W G Penfield, 1, 
J H Quastel, 2,1 M Rabinowitch, 2, 5, R L 
Stehle, 2, 3, D L Thomson, 2, Eleanor H Ven- 
ning, 2 Umv of Montreal V Fredette, 6, H 
Selye, 1 Unclassified Catherine F MaePherson, 
2 

Saskatchewan Umv of Saslatchewan H B 
Collier, 2, L B Jaques, 1 

Mexico 

Mexico, D F E C Del Pozo, 1, F Guerra, 3, 
J J Izquierdo, 1, R Mendez, 3, A Rosenblueth, 

1 

Outside North America 

Argentina V DeuIofeu,2 ,B A Houssay^, IH 
Australia A Bolliger, 2 
Brazil O Bier, 6, J G Lacorte, G,J R Valle, 
3 

British West Indies I F S Mackay, 1 
China W H Adolph, 2, 5, H C Hou, 5, R C 
Li, 3, L G Kilborn, 1 

Denmark H hi Kalckar, 2 H Dam, 2, 5 
France J H Bauer, 4, A Boivan, 6 
Great Britain E P Cathcart,5,H H Dale, 
3Hj H D Kays 2, J B Leathes, 2, W D Lot- 
speich, 1, V A Najjar, 2 
Greece J Caminopetros, 6 
Guatemala N S Scrinshaw, 5 
India H N Chatterjee, 6, R N Chopra, 3H, 
N N De, 3, Eleanor D Mason, 1, B Mukherji, 

3 

Labanon S E Kerr, 2, J O Pinkston, 1, 3, 
Edith Sproul, 4 
NoRWii J Molland, 3 
Peru C Gutierrez-Noriegn, 3 
Philippines E Bulatao, 1, I Concepcion, 1, 
F 0 Santos, 5 
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Sweden W M Boothby , IR, 2, 3R, 4R 
Switzerland Martha M Eliot, 5, R Meier, 3 
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TRAVEL AWARDS 


18 th International 
Physiological Congress 

The Executive Committee of the Federation of Amencan Societies for Ex- 
perimental Biology has authorized the grantmg of five or more Travel Awards 
to younger scientists m the physiological field desinng to present papers 
before the 18th International Physiological Congress m Copenhagen, Den- 
mark, August 15 to 18, 1950 Awards wiU be m the amount of $500 each, and 
wfil be made to those scientists, not older than 35 years, who submit for 
presentation the best contnbutions m physiology, broadly defined, and give 
the best evidence of creative productivity Membership m one of the Fed- 
erated Societies wiU not influence selection for an award 

Apphcants may address letters to Dr M O Lee, Federation Secretary, 2101 
Constitution Avenue, Washmgton 25, D C , enclosmg seven copies of an 
abstract of the paper proposed for presentation, and seven copies of a curncu- 
lum vitae and bibhography The applicant should also mclude a hst of two to 
four references, scientists competent to evaluate the &pphcant’s work 

Apphcations will be received until January 20, 1950 

A Federation Committee, consisting of the Presidents of the six Societies, 
wfll select the mdividuals to receive the travel awards 
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EBERBACH 

ELECTRONIC STIMULATOR 

A compact, seH-contamed unit ^^hlch proMdcs a wide range of repeated, controlled, square 
wa>e pulses of fixed duration for ph>siological and pharmacological 
experiments and demonstrations 

a ElXCTROtK^STlAJL^ , ® 


a 80 



ELECTRONIC STIMULATOR, Eberbach A compact, self-contamed unit -which 
piovides a "unde range of repeated, controlled, square wave pulses of fixed duration 
for physiological and pharmacological experiments and demonstrations Offered 
in two executions, ^similar in appeal ance but -with diffeient pulse duration, pulse 
amplitude, and maximum output voltage A control knob, -with reference dial 
graduated from 0 to 10, provides for varying the output voltage from zero to maximum The 
pulse duration and voltage amplitude are independent of the repetition frequency, but the 
amplitude changes with the resistance of the terminal load and the setting of the output 
control 

Model MV-1 With pulse duration of 1 millisecond, w hich duration has been found useful for 
testing nerve reactions Selector switch, with eleven points, provides the following 
pulses per second 0 25, 0 5, 1, 2, 4, 8, 16, 32, 64, 128 and 256 Peak output, no load, is 
200 volts, w hich drops to 1^ volts vrith terminal load of 10,000 ohms, to 120 volts w ith 
5000 ohms, and to 55 volts w ith 1000 ohms 

Model MV-5 With pulse duration of 5 milliseconds, which duration has been found essential 
for muscle tissue reactions Selector swatch with ten points provides the following pulses 
per second 0 25, 0 5, 1, 2, 4, 8, 16, 32, 64 and 128 Peak output, no load, is 240 volts, which 
drops to 180 volts with terminal load of 10,000 olims, to 150 volts with 5000 ohms, and to 
65 volts wuth 1000 ohms 

A multi'-vibrator tjqie electronic circuit is emplojed to generate the square wave pulse, 
which IS free from transients and reversal of polarity The circuit includes Electromc Tubes 
6J5, 6SN7GT and 5Y3GT The control panel, in addition to the selector switch for setting 
the pulse frequencj and knob for output voltage control, is supplied w ith neon glow lamp w Inch 
flashes in sjmchronism wuth output pulses, stnnd-b 3 ’- output switch, twin binding posts, and 
on-off swatch 

Complete in metal case wath black finish and anodized aluminum panel, 9 inches w ide X 6 
inches high X 5 inches deep 

8099 C Electronic Sllmalator Eberbach Model MV-1 as above described, vith pulse duration of 1 millisecond 
for testing ner\ e reactions Power consumption, 25 watts Complete with 8 ft connecting cord and plug for 
uv; on 115 volts 60 or GO cj cles a c 9100 

Net weight Gibs Shipping weight 11 lbs Code \lord Mtuvu 

8099-D Ditto Model M^ -5 with pulse duration of 6 milhscconds, for muscle tissue reactions Complete with 8 ft 
connecting cord and plug for use on 116 ^olts, 60 or 60 cycles, a c 91 00 

Net weight Gibs Shipping weight 11 lbs Code Word \fcuiq 
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NOW 


available for 
laboratory investigations 

MY-B-DEN 

(ADENOSmE-5-PHOSPHORIC ACID, BISCHOFF) 

The potentiahties of this unique hiochemical — prepared by Ernst Bischoff 
Company, Inc — can now be more thoroughly mvestigated Our newly de- 
veloped method pemuts mcreased production of exceptionally pure adeno- 
sme-5-phosphoric acid and msures adequate supphes for pharmacological 
study and for further progress m bacteriological and biochemical research 
Adenosine 5 phosphoric acid, a purine nucleotide present in coenzymes I 
and II and flavin dinucleotides, is intimately associated with life processes Also 
fundamental m phosphorylation reactions, this crucial compound is a vital 
metabolic link in energy transfer mechanisms like muscular contraction and 
other enzymic reactions 

Pharmacological reports indicate the apphcabihty of MY-B den to the 
problems of vascular disturbances, cardiovascular malfunction and the degen- 
erative diseases Its value in the treatment of these disorders is bemg elucidated 
by further pharmacological research projects 

Summary of Data on a Typtcal Preparation of mi-B-ufn 

(Adenosine 5 Phosphoric Add Bischoff) 

Source— Yeast fermentation procedures 
Hotu Suppfred — Crystallme free acid 
FormuZa — C^qHj^NjO-P HjO 

Purity —99 5%, based on adenine, nbose and phosphorus content 
MoZar ZZotio— Adenine nbose phosphorus = 1 00 101 101 
Position of pZiojpZioms— Unequiiocally on nbose in 5 position 
Inorganic phosphorus— None present 

Complete analjtical data, pertaining specifically to the individual Mi B den preparation 
released, accompanies each shipment 

The related compounds available are adenosine and guanosine 


TTE IM ITE lOUR I^QUIRlES 


ERNST BISCHOFF COMPANY, IN€ • IVORYTON, CONN. 


cBischoff) 


Trade Mark Rcfastered m U S Pat Office 


CopjTiKht 1949 Ernst Bischoff Companj Inc 


Printed in U S 
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A complete new catalog of 

Nuclear Instrumentation 


Here is the first complete catalog of nuclear instruments and services 
Now you can select your laboratory needs easily from this most complete 
line, which includes scalers, counters, counting systems, health monitors, 
and accessories Every instrument is a high grade laboratory unit, made 
by the company that pioneered in the quantity production of simple, 
reliable instruments for research in radioactivity 



Please request your copy of the catalog on your letterhead, and 
briefly outline your proposed program so we can recommend up-to date, 
well-matched instruments for your work 

nuclear instrument & chemical corporation 

223-233 West Erie Street, Chicago 10, Illinois — Cable Address 'Nuclear 
Formerly Instrument Development Laboratories, Inc 


In the Treatment of 

URINARY TRACT 
INFECTIONS 

Experience shows the 
value of this highly 
purified form of 
Streptomycin 

S TREPTOMYCIN Calaum Chlonde Complex Merck is a 
potent antibactenal agent winch is effective m the treat- 
ment of urmary tract infections due to a large group of 
susceptible organisms 

It IS rapidly absorbed mto the blood stream, and 60 to 80 
per cent is excreted by the kidneys m twenty-four hours. 

High concentrations can be obtamed m the urme, far above 
those to which the organisms common m urmary tract infec- 
tions usually are susceptible m vitro The uniformly high 
potency of Streptomycm Calcium Chlonde Complex Merck, 
and its high degree of punty, give this form of streptomycm 
definite advantages m urinary tract infection therapy 

It is supphed m stenle, rubber-stoppered, aluminum-capped 
20 cc- vials containmg the eqmvalent of 1 Gm of Strep- 
tomycm Base and 50 cc vials containmg the eqmvalent of 
5 Gm of Streptomycm Base 



^ STREPTOMYCIN 

CALCIUM CHLORIDE COMPLEX 

MERCK 

COUNCIL ^ ACCEPTED 



MERCK & CO., Inc ^(a„ufacfuuny^&/,r„ui>h RAHWAY, N J- 

In Canada Merck Co Ltd r^Iontrcal, Qac« 





'^ACriONATIONpROBLEMS? 


here’s help for you 

T his tireless servant in your laboratory will automatically 
collect any number (up to 200) of rigidly controlled samples 
of predetermined fluid volumes Each collected sample may 
comprise any number of drops from one to four hundred As 
each separate sampling is completed, the carnage automat 
ically advances to repeat identical collections consecutively 
until the whole fractionation has been made 

All you have to do is to set it up for the conditions of the 
chosen experiment, short or long, and then leave if alone 
The machine will plod along without attention hour after hour, 
all day (and night) long When the job's done, it will shut 
itself off 

The Technicon Fraction Collector has been thoroughly 
tested in actual laboratory installations, where it has proven 
invaluable to busy research staffs We shall be happy to send 
you details 

Ref Chromatography of Ammo Acids on Starch Columns— 

W H Stein and S Moore, JrnI Biol Chem 176,337,(1948) 




saves time and labor 


relieves laboratory staff of fhe fretful and time- 
consuming chore of fraction-cutting releases workers 
for other duties 


triples work output 


you can run It twenty-four hours a day, continuously, 
to triple fractionation output as compared with an 8 
hour laboratory day 


gives greater resolution 


by collecting a large number of small fractions, 
rather than a few gross ones, you’ll get more data 
from a given fractionation, eg a chromatogram, or 
a fractional distillation 

assures accuracy 

because the possibility of human error is automati- 
cally ruled out Now fraction-collection becomes a 
straightforward mechanical procedure 


?*IT 



6 


onMiOTni 


automatic 

fraction 

collector 


ncwicod monHotRMW corp, 




state 







Check these features before 
you buy a centrifuge — 

V A compact, lightweight unit — can be earned easily, will fit m a 
small refngerator when centrifuging in the cold is required 

V Provides a faster sedimentation rate and more complete sedi- 
mentation rate and more complete sedimentation with finely dis- 
persed particles by utilizing the angle pnnciple of suspending the 
tubes at a fixed 52° angle 

•%/ Can be used for micro and semi-micro work by substituting the 
proper shields and tubes 

V Head is precision -machined for accurate balance 

Rheostat has an “oflT’ position and allows for continuous speed 
control 

'\/ Vibration is absorbed by rubber suction feet which keep the unit 
from creeping, even on a glass surface 

\/ Maximum speed, fully loaded — 4000 RPM on AC, 4500 RPM on 
DC 

■\/ Fimshed m attractive gray hammertone 

Adams Safety-Head Centrifuge 

Adams Safety -Head Centrifuge for six 15-ml tubes, complete uuth 
underguaid, safety cap, brass shields and three each graduated and 
ungraduated 12-ml hea\w duty glass tubes, for 100 i olts, AC and 
DC “ * each $72 00 

220 ^ olt models, S3 00 additional 

Write for Circular 309FP describmg our complete fine of centrifuges 


Clay- Adams Company, inc. 

141 EAST 25th STREET NEW YORK 10 

-Jk^wrxni all, at 301 Wail Wafklaglaa SIraal CHICAGO • lU. 





BOOKS YOU SHOULD NOT OVERLOOK 


HOBER 


Physical Chemistry 

Presents material of major importance to teachers, 
students and workers in physical chemistry, medical 
and biological phj siology The thesis is physiology as 
a branch of phj sicochermcal saence deahng mth life as 
an integrated senes of phj'sical phenomena Emphasis 
IS given to new developments m submicroscopic struc- 
tures The book offers a nen approach to how, in cell 


of Cells and Tissues 

life, chemical energy is transformed mto mechamcal or 
osmotic work Some of the contents pnnaples of 
phj'sical chemistry properties, architectural and 
functional significance m hvmg matter of the large 
molecules respiration of cells and tissues passive 
penetrabon etc. 


70 Ulus , 676 Pages, $6 00 {Reprinted 194S) 


WINTON and BAYLISS 
Human Physiology (3rd Edition) 


Students m mediane and dentistry wiU find m this very 
popular textbook a thorough presentaUon of the rela- 
tionships between pathologj and physiology, and of 
physiological expenmental evidence All chapters 
have been revised and a large number of new illustra- 
bons added Each secbon was wntten bj a colleague 


with speaal knowledge and experience a parbcu 
larly valuable feature Subject matter mcludes the 
circulabon, autonoimc nervous sj’stem and chemical 
transmission at nerve endings, the sense organs, duct- 
less glands, and many others 


248 Ulus , 592 Pages, $7 00 {194S) 


The Blakiston Company 

1012 Walnut Street, Philadelphia 5, Pa 


Please send the items checked, mv check is enclosed □ , charge my account □ It is understood 
that jou mil credit my account in full ivith any books that I ivish to return within 10 days 

Hober’s Physical Chemistry of Cells and Tissues 
Winton and Bayliss’ Human Physiology 

NAME ADDRESS 
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mass demonstration In the auditorium 

The projectionist can follow a s — 
5 it;e senes of ever closer localizations, ftoi" its gross aspect 
to Its ultimate microscopic demons tratiiflffflfiKA oil immersion 



for example in 


The auxiliary Scopicon dark chamber “round-table” 


tumol* study 


affords superb facility for small-group study 
Here the projected image is cast upon a platen 
within a light tight chamber, with separate light- 
excluding viewing hoods for each observer Any 
number up to ten may share in conference, which 
can be conducted in a normally lighted room A 
pointer at each port permits any observer to indi- 
cate areas of interest to all the others for discussion 



The 64,000 lumen intensity of the 
Scopicon high-pressure mercury 
lamp permits auditorium demon- 
stration of tissue sections even 
under oil-immersed microscope 
objectives In projected images six 
feet or more across, every detail of 
the cellular structure stands out 
clearly, due to the pinpoint char- 
acter of the 1 mm square (approx ) 
focal spot employed The Scopicon 
light IS steady and flickerless 
its brilliant white color exhibits 
biological stains to the greatest 
advantage May we send you the 
brochure describing this versatile 
instrument^ 



SCOPICOIV, Inc. 

215 East 149th St^ Ncin York 51, N Y 


microprojection 

photomicrograpliy 



TRAVEL AWARDS 


JSlh Tnternalional 
Physiologix;al Congress 
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JUST PUBLISHED 

The Chemistry 
and Physiology 
of Growth 


Edited by ARTHUR K PARPART 


The MYSTERY of growth is one of the outstanding un- 
solved problems of science In this new book the leaders of 
research on the problem of growth — which includes cancer 
research — report on what they have discovered so far, and 
what needs to be done 


Contents 


J H NORTHROP Enrvmcs and the S\ nthcsis of Proteins 
F O SCHMITT Molecular Morphologj and Grov, th 
K V THIMANN Plant Growth Hormones 
K FOLKERS Unidentified Vitamins and Grots th Factors 
C B VAN NIEL The Kinetics of Grow th of Microorganisms 
E S GUZMAN BARRON Cellular Metabolism and Growth 
P V^ISS Differential Growth 
J S NICHOLAS Problems of Organization 
C P RHOADS Neoplastic Abnormal Growth 
C N H LONG The Adrenal Gland 



$4 ^0 at your bookstore 
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How to select an 
"all-purpose" 
antiseptic 


&/ie defect/ 


Much IS demanded of a good antiseptic It must meet 
exacting requirements under the varying circumstances 
of clinical use 


Is effective against Many types of pathogenic organisms 

Is effectivE against a high concentration of the organisms. 
Retains its geRmicidal activity in high dilution 
Maintains its effecTiveness for a prolonged penod 
Has a rapid onset of action 
Is compatible with body tissues and fluids 
Does not hemOiyze red blood cells 
Is fungicidal 

Is nonirritAting to skin and tissues 
It Is not inactivaTed in the presence of soap 
Has a low incidencE of sensitivity 



ELI LILLY AND COMPANY 


'Merthiolate' (Sodium Ethyl Mercuri Thiosalicylate, Lilly) 
fulfills the eleven specifications for the ideal anbsepbc. It 
IS charactenzed by its general applicability to all types of 
clinical antisepsis Forms of ‘Merthiolate’ include the tine 
ture, 1 1,000, the solubon, 1 1,000, the jelly, 1 1,000, the 
ointment, 1 1,000, the ophthalmic ointment, 1 5,000, the 
vaginal suppositones, 1 1,000, and ‘Sulfo Merthiolate’ (So- 
dium p Ethyl Mercun Thiophenylsulfonate, Lilly), 1 1,000, 
Surgical Powder Preparations of ’Merthiolate' are available 
from your regular source of medical supplies. 


Indianapolis 6, Indiana, USA 
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NOTES ON THE DETROIT CONVENTION OF THE 

FEDERATION 

Apiil 18 to 22, 1949 


The thirty-third annual meeting of the Federa- 
tion of Amencan Societies for Experimental 
Biologj’’ was held at Detroit, hlichigan, April IS 
to 22, 1949 Headquarters hotels were the Book- 
CadiUac for three Societies (Biochemistrj’', Pa- 
thology and Immunology) and the Statler for 
three Societies (Physiology, Pliarmacology and 
Nutntion) All of the scientific sessions of the So- 
cieties were held m the Masomc Temple, as was 
also the Jomt Session of the Federation on Tues- 
day evenmg, April 19 One motion picture session 
was presented, at the Detroit-Leland Hotel The 
Federation ‘hlixer’ was held Wednesda}’’ evemng, 
April 20, at the Hotel Statler 
Dr Harry P Smith, President of the Amencan 
Society for Expenmental Pathology, was Chair- 
man of the meetmg and presided at the Jomt 
Session One hundred and thirteen scientific ses- 
sions were held at which 1304 papers were read 
and 170 papers were read b)’" title S 3 Tnposia were 
presented by the Amencan Society of Biological 
Chemists, the Amencan Society for Pharmacol- 
ogy and Experimental Therapeutics, the Amer- 
ican Institute of Nutntion and the Amencan 
Association of Immunologists 

The total registered attendance was 3517, m- 
cludmg guests (wives of members) and exhibi- 
tors As m previous j’^ears, the attendance was 
about equally dinded between Society members 
and non-members 

Forti'-four techmcal exhibits, occupymg 60 
booths, were shown 

FEDERATION ACTIONS 

The followmg actions of the Federation Execu- 
tive Comnuttee are of general mterest 

1 The plan to hold the 1950 meetmg of the 
Federation m Atlantic City, New Jersey, Apnl 17 
to 21, was confirmed 

2 The Federation assessment for the 3 ’^ear 
beginnmg Julj'- 1, 1949, was set at S3 00 per 
member of each Society (all members to be m- 


cluded, whether retired, honorary or members 
of more than one Society) The assessment m- 
cludes subscnption to Federation Proceed- 
ings 

3 It was decided to permit the sale of re- 
prmts of abstracts published m the March 1950 
issue of Federation Proceedings provided 
orders and pa 3 Tnent are sent with the abstracts 

4 The Societies approved m prmciple the 
proposal for draftmg a Constitution, revision of 
the By-Laws and mcorporation of the Federation, 
the Constitution and By-Laws to be referred to 
the Societies for approval 

5 The Executive Committee voted that the 
form of the hstmg of members m the December 
issue of Federation Proceedings be revised 
and that each entry contam only the followmg 
information name of member, highest earned de- 
gree (when apphcable both the MJD and Ph D 
degrees, or, when apphcable, the highest earned 
graduate-school degree and the hi D degree) , 
maihng address, title of position held (not more 
than two) , and the Society affihation 

6 The Executive Committee approved the 
proposal that upon adoption of the new Consti- 
tution and By-Laws the Control Committee for 
Federation Proceedings be replaced by an 
Editonal Committee composed of the Society 
Secretaries and the Managmg Editor 

7 The Amencan Institute of Nutrition will 
act as the host Society for the 1950 meetmg and 
will arrange the program of the Jomt Session 

international congresses 

Two International Congresses of mterest to 
members of the Federation are scheduled for 
1949 and 1950 

a) The First International Congress of Bio- 
chemistrj" wdl be held August 19 to 25, 1949, at 
Cambndge, England 

b) The ISth International Physiological Con- 
gress will be held August 15 to IS, 1950, at Co- 
penhagen, Denmark 
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CORRECTIONS OF ABSTRACTS IN MARCH ISSUE 


Page 21 Campbell and Davidson The last 
sentence of the abstract, beginning “The liver 
slices should be omitted 
Page 86 EntlvEB In Ime l,the name “Hen- 
nch” should read “Heinnch ” In Ime 3, the word 
“prophyrms” should read “porphynns ” 

Page 141 ScHWABTZ, Schachteb and Fbein- 
KEL In line 19, the equation should read “Z >= 
D — UV ~ ” 

Page 144 Seltb and Stone Column 1, line 
22 from the top of the page, should read, “ 
granules, which is normally produced by such 
stimuh as foUiculoid hormones ” 

Page 230 Milleb and Bale Insert the fol- 
lowing table before the last sentence of the 
abstract 


C* DlSINTBGRATIONs/MINTJTB/MILLrMOL X 10 ~* 



i 

j TOTAL 

REUASED 
BY KIN 
ITYDRIN 

I 

RZiEASED 

FKOU 

KINHY- 

DRIN 

REBrOtTE 

Livet 

L-Lysine 

L-Glutanuc acid 

4 49 

0 760 

0 145 

j 

1 

0 472 

L-Aspnrtic acid 

0 21 

0 147 

0 164 

0 463 

0 02 

Plasma protein 

L Lysine 

L-Glutanuc acid 

1 

5 28 

0 607 

0 160 

1 

1 

0 425 

L-Aspartic acid 

0 338 

0 24 

1 

0 02 


Page 335 Smuntabd Aim Toman Line 16, in- 
sert the following table precedmg the sentence 
beginnmg, “Mhximum potency ” 


R 1 

1 

TD.o 

mg/kg 

j EMCTB.OSHOCK TESt 

IIETRAZOL TEST 

ED»o 

tng/fcs 

PI 

EDio 

wg/tf 

PI 

H (a) 

740 

40 

18 6 

212 

3 6 


(650-1000) 

(36-44 6) 

(13 6-25 2)i 

(137-324) 

(2 1-5 9) 

H (h) 

1620 

170 

9 6 

>1600 

<1 0 


(1005-2400) 

(111-260) 

(6 3-17 1) 



CH, (a) 

173 

17 6 

9 0 

69 

2 9 


(124-242) 

(12 2-25 2) 

(6 2-19 0) 

(38-92) 

Cl 7-5 1) 

CH, (h) 

332 

16 

20 8 

203 

1 8 


(256-432) 

(13 0-19 7) 

(14 8-29 2) 

(161-272) 

(1 1-2 4) 

C.a (a) 

170 

IS 

9 6 

160 

I 1 


(129-224) 

(14 4-22 6) 

(6 C-13 5) 

(105-243) 

1(0 6-1 8) 

CjH$ (h) ! 

119 

10 9 

11 0 

62 

1 9 


(98-144) 

(7 8-15 0) 

(7 6-10 4) 

(51-76) 

(1 5-2 5) 

C.H. (a) 


No activity up to 1600 vagfkg 


C«Hi (h) 


30 

>100 


<10 


>3200 j 

(20-45) 

1 

>3200 j 



( ) 95 per cent confidence lunita 


Page 335 Tabob Throughout the abstract 
the abbreviation inM should read nucromol 

Page 344 Wax, Ellis and Lehman Lme 8, 
the word “was” should read “w’ere ” In lme 15, 
the word “jejunum” sliould read “mtestme ” 
Lme 21 (new sentence) to the end of the article 
should read, “Increased absorption area may 
Jiave resulted in increased tissue concentration, 
but did not definitely influence total absorption 
Tile percentage absorption was not markedly 
affected by the concentration of IPA Absorption 
of IPA was 99 per cent complete at the end of 2 
hours, the greatest part occurnng withm the first 
30 mmutes Previous absorption of IPA did not 
significantly mfluence subsequent absorption 
from adjacent loops Ethyl alcohol administered 
mtravenously perhaps decreased the mtestmal 
absorption of IPA ” 

Page 404 Haubowitz and Etili Line 2 from 
the bottom should read “per antigen-antibody 
bond or 0 47 kcal per A’ results ” 
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Joint Session of the Federation 

Detroit, Michigan, April 19, 1949 
Chairman H. P SMITH 

AMINO ACID METABOLISM IN MUTANT STRAINS 
OF MICROORGANISMS 

E L Tatum 

From the Deparlmeni of Btologtcal Sciences, Stanford University 

STANFORD, CALIFORNIA 


TThis discussion of some aspects of ammo acid 
metabolism m microorganism is necessarily 
bmited in scope It t^tU deal pnmanly with 
metabolic relations u hich have been found to be 
of general significance m both higher and lower 
orgamsms and mth certam new relations, prob- 
ably also of general significance, which have been 
suggested b}' studies -mth microorganisms In 
both instances, the discussion wiU center around 
the results obtained uuth the help of mutant 
strains 

Mutations wluch have as biochemical conse- 
quences defective biosjmtheses of essential cel- 
lular constituents, such as vitamins and amino 
acids, are being produced in steadily mcreasing 
numbers of types of microorganisms These non 
include representative bactena, yeasts and fungi 

In order to give some idea of hm\ nutntionallj’-- 
deficient mutant strains of microorganisms are 
produced and isolated, a brief summary of var- 
ious techmques now available is given m table 
1 Basically, mutations m a nncrooiganism are 
produced by exposmg the culture to the action of 
a mutagen, ^-raya, ultra-nolet radiation, or chem- 
icals such as mustard-gas Pure genetic fines of 
the treated matenal are dern’'ed from single spores 
with fungi, or from single vegetative cells with 
bactena, by growing tliem on a ‘complete’ medium 
w'hich supphes a vanety of grow th-factors, both 
known and unknown A nutntionafiy deficient 
mutant among these cultures is detected by its 
failure to grow in a ‘nummal’ sjmthetic medium, 
and its defectne bios 3 ’nthesis is identified bj'" 
testing its growth in vanoush'- supplemented 
sjTithetic media This method has been used 
with Keurospora (1) and wnth E colt (2) and 
other microorgamsms Se\ eral less labonous 
methods for selecting mutants from Hige popula- 


tions have recently been developed These are 
also summarised m table 1 All of these modifica- 
tions are based on the failure of a mutant to me- 
tabolise and grow^ normally without its specific 
essential supplement When this supplement is 
added after a period of mcubation, mutant cells 
of bactena only then form colomes which at a 
given tune are smaller than those from normal 
cells (3) Fries has successfully increased the pi o- 
portion of mutant spores of the mold Ophtosioma 
m rmxtures by removing the geiminated normal 
myceha by filtration (4] With Ophiostoma (4) 
and with Neurospora (5) mutants have been vus- 
ually selected from populations of spores cultured 
on minimal agar media on the basis that a mu- 
tant fails to grow or grows very slowdj’’ undei 
these conditions Even more efficient are metli- 
ods based on the more rapid death of normal 
cells due in one case to exhaustion of endogeneous 
reserves in a mimmal medium lacking a growdh- 
factor required bj'- the normal strain (6) and due 
in the other instance to the grow'th and conse- 
quent stenhzation of normal cells in minimal 
medium contaimng iiemcilhn (7, 8) 

If the B-vitamins and the amino acids are met- 
abohcally essential for microorgamsms, and if 
random mutation in nature or in the laboratorj' 
results in defective sjmtheses of these substances, 
we would expect to find a close correlation iie- 
tw een the growth factor requirements of strains 
as isolated from nature and mutant strains pro- 
duced expenmentallj’’ This expectation is fairlj' 
well fulfilled 

The requirements of mutant strains which 
have now been found m bactena and fungi do 
include most of the known water soluble vntamins 
and the amino acids This wudespread range is 
summarized most casilj b} hsting those sub- 



512 


FEDERATION PROCEEDINGS 


Volume 8 


stances not yet so represented It can be seen 
from table 2 that deficiencies m mutant strains 
of fungi mclude nboflavm, pantothemc acid, 


Table 1 Techniques fob isolating 

NUTBITIONAL MUTANTS OF 
MICEOOBGANISM8 



OEGANISir 

REF- 

DESCRIPTION Op UETHOD 

USED 

erence 

Isolation on complete me- 

Neurospora 

(1) 

dium, testing on minimal 

E colt 

(2) 

Incubated in minimal, 

E coll 

(3) 

later supplemented as 
desired 

Incubated m minimal, 

Ophtosloma 

(4) 

non-mutants removed 
by filtration 

Incubated on minimal, 

Ophtosloma 

(4) 

mutants selected by 

Neurospora 

(5) 

observation 

Incubated m minimal. 

Ophtosloma 

(6) 

with selective survival 
of mutants 

Incubation in mmimal 

E coll 

(7,8) 


With penicillin, with se- 
lective survival of 
mutants 


Table 2 Compaeison of nutritional 
requieements of mutant and 
wild-type strains of 
MICEOORGANI8MB 


riLAlIENTOUS nJNOI BACTERIA 

Strains from Mutant Strains from Mutant 


nature 

strains 

nature 

strains 


B-vitamins not required 


B, 

Bi3 

Inositol 

B, 

Pantothenic Fohc acid 

Chohne 

Inositol 

acid 

Nicotimo 



Chohne 

acid 




p - ammo 




benzoic 

acid 




Choline 

Bj, 

Fohc acid 



Fohc acid 


Ammo acids not required 


? 

Alanine 

Alanine 

Alanine 


Hydroxy- 

Hydroxy- 

Hydroxy- 


prohne 

prohne 

prohne 


mcotmic acid, p-ammobenzoic acid and choline, 
which are not requued by any filamentous fungi 
yet isolated from nature So far as is known, 
fohc acid and vitamm Bij are not required either 


by fungi from nature or by mutant strains For 
the bactena, mositol is not yet known to be re- 
quired but all the other vitamins except nbo- 
flavm, fohc acid, Bi 2 and chohne are mcluded in 
the requirements of mutant strains 

A similar comparison for armno acids suggests 
that m nature few spontaneously ansmg ammo 
acid-requirmg mutants of non-pathogemc fungi 
survive However, mutant strains of fungi have 
been found with requirements for aU the well- 
established ammo acids except alarune and hy- 
droxyprohne The same is true for strains of 
both classes of bactena 

There is therefore available a wealth of exper- 
imental matenal m mutant strains of bactena 
and fungi In the strains to be considered, for 
example, smgle reactions m the biosyntheses of 
ammo acids are blocked by gene mutations m a 
more specific manner than possible with ensyme 
inhibitors The use of mutant strains as tools m 
the biochemical aimlysis of synthetic mechanisms 
IS evident However, before discussing specific 
examples of this, I want to mention bnefly a phe- 
nomenon which has been found fairly frequently m 
mutant strains requirmg ammo acids This phe- 
nomenon 15 one of a specific and often extreme sus- 
ceptibihty to growth inhibitions caused by cer- 
tam ammo acids, usually not the ones required 
for growth These inhibitions are important 
both because they may mdicate previously un- 
suspected interrelations between ammo acids, 
and because they must be taken into account m 
the mterpretation of studies of biosyntheses To 
illustrate the diversity of antagonistic ammo 
acid relations m Neurospora some examples are 
shown m table 3 Similar antagonisms have 
been invoked by Bonner to explain the double re- 
quirement of a mutant stram of Neurospora for 
isoleucme and vahne (15) In this case an ac- 
cumulated precursor of isoleucme appears to m- 
hibit the synthesis of vahne, and both are there- 
fore required 

I now want to discuss some of the biochemical 
interrelations which have been found m ammo 
acid metabolism m rmcroorganisms Three gen- 
eral considerations should be emphasized for 
this discussion first, the vahdity of the view- 
point of comparative biochemistiy, that the bio- 
chemical processes of microorganisms, higher 
plants, and animals are fundamentally siinilar> 
secondly, the contnbutioiis of studies with mu- 
tant strains of nucrooiganisms to the analj^s o 
the biochemical steps mvolved m reactions and 
relations between ammo acids, tturdly, the im- 
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portance of mutant strains of microorganisms m 
discovermg hitlierto unknown reactions and un- 
suspected ammo acid mterrelations 
Smce ammo acid metabolism has been most 
thoroughly studied in mutants of Neurospora and 
of E coll, the examples used m this discussion 
for the most part wdl come from work with these 
two microorganisms 

As shown m figure 1, one of the best examples 
of the essential snmlanty of ammo acid metabo- 
lism m different organisms is the synthesis of 
argmme, m which the same steps of the orm- 

Txble 3 Some amino-acid antagonisms in 

NETJEOSPORA 


OlOWTH-rACTOa 

GROWTH INHIBITOR REFERENCE 

Isoleucme -f valine 

Excess of either 

(9) 

Lysme 

Argmme 

(10) 

D-oi-anunoadipic 

acid 

Argmme, aspara- 
gine, glutamic 
acid 

(11) 

Glycine or serine 

Asparagme 

(12) 

Methionme or 

Excess methiomne 

(13) 

threonme 

None (reversed by 

Canavamne 

(14) 

argmme) 

Histidine 

‘Complete’ medium 

(5) 

Adenine 

Indole 

(6) 



thme cycle are mvolved m mammals, m Neuro- 
spora (16), m PenictUium (17), and m bacteria 
(18, 19) Further probable relations of argimne 
to glutamic acid and to prohne are mdicated by 
reactions 1, 2, and 4 . One mutant strain of E 
colt is apparently blocked at step 1 and another 
at 4i resulting m requirements for glutamic acid 
or prohne, and for prohne, respectively (2) A 
block at reaction 2 m Pemcillium apparently ex- 
plains a requirement for prohne or for argmme 
(17) 

Another excellent example of the essential 
similarity in different orgamsms is m the metab- 


olism of the sulfur-contaimng ammo acids As 
shown m figure 2, the relation of cystathionme 
to cysteme and methionme first established for 
higher animals by du Vigneaud and collaborators 
holds also for Neurospora (20) and E colt (21) 
Some mmor differences exist, however In Nevr 
rospora serme as such seems not to be formed from 
c 3 ratathiomne (13) In E colt the reactions lead- 
mg from methionme to cysteme apparently do 
not operate m that direction, and this bactenum 
differs from Neurospora m bemg able to use d- 
aUocystathionme as a source of methionme (21) 
Investigations with mutant strams of Newro- 
spora have also mdicated unsuspected relations 
between homosenne and threonme (13), as pic- 


HOOC C-C-CDH + HSC-C COOH 
N ^ W 

Mi ii Hs 


^ 2 . Ii "2 c-Z/i/JOP 

V 

HOOC-C-C C - S- C C COOH \ 

Hi n» k 

[hoc c cooh|4- HOOc-e e c sh -I — ^ hooc-c-c c sc 
I M, 1 B. ' S- 


Fig 2 



tured diagrammatically m figure 3 Stram 51504 
grows with either ammo acid A similar rela- 
tion has been found m mutant strams of B sub- 
lilis by Teas (22) An even more surpnsmg 
relation is suggested by a mutant strain of Neuro- 
spora with an alternative requirement for isoleu- 
cme or threonme (22) These mtngmng ammo 
acid mterconversions remain to be elucidated 
The metabohc relation between IjEme and a- 
ammoadipic acid foimd m the rat by Borsook 
and collaborators (23) and shown in figure 4, has 
been found also m Neurospora smce a-amino 
adipic acid has recently been shown to be a precur- 
sor of lysme for stram 33933 (11) 

Although antmnihc acid, mdole, and trjTito- 
phane have for some time been known to be met- 
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abolically related, convincmg evidence that an- 
thranilic acid is a precursor of tryptophane was 
first obtained with mutant strains of Neurospora 

(24) This IS shown m figure 5 The mechanism 
of the conversion of indole to tryptophane has 
likewise been analyzed with Neurospora, and has 
been shown to mvolve a lutherto unsuspected 
condensation of indole with the ammo acid senne 

(25) There seems to be at least two steps re- 
volved re the conversion of anthranihc acid to re- 
dole, smce two genetically different mutants are 
unable to carry out this reaction A clue to the 
mechanism of this conveision has been given by 


T 


— 35933 


HOOC-C-C-C-C— COOH 
NHz 


^S069 

37 / 0 / 





C-C-C-C-C-COOH 
NHi NHz 


Fig 4 


/ 0575 - 



Nyc ei al (26) who have found by isotopic tech- 
mques that the carboxyl carbon of anthranihc 
acid IS not present re the formed tryptophane 
The conversion of mdole to tryptophane has been 
shown to be an enzymatic reaction involving 
pyndoxree (27) Recently a mutant strain of 
Neurospora which reqmres tryptophane and which 
apparently lacks this enzyme has been described 
(28) This evidence provides excellent support- 
ing endence that a gene-enzyme relation is in- 
volved m the genetic control of biosynthetic reac- 
tions 

An interesting relation between an armno acid 
and a vitamin is the conversion of tryptophane to 
mcotmic acid This relation has been substan- 


tiated and clarified with mutant strams of Neu 
rospora As shown in figure 6, some strains of 
Neurospora are known which require either tryp 
tophane or mcotmic acid This converaon is 
most readily explained by steps mvolvmg kynu 
remne, the hypothetical compound hydroxykynu 
remne and the established intermediate 3-hy- 
droxyanthramhc acid This latter compound is 
converted to mcotimc acid by strains 40008 and 
65001 and by strain Y31881 (29-31) The pro 
duction of this last mtermediate by stram 4540 
has been demonstrated by Bonner (31) The 
evidence obtained vith tliese strains of microor- 
gamsms thus lends excellent support to the re- 
lation of tryptopliane and mcotimc acid sug- 
gested first by animal studies In addition, tbs 
conversion has Iieen shown to mvoh e several new 
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C- C-COOH 
0 N 

M Me 

'hcooh* 

Fig 7 



biochemical reactions of considerable general 
significance 

Another interestmg relation which exists both 
in ammals and in microorgamsms is that of the 
mterconversion of glycme and senne Strains of 
bacteria (18, 19) and of Neurospora (12) ar® 
known which have alternative requirements for 
either glycme or senne The relation of these 
two ammo acids has been demonstrated m bgher 
ammab by Shemm (32) and the mechamsm il- 
lustrated diagramatically m figure 7 has be^ 
recently suggested by Sakarm (33) Sakamis 
evidence, based on the use of marked glycme, sug 
gests that glycine gives nse to formate, wb 
then reacts with another molecule of glycme to 
form senne This reaction may be revolved m 
the mterconversion of these anuno acids m mi 
croorgamsms The arrow marked with the two 
strain numbers on the figure represents the reac 
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tion chain leading into this senes There seem 
to be at least two steps which have been geneti- 
cally blocked m the sjmthesis of glycme and ser- 
ine Evidence now available suggests that the 
rat and Neurospora may metabolize glycme m 
somewhat different fashions Shemin has pre- 
sented evidence that m the rat glycine is not 
particular!}’’ active m transammation reactions 
In Neurospora, glycme apparently very readily 
supphes ammo mtrogen for the formation of sev- 
eral other ammo acids, mcludmg tryosine, lus- 
tidme, aspartic acid, and glutamic acid, as mdi- 
cated by the use of mtrogen labelled glycine with 
a glycme requirmg stram (34) 

Some other extremely mterestmg relations be- 
tween ammo acids have been found which deal 
with the aromatic compounds phenylalanme, tyro- 
sme, anthramhc acid and para-ammobenzoic acid 
The precise mechamsmB of these mterrelations 
remain to be mvestigated As diagramatically 
represented m figure S, mutant strains with re- 


phatic ammo acid may not be directly mvolved in 
its biosynthesis W orking u ith a mutant strain of 
Neurospora which requires isoleucme and vahne 
(9, 15) E A Adelberg, in our laboratory, has 
recently isolated and identified a new interme- 
diate m the biosynthesis of isoleucme The struc- 
ture of this compound and a tentative suggestion 
of its part m the synthesis of isoleucme are indi- 
cated in figure 9 The keto acid analogue of 
isoleucme is perhaps only indirectly related to 
the biosynthesis of isoleucme m rnicroorgamsms 
The endence for this mcludes the inactinty of 
the keto acid m releasmg the vahne inhibition of 
growth of ■wild-type E colt In addition, some 
mutant strams of bacteria have been found cap- 
able of usmg the dihydroxy or the keto-acid 
analogue instead of isoleucme, while other mu- 
tant strams can use only the dihydroxy analogue 
m place of isoleucme This evidence apparently 
provides a new clue to the mechanism of sj’uthesis 
of ahphatic or-amino acids 


— rwf 



quirements for each one of the mdicated aro- 
matic compounds are known in E coli (18,19, 35) 
and m Neurospora (24, 36, 37) In E coh recov- 
ery experiments have mdicated that phenylalamne 
and tyrosme are synthesized mdependently, per- 
haps from a common precursor (35) The syn- 
thesis of aU four compounds from a common 
precursor (x) is suggested by the existence of a mu- 
tant strain of Neurospora, Y7655, which requires 
all four substances (36) and by the existence of 
siimlar multiple-reqmnng mutants m E coh (19) 
The relations existing in these mutant strains pro- 
■nde extremely mterestmg possibihties for fur- 
ther biochemical im^tigations of the biosjmthe- 
sis of aromatic compounds 
Shemm (32) has suggested that the non-essen- 
tial ammo acids ma} be s3Tithesized m the rat 
by ammo acid intercom ersions rather than by 
amination of their keto acid analogues Recent 
im’estigations with Neurospora hai’e suggested 
that the keto acid of at least one essential ali- 
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As mentioned earher, there is now a consider- 
able body of evidence suggestmg that many ammo 
acids may be synthesized by mterconversions 
rather than directly from their keto acid ana- 
logues In addition, e'vidence is now available 
that some keto acids are biologically inactive in 
certain microorganisms These two hnes of en- 
dence cast some doubt on the general signifi- 
cance of direct armnation reactions as terminal 
steps in the bio-syntheses of certain anuno acids 
m microorganisms Some examples are summa- 
rized m table 4 In the first group of examples 
hsted, the most probable syntheses are by way 
of mechamsms other tlian ammation of the keto 
acids, perliaps those mdicated m the last column 
of the table In several instances the keto acids 
hax'e been found to be inactive for mutant strams 
of microoigamsms It might be concluded that 
perhaps the only ammo acids which are formed 
de novo bj' direct armnation or transamination are 
those directly related to known intermediates m 
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carbohydrate metabohsm, notably alanine, as- 
partic acid and glutamic acid 
Some of the known ammo acid relations which 
have been found to be common to both mi- 


Table 4 Keto-acid and amino acid relations 

IN MUTANT STRAINS OF MICROORGANISMS 


ACTTVITY OF 
KETO-ACID 
AlUKO ACID ANALOGUE 


PAOBABLE 

SYNTHESIS 

EBOU 


Argmine ? 

Lysme ? 

Senne ? 

Glycine ? 

Cysteine ? 

Methionine 4- 

Isoleucine — , -{- 

Tyrosine ± (10%) 


Aminoadipic — (11) 
acid 

Tryptophane — 
Histidine ? 


Citrulline (16) 
a-ammoadipio acid 
( 11 ) 

Glycme (12) 

Serine (12) 
Cystathiomne (20) 
Cystathiomne (20) 
Dihydroxyacid ana- 
logue 

Phenylalanine or 
common precursor 
(36) 

? 

Indole + senne (25) 


— (Hydroxy- ? 
acid, 34) 


Table 5 Reactions common to microorgan- 
isms AND animals 

Ormthme — *• citrulline — ^ arginine 
cystathiomne ^ homocysteine -f [serine] 
cystathiomne ^ homoaerme 4- cysteine 
glycme serine 
a-ammoadipic acid lysme 
tryptophane — ^ mcotmic acid 
tryptophane — ^ kynuremne 


Table 6 Reactions and interrelations 

ESTABLISHED WITH MICROORGANISMS 

mdole 4- serme — ^ tryptophane 
threonme ^ homoserme 
anthranilio acid (— COj-f ?) — ‘ mdole 
kynuremne — ^ 3-hydroxyanthraniIic acid 
3-hydroxyanthramlic acid — ‘ mcotmic acid 
a,P, dihydroxy, /8-ethyl-butyric acid — ^ isoleucme 


croorgamsms andammals are summarized m table 
6 These reactions, which have already been dis- 
cussed, mclude those of the ormthme cycle, the 
relation of cystathiomne to methionme and (ys- 
teme, the mterconversion of glycme and senne, 
the relation of alpha-ammoadipic acid to lysme. 


and the conversion of tryptophane to mcotmic 
acid, and to kynuremne 

As the result of examinations of the mecha- 
nisms of these and other biosynthetic reactions 
with mutant strains of microorganisms, a number 
of new reactions and relations have been estab- 
lished These mclude the reactions summarized 
m table 6 The mvolvement of serme m the syn- 
thesis of tryptophane has been discussed The 
relationship of threonme to homoserme suggested 
by studies with microorganisms remains to be 
elucidated Similarly, the exact steps m the 
conversion of anthramhc acid to mdole are as 
yet unknown The essential outhne of the bio 
chemical steps mvolved m the conversion of ky- 
nuremne to 3-hydroxyanthranihc acid, and of 
this compound to mcotimc acid has been sugges 
ted Finally, a role of or,/9-dihydroxy43-ethyl- 
butync acid m the biosynthesis of isoleucme has 
been fairly adequately estabhshed by studies with 
microorganisms 

It may be expected that future mvestigations 
with nucroorgamsms, particularly with mutant 
strams, wiU reveal other new and unsuspected 
relations beWeen ammo acids, and that these 
strams will prove lughly useful tools for the elu- 
cidation of the mechanisms of reactions mvolved 
m the biosyntheses of these ammo acids It 
may also be anticipated that further studies cor- 
relatmg enzyme activity with gene mutation will 
add additional information regardmg the role of 
the gene and of gene mutations m determining 
enzyme specificity The first clear-cut example 
of this relationship in Newrospora is the enzyme 
mvolved m trjqitophane synthesis from mdole 
and senne Information is now available which 
should permit the extension of this analysis of 
gene-enzyme relations to other biosyntheses 
These mclude the syntheses of the ammo acids 
argimne, prohne, glycme, and senne It may 
be expected that other reactions will become avail- 
able for such studies as the precise mechanisms 
of the biosyntheses of other ammo acids are es 


tabhshed 

In summaiy, we have discussed various aspects 
of ammo acid metabolism m the examination of 
which microorganisms have been of primary value 
Judgmg from past expenence we may anticipate 
that additional discovenes coming from studies 
from nucroorgamsms wfil be of general metabohc 
significance The prmciples of comparative bio- 
chemistry thus adequately justify the use of mi- 
croorganisms m mvestigations of ammo acid 
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metabolism In these investigations mutant 
strams of microoi^anisms should prove of sig- 
mficant ralue m future developments 
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hen a viruB and a susceptible cell come 
together, there occurs an increase in the amount 
of the virus An increase in the concentration of a 
virus has not been obtained as yet m ceU-free 
media nor in the absence of hvmg cells It is now 
well established that nruses are discrete particles 
with definite morphology which can be visuahzed 
with the electron microscope (1) An mcrease m 
viral concentration is associated with an mcrease 
m the number of viral particles of like amount, 
there is a close correlation between the number of 
particles and the number of infective umts (2) 
The mcrease m the amount of inrus which 
occurs m the presence of susceptible cells is gener- 
ally considered to result from viral multiphcation 
The vahdity of this concept was mdicated by the 
early classic work of Woodiuff and Goodpasture 
(3) Apparently, viruses do not carry out demon- 
strable metabohc activities (4, 5) Moreover, 
they have not been shown to contam known 
enzyme protems (2) If this is true, it seems 
important to mqmre How do viruses imdergo 
multiphcation, where do they acquire the sub- 
stance and energy necessary for their synthesis, 
what onents and directs the process? Most 
workers now think tliat durmg their multiphca- 
tion viruses derive the needed mass and energy 
from the host cell But the directional, onentmg 
influence appears to denve from the virus itself 
even though it may operate through the mdispen- 
sable partner, the host cell 
Because viruses apparently are multiplied 
withm the host cell and give httle evidence of 
their presence until they burst forth, it is not 
simple to leain what goes on Studies nith bac- 
teriophages, which are often termed bactenal 
loruses, have yielded unpoitant information The 
development by Burnet (6) of a method for meas- 
urmg the yield of vims from mdmdual bactena 
and the development of the one-step growth 
experiment and other techniques by EUis and 
DelbrQck (7) made possible close analysis of the 
multiphcation of bactenal viruses The process 
is considered as a senes of step-wise events 


Chance collisions brmg the vural particle and 
bactenal cell together Attractive forces lead to 
adsorption of vims at the suiface of the cell One 
nral particle is all that is required to mitiate 
multiphcation, but the cell can adsorb a number 
of particles equal to the number it can produce 
(8) Adsorption is rapid and may be essentially 
completed m a few mmutes (9) Adsorption co 
factors such as um valent cations (10), tryptophane 
(11) or calcium may be required The virus enters 
the cell, which then rapidly becomes altered with 
the result that other vimses usually cannot 
multiply withm it (12) At this pomt mysterious 
events take over The virus seems, m effect, to 
have disappeared as is mdicated by the expen- 
ments of Cohen and Anderson (13) and Foster 
(14) This puzzhng state, which is termed the 
latent or silent period, contmues for 13 to 40 
mmutes, dependmg on the nms employed, when 
suddenly the vims reappears i e , bursts from the 
cell m large numbers (8) As DelbrQck (15) has 
shown, one viral particle leads to the synthesis of 
100 to 400 new inral particles m this short 
mterval Multiphcation has occurred, of this 
there is no doubt, but it happened during the 
latent penod and its stages were unobserved The 
results of the numerous elegant axperiments 
which have been earned out provide data about 
the kmetics of the mteraction between bactenal 
inms and cell, the prehmmarj’’ events and the 
final results, but shed no clear hght upon the real 
problem the biochemical mechanism of 
multiphcation 

Results which are closely analogous have been 
obtamed with certam animal viruses, especial y 
the influenza group and mumps Adsorption b) 
susceptible cells (16-18), the probable nature 
of certain cell receptors (19), the duration of t e 
latent period and the appioxunate number o 
viral particles hberated (20) have been demon 
strated The only striking difference from ® 
bactenal viruses appears m the length of ® 
latent period With influenza viruses. He e, 
Henle and Rosenberg (20) found that this pen® 
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IS of tlie order of 6 to 9 houre, mth mumps virus 
it appears to be considerably longer (21) 

The riddle of multiplication has puzzled many 
workers smee viruses first were recognized 
Vanous hypotheses have been proposed With 
the larger viruses, the psittacosis group as 
uvample, the life cycle hypothesis has its pro- 
ponents, and changes m the size, staming prop- 
erties and number of mtra-cellular viral particles 
hare been correlated mth multiphcation of the 
agents (22, 23) Growth and division, as with 
bactena, is a possibdity but many facts do not 
fit such a theor 3 ^ Self-reduphcation or auto- 
catalytic processes have been invoked, chiefly 
smee the crystallization of some plant viruses was 
aclueved (24) These processes are hardly less 
mysterious than viral multiphcation itself and 
do not provide a satisfactory solution to the 
problem (25) A virus precursor hypothesis has 
been put forward Accordmg to this view (26) the 
precursor is present m the cell before infection and 
IS transformed to virus by an autocatalytic proc- 
ess Another suggested mechanism is the tem- 
plate hypothesis virus is synthesized by the cell 
m conformity with the models (the templates) 
it presents to the mtracellular enzymes (25) 
The phenomenon of viral mterference, perhaps 
more than any other, has called forth a turn m 
current ideas Infection with one virus often 
precludes infection with another, one virus may 
act as inhibitor of the multiphcation of another 
The characteristics of the reaction (27, 28) are 
consistent mth the idea that it is competitive 
That it IS not dependent upon competition for 
cell receptors appears established (27, 29), as is 
the fact that it can be obtamed with mactivated 
virus (30, 31) Taken together, the existmg data 
suggest that the competition may be for a meta- 
bohe system m the host cell and that both the 
mtegnty and avadabihty of this system are 
essential for viral multiphcation 
If all pairs of viruses showed mterference, it 
could be supposed that all required similar meta- 
bohe pathways m the host cell But numerous 
pairs of luruses do not show interference, some are 
capable of simultaneous multiphcation m a single 
cell (32, 33) Because competition does not occur 
m these instances, it seems probable that non- 
mterfermg nruses demand different metabolic 
pathnaj^ of the cell Hou man}' pathnajs for 
different iiruses there may be is not known but 
m the cells hning the allantoic sac of the chick 
embi^ o it appears there are at least three (21, 29) 
Studies on mterference haie raised the possi- 


bility that identifiable metabohe steps may be 
demonstrable More detailed information con- 
cemmg cyto-chemical processes would be of value 
m unraveUmg their nature In the absence of 
adequate information regarding cellular synthetic 
processes, attempts have been made to find 
substances which block viral multiplication and 
act as specific inhibitors Knowledge of the chem- 
ical nature and structural configuration of such 
substances may help m identifying the metabohe 
steps which they block 

Certain aendme compounds have been found 
to inhibit the multiphcation of certain bactenal 
viruses (34, 14) as weU as influenza viruses (35) 
Foster (14) showed that proflavme concentrations 
which do not inhibit bacterial growth, inhibit 
completely the multiphcation of Ti and Te 
viruses The concentration of inhibitor required 
IS mversely related to the length of the latent 
period Of importance is the findin g that when 
mtroduced dunng the latent penod proflavme 
effectively inhibits vual multiplication Inhibi- 
tion of Ts and T« is obtamed when the drug is 
added 12 to 15 minutes after infection, a penod 
about equal to one-half of the latent penod When 
proflavme is added later dunng the penod of 
multiphcation, decreased yields of virus are ob- 
tamed, the extent of inhibition is an mverse 
function of the time of addition of the drug 
Apparently, proflavme blocks some late step m 
the process of multiphcation but does not block 
earhei steps smee removal of the drug dunng the 
first part of the latent penod perrmts noimal 
multiplication Infected bactena m which viral 
multiplication is inhibited by proflavme undergo 
lysis at the end of the normal latent penod but 
do not yield any infective virus (14) 

Cohen and Anderson (13) demonstrated that 
the multiphcation of Tj is inhibited by 5-methy] 
tryptophane The inhibition is reversed by the 
addition of tryptophane (36) As with proflavine, 
complete inhibition is obtamed only if the sub- 
stance IS mtroduced dunng the first half of the 
latent period These findmgs raise the possibility 
that no infectne nrus is present nithin the 
cell durmg the first half of the penod required 
for multiphcation (14) kloreoier, they suggest 
that multiphcation is a discontinuous process 
dunng which nrus particles are built up m steps 
and that only' m the final stage are complete or 
mature, infective particles de\ eloped 

There are three means by' which the presence 
of bactenal viruses can be demonstrated depend- 
ent upon their mfectu'ity , specific antigenicity 
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and charactenstic morpliology, respectively If 
multiplication occurs m steps, then antigens 
characteristic of the virus might be present before 
mfective particles are evolved There is no evi- 
dence available on this pomt with bacterial viruses 
However, recent studies by Wyckoff (37) with the 
electron microscope showed that during the latent 
period distinct particles are present m the bac- 
terial cytoplasm At first they are extremely 
small They mcrease m size and number rapidly 
untd they replace much of the cytoplasmic 
matenal, but only just before the end of the 
latent period do they show the sperm-hke mor- 
phology which typifies the mature, infective 
virus These findmgs support the theory of a 
step-wise mechanism of viral multiphcation 
With influenza virus there is evidence pomtmg 
m the same direction This agent, like a number 
of other animal viruses, is capable of agglutmatmg 
red blood cells and its concentration can be meas- 
ured by the hemagglutmation reaction in tntro 
(38) Gard and von Magnus (39), m studies on 
the mterference phenomenon, obtamed starthng 
results which mdicate that at least two varieties 
of viral particles are produced One vanety 
is mcomplete or immature, capable of agglutmat- 
mg red cells but non-mfective and of small 
particle size with a sedimentation constant of 
380S The other is the classical virus, infective 
and capable of causmg hemagglutination and 
of usual particle size with a sedimentation con- 
stant of 660S Thus, it appears that influenza 
virus, dunng one stage m its multiplication, 
occurs m a state which is almost entirely non- 
mfective, computations mdicate that only about 
0 01 per cent of the particles were actually mfec- 
tive (39) These latter particles, however, may 
be of cntical importance and probably are alone 
capable of imtiatmg the process which results m 
the development of mcomplete, non-mfective 
viral particles In earher work Fnedewald and 
Pickels (40) showed that influenza virus prepara- 
tions contamed a component which, although 
devoid of mfectivity, caused hemagglutmation 
and was smaller than the complete virus 

Recently, Hoyle (41) found that antigenic 
components characteristic of influenza virus, but 
of small size, are present m infected tissue well 
before mature, mfective viral particles appear 
Henle (42) has obtamed similar results suggestmg 
that with influenza virus, as with bacterial 
virus, multiphcation may be a step-wise process 


The completed viral particle fails to emerge 
untd a series of stages m its synthesis has been 
completed 

With certain plant viruses equally unorthodox 
evidence is accumulatmg Markham, Matthews 
and South (43) showed that crystallme prepara 
tions of turnip yellow mosaic virus contamed 
two components which could be separated by 
centrifugation One component is a nucleoprotem 
and mfective, a classical plant virus The other 
IS non-mfective, smaller by 50 per cent than the 
complete virus and devoid of nucleic acid Both 
components react identically with specific anti 
viral serum, have identical electrophoretic mo- 
bilities, crystaUize as octahedra and are spheres 
of sinular size The proteins of both have the same 
size and shape and contain the same ammo 
acids m simdar proportions The infective vims 
contains 28 per cent pentose nucleic acid, the 
non-mfective particle, none It appears that the 
presence of combmed nucleic acid is essential for 
the multiphcation of the virus It should be 
emphasized that no infective virus has been 
shown to be free of nucleic acid (1, 25) 

These observations are mdicative of what may 
happen to viral particles durmg the process of 
mtracellular multiplication However, they do 
not provide information as to the mdispensable 
role of the host cell m the process We are stall 
confronted by the problems How does the virus 
obtam the mass and energy necessary for syn 
thesis, how does it onent and direct cellular 
metabohc processes? 

Cohen and Anderson (44) showed that bac 
tena mfected with a virus stop growmg but 


mamtam a constant rate of 0* consumption 
Ultraviolet mactivated Ti stops the multiphca- 
tion of E colt Moreover, ultraviolet inactivated 
influenza nrus inhibits the development of the 
chick embryo (45) Infected bacteria carry out 
metabohc processes which give evidence of being 
abnormal The most definite abnormalities appear 
m the synthesis of nucleic acids Cohen (25) 
found that E colt infected with Ti synthesize 
desoxynbose nucleic acid exclusively, the nucleic 
acid which is characteristic of the virus Protein 
is synthesized from the beginnmg of infection, 
DNA synthesis does not begin for 8 to 10 
after infection The available evidence (Cohen 
suggests that the sjmthesis of viral pepti es 
precedes and may be essential for the synthe^ 
of viral nucleotides In Cohen's view (25) t e 
“energy and substance for virus synthesis are 
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supplied m entirely noimal fashion” by the 
infected cell and the vims “organizes a specific 
enzymatic environment for its own multi- 
phcation ” Tests of the hypothesis have not yet 
been possible mth animal or plant vimses 
Studies on the biochemical mechanism of mul- 
tiphcation of animal luruses are beset with senous 
difficulties As yet only a very few chemical 
inhibitors of multiphcation have been discovered 
Certain complex carbohj^drates, polysaccharides, 
mhibit the multiplication of some animal viruses 
A number of polysacchandes derived from bac- 
tena, as well as some obtamed from other sources, 
appear to stop the multiplication of pneumonia 
vims of mice (PVM) (46) The capsular poly- 
sacchandes of Fnedlander baciUi are most active 
of those tested, 2 0 nucrograms per mouse is 
effective Fnedlander polysacchandes also mhibit 
the multiplication of mumps vims m the allantoic 
sac, 5 micrograms per egg is sufficient (47) 
Inhibition of multiphcation of either PVM or 
mumps mras results when the carbohydrate 
is mtroduced as long as 4 da 3 r 8 after infection 
Fnedlander polysaccharides do not cause m- 
activation of either vnus, do not combme with 
them and do not prevent their adsorption by 
susceptible cells (18, 46, 47) On the other hand, 
the polysacchandes are taken up by host cells and 
remain fixed m them for long periods (21) The 
extent of inhibition of multiphcation is directly 
related, although not strictly proportional, to the 
quantity of polysacchande mjected Moreover, 
the extent of inhibition is mversely proportional 
to the amount of multiphcation which has oc- 
curred, or to the time which has elapsed, before 
polysacchande is given Polysacchande does not 
cause any'- reduction m the concentration of vims 
present m infected tissue, but further multiphca- 
tion of the mms is inhibited (46, 47) 

Three hnes of endence raise the possibihty 
that inhibition of viral multiphcation by Fned- 
Ifinder polysacchandes results from blockade of 
a metabohe patliway m the host cell 1) Inlubi- 
tion of either PVM or mumps nms multiplication 
IS obtamed when polj'sacchande is mtroduced as 
late as 4 days after infection is mitiated At tins 
time the concentration of nms is so high there 
can be no reasonable doubt that all susceptible 
cells are already infected (47) This fact and the 
findmg that mhibitory polysaccharide does not 
prevent adsorption of lams by susceptible cells 
appear to exclude the possibility that an extra- 
cellular effect IS responsible for the mhibition 2) 


The multiplication of mumps virus and PVM is 
inhibited by Fnedlander polysacchandes, whereas 
the multiplication of mfluenza and Newcastle 
disease vmises is not (47) Mumps vims interferes 
with the multiphcation of PVM and, moreover, 
influenza and Newcastle disease vimses recipro- 
cally mterferewith each other, but neither mumps 
vims nor PVM prevents the multiplication of 
mfluenza vimses (29) Thus, vimses which are 
inhibited by a polysacchande cause mterference 
■with each other but do not cause interference 'with 
■vimses which are unaffected by the same poly- 
sacchande S) Treatment of Fnedlander polysac- 
charide with alkah results m a product which is 
not capable of inhibitmg mral multiplication 
However, such altered polysacchande blocks the 
mhibitoiy effect of the native polysacchande (21) 
The blocking action of the altered carbohydrate 
shows characteristics which are consistent with 
the idea that it acts as a competiti've antagonist 
relative to the native polysacchande 
It should be emphasized that only a few ■vimses 
have been employed m recent studies on the 
mechamsm of -viral multiphcation and m each 
instance the e-vidence is largely mdirect and far 
from complete Nonetheless, there are suggestive 
similarities m the findmgs mth certam bactenal, 
plant and animal vimses which raise the possi- 
bihty that they undergo multiphcation m hke 
manner In each instance it appears probable that 
the -viral particle itself may be de-i’eloped through 
steps or stages and that the complete or mature, 
infective particle is chemically more complex than 
its mcomplete predecessors Of most importance 
are the mdications that only the complete mfec- 
tive particle is capable of mitiatmg the process 
which results m the deielopment of further 
xural particles Speculation as to the identity of 
the metabohe pathway's of host cells apparently 
required by nmses probably' i\ ould be unrev ard- 
mg But it may be that one step m such a pathv ay 
is mdicated by the results of studies v itli chemical 
inhibitors As has been pointed out, certam com- 
plex carbohydrates inhibit the multiphcation of 
some animal I'lmses If these substances are 
indeed stmctural relatues, are analogues, of an 
mtracellular substance required in nral multi- 
pbcation, then it may' lie that a step in the meta- 
bohe pathway’ which is controlled bi poly'- 
saccharide is essential Such an hypothesis lias 
merit only in that it is not contrary to the 
ax'ailable data and may pro\ oke further study of 
the problem 
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THE PHYSIOLOGY OF THE INDIVIDUAL AS AN APPROACH 
TO A MORE QUANTITATIVE BIOLOGY OF MAN^ 

AnCEL I^E-iS 

From the Laboratory of Phystological Hygiene, University of Minnesota 

MINNEAPOLIS, AnNNESOTA 


Th. fact of individual variation is frequently 
taken to be merely an impediment to biological 
research The customary approach is to emphasize 
those features that are common to all mdmduals 
and hope thereby to discern basic relations and 
general mechanisms Individual vanabihty is ehm- 
mated or nummized by takmg enough mdividuals 
to get a ‘good average ’ With laboratory animals 
the numerical requirement is reduced by usmg 
mbred strains or litter mates With man, where 
such expedients are almost never available, the 
task of samphng the whole population would be so 
great — and actually impossible m view of the un- 
known distnbution of major biological character- 
istics — that it IS really never attempted We are 
confined to selected groups which may not repre- 
sent any large and easilj'' identified segment of 
mankmd and may not eien be homogeneous m 
those respects which are important to the prob- 
lem The most popular human guinea pigs, college 
students, are not necessanl}^ very homogeneous 
except m regard to chronological age In any case, 
the emphasis is on averages without cntical defi- 
nition as to source, on the one hand, and to apph- 
cation, on the other 

This is m sharp contrast with the practice of 
medicme and the general problem of evaluatmg 
mdinduals as m selectmg airplane pilots or pro- 
fessors of phj'siologj'' The physician asks how his 
patient differs from nonnahty, the Air Forces also 
ask about normahty but mth a different defim- 
tion And, presumably, college presidents have 
theu own inscrutable standards 

' This work was aided in part by a grant from 
the National Dairy Council, acting on behalf of 
the Ameican Dairj Association, and b} the Re- 
search Grants Dmsion of the U S Public Health 
Sennee 

Dr Olaf Mickelsen, non at the Dmsion of Nu- 
trition, U S Public Health Sernce, Washington, 
D C , supennsed the n ork on •'holesterol in the 
3 ear 1947-4S Miss Erma V O Miller, Assistant 
Scientist, made all of the cholesterol detenmna- 
tions 


It is easy enough to smile at the mtuitive and 
empincal procedures used m medical management 
and m the selection of candidates for specific jobs 
It IB easy to be unpatient with the non-discnmi- 
natory premium rates of insurance compames 
which presume that all ‘non-diseased’ persons, 
except for the obese, have equal disease expecta- 
tions As scientists, we should insist that there 
must be sound bases of a physico-chemical nature 
which have not been developed and utilized for 
such judgments There is a very large area of 
human affairs in winch the day-to-day opera- 
tions, though concerned with human charactens- 
tics, proceed with a mmunum of reference to 
knowledge of physiologjq biochemistry, and the 
kindred sciences represented m the Federation In 
our work there seems to ha\ e been, so far, rela- 
tively httle of value for indmdual prediction 

This may be nght and proper, perhaps these 
applied problems should be of no concern to us 
There are three objections to this mw In the 
first place, if it is agreed that the physico-chemical 
characteristics of the mdiindual should have pre- 
dictive value, then those who are most expert at 
measunng and workmg with those characteristics 
should be best qualified to mterjiret the data In 
other words, someone must be concerned with the 
scientific problem of the mdividual and in the 
technical area of phj'siologj’- the phj’siologist 
should take the responsibihty 

In the second place, consideration of the mdi- 
\adual forces attention on the mterrelations be- 
tween vanables, at least some of which must be 
hidden m the pooled data w hich refer to the com- 
mon denommators of all dogs or all men This 
means that the scrutln^ of the indmdual should 
be an instructn e point of departure for the studj' 
of general relations betv\ een \ anables m pin sio- 
logj and aUied fields 

Fmallj, the expenmental biologist, like the 
chmcian, is constant!}* faced mth the problem of 
decidmg what is ‘normal ’ When does phjsiologx 
end and pathologj* begm’ But ‘normal’ function 



524 


FEDERATION PROCEEDINGS 


Volume S 


may obviously be achieved by a vanety of com- 
bmations of quantitatively different conditions 
Moreover, values for a given characteristic which 
would be normal for one mdividual may be ab- 
normal, that 18 pathological or predictive of future 
disorder, m anotlier individual, dependmg on 
other characteristics and conditions Once the 
problem of normahty is senously laised, logic de- 
mands successively shaiperung and narronmg 
d efini tions untd one comes to the mdmdual In 
essence, the problem is to place, quantitatively, 
the operatmg machmeiy of the mdividual — 
function and structure — m the spectrum of pos- 
sibilities afforded by the species 

The simplest form m wluch the problem arises 
IS m the evaluation of normahty of a measure- 
ment Havmg measured some characteristic of a 
person, the question follows Is the person ‘nor- 
mal’ with regard to this characteristic? To illus- 
trate, we may consider the cholesterol in the 
blood, about which there is considerable mterest 
at the moment Basal blood samples diawn last 
December fiom tno membeis of the laboratory 
staff, Mr X and Dr Y, were found to contam, 
respectively, 250 and 310 mg of total cholesterol 
per 100 cc of serum Are these ‘noimal’? 

Neithei cursory noi exhaustive searches of the 
hterature pi o vide the basis for a satisfactory an- 
swer, but data recently obtamed m the Labora- 
toiy of Physiological Hygiene may be analyzed 
for this puipose We have values, obtamed by 
duplicate analyses on basal blood samples, fiom 
each of 541 ‘normal’ v hite men, who were leadmg 
an ordinaiy hfe m a gainful occupation not m- 
volvmg manual laboi and who were pronounced 
free of detectable disease on the basis of medical 
examination 'Their ancestral backgrounds, hke 
that of Mr X and Dr Y, stemmed from the Brit- 
ish Isles and Northern Europe All measuiements 
were made by the same methods and analysts m 
Mmneapohs m the fall and wmter months of the 
year It will be observed that this material is char- 
acterized by an unusual degree of homogeneity as 
to source — species, sax, race, occupation, freedom 
from apparent disease, season, geographical loca- 
tion, physiological conditions and analytical 
method 

Surely it might be concluded that these data 
should provide a suitable reference standard for 
Mr X and Dr Y The mean value for the 541 
men is 218 7, with a standard deviation of 50 6 
mg Mr X’s value of 250 mg is only 62 per cent 
of one standard deviation above the mean and 


would be expected, on the basis of normal proba 
bdity, to be exceeded by about 25 per cent of the 
men in any noimal sample like the reference 
group Dr Y’s value of 310 mg , however, is 161 
per cent of one standard dexnation above the 
mean and a value as high as this would be ex- 
pected to occur m only 5 per cent of the cases 
Quantitative placement of Mr X and Dr F has 
been made m good statistieal terms and the first 
conclusion is that, mth regard to blood choles 
terol, Mr X is ‘noimal’ and Dr Y has moderate 
hypercholesterolemia 

But, having made use of normal probabihties, 
it IS well to check the normahty of the distnbution 
of the reference material before closing this cliap- 
ter A sunple frequency-distribution plot of the 
data shows a reasonable form but when a true 
noimal cuive, calculated from the mean and 


Table 1 Total seeuhi cholesterol, in mg/100 

ML , IN BASAL BEST, IN ‘NOHUAL’ MALES 


AGE 

NDUBEK 

CHOIXSTEBOL 

Mean 

Range 

Mean 

SJ) 

19 

17-20 

109 

173 2 

±30 2 

22 5 

21-25 

92 

179 5 

±36 7 

32 

27-35 

17 

198 2 

±26 3 

43 

39-44 

16 

222 4 

±25 4 

46 

45-47 

87 

242 5 

±37 5 

49 

48-50 

98 

249 1 

±42 S 

62 6 

61-55 

102 

251 9 

±43 0 

68 

63-74 

20 

233 9 

±37 4 

All ages 

541 

218 7 

±50 6 


standard deviation, is superimposed, it appears 
that the peak is too broad, it is ‘platykurtic’, and 
the suspicion is created that the data contained 
m it are not homogeneous Obviously, the attempt 
should be made to segregate the 541 men into 
more closely defined groups 

Age was not ongmally considered because the 
hterature generally disclaims a relation between 
age and blood cholesteiol m adults (1-5) How- 
ever, Bruger and Mobihs (6) reported a distmct 
age trend In any case, the result of segregntuig 
by age groups is given m table 1 Clearly, there 
IS a very large effect of age Low values m early 
manhood nse progressively xvith age, but appar- 
ently reach a plateau m the fifties, and slow) 
dechne m the sixties The imphcations are numer 
ous and mtngumg but are beside the presea 
pomt which is that, for adult men, it is necessary 
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to specify age in considenng the meaning of a 
paiticular cholesterol value 
Mr X, who is 20 years old, now turns out to 
have a cholesterol level nluch is 76 8 mg above 
the mean of 109 men in his age group With a 
standard deviation of 30 19 mg , such a value 
would be reached by only 0 5 per cent of the ref- 
erence population and Mr X must now be la- 
belled as definitely abnormal 
Dr Y’s case is less defimte, he is 50 years old 
and the mean imlue for 98 men m Ins age group 
IS 249 lmg,SD =428 A value as high as Ins 
(310 mg ) may be e'tpected m only 7 6 per cent 
of normal men of his age It is of mterest to see 
whether a more definite result can be obtained by 
stiU closer scrutmy of his reference group 

Table 2 B M R in ml Oi/Miw/M^ of |bodv 

SUBPACE, AND TOTAL SEBUM CHOLESTEROL, 

IN mg/100 ml foe ‘NOBMAL’ MEN 48-55 
TBS OP AGE 


BUS aJkS3 

NO or 

UEN 

BUB 

MEAN 

CHOLESTEBOt 

Mean 

SD 

Higher (118 2-149 3 ml ) 

64 

126 5 

244 5 

39 1 

Medium (109 4-118 2 ml ) 

64 

113 6 

253 2 

40 1 

Lower (90 4-109 1 ml ) 

63 

103 2 

256 3 

48 4 

All (90 4-149 3 ml ) 

191 

114 5 

261 3 

42 8 


Smce we have recorded many charactenstics of 
these men, there is almost an embarrassment of 
possibihties As a start, v e may consider the basal 
metabolism, on the giound that blood cholesterol 
is often high m hypothyroidism None of these 
men has mj’xedema but they do cover a considei- 
able lange m basal metabohsm — from 90.4 to 
149 3 ml of oxygen/mmute/squaie meter of body'’ 
surface m the men fiom 48 to 55 years of age 
l\nien the 191 men of tins age, for whom full data 
are available, are airanged m 3 classes accordmg 
to B M R , the lesult is as summarized m table 2 
It is mdicated that tlieie is an mverse relation 
between B M R and the blood cholesteiol 
It would be of much mterest to contmue to 
sharpen the defimtion of the ‘normal’ standai-d 
groups, but m spite of the fair size (541) m the 
ongmal total, the size of the sub-groups is getting 
small foi the present tjqie of analysis For the 
next shige we may consider the combmed medium 
and low er B M R classes on the ground that 
the^ differ only slightly m their cholesterol a\ er- 
ages These 127 men liaAe been arranged accord- 


ing to relative fatness and divided into tw^o 
groups wutli the results showm m table 3 
The critenon of fatness used was the thickness 
of the skin fold at a specified point on the abdo- 
men, this choice bemg dictated from the results of 
rather extensive studies on the estimation of fat- 
ness m man The result would be similar if only 
relative body w^eight were used, smce this is 
closely but not perfectly correlated with the skm 
fold thickness In any event, in agreement with 

Table 3 Relative fatness, as estimated bt 

THICKNESS OF ABDOMINAL SKIN FOLD, IN MM , 

(‘Skin’), and total sebum cholesterol, 

FOR ‘normal’ men 48-55 tbs of age 
WHOSE B M B IS BETWEEN 90 4 
AND 118 2 ML 0»/mVmIN 


j 

NO i 
OF 
UENj 

i 

SKIN ! 
UEANj 

B 

MEAN 1 

CHOLESTEROL 

Mean 

SD 

Thinner men 


j 




(‘Skin’ 9 5-24 6 mm ) 

64 

19 2 

109 0 

249 8' 

45 7 

Fatter men 


1 

i 




(‘Skin’ 24 8-60 0 mm ) 

63' 

33 7: 

108 0 

259 7 

42 6 


Table 4 Blood cholesterol and ete color in 
127 MEN considered in table 3 (48-55 yrb , 

B M B MEDIUM TO MODERATELY LOW) 


OEom? 

N 1 

1 

MEAN ! 

1 

s jy 

Fatter men 

Brown eyes 

22 1 

265 8 

±37 7 

Blue eyes 

41 

256 4 

±45 0 

Thinner men 




Brown eyes 

27 

252 8 

±31 9 

Blue ey'es 

37 

247 6 

±50 4 

1 

All men with brown eyes 

49 

258 6 

1 ±38 5 

All men with blue eyes 

78 

252 2 

1 ±47 0 


advance suspicion, it is indicated that the fatter 
men tend to have the lughei cholesterol values 
ev en at the same age and with sulistantially' tlic 
same basal metabohc rates 

For a further breakdow n it is at least amusmg 
to try' one more classific ition, using an item about 
w Inch w e hav e no preconceiv ed notions Ey e color 
IS know n for all of these men so it may be used to 
classify further the same 127 men considered m 
the fatness breakdown summarized m table 3 Tlie 
results are gi\ en m table 4 
In both fatter and thinner men of this age group 
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the brown-eyed men have shghtly higher average 
cholesterol values than the blue-eyed men Smce 
both numbers and differences are rather small, we 
cannot yet conclude that there are real differences 
m the blood cholesterol related to eye color, but 
the values given m table 4 are the best estimates 
so far available for the particular classes of men 
Such as they are, they must be used as refeience 
standards m heu of better ones We may now 
return to the evaluation of Dr F on this basis 
It so happens that Dr Y has a B M R of 106 
cc of ovygen/square meter/imnute, and an ab- 
dommal skm fold thickness of 32 mm , and his 
eyes are brown His blood cholesterol value of 
310 mg IS only 44 2 mg above the mean for his 
group (first hne of table 4) and that mean has a 
standard deviation of 37 7 mg Accordmg to nor- 
mal probabihty, some 12 1 per cent of men m his 
group may be expected to equal or surpass his 
blood cholesterol level and he must be judged 
fuUy ‘normal’ m this respect 
The foregomg is an illustration of the result of 
attemptmg to evaluate a charactenstic of an mdi- 
vidual In the process it was necessary to give 
more than usual precision to the term ‘normal’ 
m the sense of ‘average’ and free from apparent 
disease At the outset no real judgment could be 
made about Mr X and Dr Y because there were 
no real standards, much the same could be said 
about almost any characteristic besides blood 
cholesterol which might be chosen In the first 
phase of the analysis, erroneous judgments were 
made because sources of vanation m the stand- 
ards were not segregated The second, third and 
fourth phases of the analysis revealed a progres- 
sively changmg picture Because of exhaustion of 
the reference standard material, no more discnm- 
mation is possible, but it cannot be doubted that 
the tentative evaluation could be further un- 
proved by considering more characteristics m a 
larger sample Moreover, it is conceivable that 
some other characteristics might be more signifi- 
cant and greater discrimmation could have been 
achieved than mth the characteristics tested here 
The value of lefined standards such as de- 
veloped here can scarcely be doubted Equally 
important is the discovery of relations previously 
unknown or only suspected Obviously it is now 
suggested that more specific research be under- 
taken nuth regard to the relations between blood 
cholesterol and the items considered here, namely 
basal metabolism, obesity and eye color The 
attempt to evaluate the mdividual provides gmd- 
ance for other research on mechanisms, though 


nowhere m this analysis was there any direct 
consideration of those problems 

Of course, questions of mechanism were in the 
background when the mitial question was asked 
as to the normality of the blood cholesterol values 
for Mr X and Dr Y Currently, such a question 
IB apt to be asked because of the behef that the 
level of blood cholesterol may influence or partici 
pate m the production of atherosclerosis What 
Mr X and Dr Y want to know is whether their 
blqod cholesterols mdicate anythmg about their 
personal agemg processes and mclmations to 
earher or later atherosclerosis The analysis here 
says nothmg about this but v e hope that the long 
range program at the Laboratory of Physiological 
Hygiene will eventually contnbute to this partic 
ular prediction problem 

Although the data are not at hand to attempt 
a prediction analysis regardmg cholesterol and 
atherosclerosis, the general problem may be m 
dicated with another example On the Interna- 
tional High Altitude Exqiedition to Chile (7) there 
were 9 men for whom various characteristics were 
recorded before they went to make a prolonged 
stay m the high Andes Though aU of the men 
were ‘normal’ at sea level, they showed great and 
consistent differences m their ability to acchma 
tize to altitudes above 12,000 ft (3660 meters) 
Were these stnkmgly different responses related 
to the differences m the recorded characteristics 
of the men at sea level? The analysis of this ques 
tion may be summarized here because it reveals 
some of the essentials of the general prediction 
problem (8) 

The differences m the mdividual characteristics 
at sea level were reliably established At high 
altitude the men lived, ate and worked together, 
so ‘external’ circumstances were constant and the 
large differences m acclimatization must have 
been predetermmed by mherent differences which 
already existed m the men at sea level But the 
items we measured at sea level were not then 
known to be related to the factors which subse- 
quently produced the different responses at high 
altitude, there were no clear clues as to which 
items we should measure In the end, however, 
there were two sets of data, one on sea-leve 
characteristics and one on high altitude responses, 
and the problem was to discover what, if nnyi 
were the relations between these 

Each item of measurement at sea level can 
separately considered m the first phase of t e 
analysis Some of the characteristics, mcludmg 
vital capacity, blood pressure, muscle strengt 
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and the Schneider cardiovascular fitness index, 
appeared to have little or no relation to the ability 
to acclunatize But suggestive correlations were 
obtained with 7 of the vanables as indicated m 
table 5 Abihty to acclimatize would seem to be 
directly related to the alkaline reserve and to the 
partial pressure of carbon dioxide m the alveolar 
air at rest, and inversely related to age, to basal 
pulse rate, to body weight, to the hemoglobm 
concentration m the blood, and to the partial 
pressure of oxygen m the alveolar air 
Several of these mdicated relations may be sur- 
pnsmg but, ex post facto, they are physiologically 
reasonable For example, it may be starthng at 
first glance to suggest that a low hemoglobin at 
sea level should be predictive of high abihty to 
acclimatize to high altitude But the person who 
normally mamtams a high hemoglobm concentra- 

TaBLE 5 COKHELATIONS BETWEEN OBSEBVED 
ABILITT TO ACCLIMATIZE AT HIGH ALTITUDE 
AND VAHIOUS CHARACTERISTICS RECORDED 
AT SEA LEVEL BEFORE GOING TO HIGH 
ALTITUDE DATA FROM KETS ET AL (8) 


SEA LEVEL CHARACTERISnC 

CQRBKL 

COETF 


Basal pulse rate 

-0 

61 

±0 

13 

Alveolar pOj 

-0 

59 

rfcO 

14 

Alveolar pCO* 

-fO 

63 

±0 

13 

Artenal blood alkaline reserve 

+0 

60 

±0 

14 

Blood oxygen capacity 

-0 

69 

±0 

15 

Age 

-0 

53 

±0 

18 

Bodj weight 

-0 

42 

±0 

18 


tion to meet the sea-level condition of oxygen 
supply can be considered to have a reduced mar- 
gm to meet the more difficult situation at high 
altitude Similarly, the person who habitually 
gets along at sea level at a ventilation level which 
amounts to relative ‘underbreathmg’, may be 
considered to have a more efficient, or at least 
more economical, respiratorj’^ characteristic This 
man isuU, of course, tend to have, at sea level, a 
low alveolar pO- and a high pCO- 
In any case, these correlations mdicate that 
each of these 7 vanables has some predictive value 
for abihty to acclimatize We may mquire as to 
whether they may be combmed so as to provide 
a more perfect index or measure of the factors 
vluch determine the abihty to acclimatize Tlus 
would seem likely smce at least some of the meas- 
ured \anables are not strongly mtercorrelated 
Four of the characteristics nliich haie the great- 


est mdependence may be combined m a least- 
squares solution for the prediction of acchmatiza- 
tion The result is 

Acchm = K -1- 8 89 Aik Res — 2 15 pOj — 
1 82 age — 1 63 n eight (9) The acclimatization 
abihty predicted from this equation is compared, 
in table 6, with that actually observed The agree- 
ment is good and is statistically sigmficant with 
the 9 men on whom it was tested 
It could be suggested that, smce there were 7 
sea-level characteristics which seemed to be re- 
lated to later acclimatization, a better prediction 
equation could be evolved by combuung all of 
them m a similar least-squares solution This may 
be done, of course, and the final result of computa- 
tion IS given m table 6 (7 factors) But though the 
‘fit’ IS shghtly better, the computational proce- 

Table 6 Observed relative ability to ac- 
climatize TO moH altitude as compared 

WITH VALUES PREDICTED FROM SEA LEVEL 
CHARACTERISTICS DaTA PROM KETS, 

ET AL (8) \XD Fisher (9) 


SUBJECTS 

OBSERVED 

BEEDICTED 

7 Factors ] 

i Factors 

B 

59 

61 

60 

C 

32 

32 

30 

D 

34 

34 

32 

B 

46 

45 

46 

F 

65 

65 

73 

H 

10 

9 

11 

K 

90 

89 

84 

Me 

26 

27 

28 

T 

50 

51 

60 


dures are more labonous and the statistical signifi- 
cance IS actually lessened because of the larger 
number of coefficients (9) 

There would seem to be several values m this 
analysis 1) unsuspected relations between vari- 
ables were revealed, 2) suggestions vere made as 
to cntical items for stud 3 ' m regard to the mecha- 
nism of acclimatization, S) it vas shown that 
some vanables may be profitabl}’’ combmed 
though othennse w e should not tlunk of them as 
bemg associated, 4) ^ prediction formula was 
obtamed for trial with other groups It is reason- 
able to beheve that a like outcome w ould emerge 
from a similar sj^tematic attack on other prob- 
lems of prediction besides the high altitude 
example cited here 

The two examples used m this discussion, deal- 
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mg with blood cholesteiol and with acchmatiza- 
tion to high altitude, were chosen m part because 
m both cases there was a minimum of guidance 
available from considerations of cause and effect 
and quahtative biological theory The dehberate 
choice was made of questions for which frontal 
attack on the actual questions asked could be 
attempted, at the present stage of knowledge, 
only by methods which are largely empirical m a 
biological sense Unfortunately, it seems that the 
development of a true quantitative biology is still 
so rudimentary that the majority of questions 
pertammg to the physiology of the mdmdual 
must be attacked wuth a sumlar emphasis on 
empincal methods, normal cholesterol standards 
and high altitude acchmatizations are by no 
means exceptional m this regard This is not to 
decry in the least the virtue of a more theoretical 
approach Given enough knowdedge of theory and 
quantitative mfoimation on the mechanisms, 
both of the problems discussed here could proba- 
bly be more easily and surely solved The point is 
that such knowledge is now lackmg and, as a 
matter of fact, a good deal of empincal gathermg 
of data, plus ngorous analysis, is necessary to 
create the wanted body of knowledge 

It should be observed that even when a rela- 
tion lias been mathematically established be- 
tween two variables, or between a present charac- 
teristic and a future development, tlus does not 
necessanly mean there is any direct cause and 
effect relationship While this is a serious hmita- 
tion, the fact of some kmd of a relationship offere 
both a challenge and a clue to further study 
Moreover, the habit of reasonmg solely m terms 
of likelj mechanisms is also objectionable unless 
supported by direct quantitative evidence A 
simple example may be taken from the cholesterol 
data discussed heie 

Lately, the suggestion has been made re- 
peatedly that the development of atherosclerosis 
may be reduced or delayed by a reduction m the 
dietaiy mtake of cholesterol on the ground that 
with a smaller mtake there would be less choles- 
terol m the blood available for deposition m the 
arteries (10) A good many middle-aged people 
are bemg advised by their physicians to avoid 
eggs, butter, mdk and fat meats on this account 
Now it so happens that we have data on the 
habitual cholesterol mtake of 312 of the men 
whose blood cholesteiol levels have been ex- 
ammed These men have been grouped accordmg 
to them habitual cholesterol mtakes and the 
groupmgs have been separated accordmg to age 


The results are summarized in table 7 Neither 
m the younger (18-25) years) nor older (45-55 
years) men is there any relation betw^een blood 
cholesteiol and the habitual mtake of cholesterol, 
m spite of the fact that the differences in the 
latter are large 

The purpose of tlus discussion has not been to 
present data or even theories, but only to call 
attention to a pomt of view and an area of prob- 
lems It should be particularly observed in con 
nection with the cholesterol data used to illus 
trate the argument that it is not, for the present, 
important w'hether the relations obsen^ed in the 
men studied at Mmneapobs mil apply precisely 
to other groups of apparently similar men Using 
the Mmneapobs data as a reference — and we 
must use these, at least temporarily, m default of 

Table 7 Blood serum total cholesterol, in 
mg/100 ml , AND HABITUAL DIETARY INTAKE 
OF CHOLESTEROL, IN GM/W'K , IN NORMAL 

MEN lS-25 (‘younger’) and 45-55 
(‘older’) 


Younger men 



Number 

32 

30 30 32 

Intake limits 

1 9 

1 9-2 52 6-2 93 0-3 43 

Intake mean 

1 49 

2 18 2 64 3 15 4 

Serum mean 

175 

180 165 176 j 

Older men 



Number 

32 

30 30 32 

Intake limits 

2 1 

2 1-2 52 6-3 1 3 7-3 93 

Intake mean 

1 G2 

2 27 2 S3 3 56 4 

Serum mean 

242 

258 249 253 : 


any other — the best judgment of normality aboi^ 
Dr T 18 made from the mean value, and standard 
deviation, for browm-eyed fat men, aged 48-55, 
who have medium to low rates of basal metabo 
lism We have not here asked any questions abou 
the statistical significance of the apparent 
ences between the various groups segregat 
accordmg to B M R , fatness, age and eye co ^ 
These questions are currently bemg exaniinea, 
with a larger body of data, at the Laboratory o 
Physiological Hygiene , 

The exploration of the frontiers of useful know 
edge m the biological sciences increasingly e 
mands a more quantitative approach j, 

apparent w^hen specific questions are asked a 
mdividuals Whenevei individuals are 
it IS necessary to consider their variation W leu 
ever mdmdual imriation is exanuned it is c ear 
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that there are sucli important interrelations be- 
tween characteristics that the classical approach 
of isolating enables into single pairs (dependent 
and mdependent) must be used mth care Tlie 
assumption of homogeneity is too readily made 
and the custom of deahng only ^nth averages 
dela 3 ’S the recognition of the total truth 
The goal of all natural science is accurate, 
quantitative prediction In the area of human 
health and disease, this begms with the problem 
of normahty and normal standards With the 
extension to development with tune, these be- 
come more than deduces for present classification 
of mdl^^duals and populations, they become the 
essential apparatus for prediction But, because 
of the mterdependence of most biological charac- 
teristics, sunultaneous multi-vanable anal 3 'sis is 
requued This imposes the burdens of more 
ngorous selection and characterization of the 


particular animals and men studied and the use 
of larger numbers and more complicated math- 
ematical analysis With all this, the need for true 
cause-and-effect understandmg is not lessened 
Pure empincism has its lunitations, no matter 
how systematic it may be 
We all reahze that the development of the 
biological sciences is still m an early phase and a 
true quantitative science of biology remains for 
the future I have tned to mdicate that work on 
problems of mdividual ph 3 'siology must be an 
essential part of the conung age of quantitative 
biology One may approach these problems from 
the basis of questions about normahty or about 
the prediction of future characteristics, the logical 
result IS substantially the same Finally, it may be 
agreed that the fact of individual vanabihty 
represents far more than a techmeal obstacle to 
research, it offers a difficult but mtngumg field 
for research m its own nght 
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It is now some fifteen years smce biological 
objects IV ere first observed m the electron micro- 
scope In this bnef penod, dunng which electron 
microscopes were made available commercially 
and a number of important preparative tech- 
mques were developed, it has become clear that 
electron microscopy is destmed to play an im- 
portant role m future biological and medical 
research It is the purpose of this paper to discuss 
some of the techmcal procedures upon which these 
advances depend and to mention briefly a few of 
the contributions which electron microscopy has 
already made m the biological field Finally, 
smce this symposium concerns problems of ex- 
perimental pathology, a few observations mil be 
made concemmg the application of electron 
rmcroscopy m pathology 

RESOLVING POWER AND RESOLUTION 

The resolving power of a particular electron 
microscope is determined by its construction and 
proper operation The degree to which this m- 
herent resolving power can be realized in the 
exammation of a particular preparation depends 
importantly upon the nature of the matenal m 
the preparation For example, if an electron 
microscope has a limiting resolving power of 
25A, resolution of this order may be realized if 
the particles to be examined are of high electron 
densitv (e g , colloidal gold) However, if the same 
instrument is used m the exammation of relatively 
large protem fibers the resolution obtamable may 
not exceed 100-200 A In this case the large size 
of the particles and the low electron density of 
their constituent atoms may make it possible 
to realize but a fraction of the resolvmg power of 
the instrument If the resolution (distance be- 
tween centers of the closest particles which can 
be clearly distmguished as separate) is correctly 
determined the danger of drawmg unwarranted 
conclusions as to the sigmficance of images seen 
m electron micrographs wiU be reduced There 
has been some tendency among biologists to infer 


resolutions considerably greater than the micro- 
graphs justify Indeed, one of the problems of the 
biologist IS to prepare his specimens so as 
to obtam the maximum possible resolution of 
the objects of special mterest in the specimen 


Some Technical Developments 

The procedures of particular interest to the 
biologist are those which permit him o) to obtam 
the constituent of mterest m a form which is most 
amenable to electron microscopic exammation 
and b) to obtam information about thickness and 
detailed structure of the constituent Some of the 
more useful of these may non be discussed 

Thin sectioning Early attempts (1-3) to obtam 
sections of cells and tissues sufficiently thin for 
useful examination with the electron microscope 
(0 06-0 1 p.) were cumbersome and yielded but a 
small fraction of suitable sections The develop- 
ment of high-speed sectiomng (4-6) aroused con- 
siderable mterest among biologists A number of 
papers have been published showmg electron 
micrographs of normal and pathological tissues 
sectioned by this method However, the results 
left much to be desired, either because of 
relatively low resolution or because of poor pres 
ervation of the tissue structure 

The theoretical basis for the necessity of high 
velocity impact of the knife on the specimen has 
never been convincingly developed Indeed, it 
has recently been shown by Pease and Baker (7) 
that quite satisfactory thm sections may be 
obtamed with the conventional rotary microtome 
which has been fitted with a simple device to 
permit very small cuttmg mcrements These 
authors have obtained electron nucrographs of 
hver cells, muscle and other tissue which are of a 
quahty at least as high as those obtamed with 
the high-speed microtome though m few instance 
outstandingly supenor to those obtamed with 
the light nucroscope 

As m conventional cytology, the success o 
thin sectiomng m the electron microscopic ex 
anunation of tissue structure depends very large y 
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upon the prehmiinr}' fixation and embedding 
Conventional methods are not suitable and much 
development mil be required since the criteria 
of success are different than m the case of bght 
microscopy Doubtless special Tnethods will have 
to be developed for each t 3 'pe of material Tlie 
mere fact that sections may be obtamed nhich are 
sufficiently thm to be penetrated by the election 
beam does not necessarilj’’ mean that the electron 
micrograph obtained will reveal considerably 
more mfonnation at a magnification of 10,000 
than was revealed by conventional cytological 
methods at a magnification of 1,000 This is 
partly due to the fact that the process of fixation 
may precipitate matenals upon the structures to 
be exammed m a manner such as to prevent 
resolution of the details of structure mthm the 
object 

Thus the problems of fixation may plague the 
nev generation of morphologists who use the 
electron microscope even more than it did their 
predecessors who used the hght microscope How- 
ex'er, it is to be hoped that the mechanisms of 
fixation itself may now be amenable to a much 
more penetrating analysis smee the electron 
microscope is capable of reachmg down to the 
molecular level m xusuahzmg the alterations 
which proteins and other organic substances 
undergo when treated with fixatives At this 
level the study of fixation is the study of the 
composition and stmeture of the protem mole- 
cules themselves, a goal worthy of mtensive 
effort 

Fragmentation methods It was more or less 
generally assumed that significant advances m 
the electron microscopy of tissues could be made 
only by the development of thm sectionmg tech- 
mques However, it has already been demon- 
strated that the use of appropnate fragmentation 
techmques may yield highly significant results 

In the case of striated muscle it was demon- 
strated that from formahn fixed tissue frag- 
mented with a blendor, or n ith sonic oscillations, 
bits of mjmfibrils could be prepared which are 
susceptible of verj’’ profitable exammation mth 
the electron microscope (S) In such preparations 
it was possible to resolve the mdmdual actomj 0 - 
sm filaments and to demonstrate that thej' course 
m parallel bundles tluough both the anisotiipic 
(A) and isotropic (7) bands This disproxed the 
concept that the relatu e isotropy of the I bands 
IS due to disorientation of the filaments m these 
regions It vas also shown that, in contraction, 
the filaments thicken and shorten but are not 


thronm mto cods or folds, hence the contractile 
elements are considerably thmner than the acto- 
rayosm filaments (ca 150 A) There is also 
evidence for the existence of a penodic variation 
of density, thickness, or both, of the filaments m 
the axial direction The penod is of the order of 
400 A, which agrees with that obtamed by \-ray 
diffraction studies of muscle (9) and of actm 
(10, 11) The manner m which this penod vanes 
with contraction or tension production has not 
yet been established with clarity, it is possible 
that further study of this aspect may throw 
important hght on the contraetde mechamsm 
Another example of the use of fragmentation 
methods is promded by recent studies of the 
nenm axon (12) Frozen sections of formahn fixed 
nerves were fragmented with some oscillations 
Fibrous structures were observed m the super- 
nate The fibnls characteristically have dark 
edges wluch suggested the term ‘neurotubule ’ 
After stammg mth phosphotungstic acid or after 
shadowmg with chronuum the fibnls manifest an 
axial penodicity m the form of cross-bands The 
penod averages about 650 A, which is identical 
■with that of collagen fibnls This poses a difficult 
problem Peripheral nerve fibers are mvested 
with collagen fibers and, smee the specimens are 
prepared by fragmentation of whole nerve it was 
necessary to demonstrate tliat the fibnls actually 
occur m the axon and are not merely extra-axomc 
collagen fibers which have acquired dark edges 
by the method of preparation, perhaps by adsorp- 
tion of dispersed myelm material The view that 
the fibnls are axomc m ongm was supported by 
the fact that they were observed m fragmented 
axons isolated from the giant fibers of the sqmd 
and by the fact that after nenm degeneration 
the fibnls could no longer be observed (13) 
This example illustrates the difficult}’’ of local- 
izmg structures obtamed after fragmentation of 
n hole tissues The difficult}'' happens to be partic- 
ularly emphasized m the case of nen’'e because 
of the close similanty of the presumably intra- 
cellular structures with those of the ex-tracelluhr 
collagen fibnls The saraphng difficulty is xery 
promment m this problem 

Tissue cultures Another method of obsenmg 
mtracellular structures vithout the use of sec- 
tiomng is that of tissue cultures The cells are 
groivn m a thm film so that the} tend to flatten 
out and remam quite thin When the culture 
has reached the desired stage the cells are fixed 
and transferred to metal gnds for obsen ation m 
the electron microscope Vanous t}q)es of struc- 
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tures have been observed, including the limiting 
cell membrane, mitochondria, particulates of 
different kmds and, m certam mahgnant cells, 
dense particles vhich may be viruses (14-16) 
Fixation is also critical m such work not only as 
to the kmd of fixative but also the duration of 
fixation, the structure may be strikingly different 
after 15 mmutes’ fixation m osmic acid from tliat 
after fixation for 45 mmutes 

With the current development of tissue culture 
techniques, particularly with respect to synthetic 
media, it is probable that the number of cell 
types and problems which may be studied by 
this method with the electron microscope will be 
greatly mcreased 

Staining One of the most useful techmques 
employed by the histologist is that of elective 
stammg by means of which he is able not only to 
aclueve heightened contrast between tissue con- 
stituents but also to obtam information about 
the chemical nature and electnc charge of the 
structures which combme with the stain 

Stains are also valuable m electron microscopy 
However, m this case the heightened contrast 
depends on the electron density of the stains 
rather than their color, they are essentially 
‘electron stams ’ They are useful to the extent 
that they can attach molecules containmg atoms 
of large weight to specific tissue constituents or to 
localized regions m these constituents Biological 
materials are composed piedominantly of atoms 
of low weight Therefore some stains customarily 
used m histology may be useful as electron 
stams because of the presence of a few atoms of 
higher weight These stams have not yet been 
extensively exploied Rathei, empliasis has been 
placed on substances nhich contam atoms of 
great weight (17) Particularly useful are the 
coordmation compounds of the heteiopolyacids 
Osmic acid, which was early used in electron 
noicroscopy, is also an effective stam Phospho- 
tungstic acid (PTA) has been extensively used 
m this laboratory though phosphomolybdic and 
uranyl phosphotungstic acids are also effective 

Electron stams have been used very success- 
fully m brmgmg out the fine structure of fibrous 
piotems Particularly str ikin g is the case of the 
fibrils of the adductor muscles of molluscs TJn- 
stamed fibrils show usually only an irregular, 
mottled appearance After stammg with PTA, a 
periodic cross-bandmg, with spots occurrmg m a 
regular array along the bands, was observed (18) 
This structure agrees remarkably closely with 


that deduced from smaU-angle x-ray studies (19) 
Detailed mtrapenod banded structure was also 
observed m collagen fibrils after stammg mth 
PTA 

Electron stams may function both m a specific 
and a non-specific manner Thus PTA may com- 
bme with specific basic groups m proteins de- 
pendmg on pH, concentration and so on To what 
extent such specific aflinities may reveal the 
location of particular chermcal groups m the 
structure Stamed remains to be seen As usually 
used, electron stains probably act m a relatively 
non-specific manner, essentially revealmg local 
differences of thickness Detailed mtrapenod 
structure with six or more bands can be observed 
m collagen fibrils stamed with PTA (20-22) 
However, under favorable conditions, similar 
structure though with low contrast, can be seen 
m unstamed fibrils From metal-showed speci- 
mens it was concluded that the bands which 
stam with PTA are regions of relative thickness 
It IS possible therefore that the heightened con 
trast obtained mth PTA is due m part at least to 
a non-specific volume effect 

It seems quite possible that certam of the 
cytochemical procedures developed for the locah 
zation of specific chemical groupmgs, enzymes 
and so on, may be applicable m modified form 
in electron microscopy The wnter has been 
investigatmg this possibihty m the case of 
the acid phosphatase reaction which mvolves the 
formation of any msoluble lead salt about the 
structure contammg the enzyme In this case the 
heavy metal would constitute an electron stam 
for this specific enzyme Success m such mvesti- 
gations iviU probably depend on the degree to 
which the reaction can be made truly specific 

Heavy metal shadovnng This technique, de- 
veloped by Williams and Wyckoff (23, 24), has 
proven enormously valuable m biological as well 
as m most other types of electron microscopy 
When properly apphed, shadowmg reveals ex 
tremely small detads of structure Indeed, ahead} 
m the early days of its apphcataon m the study o 
viruses, thm protem filaments and even globular 
protem molecules themselves, the inherent struc 
ture of the film on which the specimen is de 
posited became a hmitmg factor The search for 
a film which is essentially structureless to withm 
the resohnng power of the electron microsco^ 
IS Btdl m progress In the meantime, film dim 
culties may be partially avoided by depositing 
the material in sufldcient thickness to cover t e 
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film completely and obsenmg the discontinuities 
on the surface of the material Precaution must 
be taken to avoid aggregation of the metal atoms 
by the action of the electron beam during e\- 
annnation m the electron microscope Thus gold 
has a strong tendency to aggregation and this has 
giien rise to erroneous conclusions m some in- 
stances uhere this metal was employed Such 
difficulties are mmimized by the use of metals 
like chromium, platinum and uranium 
Replims Plastic rephcas were origmally de- 
1 eloped for the study of the surface structure of 
metals and other opaque objects Excellent elec- 
tron micrographs have been obtamed of the 
structure of tooth and bone (25-27) With the 
earty successes mth rephcas it was hoped that 
the method might be apphed to sections of tissues 
However, thus far httle has been accomplished m 
this direction, the chief difficulty is m success- 
fullj" removmg the plastic film from the tissue 
In its apphcation to the study of the finest 
details of structure the replica techmque suffers 
somewhat because of the finite size of the plastic 
particles and because of alterations which occur 
either to the specimen or to the rephca at one or 
another of the steps m the procedure Resolutions 
greater than 50-100 A are seldom achieved By 
shadowing the rephca film ver}'' shght differences 
m eleNTition are brought out 
While it IS impossible to observe biological 
stractures m their normal aqueous environment 
m the electron microscope, it is possible to obtam 
lephcas of moist material and m tins way to get 
some mformation of the surface structure This 
has been done m the case of bactena m their 
cultme medium (28-30) and also wuth collagen 
fibrils (31) Replicas of dned collagen fibrils show 
the characteristic periodic surface elevations cor- 
respondmg to the cross-bands Rephcas of shglitlj’’ 
moist fibnls show a smooth contour This is 
consistent mth the x-ray diffraction results (32) 
winch mdicate that, unhke diy collagen, the 
moist collagen fibnl is essentiallj a smooth cyhn- 
der, loss of water from localized regions probably 
gives nse to the periodic axial contour of the 
dried fibnls In appljung the moist rephca tech- 
mque it is of course important to control 
accurately the water content of the specimen 
Tlie rephca teclimque w bich, like that of metal 
sliadowing, has no counterpart m standard tech- 
niques of histologjq will probabl}' pro\ e more and 
more useful in biological jiroblems as teclmical 
difficulties are overcome 


SOME CONCEPTUAL CONTRIBUTIONS 

To w'hat extent has the infant field of electron 
microscopy made significant contributions to our 
concepts of the molecular organization of cells 
and their constituents? It is obvious that obser- 
vations of impoitance to the physiologist or 
pathologist may be made at resolutions only two 
or three times greater than that obtamable by 
the light microscope (500-1,000 A) However, it 
IS m the colloidal range of about 25-100 A that 
the most significant advances may be exqiected 
m the next decade 

The direct visualization of ammal, plant and 
bactenal viruses has been of great academic and 
practical value Thus far relatn’ely httle progress 
has been made m the study of the detailed m- 
temal organization of viruses though x-ray 
studies (33, 34) offer some clues m the case of 
the plant viruses The details of the process by 
which viruses undergo self-duphcation have not 
yet been penetrated though a beg innin g has been 
made m this important problem by Williams and 
Backus (unpublished) 

The mvestigation of chromosome structure 
has fared less well probably because chromosomes 
are difficult to prepare m a condition best adapted 
to electron microscope study at high resolution 
Recently, from a study of thm sections of the 
chromosomes of Drosophila, Pease and Baker 
(35) identified certam particles wuth the genes 
However, untd more defimtive reasons for this 
identification are adduced and higher resolution 
obtamed, such claims must be considered with 
caution 

Electron microscopy has contiibuted substan- 
tially to our knowledge of the structure of the 
fibrous proteins Smce fibrous airays play a 
dominant lole in manj’’ vital cellular processes, 
the mvestigation of their structure, their origin 
m cells and tissues and their alterations in phj'sio- 
logical processes stand high in the priority hst of 
problems m this field 

One of the most intriguing of the properties of 
protein fibeis is their large repeating periods 
which maj^ extend to hundreds of Angstrom umts 
both in the axial and transverse directions X-m^ 
and electron nucroscoiie endence for such penods 
has been obtamed for collagen, keratin, mjosm, 
actin, fibnn, protozoan triclioci, sts ami seienl 
other proteins 

These regular repeating penods sen e as ‘fiiigcr- 
pnnts’ b} which particular fibrous proteins ma\ 
be identified in tissues Howc\er, the ])erio<l in 
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itself may suffice to charactenze only the class 
of protem To identify the particular member of 
the class, it may be necessary to study the 
detailed mtraperiod structure Thus a number 
of protems, diffenng widely from each other m 
chemical composition, belong to the 'coUagen 
class’ (36) From smaU-angle \-ray studies (37) 
it has been shown that, while members of this 
class aU have approximately the same large axial 
penod, the mtrapenod structure vanes from one 
to the other member of the class This discovery 
may prove of great mterest m attempts to devise 
a ‘molecular taxonomy,’ and perhaps ‘phylogeny,’ 
of the protems 

Aside from their identifymg value the repeating 
patterns may be expected to reveal something 
about the mtemal organization of the fibrous 
proteins Smce the bands and sub-bands repeat 
mth very great regulanty, there must be an 
underlymg regulanty of molecular orgamzation 

From present evidence it appears that collagen 
IS composed of a parallel packing of ex-tremely 
thm filaments, possibly the polypeptide chains 
themselves represent the unit fibrous structures 
The filaments have the mherent pattern of axial 
penodicity, to the extent that the neighbormg 
filaments m a fibnl are m register laterally with 
respect to the penodic structure, the whole fibnl 
will appear to be cross-straited 

The keratin-myosm-fibnn class of fibrous pro- 
teins appears to have a somewhat different struc- 
ture Thus fibrous actm is made of a Imear 
aggregation of globular actm molecules (10, 11, 
38, 39) The reversible transformation from the 
fibrous to the globular modification is not only 
of great physical chemical mterest m itseK but 
may be mvolved m muscle contraction (40) 

The structure of fibnn is of unusual mterest in 
connection with the theory of the causes under- 
lymg the production of long repeatmg penods 
Physical chemical measurements mdicate that fi- 
brinogen molecules have dimensions of about 
35 X 700 A Yet fibrm fibrils have a very ac- 
curately repeatmg pattern of about 250 A (42) 
and fine structure has been observed withm the 
bands (42) In aggregating to form fibrm, how do 
fibnnogen molecules give rise to a repeatmg 
penod bearmg no obvious relation to molecular 
length or composition? It seems clear that such 
phenomena depend upon mteractions of sub- 
molecular imits HaU (42) has suggested that such 
mteractions must mvolve coUoidal forces, e g 
forces exerted over considerable distances This 
type of spatial adjustment of small particles so 


as to produce a macro-pattern of great regulanty 
is fundamental m the production of structure m 
protoplasm Alterations m these adjustments, 
due to changes m chemical environment, are 
probably at the basis of many physiological 
phenomena The underlymg physical forces which 
determme regular mter-particle spacmgs, as m 
tactoids, have been under investigation and some 
clarification of the vanous possibihties has been 
achieved (43) 


ELECTRON MCROSCOPr IN PATHOLOGY 

The rapidity with which electron microscopy 
will be profitably apphed m the study of the 
structure of abnormal tissues and of the phenom 
ena underlymg pathological alterations will of 
course depend upon the development of new 
techniques winch wiU have to be specially de- 
vised for the purpose However, assummg that 
adequate techmques were at hand, it should be 
stressed that before abnormahties can profitably 
be studied, the investigator must be thoroughly 
famihar with the structure of the normal tissue 
Such faraihanty will probably require years of 
work with each special tissue Particularly vaxing 
IS the samphng problem when workmg at such 
high magnifications Unless one is able to show 
that adequate samphng of the specimen has been 
achieved, and some rough quantitative relations 
established, it is difficult to demonstrate with 
conviction that a particular difference of stmc- 
ture exists between the normal and abnormal 
specimens ‘Normal’ specimens usually show a 
fairly wide range of vanabihty, depending on 
conditions of preparation The ex-tent of these 
vanations must be at least roughly known 

Reference was made above to the fairly com 
plex techmcal aspects of electron microscopy R 
should not be supposed that useful apphcation of 
electron microscopy to biological and medical 
problems can be achieved only by physicists fully 
conv'’er 5 ant with electron optical theory On the 
other hand it should be clear that the biologist 
entenng the field should be prepared to spend the 
tune required to become thoroughly famihar not 
only wnth the operation of the instrument and 
with the accessory techmques, but also to leam 
the criteria by which his results may be correctly 
evaluated and mterpreted 

Though the difficulties to be surmounted bv 
the biologist m applying this technique to his 
problems may appear to be great, the rewards 
that await the deeper penetration of the stnic 
tural organization of protoplasm are correspon 
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ingly great The expected advances will be accel- 
erated to the extent that the lessons of the past 
century of histology, nith its unmterpretable 


artifacts, are needed and, wherever possible, the 
full knowledge of modem biophysics and bio- 
chemistry IB brought to bear on the problems. 
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Thk extensive breakdown of the teeth and 
their supporting structures among modem pop- 
ulations represents a real challenge to investi- 
gators m the broad field of pubhc health Some 
idea of the extensive destmction and loss of 
teeth produced by these two major causes of den- 
tal disability can be obtamed from the annual 
cost of dental services m the Umted States In 
1945, approximately $652,000,000 was spent for 
dental care, almost all of which was for restora- 
tive work (1), this figure actually represents 48 7 
per cent of the cost for physicians’ services and 
13 1 per cent of the total outlay for all medical 
services The Veterans Administration alone, m 
the last three months of 1948, spent a total of 
$11,519,000 for restorative dentistry m World 
War n veterans (2) Smce estimates have been 
made that the 83,000 practicmg dentists m this 
country can care for httle more than 25 per cent 
of the existmg dental needs, the above figures 
represent only a part of the true picture (3, 4) 
Urgently as these figures mdicate the need for 
preventive knowledge, their message seems aU too 
V eak when one is confronted m the clmic with a 
child m early adolescence with such rampant car- 
ies that complete ex-traction and full dentures are 
mdicated 

Although techmcal procedures m dentistry 
developed through several centuries have attamed 
a high degree of restorative perfection, not one 
of these gives the least promise of effectmg a 
reduction m the mcidence or rate of progress of 


1 Presented in the Symposium on Nutrition and 
Preventive Medicine, Apnl 1949, Detroit, Mich. 


dental disease Undoubtedly, the greatest hope 
for the prevention or retardation of either tooth 
decay or diseases of the supportmg structures 
lies in tlie collection of fundamental knowledge 
about the vanous factors winch influence the 
development and mamtenance of the dental tis- 
sues A wide variety of investigations need to 
be conducted to study the effect of vanous sys- 
temic conditions on f) the differentiation, de- 
velopment and maturation of the teeth and their 
supportmg stmctures (the gmgival margm, the 
epithelial attachment of the gmgiva to the en- 
amel, the cementum, the penodontal membrane 
and the alveolar bone), S) the metabohc proc- 
esses m the mature, hard dental structures, m 
the supportmg structures, and m the pulp and, 
S) the rate of secretion, quantity and composi- 
tion of saliva A wide vanety of the axpen- 
mental tools and methods m the field of nutn 
tion are readily apphcable to study the relation 
of nutritional influences to the above dental prob- 
lems In order to evaluate the results of these 
mvestigations, full cognizance must be taken, 
wherever possible, not only of the length of the 
expenment and character of the diet dunng the 
experiment but, also of the state of development 
and condition of the teeth and their supporting 
structure, the previous history of these tissues, 
the ability of the experimental subject to utilize 
the food provided, and the hereditary consti- 
tution and the phjraical nell-bemg of the con 
trol and ex-penmental mdividuals, regardless of 
whether they are human subjects or laboratory 
animals 

Time does not permit an extensive histonca 
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r6sum6 of the aiiij'' htenture on the relation of 
nutntion to dentil cincs, but it is of interest to 
comment on ,i few of the important investiga- 
tions conducted in the past with human sub- 
jects Early research m nutntion clcaily le- 
lated the nutritional value of the diet consumed 
dunng thedevelopmentil period to tooth s tincture 
Tliese findmgs prompted much speculation and 
research on the relation of nutation, m paiticu- 
lar of \atamin D, both during tooth deimloiiment 
and after their emergence into the oral cavity on 
tlie development of tooth decay in children The 
expenments conducted bj" Mellanby m the early 
30*8 (5) indicated that the administration of 
^^tamm D to mstitutionabzed preadolescent chil- 
dren resulted m tlie development of significantly 
low'er numbers of new' canous lesions than were 
observed m the control children These results 
have smee been confirmed by other mvestigators 
(6, 7) The only negative results w'ere obtained 
m expenments w'here older children were used 
(6, 8, 9) 

Greater reductions m the dental canes attack 
rate were observed bj"- Boyd and co-w'orkers m 
diabetic and in normal children fed adequate 
diets over long penods (10) These reductions 
were attnbuted by the mvestigators to the nu- 
tntional adequacy of the diet Certam evpen- 
ments pomted strongly to the mamtenance of 
a favorable calcium and phosphorus retention 
(11, 12) Careful dietary counsellmg of out- 
patients has been reported by Howe, White and 
Elhott (13), and by Becks and Jensen (14) to 
give reductions m the occurrence of new' lesions 
by a magmtude of 60 to 70 per cent Several m- 
vestigations with children have been conducted 
m which the results were mterpreted as mdica- 
ting that mcreases of the soluble carbohydrate 
content of the diet resulted m mcreases m the 
imtiation and rate of development of new canous 
lesions m fully formed and m recently erupted 
teeth (15, 16) The latter mvestigators have felt 
that the reductions m dental canes experience 
observed by Boyd and co-workers should be at- 
tnbuted to the low carbohydrate content of the 
experimental diet and not to their nutntional 
adequacy From these conjfiictmg backgrounds 
arose the current controversy as to the primary 
cause and methods of controlling tooth decay to 
which there is presently no complete answer 
Much more knowledge about the effects of 
nutntion durmg tooth de\ elopment and ma- 
turation upon tlie susceptibility to dental canes 


is needed in order to explain numerous excep- 
tions to the current hypotheses concermng the 
susccjitibility to tooth decay A valuable ‘dem- 
onstration of a developmental relationslup be- 
tween diet and canes lesistance is provided m a 
laige volume of dental statistics which have 
been methodically collected in the school cbmes 
of Euiope Sognnaes (17) has assembled and 
analyzed available leports on the trends in den- 
tal canes experience among European children 
during the past forty yeare A total of 27 sur- 
veys w'eie evaluated which mcluded observa- 
tions on three-fourths of a million children from 
eleven European countnes, Czechoslovakia, Den- 
maik, England, Finland, Fi-ance, Germany, Hol- 
land, Norw'ay, Scotland, Spam and Sweden 
Most surveys contamed data which had been 
collected by tramed exammers at yearly mtervals 
ovei a penod of several years and which had 
been tabulated by narrow age groups for limited 
geographical distncts Thus, the dental canes 
expenence of the children of a given age m any 
year m these commumties could be compaied to 
that of the children of the same age m any other 
year These excellent aggregations of matenal 
were studied for possible effects of dietary changes 
which were enforced on entire populations dur- 
mg World Wars and m the recovery pei lods there- 
after Because of the long duration of some 
surveys, the relation of dietaiy changes to the 
susceptib±ty to tooth decay could be evaluated 
m much greater detail than would be possible 
m the best controlled human expenments of 
shortei duration In the summary of the trends 
in dental canes expenence recorded in tliese sur- 
veys, Sognnaes concluded that the teeth of Euro- 
pean cluldren show'ed a defimte and relativel}' 
uniform tendency to a decreased mcidence of 
tooth decay toward the lattei part of and fol- 
lowmg both World War I and II Tlie reduc- 
tions m tooth decay were most significant m 
young children and m those teeth of older chil- 
dren wluch developed and/or matured during the 
w'ar years After the mitiation of wartime die- 
tary regimens, there seemed to be several j'ears’ 
delay before an appreciable reduction in the 
susceptibility of mdmduals to tooth decay was 
observed Following the first World War there 
was an even greater delay m the return to the 
prewar susceptibility' to tooth decay In^oif- 
ficient time has elapsed since the recent war to 
determine how long the present low dental canes 
attack rate wnll continue 
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As an illustration of the tune relationship be- 
tween dietary changes and susceptibihty to 
tooth decay, the dietary and dental data collected 
by several groups of Norwegian investigators 
during World War II permits the best analysis 
of the difference m reduction of tooth decay noted 
between those teeth which developed dunng war 
years and those which had erupted before, or 
shortly after, the beginiung of hostihties The 
annual sugar consumption of Norway was listed 
for 1936 as 36 3 kilograms (kg ) per person In 
1939 before Norway’s entrance into the war, 
sugar was rationed m Norway to 17 9 kg per 
person per year This 50 per cent reduction ap- 
parently did not significantly reduce the suscep- 
tibility of the permanent teeth of 7-year-old 
children to caries Through the years 1941 to 
1945, inclusive, the average consumption per 
year was relatively constant at about 13 5 kg , 
a reduction of about 60 pei cent below the pre- 
war level In addition to the sugar, large 
amounts of highly refined white flour were con- 
sumed by the Nonvegian peoples m the prewar 
penod An estimate was made that 1242 cal- 
ones of the average daily caloric consumption by 
an adult were supplied by refined w'hite flour, 
and an additional 357 calones from sugar, i e 
more than 50 per cent of the daily calones were 
provided by refined carbohydrates With the 
begummg of the occupation, there w'as a com- 
plete substitution of high extraction flour for 
the refined white flour and, simultaneously, dras- 
tic reductions m the amount of meat, dairy prod- 
ucts, eggs, fruits and some vegetables The loss 
of calories from these sources was largely made 
up by cheaper vegetables, mostly kohlrabi and 
potatoes, wartime bread, and fish wdien and where 
available 

The dental statistics for the Norwegian sur- 
vey are summanzed in table 1 For the pur- 
poses of the present comparison, the best age 
for obseivations of the mitiation of canous le- 
sions m the deciduous teeth was at 2i to 3 years 
of age at which time the deciduous teeth have 
recently erupted mto the oral cavity, a similarly 
suitable age for observation of the canes incidence 
m permanent teeth was m the 7-year-old group 
where the only peimanent teeth were ones ivhich 
had recently erupted Unfortunately, data on 
the mcidence of canes in the deciduous teeth of 
tbe2|- to 3-year-old group were not collected for 
the years 1940 to 1943, inclusive However, by 
1944 there had been a 65 per cent induction in 


the number of canous teeth and a 44 per cent 
reduction m the number of children with dental 
canes In 1945 and 1946 there were, respec- 
tively, 80 and 88 per cent reductions m the number 
of canous deciduous teeth, and 66 and 80 per 
cent reductions m the number of children with 
dental canes of the deciduous teeth A more 
detailed evaluation is available for the permanent 
teeth of the 7-year-old children (figure 1) Neg- 
hgible reductions m the number of canous teeth 
were observed during the first 2 years of the war 


Table 1 ’ Time lag between rattoning of 


REPINED CARBOHTDRATES AND REDUCTION IN 


DENTAL CARIES OP NEWLY ERUPTED TEETH 
(exposed to a similar oral ENVIRONMENT FOR 
A COMPARABLE LENGTH OF TIME)’ 

Norway 


YEAKS 

OP 

WAS 


PESCENTACE SEDUCTION IS 
CASiES rsou 1939 lentx 

PERCEKTACE SEDUC 
TION FSOlf THE PREWAR 
CONSUMPTION OF 

Reduction m 
Carious Teeth 

Reduction m 
Children 
v?ith Dental 
Caries 

Dead- 
uous 
tetth 
(2h-3 
IT ) 

Perma 

Dent 

teeth 

(7 yr) 

Dead 
uous 
(2i-3 
yr ) 

Per 

ma 

nent 

(Tyr) 

Flour’ 

Sugar’ 



% 

% 

c* 

70 

% 

% 

ht 

% 

he 


1939 


— 




— 

(120) 

60 

(18) 

I 

1910 

(?) 

6 

(?) 

0 

36 

(78) 

70 

(10) 

t 

1941 

(?) 

7 

(?) 

0 

39 

(73) 

62 

(13) 

s 

1942 

(?) 

23 

(?) 

0 

39 

(73) 

62 

(13) 

4 

1943 

(?) 

42 

(?) 

0 

39 

(73) 

62 

(13) 

e 

1944 

66 

67 

44 

7 

39 

(73) 

62 

(13) 

6 

1945 

80 

76 

66 

8 

24 

(91) 

62 

(13) 


1940 

88 

(?) 

80 

(?) 

(? on the increase) 


> From SoQNNAES, R F Am J Du Chili 7S 

* Figures for the canes are u.\ eragee from the ^ 

coups recorded in Norwegian Burveys 18, 20 22, 23 and 24 snowu 
in origmal table 1 

* The use of refined flour was restnoted before the 

and limited to babies and sick people after the occupati^ (Apn 
1940) The extraction of the flour was increased from 69% belore 
the war to 85% already in 1939 and soon after 95% of the grai 
was utilized for flour production , , .u- 

* The percentage reduction of sugar is calculated 

1936 conumption of 36 3 kg per indmdual per year aw 

severest rationing 10 kg per individual (i e 70% 

came into effect Tate in 1940 From then on until 1945 loveru 

(by adding panodic increases) hM estimated a 

Uon of 260 gm (i e 13 5 kg pCT year or an average of 62% reou 

tion from the prewar level) 


Tlien major consecutive reductions were observed 
m 1942, 1943, 1944 and 1945, amountmg to re- 
ductions of 23, 42, 57 and 75 per cent below the 
1939 figure In other words, the reduction m 
canous permanent teeth in 1945 after 6 years of 
war was higher than in any other previous war 
yeai No reduction m the percentage of clu - 
dren with dental canes of the permanent tee 
was noted until 1 944 and 1945 when there were 
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7 and S per cent less childien with tooth decay ammed m 1945 and 1946 had 64 per cent less 
A comparison for deciduous teeth can be made carious deciduous teeth than 4-year-old children 
frgm the Noiwegian data of Toverud collected m in 1939 In 1947 there was a slightly lower re- 
tire towns of Blaker and Fet The reductions in duction (55%) In the 6-year-old groups of 
dental caries in the deciduous teeth of 2-year-old, children where the deciduous teeth have been ex- 
4-year-old and 6 year-old childi en are tabulated posed to the oral caanty for 4 to 5 years, the 
for the yearn 1939, 1944, 1945, 1946 and 1947 in least reduction (21%) m dental caries experience 
table 2 Data weie not available for 1940 to was observed in 1944 In 1945, 1946, 1947 the 
1943, inclusive Tlie childien in these three age reduction in canons deciduous teeth had mcreased 
groups examined in 1944 had the least leduc- to 44, 47, and 56 per cent, lespectively The 
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I u HL nr -s: 

YEARS OF WAR 

Fig 1 Year-to-yeab bedxjction of canes-susceptible teeth and carious children during the two 
World Wars (From Sognnaes, R F , Am J Dis Child 75 792, 1948 ) 

tions m dental canes ex'penence even though their deciduous teeth of the 6-year-oId children exam- 

deciduous teeth had been exposed to the oral med in 1944 had been developed in prewar years 
environment induced by w'artime diets for 1, 3 and appeared to have proBted little bj’ war- 
and 5 years, respectively In the 2-year-olds time dietary changes However, those tcetii in 
maximum reduction (87%) m caries-affected 6-year-old children exarmned m 1947 were formed 
teeth w'as obseiwed m the children examined m m the years 1941-42 and had profited greatly 
1946 , 1 e born m 1944 w'here tlie teeth developed even though the last 2 years of their oral exjiosurc 
m 1944 and 1945 By 1947, there was a slight had been influenced by post-war diets 
increase m the dental canes attack rate Even The question arises as to the adequacj" of the 
m 1947, the 2-yeai-old children had 74 per cent diet of tlie Nonxegian children throughout the 
less canous deciduous teeth than in 1939, this war years Relatreelj good dita haxe been col- 
despite a gradual return toward prewar diets in lected by Stoltenberg (IS) wlio rcportcil tint the 
the two years followmg the cessation of liostih- calonc requirements of the children from birth 
ties In the 4-j ear-old groups, the children ex- to the age of 7 jears were adequateh jiroMdeii 
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From 7 to 20 years of age there as an increasmg 
calonc deficit from an average of 370 for the 
youngest to 1260 m the oldest All pubhc 
school children were stated to be taller m 1943 
than m 1935 Underweight children were ob- 
served m prewar years at a rate of 16 per cent 
of the child population, this figure had only m- 
creased to 24 per cent in 1943 Therefore, it 
appears unlikely that the reductions m tooth 
decay were due to any restriction m the calonc 

Table 2 ^ Development and postehuptive 
CONDITIONS of DBCIDTJOUS TEETH OF NOH- 
WEOIAN CHILDEEN DUEING AND AFTEH WOHLD 
WAB I* 


AGE 

YEA* 

EXAM 

IKED 

YEAS 

OF 

BtfiTH 

YEAES OF 
DENTAL 
DEVElOl*- 
MENT 

YEAKS OP 
ORAL 

EXPOSURE 

CHIX- 

DREN 

WITH 

CARIES 

REDUCTION 
IK CARIES 
AFFECTED 

Chit ' 
dren 

Teelh 






% 

% 

% 

2 

1939 

1937 

1937-1938 

1938-1939 

76 



2 

1944 

1942 

1942-1943 

1943-1944« 

42 

44 

05 

2 

1945 

1943 

1943-1944 

1944-1945 

26 

67 

78 

2 

1948 

1944 

1944-1946 

1946-1948 

16 

80 

87 

2 

1947 

1945 

1945-1946 

1945-1947 

34 

64 

74 

4 

1939 

1935 

1935-1936 

1936-1939 

100 

— 

— 

4 

1944 

1940 

1940-1941 

1941-1944* 

86 

14 

38 

4 

1945 

1941 

1941-1942 

1942-1945 

79 

21 

64 

4 

1946 

1942 

1942-1943 

1943-1946 

70 

30 

64 

4 

1947 

1943 

1943-1944 

1944-1947 

74 

26 

65 

6 

1939 

1933 

1933-1934 

1934-1939 

100 

__ 



6 

1944 

1938 

1938-1939 

1939-1944* 

97 

3 

21 

6 

1946 

1939 

1939-1940 

1940-1945 

95 

5 

44 

6 

1949 

1940 

1940-1941 

1941-1948 

95 

6 

47 

6 

1947 

1941 

1941-1942 

1942-1947 

87 

13 

56 


iFrom SoGNifAES R F Am J Dis Child 75 792 1948 

* Interpretation of chart by To\ erud from exanunationa nt 
Blaker and Fet 

* The groups whose teeth after eruption have been expoeed 
to an Oral en^ iTonment favored bythegreatoet^vartime reduction 
in r^ned carbohydrates let these are the groups which show 
the least reduction m canes A elopmental^ explanation is 
suggested m text 

consumption In addition, Strom (19) studied 
the food habits of 102 famihes m Oslo and two 
smaller localities who were able to mamtain a 
daily average of 2,847 calories (2708 to 3046) 
per person per day throughout 1942 to 1945, 
mclusive 

The marked reductions m dental canes e\- 
penence among European childien during the 
latter years of World Wars I and 11 caimot be 
explamed entirely on the basis of an oral envu'on- 
mental effect produced by a reduction m the 
refined carbohydrate content The sudden on- 
set of restnctions in the refined carbohydrates 


available for distribution and the constant 
amounts available for ratiomng m Nonvay 
throughout the years 1940 to 1944, mclusive, 
ehmmates any argument that the reduction in 
dental caries mcidence v as gradual and prolonged 
because of a gradually increasmg restnction in 
refined carbohydrates If the oral environment, 
as influenced by the composition of the diet, had 
been the preeminently important factor m de- 
termimng the dental canes experience of these 
children, the reduction m tooth decay should 
have been evident withm a year or two m all 
children with recently erupted teeth regardless 
of whether the teeth were formed before, at or 
after the imtiation of the wartime dietaiy regi- 
men In view of the long delay m the produc- 
tion of a reduction m dental caries expenence 
Sognnaes (17) believed that the wartime diets 
appeared to have permitted the formation and 
maturation of teeth which were less susceptible 
to the development of carious lesions Even 
when these teeth were apposed to the oral en- 
vironment produced by post-war diets, they 
were highly resistant to decay If the delay 
m canes reduction had only been observed m 
Norway m World War II, reasonable doubt might 
be cast upon this mterpretation, since similar 
trends of rather uniform magnitude had been ob- 
served m ten other European countnes during 
World War I and II, the relationship of wartime 
diets dunng tooth development to on mcreased 
resistance to dental caries appears to be well es- 
tabhshed Despite the conclusiveness of the 
above relationship, there has been an almost 
umversal tendency on the part of the European 
mvestigators who collected these dental statis- 
tics to mterpret them as strong evidence of oral 
environmental changes without prehmmary m- 
fluences on the tooth structures 
There is a real need to contmue to collect sur- 
vey data of this type m the hope of detenrunmg 
how long the reduction m canes contmues and 
whethei any future change can be correlated 
with dietary alterations Parallel to the collection 
of more human statistics, many investigations 
with laboratory animals are needed to evaluate 
the exact role of diet dunng tooth development 
Dunng the penod from 1910 to 1945, mclusive, 
animal experimentation m the dental field did 
not keep pace with human mvestigation m quan- 
tity and much less m quality The white rat 
was used frequently in experiments designed to 
test human findmgs with unpredictably confusing 
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■\ud conflicting lesultte In the middle of this 
era, Hoppert, Webbei and CvnnifT (20) observed 
tint various lesions developed readiljf m tlie 
molar teeth of the white rat onl)'- if the e\peu- 
mental diet w'ere composed largely of coarse pai- 
ticles Wlien the coai’se jiai tides weie ground 
finely, dental canes did not develop Thereaftei 
miestigatois demonstrated tint the coai-se par- 
ticles caused a mechanical injuiy to the enamel 
surfaces follow’ed by tooth decay (21) Wlien 
the molars of the uppei jaw were e\tracted, 
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pnor to administration of the coarse particle 
diet, practically no lesions developed in the lower 
moLars (22, 23) Since human canes is not be- 
hoved to result from such mechamcal causes, 
tlus type of regimen was untenable 
In the last seven years, satisfactonlj^ control- 
led experimental ciicumstances have been de- 
nsed foi the study of tooth decay in four species 
of experimental animals the Syrian hamster 
{Cncetus avratus), the cotton rat {Sigtnondon 
hisjndus hispidus), the common laboratory rat 
(il/wfi norvegicus) and the rhesus monkey {Mac- 
oca mnlatta) In 1912, Arnold (24) observed 
that canons lesions developed m the molar teeth 
of hamsters w^hich were fed finely ground, high 
carbohydrate diets composed largely of natural 


foodstuffs Two yeais latei, the molai teeth of 
cotton lats winch liad been maintained for pe- 
iiods of 10 to 14 weeks on jiunfied rations were 
found to have been susceptible to the mitiation 
and development of carious lesions (25) Tlie 
composition of a typical canes-produemg, puri- 
fied lation IS given m table 3 Tlie mcidence of 
tootli decay was particularly high m the third 
molais w’lnch weie largely developed durmg the 
exiiermiental period and winch did not erupt un- 
til late m the expenment Tests on the effect 
of masticatmg this ration made by the extraction 
of opposmg molars mdicated that there was a 
much less important effect of mastication upon 
the initiation and progress of canous lesioas m 
this sjiecies than had been observed previously 
m the white rat fed the canes-produemg, Hop- 


Table 3 A TiPicAL caries-producing, 

PURIFIED ration 




1 

msm 

Sucrose 

67 

Tluanune 

0 35 

Casein 

24 

RiboflaMn 

0 36 

Com oil 

5 

Pyndosune 

0 36 

Salts 

4 

Calcium pantothenate 

2 0 

1 20 h\er concentrate 


Niacin ! 

2 5 

poTvder 

2 

Chohne chloride 

100 0 

WTioIe liver substance 

2 

Inositol 

lOO 0 


— 

p aminobenxoic acid 

30 0 


104 

a-carotene 

1 1 



a tocopherol 

6 0 



2-methyI 1 4 naphtho- 




qUlDODC 

0 6 




I U 



Irradiated crgosterol 

310 


pert-Webber-Canmff diet (22, 23) Fuither evi- 
dence that the canous lesions m cotton rat mo- 
lars w'eie not preceded by mechamcal injuiy w'as 
obtained through the examination of ground sec- 
tions of teeth and jaws aftei varymg jicnods of 
experimental exposure In addition, if all in- 
gredients m the purified ration w'ere finely pow- 
dered, the rates of initiation and development of 
canous lesions w'ere not alteied (26) 

Examples of the need foi careful control of 
all possible vanants m canes investigations witli 
laboratory ammals are piescntcd in tables 4 and 
5 In the former, an effect of caloric restne- 
tion to produce a reduction in the initiation ind 
development of canous lesions is rccordeil (27) 
In the latter, the results of two exiienraents to 
study if there were an 3 ’^ effect of tlie tjjie of cage 
and beddmg upon the dental canes experience 
are tabulated (26) Those cotton rats housed 
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in screen-bottom cages had a higher dental car- 
ies attack rate than httermates mamtained m 
cages where the sheet metal floors were covered 
with shavings On the contrary, cotton rats 
housed m cages where the sheet metal floors 
were covered with paper chppmgs did not have 
any different caries expenence than httermates 
kept m cages with screen bottoms The 


Table 4 Effect op caloric restriction 


AMT or 
RATION 100 

1 

OF 

"WT 1 
GAIN j 

i 

NO OF CARIOUS 

LESIONS 1 

EXTENT OF 
LESIONS 

j RATS 

Mean 

C R’ 

Mean 

C R» 

a) Controlfl fed 
ad Itlnium 

9 

1 

gm 

73 

26 1±2 2' 

1 

3 1 (a,h) ^ 

79±9 

4 0(B,b) 

b) 65% of amt 1 
controls reoeive<l| 

11 

1 1 

32 

17 6 ± 1 8 

6 2 (a.o) 

35±6 

0 6(a,c) 

1 

c) 60% of amt 
ooatrola received 

1 

6 

1 

16 

12 0± 1 6 

1 

1 2 4 (b,o) 

20±3 

1 

1 

'2 1 (b,c) 


• Standard error of mean ’ Crlboal ratio 


Table 6 Average number and extent of 

CARIOUS LESIONS OBSERVED IN COTTON RATS 
MAINTAINED FOR 14 WEEKS IN CAGES WITH 
different TTPES of floors and BEDDING 


TVPE OF 
BEDDING 
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NO OP 
COTTqV 
RATS 

AV NO 
OP 

CARIOUS 

LESIONS 

n 

4 

(Q 

1 

AV 

EXTENT 

OF 

CARIOUS 

LESIONS 

#4 

>8 

to 

I 

CJt ' 

None 1 

7 

33 7 

I 3 

1 

110+ 

8+ 






6 0 



6 1 
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ahav 








mgs 

10 

17 8 

2 3 


39+ 

8+ 

i 

f 1 

None 1 

9 

27 2 

2 8 

i 

80+ 

12+ 

1 





0 0 



' 0 9 

Paper ) 








clip- 1 








pings J 

10 

24 1 

2 1 

1 

1 

67+ 

1 8+ 



• Standard error of niean * Cntical raho 


causes of the effects on dental caries experience 
occasioned by calonc restriction and by the type 
of, bedding are unknown, but the effects are suf- 
ficiently great as to necessitate careful control 
Sognnaes (28) has studied the canes-condu- 
cive effect of the above purified diet when fed to 
rodents during, as well as after, tooth develop- 
ment If neanimg lats, hamstei's and mice born 
to females fed laboratory chow throughout the 
reproductive cycle were fed the chow diet for 
penods of as long as 9 months after weanmg, 


practically no canous lesions developed m the 
molar teeth When weanlmg white rats and 
hamsters born to mothers mamtamed on chow 
throughout pregnancy and lactation were fed the 
punfied ration for 4 to 8 months, a few canous 
lesions developed m their molar teeth In con- 
trast, when female rats and hamsters were 
changed from chow to the punfied ration at par- 
tuntion and their offspnng mamtamed on the 
latter diet for 3 to 5 months after weanmg, the 
molar teeth of the offspnng developed a rather 
high number of canous lesions A still higher 
rate of dental canes expenence was observed m 
offspnng of female rats and hamsters which had 
been fed the punfied ration throughout preg- 
nancy and lactation The increases m number 
of molars and number of areas affected by the 
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Fig 3 Cariogenic effect of a purified expen- 
mental diet (labelled sucrose ration) during tooth 
development (Syrian hamster) (From Sognnaes, 
R F J Am Dent A , 37 676, 1948 

canous process, and the mcrease m caries score 
which were observed for the Syrian hamster are 
presented m figure 3 In the mouse similar but 
less stnkmg developmental effects of the punfied 
ration durmg tooth development were observed 
Tliere is a very strong parallel between these 
studies with the rodents and the above mteipreta- 
tion of the trends m dental canes experience of 
Euiopean children The white rat and the ham- 
ster appear to be suitable experimental animals 
for the evaluation of dietaiy influences durmg 
tooth development One possible drawback to 
the use of these species is the fact that the 
of the first and second molars are m an advanced 
state of development at birth and the third mo- 
lars are largely formed at weanmg Thus, any 
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dietarj^ effect on these stages of development has 
to be mediated through the maternal oigamsm 
via the placenta ancl/oi the mdk This does 
not seem to be a seiious difficulty m vnew of 
the qualitative effect of diet duiing tootli devel- 
opment already described. 

One advantage of the cotton rat m develop- 
mental studies IS the earl}’^ veamng age (14 
days) at which time the third molai crowns are 
in an early stage of development The lemam- 
der of their formation can be influenced by diets 
begun at weaning Another illustiation of the 
madequacy of the puiified diet foi the develop- 
ment of the dental structures has been observed 
through this method of studying the develop- 
mental rate of the third molai m the cotton rat 
Offspnng maintamed for 100 days after weanmg 
on the purified diet had a retarded rate of erup- 
tion and root formation m the third molars 
Among 854 cotton rats killed at this age, tlie up- 
per third molars of 77 had not pierced the mu- 
cosa, an additional 81 had emerged mto the oral 
cavity but were only partially erupted In con- 
trast, the upper third molars of all cotton lats 
mamtamed on natural diets until the 54th post- 
natal day, or longer, were fully erupted A sim- 
ilar but less severe retardation m the develop- 
ment of the lower third molars of cotton rats fed 
the punfied diet was observed (26) 

Vanous studies have been made of methods 
for altermg the imtiation and rate of develop- 
ment of canous lesions m fully developed molar 
teeth of weanhng cotton rats and common labo- 
ratory rats which had been bred for high canes- 
susceptibihty When representatives of the sus- 
ceptible strains of both species were mamtamed 
for appropriate periods after weanmg on the 
basal punfied ration, a high canes attack rate 
was observed If diets were fed m which the 
level of fat, or protein, or both were mcreased at 
the isocalonc expense of sucrose, appreciable re- 
ductions m dental canes experience were observed 
(26, 29) If the sole source of nutrients uere 
mmerahzed whole milk, no carious lesions de- 
veloped m either species of highly susceptible 
rodents, as much as 10 per cent of sucrose or 
other soluble carbohydrates by n eight could be 
dissolved m the mmerahzed n hole milk \nthout 
any appreciable mcrease m the dental caries e\- 
penence (26, 29) At least part of the reduced 
development of carious lesions observed when 
milk diets were fed has been shown to be due to 
its flmd nature (30) Thus, there are numerous 
dietary procedures m rodents b 5 ’- u hich dev elop- 


ment of dental caries aftei tooth formation is 
largely completed can be influenced 

As an axtension of these studies to primates, 
species of monkeys have been sought which were 
susceptible to dental canes Although the rhe- 
sus monkey mamtamed on natural diets through- 
out life has an extremely low mcidence of tooth 
decay, representatives of this species mamtamed 
on punfied diets for long periods have been found 
to develop a moderate numbei of lesions (31) 
The following expeiunent has been conducted to 
deteimme whether certam factors which influence 
the development of tooth decay m rodents would 
have the same effect m primates Twelve rhe- 
sus monkeys, pui chased from an animal dealer 
after capture m then native envuoument, have 
been mamtamed from the time they were about 
1 J years of age foi an additional 3i years on highly 
pui ified lations (32) The 6 monkeys mamtamed 

on ration I, which contains 73 per cent sucrose, 
have not developed any extensive degree of canes 
In 2, no canes has been found by oral examma- 
tion and radiographs Four have small, slowly 
progressmg carious lesions m the firet permanent 
molars which were almost completely formed at 
the begmnmg of the experiment Tlie second 
permanent molars and the fiist and second bicus- 
pids have been formed to a large degree while 
the monkeys were mamtamed on the punfied 
ration and have recently erupted Insufficient 
time has elapsed smee their eniption to permit 
development of detectable canous lesions The 
3 monkeys mamtamed on lation 11, m wluch all 
sucrose has been replaced by fine dextnn, have 
only developed a few minute lesions One is 
caries-free, and 2 have slowly progressmg le- 
sions m the first permanent molars The three 
monkeys mamtamed on ration III, m wluch one- 
half of the sucrose has been replaced isocalon- 
cally by lard, have as yet developed no canous 
lesions 

In contrast to the above monkeys, 4 rhesus 
monkeys were transferred to purified ration IV 
containmg 64 per cent sucrose at a much younger 
age and have m a much shorter penod develojied 
definite carious lesions even m the generally less 
susceptible deciduous dentition Tw 0 w ere bom 
m captivuty m the colony of the Obstetrics De- 
partment of the Yale Medical School Both de- 
veloped defimte carious lesions in the deciduous 
teeth withm a few months after the purificil 
ration w as first fed Tlie other two, one male and 
one female, while bora in the wald w ere transferreil 
to the punfied ration at the time of w caning In 



544 


PEDERATION PROCEEDINGS 


Voluvie 8 


both cases, the second deciduous molars have 
definite canous lesions after a year’s mamtenance 
on the purified ration, dunng which time their 
weight has doubled 

The demonstration of the above contrast 
seems to ment considerable further m-vestiga- 
tion The fuUy foimed teeth of the older mon- 
keys, reared m the wild, appear to have a great 
caries-resistance, which even the lugh sucrose 
ration with the demonstrated ability to produce 
a high dental canes attack rate m caries-suscep- 
tible rodents, has been unable to fully overcome 
m 3i years True, even the older monke}^ mam- 
tamed on this ration exhibited more tooth decay 
than comparable monkeys mamtamed on nat- 
ural diets However, none of the older monkeys 
attamed the degree of canes observed in the 4 
younger monkeys which were transferred to the 
purified ration regunen at an earlier period of 
development 

In summary, there appears to be httle ques- 
tion about the importance of nutntion dunng 
tooth development and maturation m determin- 
ing the susceptibibty to dental canes At the 
present stage of the investigations, there is insuf- 
ficient data to justify speculation as to the iden- 
tity of the active factor, or factors, which mediate 
this effect or the mechanism of operation In 
most future studies, it will be necessary to define 
the stage of development of the teeth under m- 
vestigation and wherever possible, the dietaiy cir- 
cumstances which preceded the experimental 
penod Both human surveys and animal ex- 
perimentation justify the conclusions 1) teeth 
can be developed by proper nutntional regimen- 
tation which are higlily resistant to tooth decay 
under extreme canes-producmg circumstances, 
and S) teeth which are highly canes-susceptible 
at the time of emergence into the oral cavity can 
be protected from the canous process to some 
degree by dietary methods It is scarcely nec- 
essary to emphasize tliat our present knowledge 
in this subject can be considered as httle more 
than a fundamental mtroduction ipto a complex 
and controversial problem The prevalence of 
dental canes and its sequelae, inflammation of 
the pulp, cysts, abscesses and further focal and 
systemic infections mdicate the necessity for ex- 
tensive exploration of the relationship of nuta- 
tion dunng dental development, maturation and 
mamtenance 

The author expresses his appreciation for the 
contributions of his colleague, Dr Reidar F 


Sognnaes, to the investigations described above 
and to the preparation of this review We are in- 
debted to the John and Mary R Markle Founds 
tion, the Nutrition Foundation, Inc , the Sugar 
Research Foundation, Inc , and the United States 
Public Health Service for financial support of vari- 
ous projects 

The author is indebted to the American Journal 
of Diseases of Children for permission to reproduce 
tables 1 and 2 and figures 1 and 2, and to the 
Journal of the American Dented Association for 
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f B 1 

B TTF, isolation and identification of tlireonme 
(1, 2) rendered it feasible, for the first time, to 
support growth upon diets caiTymg appropriate 
niLxtures of highly purified amino acids m place 
of protems By the successive removal from such 
diets of smgle ammo acids, the nutritive role of 
each was established (3) The results demon- 
strated that, for the growmg rat, ten ammo acids 
are essential dietary components These are 
vahne, leucine, isoleucme, threonme, metluomne, 
phenylalamne, tryptophan, lysme, histidine, and 
argmme The exclusion from the food of any 
one of these, other than argmme, leads to a pro- 
found nutiitive failure, loss m weight, diminished 
appetite, and eventual death In contrast to 
these spectacular effects, argimne deprivation 
merely decreases the rate of gam (4) This is 
accounted for by the fact that argmme can be 
synthesized by the rat (5), but not at a rate which 
keeps pace with the needs of the organism for 
maximum growth This behavior distmgmshes 
argmme from the ammo acids of the non-essential 
group The latter apparently can be manufac- 
tured m sufficient amounts to meet fully the re- 
quirements of the arumal 

The above experiments provide much mforma- 
tion concemmg the types of sjmthetic reactions 
which the anim al orgamsm can and cannot ac- 
complish However, the ultimate objective 
throughout our mvestigations has been the es- 
tablishment of the ammo acid requirements of 
man It was anticipated that tune and expense 
might be saved by first conductmg the ammal 
tests, and then applying the results thus obtamed 
to the more difficult and costly studies upon 
human subjects Subsequent events have fully 
justified this supposition 

Im^estigations m the human sjiecies w ere first 
undertaken m this laboiatory during the autumn 

^The investigation herein described was made 
possible by bberal grants from the Nutrition Foun- 
dation, Inc , and the Graduate College Research 
Fund of the University of Rlinois 


of 1942, and smce then liave been in progress 
contmually Publication of the detailed findings 
has been postponed deliberately m order to permit 
the accumulation of a large number of data upon 
a comparatively large number of mdividuals It 
w'as hoped thereby to dimmish the probabihty 
of errors in mterpretation Tlie results now ap- 
pear to be sufficiently numerous and defimte to 
wai rant positive conclusions 

Healthy male graduate students liave served 
as the experimental subjects In formulatmg the 
diets, only those articles of food were selected 
which are virtually devoid of nitrogen of an 
unknown nature These consisted of com starch, 
sucrose, butterfat (w'hich had been melted and 
centrifugated to remove particles of protein), 
com oil, morgamc salts, and ntamms The 
starch, com oil, morgamc salts, and parts of the 
sugar and butterfat were mixed with water and 
baked into wafers The remainmg portions of 
butter and sugar w'ere consumed separately, ths 
former as a spread for the wafers, and the latter 
as a flavormg agent for the ammo acids The 
vitamins were supphed in tlie form of daily doses 
of cod liver oil, thiamme hydrochlonde, nbo- 
flavm, pyridoxme hi’^drochlonde, mcotmamide, 
ascorbic acid, calcium d-pantothenate, a-tocoph- 
erol, 2-methyl- 1,4-naphthoqumone, and a concen- 
trate of fiver (6) equivalent to 5 gm of Wilson s 
‘fiver powder 1 20 ’ The ammo acid mixiures 
furmshed 6 7 to 10 gm of nitrogen daily, and 
were taken m solution flavored to taste with 
filtered lemon juice and sugar From such a diet, 
the daily mtake of mtrogen of an unknown nature 
amounts to 0 30 to 0 35 gm 

The results of tlie qualitative tests have already 
been summanzed elsewhere (7), and need not be 
repieated here Tlie details of the procedures an 
findmgs will be published at a later date o 
the meantime, it is sufficient to present the fina 
classification of the arpmo acids This is shown 
in table 1 

As will be observed, the ammo acids which are 
required by adult man for tlie mamtenance o 
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nitrogen equilibnum are identical with those 
prenously found necessary for the maxnnum 
growth of the rat, except in the case of histidine 
and argmine The findings with respect to argi- 
nine are not surpnsmg inasmuch as the adult rat 
(8) and the adult dog (9) have been shown to be ca- 
pable of manufacturmg this ammo acid at rates 
commensurate with its use for mamtenance On 
the other hand, the observation regardmghistidme 
was qmte unexpected This ammo acid is re- 
quired by all higher animals thus far tested 
Despite this fact, its exclusion from the diets of 
the human subjects mduced no change whatso- 
ever m the state of the mtrogen balance At 
first, the results were viewed with skepticism 
It was suspected that histidine had found its way 
mto the food despite the mtensive purification 

Table 1 Classification of amino acids with 
HESPECT TO their ROLE IN MAINTENANCE 
OF NITROGEN EQUILIBRIUM IN 
NORMAL adult MAN 


ESSEVTIAL 

^ON ESSENTIAL 

V aline 

Glycine 

Leucine 

Alanine 

Isoleucme 

Serine 

Threonine 

Cystine 

Methionine 

Tyrosine 

Lysine 

Aspartic acid 

Phenylalanine 

Glutamic acid 

Tryptophan 

Prolme 

Hydroxyprolme 

Histidine 

Arginine 

Citrulhne 


of the ammo acids Careful tests excluded this 
explanation Furtheimore, repetition of the 
feedmg trials mth other subjects led to identical 
conclusions To date, 42 mdinduals haiH been 
kept m mtrogen balance upon diets n luch were 
devoid of this ammo acid Eiudently, histidme, 
like argmme, is not an essential dietary compo- 
nent for the mamtenance of mtrogen equilibrium 
m human adults TiTiether the gromng child, 
like the grovmg animal, requn-es histidme, argi- 
nine, or both of these ammo acids, must an ait 
the results of further investigations hloreover, 
one cannot jet exclude the possibihty that cer- 
tam anuno acids nhich are not necessarj’’ for 
nitrogen equihbrium m normal subjects under 
ordinarj’’ cucumstances may become mdispen- 
sable durmg disease, or for special body functions 
such as detoxication, reproduction, or lactation 


Having established qualitatively the ammo acid 
requirements of normal man, quantitative studies 
were next undertaken The objective m the 
latter was to discover the minimum mtake of 
each of the 8 essentials winch is capable of per- 
mitting mtrogen balance when the diet furnished 
suSicient quantities of the other 7, and an ade- 
quate supply of nitrogen for the synthesis of the 
non-essentials In the foUowmg pages attention 
18 directed particularly to this aspect of the 
problem 

Before proceeding further, the reader should be 
appraised of certam hmitations inherent m mtro- 
gen balance studies, particularly when apphed to 
the establishment of mini mum requirements 
The first of these is associated with the daily 
fluctuations m mtrogen output encountered m 
mvestigations of this sort Regardless of how 
accurately one may control the mtrogen mtake 
and how dihgently he may prescribe the routme 
physical activities of the subjects, moderate day 
to day variations m the excretion of nitrogen are 
observed almost mvanably This fact is not 
limited to exqieriments mvolvmg ammo acids 
It 18 equally true of subjects upon protein diets 
Perhaps the explanation is to be found m shght 
alterations m tlie daily rate of metabolism or of 
excretion, or possibly m the degree of muscular 
tonus In any event, the factors responsible ap- 
pear to be beyond the present range of ex-peri- 
mental control Certamly, the fluctuations to 
which we refer are not to be accounted for by 
errors m the collection of the excreta In order 
to minimize alterations m mtrogen loss via the 
perspiration, all of our tests were terminated be- 
fore the onset of hot weather 

These variations due to unknow n factors are of 
httle consequence when one is making a quahta- 
tive experiment The effects exerted by the 
exclusion of an essential ammo acid from the food 
are so profound tliat thej’’ are unmistakable 
However, after a moderate change m the intake 
of an mdispensable dietary component, the al- 
teration m the nitrogen lialance is usuallj corre- 
spondingly small Therefore, in all of our quan- 
titatne expenments the policy lias been adopted 
of mducmg a distmctlj’^ negatne balance at -some 
stage of the test, and then raising the intake of 
the anuno acid under mvestigation until a con- 
sistentl}’’ positne balance, as meamred bj the 
aa erage for a period of se\ eral daj s, w as attained 
In tlus fashion, dailj’’ fluctuations are leieled, and 
the results are exceedmglj clear-cut In most 



548 


FEDERATION PROCEEDINGS 


Volume 8 


instances, no attempt has been made to establish 
the mmimum level moie accurately than vithm 
0 1 gm of the l ammo acid 
Another observation which has proved to be 
somewhat disconcertmg is the difference m the 
minimum amount of an ammo acid which is re- 
quired by different individuals under comparable 
experimental conditions Ongmally, n e had 
hoped that two quantitative experiments mth 
each ammo acid would suffice to establish the 
minimum requirements of man Tins assump- 
tion nas soon found to be mcorreet With cer- 
tam ammo acids, the lesults are quite consistent 
from one subject to another With other ammo 
acids, the quantities found necessary vary as 
much as 100 per cent m different mdividuals 
Moreover, no correlation appears to exist between 
the requirement on the one hand and the body 
weight, body surface, or creatmme output on the 
other Whether such data indicate that certam 
essential ammo acids can be synthesized m part, 
but with varying success by different subjects, 
or whether tliey merely reflect the exdent to which 
alimentary microorganisms particijiate m the 
syntheses, cannot be stated at the present time 
Experiments in i-ats appear to demonstrate tliat 
ahmentary microorganisms play a much less 
dominant role m the formation of ammo acids 
than they do m the synthesis of ntanuns (10) 
Regardless of the explanation, the variations m 
mdividual requirements seive to demonstrate the 
tentative nature of the quantitative findings 
This fact has always been emphasized when ref- 
erence has been made by us to any part of these 
studies Futhermore, when several subjects 
show different requirements for a given ammo 
acid, the highest level must be taken as the mmi- 
mum Any ‘recommended mtakes’ must make 
further allowances for the possibibty that certam 
mdividuals may need still larger quantities than 
the subjects thus far tested This aspect of the 
problem will be considered below 
Perhaps the most disturbmg, and certainly the 
most surprismg, feature of experiments mvolvmg 
the use of diets contammg mixtures of ammo 
acids relates to the caloric reqmrements of the 
subjects It has been om experience that with 
such diets the caloric mtakes must be mci eased 
above the expected levels m order to mamtam 
mtrogen balance This is true even when tlie 
ammo acids furnish 7 or more grams of mtrogen 
daily We had assumed that mtakes of 40 cal- 
ories per kilo of body weight per da}’- would be 


sufficient This, however, proved not to be the 
case It seemed necessary, therefore, to compare 
the calonc needs of mdinduals, under otherwise 
identical conditions, when they were ingestmg 
diets contammg respectively casern, hydrolyzed 
casern, and imxdures of pure ammo acids as 
sources of mtrogen One of 3 such expenments 
is summanzed m table 2 
Throughout the test the daily mtrogen mtake 
was kept withm a range of 10 03 and 10 OS gm , 
and the ratio of calories from carbohydrates to 
calories from fats w as mamtamed at 2 6 The 
diets were similar m composition to those em- 
ployed throughout the quantitative mvestiga- 
tidns The acid-hydrolyzed casern was supple- 
mented with n-tryptophan The mixture of 9 
ammo acids was composed of the 8 essentials w ith 
sufficient added glycine and urea’ to raise tlie 


Table 2 Caloric requirements on diets 
CONTAINING PROTEINS OR AMINO ACTDS 
Period averages Subject W A S , 71 7 lilos 


SOmet OP OITTAPY ^ 

DURATION 

OP 

PZSIOD 

DAILY 
2NTAXE OP 
CALO&1P8 

AV'ERACE 
DAILY V 
BALANCE 


4a jr 

fer kiv 

cm 

Whole casein 

6 

45 

+0 48 

1 

7 

35 

+0 14 

Acid-hydrolyzed casein 

8 

35 

-0 29 


6 

45 

+0 50 

9 Ammo acids 

5 

45 

4-0 33 


6 j 

35 1 

-0 91 

20 Ammo acids 

1 6 

36 

-0 93 

Whole casein 

5 

35 

4-0 46 

Enzymatically hjdro- 

6 

36 

' -0 09 

lyzed casein 





mtrogen content to the desired level Hence, 
the only vanables were the sources of mtrogen 
and the fuel value of the rations 
The subject came mto positive balance 
promptly upon the casern diet when the latter 
furnished 45 calones per kJo of body weight jier 
day, and contmued m positive balance dunng 
the 7 days m which the fuel value of the food 
was reduced to 35 calories per kilo of body weight 


’As pointed out later in this paper, extensive 
investigations in this laboratory have shown that 
glycine and urea can serve, in -the growung rat, as 
sources of mtrogen for the synthesis of the non 
essential amino acids This is true even to a 
greater extent of ammoniun citrate 
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However, when the w hole casern v as replaced by 
acid-hydrolyzed casein supplemented vith L-tryp- 
tophan, negative balance ensued until the caloric 
intake was raised to the lugher level Lake 
results vere observed inth the mixtures of pure 
ammo acids With the 35 calone mtake, neithei 
the mixture of 9 ammo acids (the 8 essentials 
plus gb^cme and urea) nor the mncture of all 
known protem components mcludmg citrulhne 
(but without urea) was capable of mducmg nitro- 
gen equrhbnum Furthermore, no difference 
could be detected m the nutritive quahty of the 
tw 0 mixtures for mamtenance puiposes Several 
months later, the same subject was used m a 
companson of whole casern and enzymatically 
hj'^drob'zed casern, as recorded m the last two 
hnes of table 2 As will be observed, he was 
brought mto strong positive balance upon the 
casern diet with a fuel mtake of 35 calones per 
bio of body weight Replacement of the whole 
casern by the enzymatically hydrolyzed product 
led to a shght negative balance Apparently, 
even the latter may be somew hat mfenor to the 
whole protein for mamtenance purposes 
No explanation is apparent for the above 
obser\ ations Whether proteins contam, or 
cari^’’ as a contaminant, some component which 
IS m\olved m the efficient utilization of food 
energy or ammo acids and is destroyed by hydrol- 
ysis, or whether our findmgs are attnbutable to 
the more rapid absorption of free ammo acids, 
as contrasted with native protems which are 
slowlj digested m the alimentary tract, is not 
clear If the rate of absorption w ere the cntical 
factor, one might anticipate a considerable loss 
of ammo acids m the urme Our expenence does 
not warrant that conclusion Possibly the 
casern, which was a commercial ‘vitamm-free’ 
product, may have earned an adsorbed agent 
which was not present m the hver concentrate 
used as a source of the less well-defined mtamins 
Tests wdl be imdertaken shortly to determme 
whether vitamm B 12 influences the caloric re- 
quirements of our subjects ’ 

Smee the above comparisons were made, the 
practice has been followed m the quantitative 
experiments of admmistenng 55 calones per kilo 
of bod}’’ weight per daj'" Lower mtakes might 
ha\e sufficed m some instances However, the 

’There are reasons for suspecting that m the 
preparation of our liver concentrates from Wilson’s 
fixer powder 1-20’ much of the ntamin Bi; maj 
fia\e been lost 


lugher values avoided prolonged adjustment pe- 
riods Generally, balance was established withm 
three or four days Occasionally, somewhat 
laiger mtakes were found necessary This was 
true of tall, slender mdmduals who were under- 
weight for their height One subject who was 
receivmg 55 calories per bio complamed of 
hunger, and was penmtted to mcrease the fuel 
value of his ration to 58 calories per bio 
One may be warranted m asbng whether the 
lugh energy content of the diets influenced the 
outcome of the mvestigations To this question 
a categorical answei cannot be given The neces- 
sitj”- of using diets of bgher than normal calonc 
content is demonstrated by the data m table 2, 
and by additional data of a similar sort not m- 
cluded m the present paper Furthermore, any 
cnticism of the techmques used m the present 
studies apphes, with equal force, to like tests 
made with completely hydrolyzed proteins As 
has been shown, the latter are not superior to 
mixtures of punfied ammo acids as regards the 
required fuel value of the diets, and have the 
disadvantage that one cannot be sure, m most 
instances, of the quantitative removal of the 
ammo acid under mvestigation Thus, one is 
forced to employ bgh calonc rations if studies 
of this general nature are to be pursued success- 
fully Despite the weU known protem-sparmg 
action of carbohydrates, it seems unlikely that 
the mmimum reqmrements of the organism for 
mdixndual ammo acids could have been lowered 
significantly by the imposed axpenmental condi- 
tions Even if one assumes that native proteins 
ordmanly cany^ an ‘accessoiy factor’ the function 
of which IS to promote physiological economj'- m 
the utdization of food energj" or ammo acids, the 
absence of this factor w ould be expected to lead 
to a higher rather than a lower mmimum require- 
ment for a dietary essential It does not seem 
reasonable to postulate that the absence from the 
ration of so important a substance, if it exists, 
would actually lessen the need of the body for 
somethmg which it cannot manufacture 

Fmally, attention should be called to the fact 
that the expenence of otheis with low protem 
diets, as contrasted with diets contammg ammo 
acids, has led to the use of relatn eh lugh calonc 
mtakes In descnbmg an exiiermient m which 
egg protem furnished approximateh 93 per cent 
of the mtrogen, IMurlm, ct ol (11) =tate that 
the total energj xalue at the beginning of the 
test was placed at 15 caloric- jicr bio of bod} 
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eight, “but when in individual cases it became 
apparent that this allowance was not sustainmg 
body weight it was raised to 48 cal per kilo or 
sometimes higher, by addition prmcipally of car- 
bohydrate ” Comparable energy mtakes were 
employed by Bncker, et al (12) m a recent 
study of the protem requirements of young 
women One of the 10 subjects needed 50 cal- 
ories per kilo to mamtam body u eight Our 
young men were encouraged to avoid unusual 
physical exertion dunng the course of the tests 
However, as graduate students they found it 
necessary to work long hours in the laboratory, 
for the most part m a standmg position Also, 
they walked to and from their hvmg quarters 
which frequently were located more than a nule 
from the campus In the hght of these facts, 
and the strange increase m fuel requirements as- 
sociated with ammo acid diets, the calonc m- 
takes herem employed were not so excessive as 
first impressions might lead one to beheve 

The mtncacies mvolved m a study of the mm- 
imum ammo acid requirements have been dealt 
with at some length m order that the reader may 
be fully advised as to the exact conditions under 
which the findmgs described below were obtamed 
The mtrogen balance techmque has its limita- 
tions, but, at the present time, it is the only pro- 
cedure which can be apphed to adult man for 
the purposes m question Possibly, the precedmg 
pages have over-emphasised the difficulties and 
imperfections If so, this is to be preferred, m 
our judgment, to unwarranted simplification of 
a problem which is beset by many meagerly un- 
derstood vanables As Mary Swartz Rose and 
MacLeod (13) remarked many years ago, “the 
search for an absolute biological constant m pro- 
tem metabohsm is a vam one, any so-called bio- 
logical minimum is such only for a given set of 
conditions ” 

Despite what has gone before, the values ob- 
tamed m the present studies are beheved to ap- 
proximate very closely the true mmimum needs 
of the human species Under the conditions 
specified, remarkably defimte conclusions can be 
reached regarding the requirements of a given 
mdmdual for any essential ammo acid A vahd 
criticism of an mvestigation of this nature is the 
comparatively small number of tests that can 
be made m a reasonable time Thirty-one 
quantitative expenments have now been com- 
pleted These represent a tremendous imder- 
taking, extendmg over a penod of almost four 
years The data are presented with complete 


confidence, but must be newed as strictly ten- 
tative until experience demonstrates their gen- 
eral applicability to a much larger number of 
mdividuals 

The procedures followed m the conduct of the 
quantitative expenments were almost identical 
with those used m the quahtative tests One dif- 
ference IS to be noted In detemunmg which 
ammo acids are necessary dietary components, 
the removal of one from the food was compen- 
sated for by raismg all others sufficiently to mam- 
tam the mtrogen mtake at a constant level In 
demonstratmg the mmimum requirement of the 
organism for a given component, all ammo acids 
were kept at constant amounts throughout the 
test except the one under mvestigation The 
latter was progressively lowered, and the mtrogen 
content of the ration was mamtamed by the ad- 
dition of glycine, urea, or both Growth studies 
m this laboratory (14) have shown that glycme 
and urea can be utihzed by rats as sources of 
mtrogen for the manufacture of the non-essential 
ammo acids The two compounds were mcluded 
m the human diets for a hke purpose Through- 
out the entire mvestigation, the rations furnished 
approximately 10 gm of nitrogen daily except 
durmg the first two or three tests of the senes 
In these, the food supphed 7 gm of nitrogen 
daily Thus, an abundance of mtrogen was al- 
ways available to the cells for synthetic uses 
This IS an important pomt, for it does not follow 
that mtrogen balance could be mamtamed with 
the mmunum levels of the 8 essentials alone 
Under the latter circumstances, the manufacture 
of the non-essentials by the tissues would be im- 
possible 

One other detail of the procedure should be 
descnbed After the mmimum requirement for 
each ammo acid had been determmed, twice 
this value was selected as the mtake of the sub- 
jects m all subsequent expenments mvohnng 
other ammo acids This may be rendered more 
mtelhgible by a specific illustration The first 
ammo acid to be mvestigated vas tiyptophan 
The diet employed at the begmnmg of these 
tests supphed 1 85 gm of i,-tryptophan daily 
By progressively reducmg the mtake, the mm- 
imum level compatible with consistent positive 
balance was found to be 0 15 gm daily m each 
of two subjects Inasmuch as the two mdividuals 
yielded identical results, it was assumed tenta- 
tively, and m spite of the remarkable low figure, 
that 0 15 gm represented the mmunum require- 
ment Later events have necessitated an up 
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ward revision of tins \ alue, as w ill be explained 
later 

In the meantime, the question aiose as to the 
quantity of n-trj’ptophan which should be in- 
cluded m the food m measunng the requirements 
of man for other ammo acids It seemed likelj'- 
that tmee the minimum would be a safe mtake 
Tims, 0 3 gm of n-tiyptophan per day has been 
the standard m subsequent quantitative expei- 
iments, although m some tests 0 2 gm n as em- 
ployed successfully A similar procedure has 
been followed with each ammo acid as its min- 
imum was established Consequently, the quan- 
titative data have been supplemented by the ac- 
cumulation of evidence, m a considerable number 
of individuals, that tnuce the minima are satis- 
factory mtakes The latter are arbitrarily being 
designated as the ‘recommended mtakes ’ 
Retummg for a moment to the question of the 
tryptophan requirement, attention is called to 
the fact that 31 mdividuals have been kept m 
positive mtrogen balance upon daily mtakes of 
0 3 gm or less On the other hand, a recent sub- 
ject has shown a minimum requirement of 0 25 
gm dady This is decidedly the highest reqmre- 
ment for this ammo acid we have ever observed 
Eleven other subjects have been kept in balance 
with mtakes of 0 2 gm dady, although no attempt 
was made to establish their mmimum reqmre- 
ments Because of the single high value, it 
seems necessary to regard 0 5 gm (twice the 
highest minimum) as the recommended dady 
intake untd and unless later events demonstrate 
that this amount is unnecessardy large 
In table 3 are summarized the minimum daily 
requirements and the ‘recommended dady m- 
takes’ of the 8 ammo acids which are necessary 
dietary components for the mamtenance of m- 
trogen equdibnum m normal human subjects 
Both groups of values must be regarded as 
stnctly tentative In the column to the extreme 
nght is listed the number of subjects m whom each 
recommended mtake has been shown to be sat- 
isfactory As wdl be observed, the numbers are 
smallest for leueme and isoleucme, smee these 
ammo acids were the last for which minimum 
lalues were established 
Many tests have been made to determine the 
avadabihty m the human orgamsm of the d 
ammo acids The nitrogen balance techmque is 
not sufRciently dehcate to enable one to exclude 
the possibhty that certain n ammo acids maj'- be 
utilized m trace amounts which are insufficient 
to affect the balance On the other liand, one 


can readily decide whether the d amino acids 
possess any practical sigmficance in metabohsm 
Oui data show that n- and n-methionme are 
equally effective in the maintenance of mtrogen 
equihbrium in man, and that n-phenylalamne 
is partially utihzed although the human organ- 
ism appears to be limited as to the amount of this 
ammo acid which it can invert Contrary to 
its behavioi in the lat, n-tryptophan exerts no 
detectable influence upon mtiogen balance in 
man In our experience, this is true also of 
acetyl-D-tiyptophan despite the report to the 
contraiy in the hterature (15) The n modifica- 
tions of vahne, leucine, isoleucme, threomne, and 
lysine appear not to be available at all in human 
subjects 

Table 3 Minimum and becommended intakes 

FOR NORMAL MAlN WHEN DIET FURNISHES 
SUFFICIENT NITROGEN FOR SYNTHESIS 

OF non-essentials 
(strictly tentative values) 



1 

iHKmtJM 

RECOlt- 



DAnbV 1 

MENDED 

SUBJECTS 


RfQUlJtE 1 

DAILY 

TESTED 


ME NT 

INTAKE 



em 

em 

no 

L-Tryptophan 

0 25 

0 5 

31» 

L-Phenylalanme 

1 10 

2 2 

22 

L-Lysme 

0 80 

1 6 

27 

L-Threonme 

0 50 

1 0 

19 

L-Valine 

0 80 

1 6 

23 

L-Methionine 

1 10 

2 2 

13 

L-Leueme 

1 10 

2 2 

8 

L-Isoleucme 

0 70 

1 4 

8 


^All of these subjects have been kept in bal- 
ance on 0 3 gm or less 

Finally, the reader is remmded that in the for- 
mulation of diets of low amino acid content the 
so-called recommended intakes, rather than the 
minima, shoidd now he employed The purpose 
of the former is to make allowance for any fur- 
ther possible vanation upward in the nummum 
requirements of individual subjects Such diets, 
to be successful, must furmsh most certainly 
sufficient mtrogen for the sjmthesis of the non- 
essentials This point is empliasized repeatedly 
in this paper because of its utmost importance 
No attempt has yet been made to ascertain the 
mimmum total mtrogen content of a diet, cariy- 
ing the recommended intakes of the eight essen- 
tials, which will sustain mtrogen equilibnum 
Experiments of this nature will be undertaken at 
an early date The results should provide an 



552 


FEDERATION PROCEEDINGS 


Volume 8 


appioximate measure of the extent to which 
synthetic reactions mvolving mtrogen occur tn 
mvo It 18 contemplated also m the near future 
to mvestigate the possible replacement of phenyl- 
alanine by tyrosme, and of methionine by cystme 
and/or chohne 

As to the apphcations of the above findings, 
it may be stated that the values summarized m 
table 3, if tj^ical of male adults as we beheve 
they are, should render it practicable, for the 
first time, to evaluate protems m terms of their 
abihty to meet human needs Hitherto, all such 
appraisals of proteins have been based upon an- 
imal tests Quahtative and quantitative differ- 
ences are now recognized m the ammo acid re- 
quirements of man and ammals Consequently, 
it does not follow necessarily that estimates of 
nutritive quahty based upon animal tests are 
applicable to human subjects It should be pos- 
sible, by reference to the values now made avail- 
able, to predict with reasonable accuracy how 
much of a given protein, if its composition is 
known, will be required to maintam mtrogen 
eqmhbnum m the human orgamsm, provided a 
Buflacient supply of mtrogen to cover the synthetic 
needs of the cells is also included m the food It 
IS to be hoped that studies of this nature will be 
undertaken m many laboratones In this way 
only can it be ascertamed whether the recommen- 
ded mtakes herein proposed possess general ap- 
phcabihty Obviously, tests of this character 
must take into account the digestabihty of the 
protem under mvestigation 

Another apphcation relates to preparations for 
parenteral use Much interest has been mam- 
fested m recent years concemmg the possibihty 
of successful intravenous ahmentation in patients 
who temporarily are unable to consume food in 
the usual way The practicabihty of such a 
procedure was suggested by the author almost 
15 years ago (16), and smce then has been ex- 
plored in many laboratones Much of the en- 
thusiasm previously displayed has now vanished „ 
This has been due m part to the adverse chmcal 
reactions which sometimes follow the adoption of 
this therapeutic measure, and m part to the fact 
that a relatively large quantity of a protein hy- 
drolysate must be admimstered in order to ap- 
proach mtrogen balance In this connection, it 


should be realized that the most appropriate mix- 
ture for chmcal purposes has not yet been pre- 
pared, smce the prereqmsite information respect- 
mg the ammo acid requirements of man has not 
hitherto been available With the presentation 
of the facts recorded m this paper it should be 
feasible to formulate a mixture the composition 
of which 18 adjusted to the needs of the body for 
each component Such a material may prove to 
be the most efficient source of mtrogen yet de- 
vised for parenteral use One disadvantage which 
cannot be overcome immediately, and which may 
have contnbuted to the discouraging results ob- 
served in certain quarters, is the excessive ca- 
lonc requirement mamfested by subjects receiv- 
ing mnctures of ammo acids m place of proteins 
Further studies may reveal a method, or a chem- 
ical substance, which is capable of counteracting 
this pecuhar feature of ammo acid nuxtures 
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A.S THE science of nutrition has progressed, 
numerous methods have been evolved for the 
appraisal of human nutritional status Some years 
ago, recogmtion of malnutrition depended on 
simple obseivations, such as gross evidence of 
loss of weight or dehydration The demonstration 
that certam phj'sical stigmata appeared when 
sufiicient quantities of particular chemical sub- 
stances were not available to the organism, led to 
refinement and greater specificity of diagnosis 
Advances in biochemistrj' made possible measure- 
ment of the concentration of essential nutritive 
factors and then metabohtes m bodily tissues and 
fimds Recently, attempts ha\e been made to 
dehneate chemical and physical findings at vari- 
ous levels of nutnture m order to detect mcipient 
malnutntion and to evaluate nutntional status 
In discussing the relationships of chemical tests 
to physical signs of malnutntion, it is pertment 
to emphasize certam concepts of the development 
of nutntional deficiency Grood nutrition is asso- 
ciated with an abundant supply of all essential 
nutnents As malnutntion develops, bodily stores 
of these factors are depleted, smaller quantities 
are available to the tissues, urinary excretion 
diminishes and concentration m the blood falls 
Fmally a cntical level is reached below which 
metabohe defects occur and impairment of func- 
tion becomes e^^dent As the end stage of mal- 
nutrition, cellular structure is modified and gross 
endence of deficiency disease is apparent 
Incipient malnutrition exists vhen a decrease m 
resen e functional capacity occurs Chemical pro- 
cedures are particularty useful m detectmg early 
abnormahties but are applicable m all zones of 
nutnture Phj’sical stigmata occur m chronic 
adiTineed malnutrition and may persist as scars 
long after tissue repletion has been accomplished 
The manifestations of acute and chrome nutn- 
tn e failure are somewhat different Acute deple- 
tion causes sudden, profound biochemical and 
phj-siologic abnormahties, chrome depletion grad- 


ual chermcal and structural changes, with good 
compensation for long penods of time Accurate 
diagnosis is difificult Physical signs of malnutri- 
tion are non-specific, absence of any one of several 
factors may give nse to the same structural 
alteration, while similar tissue change may result 
from disease unrelated to nutritive failure A 
number of the physical signs used as mdices of 
malnutntion rest on a very tenuous foundation 
Interpretation should be cautious, smee normal 
vanabihty is great and the question of what 
constitutes a departure from normal has not been 
settled 

The concentration of essential nutnents m 
blood, unne, or other bodily fluids, reflects, m 
general, recent dietary mtake, but pathologic 
conditions not primarily related to nutnent sup- 
ply may mfluence the findmgs Load tests, m 
which a large quantity of a nutnent is adminis- 
tered and changes m the concentration in the 
blood and unne are measured, are useful m 
determmmg the degree of saturation or depletion 
of the tissues Saturation, m the sense of maxinml 
tissue concentration, indicates at least adequate 
nutrition, while unsaturation is a requisite m the 
diagnosis of malnutrition, although not synony- 
mous with it Fmdmgs m load tests may be mis- 
leadmg m the presence of extensive breakdown 
of tissue smee release, of certam nutnents may 
result m an mcrease m excretion compatible with 
saturation In persons who have suffered long 
periods of depletion, recent access to nutnents 
may eleiate the concentration m the blood or 
tissues, without restonng function or rmersmg 
pathologic changes Few cheimcal or physiologic 
tests are a\ailable for detection of metabohe 
abnormalities or decreased functional reseric 
capacity , yet it is here tliat the earh and readity 
re^e^slble types of malnutrition should be diag- 
nosed Tests of metabohe derangement arc often 
non-specific and similar abnormahties may occur 
from causes unrelated to nutrient supply 
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The above concepts of the pathogenesis and 
complexities of malnutiition make it obvious 
that correlation between chemical measurements 
and physical findmgs will not necessarily be ob- 
served Such lack of correlation is common, as will 
be pomted out m the subsequent discussion of the 
relationship of chemical to physical findings in 
specific types of malnutrition 

CALORIC BEFICIT 

Calonc deficit is manifested chiefly by physical 
findmgs In childhood, growth failure occurs, m 
adults, loss of weight, wastmg of tissues, weakness 
and fatigability are the usual findmgs Pro- 
longed, severe starvation is mamfested by apathy, 
lethargy, syncope, dry stanng hair, dullness of 
eyes, bradycardia, hypotension, amenorrhea, ster- 
flity, and dry melastic skm with areas of pig- 
mentation (1) Protein deficiency is usually an 
associated finding and, m any event, the mtrogen 
balance is negative Anemia is common, and a 
low-fasting blood sugai mth a diminished toler- 
ance for glucose may be piesent A decrease m 
the basal metabolic rate occurs Diagnosis of 
profound caloric deficiency is relatively simple 
and the seventy may be judged by the percentage 
loss m body weight, the rapidity of such loss, and 
associated findmgs of starvation Detection of 
mild calonc undemutrition is difficult There are 
no adequate standards for weight m relation to 
height, age, bodily build and genetic potentiahty 
Simple procedures which will detect the extent of 
depletion of vital bodily tissues, as compared to 
fat stores, are not available 

ANEMIA 

Anemia is a useful mde\ of malnutntion in 
spite of its nonspecificity, and determination of 
the hemoglobm concentration m the blood is 
widely used m evaluatmg nutritional status 
Anemia may be due to a deficiency of protem, 
iron or of vitamins of the B complex, notably folic 
acid and vitamin Bn It is hkewise caused by 
many conditions of non-nutntional ongm, such 
as acute or cliromc blood loss, mfections and 
neoplasia Physical emdence of chrome anemia is 
minimal in the early stages and diagnosis is de- 
pendent on chemical examination Determmation 
of the size of the red cells (mean corpuscular 
volume) and of the concentration of hemoglobm 
m the cells (mean corpuscular hemoglobm con- 
centration) will permit differentiation of the 
macrocytic anemias, which are the rule m defi- 


ciency of protem, fohe acid and vitannn Bj., fiom 
the normoc3dJc or microcytic, hypochromic ane- 
mias of iron deficiency Physical exaimnation aids 
m detectmg non-nutntional causes of anemia and 
assists m evaluation of its seventy In profound 
anemia of long standing clmical signs mclude 
pallor, glossitis, dyspnea, palpitation, tachy- 
cardia, weakness, dizziness, syncope and edema 

Determination of the level of serum iron is a 
useful procedure m detectmg anemia due to iron 
deficiency In normal persons on adequate diets, 
the concentration of serum iron is usually greater 
than 70 /ig per cent (2-4) Although low levels 
may occur m acute and chrome mfections (5, 6) a 
concentration of less than 60 fig per cent is sug- 
gestive of iron deficiency (7) Glossitis occurs m 
iron deficiency aneima (8, 9) as it does m anenua 
due to deficiency of vitamins of the B complex, 
and cheilosis has been reported These physical 
findmgs do not correlate n ith the type or degree 
of anemia but are more common m anemia of 
considerable chronicity 

PROTEIN DEFICIENCY 

Mamfestations of protem deficiency mclude 
cessation or slowmg of growth, loss of iveight, 
muscle wasting, and edema Nitrogen balance is 
negative, serum protems decrease, particularly 
serum albumin, and anemia may occur The con- 
centration of plasma proteins may remam normal 
for long periods of time in the presence of protem 
deficiency This is due m part to hemoconcentra- 
tion (10) and if the volume of the circulating 
plasma is determmed, protem deficiency may be 
detected at an earher stage Investigations of 
Elman and others (11) which mdicate that a 
decrease of one gram in total circulating serum 
protem represents a loss of 30 gm of tissue 
protem, suggest that protein deficiency is ad- 
vanced before a significant drop in the concentra- 
tion of serum protem occuis 

Correlation has not alwaj's been demonstrated 
between chmeal edema and the concentration of 
albumm or total protems m the serum This is not 
suiprismg m view of the many factors which 
influence edema formation During World War II 
mil d hypoprotememia was common m certain 
famme areas (12) and concentration camps (13) 
but close correlation between edema and the level 
of serum protems was not observed Keys el e.1 
failed to obtam such a correlation m studies of 34 
men mamtamed on a European type of famme 
diet Govaerts (14), who studied famme edema 
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m Brussels, found serum piotems to be less than 
normal m the majonty of patients, the mean 
reduction being 29 per cent The mean osmotic 
pressure of the serums was reduced to an even 
greater extent, namely, 41 per cent Petrides (16) 
reported lov serum protein \alues m children 
with hunger edema m Athens Denz (16) found a 
significantly lower concentration of plasma pro- 
teins in German civihan mtemees than m normal 
Bntish subjects The degree of edema appeared 
to be proportional to the reduction m plasma pro- 
tein concentration but considerable variation 
occurred Values for plasma albumm were low 
(2 58 to 3 81 gm per 100 cc of plasma), but were 
not correlated with the degree of edema Wor- 
sham (17) studied the relationship of hypopro- 
tememia to edema m women durmg pregnancy 
Edema was present m 8 per cent of women when 
the serum protein level was above 6 0 gm per 
100 cc , m 21 per cent when the level was between 
5 5 to 6 0 gm , and m 72 per cent when the level 
was less than 5 5 gm 

Further studies of protem nutntion may m- 
clude measurement of the excretion of mdividual 
ammo acids This may be mformative as to the 
biologic value of dietary protem (18), as well as 
uncovermg specific ammo acid deficiency 

YITAiUN A 

Chenucal tests for evaluation of vitamm A 
nutntion mclude deternunation of the levels of 
vitamm A and carotene m the blood, tests of 
absorption of vitamin A from the mtestmal tract 
and estunation of the vitamm A content of the 
liver m specimens obtamed by biopsy Physical 
findmp m vitamm A deficiency are dryness and 
scahng of the skm, folhcular hyperkeratosis, xe- 
rophthalmia, Bitots spots, and night blmdness or 
lesser degrees of abnormal dark adaptation 
The normal range of values for ^ntamm A and 
carotene m the plasma has not been entirely 
settled It has been suggested that the lower Imut 
of normal be placed betw een 50 and 100 pg per 
cent for carotene, and betw een 40 and 75 Inter- 
national Umts (19-22) or 20 to 30 pg per 100 cc 
(23, 24) for vntamin A Levels of ntamm A m the 
blood mcrease with age and seasonal variations 
have been noted (25) Wlien the mtake of ntamm 
A IS reduced, the concentration of carotene m the 
blood falls rapidly, while tliat of ^^tamln A de- 
creases slowlj In Hiirtzler’s experiments (26), 
it took 140 days of a diet low m ntamm A before 
a reduction m plasma le\ el was obseiwed When 
diets high m Mtamm A are admmistered, concen- 


tration m the blood may rise before signs of 
deficiency disappear (27) Hsu (28) found the 
mean level of vitamm A m the blood to be 56 
I U m healthy Clunese, 33 I U in hospital 
patients without clmical signs of vitamin A 
deficiency, and 6 I U in patients wuth ocular or 
skm lesions attributable to lack of this vitamm 
Mean carotene values m the blood m these same 
groups were 140, 65, and 24 pg respectively 
Van Veen and Postmue (29) found very low 
levels of blood vitamin A in the Netherlands East 
Indies, with a high mcidence of poor dark adap- 
tation, xerophthalmia and blmdness In several 
areas mean levels varied from 27 to 77 I U m 
children, and from 49 to 100 I U m adults 
Xerosis conjunctivae was usually apparent when 
values of less than 40 I U per 100 cc were en- 
countered J H Jomos (30) found low to absent 
vitamm A m the blood of children m Holland 
The fibrst chmeal finding observed was folhcular 
keratosis while keratomalacia did not occur In 
surveys m Tennessee and North Carolina, Ander- 
son and Milam (31) found no correlation between 
the plasma level of vitamm A and clmical signs 
considered to be evidence of vntamm A deficiency 
Hams and co-workers (32) found lower values for 
carotene and vitamm A m clmic patients than m 
normal subjects but the former had no signs of 
deficiency Adamson et al (33) m a survey m 
Newfoundland, found a significant correlation 
between serum vitamm A lev els and excess tissue 
m the conjunctivae m children aged 6 to 10 years, 
but not m other age groups No correlation was 
observed between other physical signs and the 
concentration of vitamm A in the serum Numer- 
ous other studies hav'^e failed to sliow any correla- 
tion between the lev el of vutamm A m the blood 
and thickenmg of the conjunctivae (34-36) 
Krause et al (37) found no difference m th 
concentration of vutamm Am the blood m children 
with and without follicular keratosis but carotene 
values w ere low er w hen foUiculosis w as jircsent 
A lack of correlation between levels of vitanun 
A m the serum and folhcular keratosis was re- 
ported m a survey m Newfoundland (36) Nor 
El Dm (38) found an average concentration of 
vitamm A m the blood of 40 pg per cent in ordi- 
narj' hospital patients, 20 pg per cent m patients 
with cirrhosis of the hv er or with dialietes, 1 5 pg 
per cent m patients with pellagra, and traces only 
m 27 persons with catarrhal or obstructive jaun- 
dice Night blmdness was present in } of the 
patients who had cirrhosis, diabetes or jaundice, 
m of those vnth pellagra Other workers liav e 
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shown that plasma vitamm A values aie decreased 
m many types of disease (39, 40) It has been sug- 
gested that the levels of carotene and ^utaInm A 
m the blood are an e\piession of hver function 
(41) In cirihosis, a low concentration of vitamin 
A in the blood and m the hver has been reported 
and the nse m blood values after oral admimstra- 
tion of vitamin A is subnoimal (42-44) Clmical 
evidence of deficiency v as not always associated 
with these findmgs In spme, low values for 
plasma vitamm A and caiotene are often ob- 
tamed, tolerance tests mdicate poor absorption 
(45) and physical signs of deficiency aie fie- 
quently noted 

Impaument of daik adaptation has been pio- 
duced m exiierimental vitamm A deficiency (46, 
47) and several studies of the lelationship between 
abnoimahties of dark adaptation, the concentra- 
tion of vitamm A m the blood, and chnical 
findmgs have been reported In a nutrition survey 
m Tennessee (48) blood values and findmgs m 
visual tests mdicated a degiee of deficiency com- 
parable to that suggested by dietary intake but 
few signs of vitamin A deficiency were present 
Hasson and Elianna (49) noted that abnormal 
dark adaptation occurind only when plasma vita- 
nun A was low, but not all subjects with Ion 
values had defective adaptation Caveness, Sat- 
terfield, and Dann (50) found only shght correla- 
tion between biophotometer readmgs and vitamin 
A levels m the blood Bodansky, Lenis and Haig 
(51), m a study of infants, found that low levels 
of vitamm A m the plasma were associated with 
low stores m the hver and pool dark adaptation 
They suggested that plasma levels may be a more 
sensitive mde\ of deficiency than tests of dark 
adaptation Pett and LePage (52) observed a 
relationship between visual tests and blood levels 
m vitamm A deficiency In other studies, no 
correlation has been demonstrated between dark 
adaptation lesponse and the concentration of 
vitamm A m the plasma (53, 54) 

The above findmgs mdicate that while some 
relationship exists between levels of plasma vita- 
mm A and caiotene, dark adaptation tests, and 
physical evidence of vitanun A deficiency, wide 
individual vanations occur The many diseases 
which affect vitamin A metabolism make evalua- 
tion of vitamm A nutation a difficult problem 

VITAMIN B COMPLEX 

Chenncal measurements for a number of the 
vitamins of the B complex have been developed, 
but only for thiamme, niacm and nboflavm is 


there sufficient data relatmg chemical findmgs to 
physical evidence of deficiency to justify discus- 
sion at this time 

Eaily signs of endermc vitamm B complex 
deficiency, and also of expeiimentally mduced 
deficiency, mclude non-specific complamts such 
as decreased appetite, easy fatigabfiity, lack of 
ambition and nervousness as n ell as personahty 
disturbances, mcludmg irntabihty, moodmess, 
depression, vague fears, lassitude and quarrel- 
someness (55) In acute experimental deficiency, 
outstandmg manifestations are dismchnation to 
spontaneous actixnty, and personahty alterations 
of psychoneurotic type, i e , depression hypo- 
chondriasis and hysteria Long before these symp- 
toms appear, the urmaiy excretion of the B 
vitamms has fallen to low levels (56) In one 
study (57), the development of mental and physi- 
cal changes correlated n ell m the mdividual case 
w ith a nse m pyruvate and lactate m the blood, 
especially m samples taken after exercise 

Nutrition surveys m Newfoundland have al- 
VI aj^s shonm a low mtake of the B vitamms and, 
until recently, a high incidence of benben In 
1944, members of two survey groups were im- 
pressed by the apathy and lack of spontaneity'’ of 
the adults, the docihty and absence of play 
among the cluldren (33, 58) In re-surveys m 
1948, these findmgs had disappeared, adults were 
alert, children were cuiious, played spontaneously 
and required momtonng during examination (36, 
59) In the mteival between 1944 and 1948 the 
dietai'y supply of the B vitamms had mcreased 
The unnary excretion of thiamine and nboflavm 
was much higher m 1948, than m 1944, corrobo- 
rating dietary and chmcal findmgs 

THIAMINE 

Chenncal tests used m evaluatmg thiamine 
nutrition have mcluded measurement of thiamine 
excretion m the urme durmg fastmg, for 24-hour 
periods or for several hours after the administra- 
tion of an oral or pai-enteral test dose of this 
vitamm, deteimmation of thiamme m the blood 
or m tissues obtamed by biopsy, estimation of 
cocarboxylase m the blood, determmation of 
blood pyruvic acid and of the lactate pyruvate 
ratio durmg fastmg, after exercise or foUomng 
the administration of glucose 

Cluneal evidence of thiamme deficiency m- 
cludes polyneuritis (diy beiibeu), cardiovascular 
disturbances and edema In severe deficiency 
acute cai-diac failure may occur Anorexia is com- 
mon, wlule neurasthenic symptoms, digestive 
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disturbances and constipation have been leported 
as earlj'- manifestations 

Tlie urinary excretion of tbianune falls rapidly 
when the dietar}’’ intake of this vitamin is de- 
creased (60-67) and approaches zero when the 
intake is about 0 07 mg per day Mickelsen, 
Caster and Kes^s (6S) have shown that thiamme 
excretion is characteristic of the mdmdual as well 
ns bemg linearlj’’ related to the intake, and tliat 
excretion of pyrimin, a pjoamichne-hke compo- 
nent of the thiamme molecule, is valuable m 
assajung thiamine nutrition when the dietary 
supply of this vitamin is low 

The urmarj’' excretion of thiamme during fast- 
mg has been found to correlate with the average 
dietary intake (64, 69, 70, 71) and nuth the 24- 
hour excretion (71, 72) This deterimnation has 
been suggested as a useful procedure m detectmg 
the presence, although not the degree, of thiamme 
deficiency It has been suggested that an output 
of zero to 4 pg m one hour durmg fastmg is 
indicative of madequate thiamme mtake or 
chemical unsaturation (71, 73, 74) Melnick and 
Field found a lower fastmg excretion m subjects 
with chmeal signs of thiamme deficiency than m 
normal persons Salcedo and co-workers (75), 
found that the fastmg one-hour urmary excretion 
of thiamme m benberi vaned from 0 to 8 51 pg 
hlean excretion was 2 85, 2 82, and 2 75 pg m 
frank, suggestive and doubtful cases respectively 
In apparently normal subjects, excretion ranged 
from 0 7 to 20 pg with a mean of 5 72 ± 3 72 
The presence of symptoms and signs of deficiency, 
together with an excretion of 0 to 2 pg of 
thiamme, was considered helpful m the diagnosis 
of benben Hou (76) found no thiamme m the 
unne m acute or prolonged, chrome benben, a 
low excretion (14 pg m 24 hours) m subacute or 
chrome benberi of short duration Excretion m 
normal persons varied from 17 to 176 pg m 24 
hours 

A number of studies of exqierimental thiamme 
deficiency have been carried out Elsom and co- 
workers (77) reported that 6 subjects dei eloped 
chmeal signs of thiamme deficiency on a dietary 
intake of 0 35 mg/1000 calones and excreted less 
than 42 pg of thiamme m the urme m 24 hours, 
3 subjects on intakes abo\ e tins level were ivith- 
out signs of deficiencj and excreted 40 to 60 pg 
Objectue signs of deficienc}’’ included muscle 
tenderness and disturbance of nbratory sense 
Foresight and judgment, as measured by maze 
tests, were affected deletenouslj^ One subject 
dei eloped edema after 98 dax s on a deficient diet 


The urmary excretion was pioportional to the 
mtake and did not change with the appearance 
of symptoms of deficiency 

Najjar and Holt (62) gradually reduced 
thianune mtake to 0 128 mg/1000 calories Un- 
nary excretion had been at mimmal levels for 
many months before this final reduction m diet 
and no further decrease m excretion occurred 
when signs of deficiency, i e , neuntis and edema, 
appeared Thiamme load tests, m which the 
4-hour urmary excretion was measured after the 
mtravenous mjection of 1 mg , showed a decrease 
precedmg and associated with the development 
of physical evidence of lack of thiamme Symp- 
toms nexer occurred when the excretion was more 
than 60 pg m 4 hours but were nearly always 
present when excretion was less than 50 pg m 
4 hours 

WiUiams and his collaborators (61) found the 
first chemical evidence of thiamme deficiency to 
be a decrease m the 24-hour urmary excretion, 
followed by a decrease m excretion after an mtra- 
muscular load test of 1 mg Almost sunulta- 
neously with the drop m test dose excretion, 
values for pyruvic acid m the blood, after dextrose 
administration, became elevated, and symptoms 
of fatigue, listlessness and anorexia appeared 
Symptoms progressed to apathy, nausea, epigas- 
tne pam, prostration, mental confusion and 
paresthesias and were associated with a pro- 
gressive decrease m test dose excretion to less 
than 100 pg and a rise m pyruvic acid m the 
blood When defimte endence of polyneuropathy 
appeared, the output following the test dose was 
less than 50 pg The load test appeared to be 
vabd for assessment of tissue stores w'hile the 
level of p 3 rruvic acid in the blood was valid for 
detectmg the biochemical defect of thiamme de- 
ficiency, provided other causes of abnormal ele- 
vation could be excluded The biochemical defect 
developed rapidly when the mtake was 0 17 mg/ 
1000 calones, more slowdy w hen dietary thiamme 
was mcreased to 0 22 mg/1000 calories, while with 
an intake of 45 mg/1000 calories, 4 of 5 subjects 
dexuloped imld metabolic abnormalities and 3 
of 5 subjects depletion of tissue stores 

Kejrs (78, 79) studied healthy adult males on 
X ar ous dietary levels of thianune and found no 
change m work output, or in chemical tests 
related to carbohj'-drate metabolism, after 10 to 
12 weeks on an mtake of 0 23 mg/1000 calories, 
although the unnai^' excretion of thiamine and 
the test dose returns were low IVhen dietan 
thiamme \xas reduced to 0 185 mg/1000 calones, 
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the only evidence of deficiency was an elevation 
m the resting and post-e\ercise level of blood 
pyruvate 

Foltz and associates (68) found a decre-se m 
appetite within 3 weeks on a diet containing 0 33 
to 0 38 mg of thiamine per 1000 calones Withm 
4 weeks after the intake was reduced to 0.17 to 

0 21 mg/1000 calories, a decrease m work output, 
an mcrease m muscle tenderness and pam, fatigue 
and desire for sleep, and detenoration m mental 
attitude, nervous stabihty and alertness occurred 
Unnary thiamme excretion ranged from 5 to 20 Mg 
m 24 hours No change occurred m blood pyruvic 
acid values 

Mehuck (72) studied normal subjects and per- 
sons with chmcal symptoms of thiamme defi- 
ciency by means of 4 different tests 24-hour basal 
excretion, fastmg 4-hour excretion, response to 
the oral administration of 5 mg of thiamme, and 
4-hour excretion after parenteral administration 
of 350 Mg of thiamine per square meter of surface 
area Good correlation was obtained between the 
tests With the parenteral test dose, all the 
normal but none of the deficient subjects excreted 
more than 50 Mg of thiamme in the subsequent 
4-hour penod With this same test, Blanchaer and 
Cameron (80) found low excretions m debilitated 
subjects regardless of the etiology of their condi- 
tion, and larger excretions dunng convalescence 
or m subjects with mmor illness The mcidence 
of low excretion increased with age 

Ruffin el al (22) repoi-ted a significant differ- 
ence m the excretion of thiamme by normal per- 
sons and patients with chmcal findmp of mild 
deficiency of the B vitamins, when a test dose of 

1 mg was given mtramuscularly and excretion 
measured for 4 hours thereafter 

Johnson (73) usmg a 5 mg oral load test, con- 
cluded that an output of less than 20 Mg m 4 hours 
was subnormal as judged by nutntion surveys m 
troops Goldsmith and Sarett (66), usmg a simi- 
lar test, found that normal subjects on adequate 
diets excreted more than 100 Mg m 4 hours, while 
persons on diets contaimng 0 2 to 0 3 mg/1000 
calones excreted an average of 58 Mg In patients 
with chmcal evidence of thiamme deficiency, 
namely, peripheral neuntis or cardiovascular dis- 
turbances with edema, the excretion was less than 
80 Mg in the 4-hour penod 

The thiamme content of blood has been studied 
by several mvestigators Most of the thiamme 
IS found m the cellular elements (81) Foltz (68) 
reported that the thiamme concentration tends to 
correspond to the character of the diet, while 


Gieenberg and Rmehart (82) found it to he 
relatively static and not easily affected by thia- 
mme mtake Thiam ne content of the leucocytes 
has been reported to be decreased m thiamme 
deficiency (83) Estimation of cocarboxylase in 
whole blood has been considered an unreliable 
method of detectmg thiamme deficiency (84), but 
further mvestigation of this test seems warranted 
Oldham et al (64) foimd a decrease m blood 
thiamme when the dietary mtake was 14 mg/ 
1000 calories The unnary excretion during 
fastmg and m 24 hours was low, as was the 
excretion after an oral test dose of thiamme No 
defimte signs of deficiency occurred after 59 days 
on this diet but 4 of 9 subjects noted severe 
constipation When the mtake was raised to 
0 2 mg/1000 calones and mamtamed at this 
level for 47 days, blood values returned to those 
found prior to the experiment, as did values for 
excretion durmg fastmg However, test dose 
returns were further reduced, constipation m- 
creased, and certam psychologic changes 
developed, namely, difficulty m graspmg ideas 
and m the abihty to concentrate These symptoms 
improved when the thiamme mtake was raised to 
0 36 mg/1000 calories, while unnary excretion 
mcreased slightly and test dose returns remamed 
low 

Hulse (85) reported a decrease m the yeast 
stimulatmg activity of plasma and m the thiamme 
content of muscle m subjects mamtamed for 
18 days on a diet contammg 0 3 mg of thiamme 
per 1000 calones The only clmical findmg was a 
vague loss m ‘sense of well bemg ’ The relation- 
ship of blood levels of thiamme to defimte chmcal 
signs of deficiency (benberi) has not been re- 
ported Blanchaer and Cameron (80) found a 
significant negative correlation between blood 
cellular thiamme and unnary axcretion of less 
than 90 Mg foUomng a load test of 350 Mg 
square meter of body surface Defective renal 
clearance could produce .such findmgs, which 
suggests caution m classifymg subjects as normal 
or deficient solely on the basis of response to load 
tests 

As noted above, elevation of pyruvic acid m the 
blood occurs m thiamme deficiency Smce 
numerous other conditions can lead to a similar 
nse m pyruvic acid, AUibone (86) has suggested 
that a decrease m the level of pyruxuc acid after 
administration of thiamme may serve as a test 
of ‘subclmicar deficiency Investigation by Stotz 
and Bessey (87) mdicated that determmation of 
the lactate-pyruvate ratio might be of assistance 
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in evaluating tluamme nutrition Goldsmith 
(88) found a change in this ratio m patients 
wnth pol 5 nneuropathy and heart disease due to 
thianune deficiency, ns well as in persons with 
physical signs suggesting deficiency of other vita- 
nuns of the B comple\ Horwitt (89) has 
suggested that simultaneous measurement of 
lactic acid, pyruvic acid and glucose m the blood, 
after mild exercise and glucose mgestion, may 
prove to be a valuable procedure m detecting 
early thiamme deficiency When thiamme intake 
was 0 2 mg daily, an apparently pathologic level 
was observed mth this test one to four months 
before ‘incontrovertible climcal signs of thiamme 
deficiency appeared ’ 

From the many studies of thiamme nutrition 
discussed above, it seems clear that 2 chenucal 
procedures have particular merit m detectmg 
thiamme deficiency 1) the test suggested by 
Horvutt (89) m which the levels of glucose, pyru- 
vic acid and lactic acid m the blood are measured 
after a metabohc load is placed on the organism, 
and 2) measurement of the urinary excretion after 
an oral or parenteral test dose of thiamme, which 
perrmts estimation of the degree of saturation or 
depletion of the tissues mth this vitamm 

RIBOFIAVIN 

Chemical measurements suggested for evalua- 
tion of riboflavin nutntion are estimation of the 
quantity in the blood, either m the serum or 
cellular elements, and determmation of the un- 
nary excretion m 24 hours, m one hour durmg 
fasting and for several hours after the oral or 
parenteral administration of a test dose Clmical 
signs ascnbed to riboflavm deficiency mclude 
corneal vasculanzation, seborrheic dermatitis, 
glossitis, cheilosis, angular stomatitis, and lesions 
of the vulva and scrotum Each of these signs has 
been noted m conditions other than nboflavm 
deficiency and the specificity of the syndrome 
has been questioned (90) Shght changes in 
comeal vasculanty occui m normal subjects, do 
not correlate with nboflavm mtake and fail to 
respond to therapy with nboflavm (91) Al- 
though vasculanzmg keratitis may be due to lack 
of nboflavm, this sign alone is not diagnostically 
sigmficant Cheilosis, angular stomatitis and 
glossitis maj’’ occur in deficiency of any one of 
SCI eral essential nutnents and m states unrelated 
to inadequate nutrition The uncertainties in 
chnical diagnosis render interpretation of the 
relationship of chemical to physical findings most 
difficult 


Many studies have shown that the urinary 
excretion of nboflavm parallels dietary intake 
until high levels are reached (92, 93) Excretion 
may be dependent in part on the protem content 
(94) of the diet and a high excretion may occur 
after several days of fastmg (95) In subjects 
mamtamed on diets restricted in nboflavm, basal 
excretion is low as m the response to an oral or 
parenterally admmistered test dose (61, 66, 93, 96, 
97) In most instances, evidence of tissue deple- 
tion has not been associated with chmcal findmgs 
considered to be characteristic of nboflavm defi- 
ciency Horwitt (89) concluded that attempts to 
correlate nboflavm excretion with nutntional 
state were of little value except as mdicative 
of dietary mtake Recent studies have shown that 
the nboflavm requirement is related to body size 
rather than to calonc mtake (98) which may ex- 
plam apparently divergent conclusions m meta- 
bohc balance experiments 
SebreU et al (99), who produced cheilosis, 
angular fissurmg and shght seborrheic lesions m 
patients on a diet contammg 0 5 mg of nboflavm 
per day, found a mean excretion m 24 hours of 
77 pg with no decrease m output m the presence 
of objective signs of deficiency Keys’ (100) 
subjects who received 99 mg per day showed no 
clinical evidence of deficiency and no change m 
work performance after 52 days on this regime 
The urmary excretion m the last few months 
was about 13 per cent of the mtake while the 
test dose excretion, which was reduced after the 
first week, remamed fairly constant, with perhaps 
shght reduction at the end of 'the experiment 
WiUiams (101) mamtamed subjects on 0 7 mg of 
nboflavm per day for 288 days No clmical 
signs of deficiency developed but the 24-hour 
excretion of nboflavm was low (14% of the 
mtake) and there was a progressive decrease m 
the excretion of an mtrapentoneal test dose of 
2 mg of sodium nboflaim Wilhams’ (101) sub- 
jects received a greater daily mtake of nbofiaim 
than Sebrell’s and had been fortified mth nbo- 
flavm pnor to the experimental penod Davis 
and associates (93) mamtamed subjects on 54 
mg of nboflavm daily for over 100 days No 
clear emdence of nbofla\m deficiencj de\ eloped 
Urmary excretion a\eraged about 80 pg m 24 
hours and 8 pg m one hour durmg fasting Onl 3 '' 
4 per cent of a test dose of 02 mg per kilogram 
of bod}’’ weight was reco\ered m the unnc while 
20 per cent was recovered in thepre-cxperimenUil 
penod It seems hkeh that prolonged depletion 
is necessarj’’ for signs of deficiencj to liecomc 
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evident in persons previously well supplied with 
this vitamin 

No given level of nboflavm excretion can be 
suggested as mdicative of clinical deficiency but 
when the dietary mtake is about 0 5 mg per day, 
the le\el at nhich deficiency has been demonstra- 
ted, from 50 to 100 pg is the usual output m 24 
hours This level of excretion may be present 
with or without physical evidence of deficiency, 
and no further change occurs when lesions 
develop 

Kark and Bean (102) found urmary nboflavm 
excretion, m the post-absorptive state, lowei in 
Indian and Occidental troops and reported a 
higher mcidence of folhculosis, corneal invasion 
and cheilosis m the Indian group Hou and Dju 
(103) reported a daily nboflavm excretion of 100 
to 200 fig m normal Chmese, an excretion of 
39 fig m subjects with glossitis and of 27 fig m 
patients with ocular lesions of nboflavm defi- 
ciency Anderson et al (104), m studies m Mexico 
found the mean nboflavm excretion to be 0 398 
± 0 052 mg per hter m the population as a whole 
Persons with angular stomatitis excreted, on an 
average, 0 186 rb 0 023 mg per hter 

In studies m Newfoimdland, no correlation 
was demonstrated between clmical signs of nbo- 
flavm deficiency and urmary excretion of tlus 
vitamm either m mndom specimens oi after a 
test dose had been administered (33, 36) However 
the mean excretion following a test dose was 
lower m subjects m Newfoundland than m ap- 
parently normal persons in this country (36) 
Goldsmith and Barett (105) found no significant 
difference between normal subjects and patients 
with signs of vitamm B complex deficiency m 
4-hour urmary excretion after an oral test dose 
of nboflavm Occasionally, high excretions oc- 
curred which could not be adequately explamed 

Najjar and Holt (106) placed infants on a diet 
devoid of nboflavm and reported a 24-hour uri- 
nary excretion of 40-50 pg , a serum nboflavm 
level of 0, and a reduction m the nboflavm con- 
tent of the cellular elements of blood When 0 4 
to 0 45 mg of nboflavm was given daily, the 
vitamm reappeared m the serum Burch et al 
(107) showed that total nboflavm concentration 
m the serum decreased by 8 to 25 per cent m 4 
subjects whose dietary mtake of nboflavm was 
reduced to 0 4 mg daily for 4 daj^ Axelrod (108) 
found essentially the same nboflavm values m the 
blood m persons with cheilosis and conjunctivitis 
as m normal subjects In a survey m Newfound- 
land, no correlation was demonstrated between 


the level of nboflavm m the serum and glossitis, 
cheilosis or circumcomeal mjection (36) 

It IS obvious that the state of saturation or 
depletion of the bodily tissues can be determmed 
by chemical tests for nboflavm, but that func- 
tional and structural impairment can not be 
diagnosed by these measures 

NIACIN 

Chemical tests for evaluation of macm nutn- 
tion have not been very satisfactory Niacin 
IS excreted m the urme m several forms, and 
although rehable procedures are available for 
measurmg acid-hydrolyzable macm and N'-meth- 
ylmcotmanude, it has not been possible, until 
recently, to account for more than 30 to 35 per 
cent of the quantity of macm admmistered In 
1946 Knox and Grossman (109) isolated a com- 
pound from urme, N’-methyl-6-pyridone-3-car- 
boxylamide, which appears to be the major 
excretory product of macm Determmation of the 
excretion of this pyridone should assist m apprais- 
mg human macm nutntion Unfortunately great 
difficulty has been encountered m developmg an 
accurate and simple procedure for this determma- 
tion and only 2 reports have been published 
deahng wuth this subject (110, 111) Other chemi- 
cal tests used m studymg macm nutntion are 
determmation of macm and of pyndme nucleo- 
tides m the blood, particularly m the cellular 
elements, and of pyndme nucleotides m the 
tissues (112) There is a paucity of data con- 
cerning the concentration of pyndme nucleo- 
tides at various levels of nutnture The few 
studies available suggest that neither the meas- 
urement of coenzymes or of macm m the blood 
ofi’ers mformation of diagnostic importance m 
macm deficiency (113-116) Nevertheless, further 
studies along tlus Ime may prove valuable 

The chmcal diagnosis of nuld macm deficiency 
also presents certam difficulties The signs which 
appear pnor to the development of frank pellagra, 
with characteristic deimatitis, are glossitis, diar- 
rhea, and certam nuld psychic disturbances, all 
of which are non-specific Diagnostic rehance has 
been placed largely on hngual abnormahties but 
deficiency of other B ntamms and conditions 
unrelated to malnutrition can produce indistin- 
guishable lesions 

Investigation of the urinary excretion of macm 
derivatives has shown that the output of freelj 
hydrolyzable macm varies little wutli changes m 
diet and only a shght decrease occurs m pellagra^ 
Early work mdicated a decrease m ‘trigonelhne 
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excretion m macm deficiency, both m a 24-hour 
period and for several hours after the administra- 
tion of a test dose of niacinamide, but there was 
overlapping of findmgs m notmal and deficient 
subjects (117-119) Subsequently it was shown 
that the excretorj”- product of macm w’as 
methyimcotmamide rather than tngonelhiie, and 
several procedures were developed for determina- 
tion of this metabolite Until a procedure is 
developed which can be used to measure the 
excretion of N^-methjd-8-p5’’ndone-3-carbo\'ylam- 
ide the only biochemical measurement w'hich 
can be apphed m assessment of macm nutntion 
IS estimation of N'-methyimcotmamide m the 
urine m 24 hours, during fastmg or after a test 
dose of mcotinamide has been admmistered The 
relationship of findings m these tests to physical 
endence of macm deficiency has been studied in 
several laboratones The mtncacies of macm 
metabolism make mterpretation of findmp ex- 
tremely difficult There is marked mdmdual 
variation m the percentage of vanous metabohtes 
of macm excreted m the unne The availability 
of meth 3 d groups m the body may be a factor m 
this variation Of perhaps greater importance, 
IS the relationship between tryptophan and macm 
metabolism which has been demonstrated m man 
as well as m expienmental animals (120-121) 
The excretion of N‘-methj'’imcotmamide (N‘j\Ie) 
appears related to the trjqitophan as well as the 
macm content of the diet The administration of 
tryptophan to persons on normal or restricted 
diets leads to an mcrease m the excretion of 
N>-hIe and of a macm compound obtamed by 
hydrolysis with strong acid Goldsmith and Sarett 
(122) have shown abnormahties m the urmary 
excretion of denvatives of both macm and trj’pto- 
phan m pellagra Furthermore, when patients 
With pellagra were mamtamed on diets low m 
macm and protem and were given tryptophan, 
improvement m mental symptoms, glossitis and 
dermatitis resulted The relationship of diets 
high m com to the pathogenesis of pellagra has 
not been completelj^ elucidated The low tryp- 
tophan content of com may be the explanation 
hut the presence of some inhibitory substance 
fins not been ruled out 

Studies of macm nutntion m the future must 
include consideration of the dietarj^ mtake of 
hjTtophan as w ell as of macm and measurement 
of excretion of this ammo acid and its metabohtee, 
ns well as of the excretion of macm, N'-niethyl- 
^ncotmaimde and of N>-meth3d-6-p3Tidone-3-car- 
box'3kniide 


The status of chemical tests used currently m 
determmmg macm malnutrition may be bnefly 
summarized The excretion of N‘-Me m 24 hours 
usually falls to low levels m patients with pellagra 
and m subjects mamtamed on diets low in macm 
and protem (120, 123, 124) Reports of normal 
excretion of N'-Me on diets containing minimal 
quantities of macm (125) may perhaps be ex- 
plamed by the tryptophan content of the diets 
A low or zero excretion of N^-Me m the unne 
dunng fasting is mdicative of low macm stores 
m most instances Normal persons, however, 
occasionally excrete no N»-Me m the post-absorp- 
tive state (126) A high output of N^Me has been 
reported m prolonged fastmg and m diseases 
associated with severe muscle wastmg (126, 127) 
Normal subjects usually show a prompt rise 
m N‘-Me excretion after a test dose of mcotma- 
imde (66, 69, 73, 95, 128) A similar nee occurs m 
persons who have been mamtamed on diets low 
m macm but supplemented with tryptophan 
(120) Johnson (73) suggested that an excretion 
of less than 0 5 mg of N'-Me, m 4 hours after an 
oral test dose of 50 mg of niacinamide, indicated 
chemical deficiency With a similar oral test, 
Goldsmith and Sarett (66, 105) found the mean 
excretion of N'-Me to be low'er m patients with 
signs of vitamm B complex deficiency than in 
normal subjects Perlzweig et al (95) administered 
a smgle dose of 100 to 500 mg of niacinamide and 
noted that subjects with signs suggestive of 
deficiency of the B ntamms excieted only about 
half as much N'-Me as did normal subjects Ruffin 
et al (22) reported that the urmary axcretion of 
N'-Me after a test dose of niacinamide was lower 
in patients noth glossitis, papillary atroph 3 ’-, 
cheilosis and penpheral neuritis than in normal 
mdmduals The significance of these data is 
greatly decreased m that man 3 ’' persons w ho are 
hospitalized show a low excretion after a test 
dose of niacinamide and 3 ’'et Iiave no lesions 
of deficienc 5 ' More precise evaluation of macm 
nutntion awaits further mvestigation 

VITAXnN c 

Chemical tests for assessment of vitamin C 
nutntion mclude determination of the concentra- 
tion of ascorbic acid m the plasma, white cell- 
platelet la 5 'er or whole blood, estimation of the 
unnary excretion dunng fastmg and in a 24-liour 
penod, and load tests m winch changes in blood 
lei els and/or urinaiy excretion are mca'mrcd for 
X aiding penods of time after administration of a 
dose of xntamm C Certain changes m 1110=^0 
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chemical tests occur before the appearance of 
physical evidence of scurvy In an mdividual 
whose boddy tissues are saturated with vitaimn 
C, the 24-hour urinary excretion reflects any 
increase in the amount of this vitamm mgested 
The excretion falls when the dietary mtake is 
reduced but is a poor mdex of deficiency smce m 
the unsaturated person most of the ascorbic acid 
reachmg the kidney is reabsorbed (129) Although 
24-hour urme excretion is not a measure of 
vitarmn C deficiency, there is no ascorbic acid m 
the urme m clmical scurvy 

The plasma concentration of ascorbic acid 
reflects dietary mtake when 75 to 100 mg of 
vitamm C are mcluded m the diet, plasma 
levels of 1 to 14 mg per 100 cc are observed, 
when only 15 to 25 mg are mgested, values range 
from 0 1 to 0 3 mg (130) When vitamin C is 
removed from the diet, the plasma concentration 
falls fauly rapidly to zero without any physical 
evidence of scurvy The ascorbic acid of the white 
cell-platelet layer decreases more gradually and 
IS a better mdex of total body concentration (131, 
132) Plasma ascorbic acid levels of zero have 
been reported m scurvy (133-135), and also in 
persons without clmical signs of \ntanim C defi- 
ciency A number of pathologic states, notably 
infections are associated with reduction m plasma 
ascorbic acid concentration 

Load tests measure the degree of saturation of 
the tissues with ascoibic acid Ralh and Sherry 
(129) found that normal subjects excreted 50 per 
cent of a dose of 100 mg given mtravenously, 
while scorbutic subjects excreted less than 5 per 
cent 

Kadji and co workers (136) concluded that a 
correlation existed between the level of plasma 
ascorbic acid 4 lioura after the intramuscular m- 
jection of 200 mg of vitamm C and clmical signs 
of ascorbic acid deficiency m infants Values be- 
low 0 2 mg per cent were found m scurvy, and 
below 0 6 mg per cent when bodily stores were 
seriously depleted Chnical evidences of scurvy 
were swollen, bluish or bleedmggums, sharp costo- 
chondral junctions, swollen and tender extremi- 
ties, and m most instances typical x-ray changes 
Numerous other load tests have been described 
(137-139) m which vitamm C is given orally or 
parenterally and the unnary excretion or blood 
concentration detemuned at mtervals thereafter 
Oral tests are influenced by rate of absorption 
from the mtestmal tract, mtra venous tests by the 
abihty of the kidney to compete with other tissues 
when the vascular system is flooded with ascorbic 


acad A procedure suggested recently for evaluat- 
ing tissue depletion is administration of an 
amount of ascorbic acid laiger than the expected 
deficit (1-3 gm ), orally m divided doses through- 
out the day, with collection of all urme for 24 
hours The quantity of the test dose retamed is 
estimated with allowance for 25 per cent destruc- 
tion An absolute figure for tissue depletion is thus 
obtamed (140) 

Studies of induced vitamm C deficiency have 
been made by several groups of investigators 
Crandon, Lund and Dili (141) found that plasma 
ascorbic acid concentration reached zero after 41 
days of a vitamm C deficient diet The white-cell- 
platelet layer reached zero after 121 days The 
first chnical signs of scurvy, penfolhcular hyper- 
keratotic papules over the buttocks and postenor 
aspects of the thighs, appeared m 132 days 
PenColhcular hemorrhages and petechiae on the 
lower legs were noted after 161 days No gross 
changes m the gums occurred, but x-ray films of 
the teeth showed interruptions of the lamma dura 
Capillary fragihty tests remained negative In 
total ascorbic acid deficiency, experimental 
wounds healed poorly At this time, when 1 gm 
of ascorbic acid was mjected mtravenously, the 
plasma level fell to zero m 5 hours 

In Farmer’s (138) experunents, a diet con- 
tainmg 0 to 10 mg of ntamm C was adminis- 
tered Plasma ascorbic acid fell to zero m 70 days 
while the white cell-platelet level did not reach 
zero untd the end of the fifth month The physical 
signs of ascorbic acid deficiency were hyperkera- 
totic papules surroundmg hair folhcles, poor heal- 
ing of experimental wounds, and a measurable 
decrease m work output No spontaneous bleedmg 
occurred but petechiae were noted m areas of 
surgical mampulation No oral pathology was 
noted grossly, on biomicroscopic or on x-ray ax- 
ammation Depletion must apparently be more 
protracted for characteristic changes m the gums 
or atrophy of alveolar bone with loosemng of the 
teeth to occur A saturation test, which consisted 
of measuring the blood concentration and urmary 
excretion of ascorbic acid at hourly mtervals for 
5 hours after the admmistration of 15 mg of 
ascorbic acid per kilogram of body weight, proved 
to be a rehable mdex of tissue depletion 

Peters et al (142) studied 10 subjects on a diet 
low m vitamm C, hyperkeratosis occurred m 17 
to 21 weeks, exacerbation of acne in 22 weeks, 
penfolhcular hemorrhages and tmy hemorrhages 
m the tips of the mterdental papillae m 26 to 34 
weeks, and poor wound heahng m 36 weeks c 
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gums became grossly abnormal (purplish, su ollen 
and spongy) m 2 subjects These two were the 
only ones showmg gmgmtis and pendontal dis- 
ease before the experiment No changes occurred 
in the capillara* resistance test Plasma ascorbic 
acid remamed below 0 05 mg per cent after 5 
weeks and the concentration in the white cells 
dropped below 1 mg/100 gm after 16 weeks A 
leukocj'te concentration of less than 2 mg/100 
gm , on repeated analj-sis, was suggested as sup- 
portmg the diagnosis of scurvy 
Johnson el al (143) found no detectable change 
in phj’Bical ngor in manual workers after 2 
months on a diet contaimng no aatamm C al- 
though min imal gum changes were obseived 
Severe desaturation of tissues was shown bj'' 
chemical measurements, mcludmg blood levels, 
unnarj'- excretion and load tests 
In surveys of nutntional status, attempts have 
been made to deternune the relationship of 
changes m the gums, capiUaiy fragihty, purpura 
or petechiae, and folhcular hyperkeratosis, to vi- 
tamm C nutrition In a number of studies (144- 
149) httle or no correlation has been demon- 
strated betw'een changes in the gums and the 
amount of ascorbic acid m the plasma or the 
degree of saturation of the tissues with vitarmn C 
Leeson (148) administered supplements of ascor- 
bic acid to patients with low plasma ascorbic acid 
levels (mean 0 07 mg per cent) and obtamed no 
change m hyperkeratosis, petechial hemorrhages, 
jomt signs or gingivitis, although a marked rise 
m plasma ascoibic acid occurred In a few inves- 
tigations, the mcidence of gmgivitis appeared re- 
lated to the mtake of ascorbic acid or to the levels 
of the vitaimn m the plasma (134, 150, 151, 152) 
Lmghome’s (150) careful study showed that as- 
corbic acid mtake influenced sigmficantly the in- 
cidence of gum lesions where local treatment of 
gingivitis preceded the test penod Adamson el al 
(33) found a defimte correlation between serum 
ascorbic acid and gum changes, particularly acute 
hyperemia, swellmg, pam and bleeding on pres- 
sure, the correlation being marked m persons 
under 20 years of age It may be noted that in 
experimental deficiency, changes in the gums do 
not occur before other evidences of scurvy 
The capillary fragihty test is of no value in 
diagnosmg vitamin C deficiency (129) No corre- 
lation was demonstrated between capillary fra- 
gility and saturation tests by Holland and co- 
Vorkers (153) Likewose, no correlation was noted 
hetneen folhcular hyperkeratosis and the degree 
uf unsaturation of the tissues with ascorbic acid 


bj* Durham (154) oi by Goldsmith and ‘issooiafcs 
(30) In a surm in Now foiiudlaud only a slight 
correlation, of qucstiouablo statistical sigmli- 
caiice, was obseiicd botwcoii gum changes (mar- 
ginal redness, swelling, recession, oi atrophy of 
the interdental papillae) and values for soium 
ascorbic acid (13G) 

The studies noted above, and many otliois have 
shown a coirelation between diotaiy intake of 
\utamin C and the concciitration in the plasma or 
the excretion in the urine Load teste are indica- 
tive of the degree of saturation oi depletion of the 
tissues with respect to this xulainm The ooiieen- 
tration of ascorbic acid in the white cell-iilatelet 
layer of the blood is an index of tissue stores and 
IS found to bo zero prioi to the appeal anco of 
physical endonco of scurvj’' These findings are 
most useful m the diagnosis of vitamin C mal- 
nutrition but it should bo omphasizod that the 
presence of infection, burns, oi the use of cei tain 
drugs, may influence ascorbic acid nutrition in- 
cluding the findings in chemical teste 

VITAMN D 

Tlie chemical evaluation of vitamin D nutiition 
18 dependent on measurement of the levels of alka- 
line phosphatase, of calcium and of phosphorous 
in the blood There are no methods for estimation 
of vitarmn D in materials of low potency Normal 
values foi alkaline scrum pliosphataso lango from 
5 to 15 Bodansky umts in infante and young 
children and from 3 to 6 units m adults (1 55, 1 50) 
It has been suggested that 20 unite is the upper 
limit of normal in premature infante (157) Phos- 
phatase activity increases early in rickete, the rise 
IS related to the seventy of the rachitie jiroiess, 
and activity returns to normal when Jiealing oi - 
curs (156-158) In mild rickets values of 20 to 30 
umts have been noted, m severe rickete values as 
high as 00 unite (169) have been observed In the 
age group m which rickets is prevalent and easily 
detected, other causes of an increase in scniin 
phosphatase are uncommon Klasmcr (150) fottrifl 
a parallebsm between the seventy of i Iinii al signs 
of nckete, particularly cranio tabes and swelling 
of the epiphyses, and scrum pliospbatase ik tivity 
Only rarely was there clinical and \-ray evidtriff 
of nekets w’lthout elevation of scniin phosj)hata‘"^ 
Determination of phospliorous in the “fruin v w 
a less reliable measure of vitamin D difKiincy, a 
reduction being noted only in “cvi re rnkf te, and 
at times in the absence of rickete Barnc,^ inrl 
Carpenter (158) reportcrl that rorntgm r unin /- 
tion and estimation of ‘■rnirn phosph jroii f nlr 1 
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to detect early iickets in a large percentage of 
cases, while good agreement W'as obtamed be- 
tween the degree of phosphatase activity and the 
development of climcal nckets or the rate and 
progress of heahng Sydow (160) found elevated 
phosphatase values m association with roentgeno- 
grapluc evidence of rickets The level of serum 
calcium w as unrelated to these findings Deteimi- 
nation of serum calcium is valuable primanly in 
the differential diagnosis of tetany 

The significance of elevated alkaline phospha- 
tase values m children over 5 years of age has 
been questioned (161) Bessey (1 62) found a shght 
mcrease in certam groups of school cluldren and 
suggested that deteimination of phosphatase ac- 
tivity might be useful m nutrition surveys In 
view of the histological evidence of nckets re- 
ported by Folhs et al (163) in 46 per cent of clul- 
dren w'ho died betw'een the ages of 2 and 14, 
further studies of serum phosphatase in older chil- 
dren seem indicated Elevation of serum phospha- 
tase has been reported in osteomalacia 

These and other data indicate that phosphatase 
activity is the most sensitive indev of active 
nckets, w hile skeletal abnormalities and roentgen- 
ographic changes are also useful in the diagnosis 
of avitaminosis D 

VITAMIN K 

The detection of vitarmn K deficiency depends 
on mdirect measuiementa to detenmne the 
amount of prothrombin in the blood In the ab- 
sence of vitanun K, hyjioprothi-ombinemia occurs 
and the blood-clottmg time may be greatly pro- 
longed The chnical manifestation of vitanun K 
deficiency is hemonhage Vitanun K is synthe- 
sized by micro-oi ganisms in the mtestmal tract 
and dietary deficiency is extremely rare Since 
bile salts are necessaiy for the absorption of tins 
fat soluble ntarmn, deficiency occurs when bile is 
absent from the gastromtestmal tract It is also 
observed in the new bom, in steatorrheas, and 
after the administration of certain drugs Hypo- 
prothrombmemia occurs m severe liver disease 
but m this instance is not due to vitamin K defi- 


ciency but to disturbed hver function (164) Var- 
ious methods (165-167) of determiiung prothrom- 
bm m the blood have been proposed A number of 
vanables other than prothrombm influence find- 
ings with all these proceduies Consequently, the 
exact concentration of prothrombm at which 
hemorrhagic phenomena occur can not be stated 
When prothrombm activity exceeds 20 per cent of 
normal, hemoirhage is rarely due to deficiency of 
jirothrombm Studies m peisons receivmg therapy 
with chcumarol mdicate that bleeding seldom oc- 
curs unless prothrombm activity is less than 10 
per cent of normal (168, 169) Alexander (170) 
has reported that a prothrombm concentration of 
between 5 and 10 per cent of normal, determmed 
by the method of Rosenfield and Tuft (171), is a 
reasonably safe level 

In the above discussion only the chemical meas- 
urements and ph 3 ^ical signs commonly used m 
the appraisal of human nutntional status have 
been considered Problems of mmeral nutrition 
and electrolyte balance were of necessity omitted 
from this brief resume Chenucal tests for some of 
the newer mtamins have not been sufiiciently cor- 
related with phj'sical evidence of malnutntion to 
be mcluded 

Research up to the present time has shown that 
chemical tests are useful m reflectmg recent die- 
tary intake of a number of nutrients, m deter- 
mining adequacy of body stores of several dietary 
factors, and m detectmg early functional derange- 
ment of a few of these essential substances The 
presence of certam ph 3 ^sical signs, m conjunction 
with chemical findmgs, will permit diagnosis of 
specific types of malnutrition in many instances 
Accurate diagnosis m nutrition, as m other fields 
of medicine, wall always be dependent on careful 
evaluation of data from many sources and marked 
specificity of findings can not be anticipated Fu- 
ture study of chemical and physical changes m 
various zones of nutnture should provide methods 
for more precise diagnosis of malnutrition, both 
m regard to nutrients now known to be important, 
and to new factors whose role m bodily economy 
has not yet been clarified 
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I SHALL not attempt to review the older lit- 
erature on this subject smce I am sure it is fam- 
iliar to most of this audience Instead, I shall 
devote my tune to a discussion of current re- 
search and the important problems which loom 
m the immediate future 
Advances m this field have been so rapid that 
I am no longer entirely sure what my title ac- 
tually embraces Research on anemia is con- 
stantly draggmg nearly all anemias closer to 
nutntion This is not too surpnsmg if we think 
of blood as a body tissue which is constantly 
growmg and bemg replaced at a rapid rate, 
also that it is a highly organized tissue of great 
complexity mvolved m many mtncate and rapid 
chemical reactions It therefore must be bound 
mtimately with the nutntive factors which it 
must both transport and utilize 
Unfortunately, the word anemia has been very 
loosely used to mean a variety of defects 
Blood, bemg so complex, can be vaned in a 
number of different ways It is necessary to con- 
sider not only alterations m the number of the 
red blood cells, but also variations in their size, 
m the content of hemoglobm and m the total 
quantity of blood In considenng etiology, it 
IS necessary to determme whether the disturb- 
ance IS due to mterference with or cessation of 
production, a block m maturation, mcreased de- 
struction, or blood loss 

Without attemptmg to classify the anemias 
of malnutntion, they may convemently be dis- 
cussed m two groups 1) those microc 3 dic or nor- 
mocytic anemias which accompany nutntional 
deficiencies, S) the macrocytic anemias 
In the category of microcytic or normocytic 
anemias which accompany vitamm deficiencies, 
the most important are those associated with 
the vitamm B complex 

There is no need to discuss each of the B vita- 
mins mdividuaUy m relation to anemia Bio- 
tm, P-amino benzoic acid and chohne seem to be 
httle concerned directly with erjdhropoiesis, nor 


does thi am i n e appear to be of great importance 
Riboflavm, pyndoxme, pantothemc acid and ma- 
cm are of sufiicient mterest to warrant some at- 
tention 

In view of the enormously comphcated chem- 
istry of the blood, it is not surpnsmg that a num- 
ber of different substances are mtunately con- 
cerned m its formation and normal function, or 
that complex mterrelationships exist This is a 
field m which we are obviously just be ginnin g to 
learn the fundamentals As with other symp- 
toms of nutntional difficulty, anemia is a non- 
specific end result which may occur when any 
one of many essential substances for formation 
IS missmg 

RIBOFLAVIN 

There is much evidence of the importance of 
nboflavm m erythropoiesis m several species of 
animals Several observers have reported ane- 
mia in dogs on nboflavm deflcient diets (1-3) and 
have observed favorable responses to treatment 
mth nboflavm (4) It also has been observed 
in rats (5, 6), swme (7), and monkeys (8, 9) 
The added stram of hemorrhage has helped to 
bnng out the effect of nboflavm deficiency on 
erythropoiesis (3, 6) In some instances the 
anemia seen m nboflavm deficient anunals has 
not responded to the administration of nbo- 
flavm (1, 10), suggestmg a complex relationship 
with other factors or the presence of some other 
unrecognized deficiency A similar situation was 
observed by Moore, Minnich, Vilter and Spies 
(11), w'ho found that the anemia m their patients 
with nboflavm deficiency responded to iron alone 
This usually would be regarded as proof of a 
concomitant iron deficiency, but the observa- 
tion of Darby (12, 13) that some patients with 
angular stomatitis similar to that of nboflavm 
deficiency respond to iron therapy suggests the 
possibibty of an iron-nboflavm relationship m 
erythropoiesis 

Riboflavm has, of course, been tned m perm 
cious anemia without effect (14) It is rather 
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curpn^ng tint in ‘-pitc of the ol)\ loin ini])orfanre 
of nboflann in expemnent il iinciiiias in niiniials 
there n such little e\ idence of am effect in in in 

milDOMM 

Hero, as in the ca‘:e of nlioflnx in, there is niticli 
proof of an effect of px ndoMiie on er\ tIiro)ioie'-is 
in expcnniental aininiK It Im liecii oli'-erxed 
in dogs (15-17), rits (IS, 19), inonkexs (20), 
swine (21), chicks (22), and ducks (21) In rits 
the added strain of hcinorrliagc.s slmws tlio effect 
more clearh (19), as it, the cnc willi rihofl i\in 
One of the xcr\ interesting ohserxalions that 
runs through the pxndoxinc anetiii i htenturc 
b that once it is produccrl, complete remission 
cannot be obtained bj pjrido\inc unless a h\cr 
concentrate is also u«cd (2-1, 20) Tins docs not 
appear to be due to folic icid (20) iiid further 
strengthens the anew, as with riboflaMii, tint 
there are complex mtcrrclationshijis m these 
anemias The work of Cartwright, Wintiohc 
andHumphrejs (25) with swnne has shown that 
a combmed deficiencj of iron and iijndoxme 
results m a more sex ere anemia than with do- 
ficiencj of either alone, and th it scrum iron is 
^usually high m px ndoxinc deficicncj’’ anemia 
administration of p3Tidoxine results in a 
rapid fall m plasma iron and a rapid nsc in red 
cell count, mdicating that the animal continued 
^absorb utin although unable to utilize it 
This, I am sure will suggest interesting possibil- 
ifaes for a role of pjaadoxine to manj’- members of 
this audience 

As complex as this possible mterrelationship 
r^y seem, it is relatixTij’- sunple compared to 
e real possibilities Thus w'e see that a defi- 
®r6ncj of pjmdoxme results m a disturbed tryp- 
r>P ane metabolism as mdicated by mcreased e\- 
2^ '^nthuremc acid and kynurenme (26, 
mtroduces the possibihty of a rela- 
lons p between ammo acids and anemia, as 
® as a role m the well known tryptophane- 
cm effect which also is concerned m erythro- 
as will be discussed later m this paper 
witl exndence on ammals, just as 

ndn ” there is no proved effect of py- 

on erjhhropoiesis m man (28, 11, 29, 30) 

^ pantothenic acid 

rnth pantothemc acid deficiencx'’, as 

feet there is much exadence of an ef- 

but n ^ ^^"bhropoiesis m experimental ammals, 

in direct endence that it is concerned 

“rremia m man 


\nemui in panlothcmc-ncid-deficient animals 
his been observed with dogs (31), sxvine (32), 
monkcx's (20), and rats (33) There is also exa- 
deme here, ns with jiyndoxinc, that the problem 
IS not a simple one, m that in some instances 
romjilete recovery docs not follow the adimms- 
trition of pantothenic acid Daft el al '(33) 
haxe obtained a jiiitial explanation for this 
^\orklng w’lth pintothemc acid-deficient rats, 
fhej found that the pantothenic acid deficiency 
rcsultcil m a sccondaiy folic acid deficiency 
3'his w is not the complete explanation, how- 
ex er, ind there is still the likehhood of another 
umdcnlificd factor being concerned 

Ihc imjiortant point is that with pantothemc 
u id deficicncv, is w ith pyridoxme deficiency, 
the fnlurc to obtain a complete therapeutic re- 
‘•ult with the sxmthetic vitamm after the defi- 
ciencx' h is been produced may be mterpreted as 
mdiciting a piobablc interaction or metabohe 
rel itionship with othei factors essential m eryth- 
ropoicsis 

NIACIN 

The complexities in the possible role of macm 
in crj’thropoiesis make this substance espec- 
nllj' interestmg In the case of macm, effects 
Inxe been obseiwed both m man (34) and m 
experimental ammals (35-37) How’exer, the 
obsei x'ations m man aie so compheated by mul- 
tiple deficiencies that no deal cut human anemia 
due to macm can be lecogmzed at this time (38) 

In the case of swme, the obseiwation of Petn 
et al (39) is of special mterest These workers 
found that remox'al of the fundus of the stomach 
of swnne led to a loss of the anti-anemia sub- 
stance from the hver, which could be prevented 
by mcotimc acid This observation is of such 
importance, if true, that the work should be con- 
firmed and extended 

Wmtrobe et al (40) have found that macm 
deficiency m swme does not develop unless the 
diet IS also poor m protem The anemia cm be 
corrected either by protem or macm 

The work with macm deficiencj’’ anemia m dogs 
IS of especial mterest (41) Handler and feather- 
ston (42) obserx’^ed anemia m dogs on tliree dif- 
ferent diets deficient m macm Thex postu- 
late that the effect of macm deficiencj is through 
deficiency m cozxmase smee macm functions as 
a constituent of pjaadme nucleotides 

One mterestmg aspect of macm deficiencx ane- 
mia m dogs IS based on the obserx ation of Pdiaads 
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el a/ (43) 11 years ago, that on the Goldberger 
diet dogs were more sensitive to an anemia 
produced by feeding mdole than were dogs on 
normal diets, and that this extra hemolytic 
effect of mdole under these conditions could be 
abolished by liver extiact Sebrell and Hundley 
(44) have recently leopened tlus subject with 
some mterestmg lesults 
We have been able to show that dogs on the 
Goldberger diet number 123 given 500 mg of 
mdole daily develop a severe anemia which can 
bs corrected bj'^ the administration of 100 mg 


lapse Daily 5 mg of folic acid was then added 
with a tlurd reticulocjde response to 32 8 per cent, 
but no rise m hematocnt or hemoglobm The 
animal died shortly thereafter, apparently due to 
the large dose of mdole (1 gm daily) (fig 2) 
The second dog showed no response after 7 
days of purified liver extract and had only a 
questionable nse m reticulocytes to 4 1 per cent 
With niacin m addition to the ‘Reticulogen’ 
there was a slow response, with a reticulocyte 
peak of 6 9 per cent and an eventual hematocnt 
of 39 after 21 days 



DAYS 

Fio 1 Effect of niacin on blood changes produced by mdole given to a dog on Goldberger Diet 
No 123 


of niacmamide daily, m spite of continued ad- 
mmistration of indole (fig 1) 

Although the pnmaiy factoi required for re- 
sponse appears to be niacin, there are indications 
that the condition may be much more complex 
Thus, there is no characteristic reticulocyte re- 
sponse to macm But 2 dogs made anemic with 
this techmque were treated with a purified hver 
ex-tract (Reticulogen) furnishing 20 umts of anti- 
permcious anemia factor and less than 5 mg of 
macm daily One dog shoned a defimte blood 
response vntli 16 per cent reticulocytes m 4 
days, but relapsed Tlie addition of 100 mg of 
jnacm daily gave a second response with 24 9 
pel cent leticulocytes, followed again by a re- 


A thud dog treated intli 100 mg of macin- 
amide showed no significant response after 14 days, 
but reached a hematocnt of 41 in 71 days after 
bemg given 20 umts of ‘Reticulogen’ daily while 

the macm was contmued 

Thus a factor present in purified hver extract 
containmg practically no macm appears to be 
involved in some of these dogs 

The possible role of tryptophane is again sug 
gested by the fact that tryptophane is the only 
naturally occurrmg ammo acid which is an mdo e 
denvative Since there is much expemnenfa 
evidence that tryptophane can be converted m 
macm, 2 of the anemic dogs were treated witli 
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tOTtophane in doses of 1 gm and 2 gm of dl- 
trjTitophane dailj^ Neithei responded favor- 
ably 

Thus it apjiears that the indole effect is not an 
interference mth normal ti' 3 T)tophane metabo- 
lism or conversion of tryptophane to macm Tlie 


direct antagonism of indole by macm The 
many questions mvolved offei interesting pos- 
sibilities 

You have no doubt noted how tryptophane 
has appeared m this discussion, first in connec- 
tion with the anemia of pyndoxine deficiency, 



Pig 2 Effect of ‘reticulogen,’ macm and folic acid on blood changes produced bj indole gnen 
to a dog on Goldberger Diet No 123 


mechanism of the response to macm is not clear 
Niacm may be an essential element m blood for- 
mation, and when indole given with a macm 
deficient diet results m hemol 5 i;ic anemia, ma- 
cm may become a Imntmg factor in erythrocjic 
formation Tliere is also the possibilitj of a 


and agam here in connection with macm defi- 
ciency This will be mentioned further m the 
discussion of amino acids 

tMINO AODS 

The production of anemia on diets low in pro- 
tein IS too well knowTi to warrant review liere 
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This really is to be expected if it is remembered 
that globm, a sulfur contammg protem, consti- 
tutes more than 90 per cent of hemoglobm (27) 
Tlie physiological importance of this is mdicated 
by the production of blood from body protein m 
the anermc dog durmg protem depnvation (45) 
In spite of its importance, tlie complexity of the 
problems mvolved still leaves us very much m 
the dark as to the specific roles of the vanous 
ammo acids, the presence of umdentified fac- 
tors, or the metabohc mterrelationship with 
other factors The evidence suggests all these 
mechanisms 

Daft (46) found that rats on a 4 per cent ca- 
sein diet failed to grow and became anemic, 
leukopemc and granulocytopemc Such am- 
mals showed a leucocyte and granulocyte re- 
sponse followmg treatment either noth fohc acid, 
vitamm Bu, or vuth at least one other factor in 
liver He obtamed a complete response following 
treatment with extra protem or the essential 
ammo acids The deficiency condition could 
be prevented either by increasing the protein m 
the diet or by givmg a nuxture of methionine, 
threomne and tryptophane 

These observations suggest several impor- 
that possible mteractions, and the mecliamsm 
by which the low protem diet results in a blood 
dyscrasia accompamed by a deficiency or de- 
pletion of fohc acid and Br is not clear Daft’s 
data support the view that these vitamms may 
be synthesized fiom the ammo acids in the am- 
mal and that this relation between ammo acids 
and vitamins may account for the findings His 
data show that although metluonme, trypto- 
phane, and threomne have preventive action, 
they alone are of httle value m treatment The 
simultaneous administiation of fohc acid, PABA 
or of isoleucme, valme, and histidine conected 
the dycrasia in a large proportion of the experi- 
mental animals It appears that fohc acid may 
be synthesized m animal tissue under these con- 
ditions 

Wmtrobe et al (27) have shown m swine that 
a diet apparently deficient only m piotein re- 
sulted m aneima which responded to fohc acid 
Shehata and Johnson (47) have fed rats a low 
protem diet contammg sulfathahdme and have 
shown that the incidence of anerma under these 
conditions depends on the level of protem m the 
diet 

Daft (46) has suggested the possibility that 
aimno acid imbalance or protem deficiency may 
be concerned m some human blood dyscrasias 


There are old chmcal observations suggestmg 
that tyrosine metabolism is concerned in human 
pernicious anemia (48-50) Recent work by 
Swendseid et al (51) based on the excretion of 
phenols m this disease supports this viewpomt 
The fact that fohc acid, pyndoxme, and ascorbic 
acid deficiencies all affect tyrosme metabolism 
(52-54) and are all concerned in experimental 
anemias is also suggestive 

Other vork of considerable mterest m this 
connection is that of Pontes and Thivolle (55), 
who have observed therapeutic benefit m some 
cases of permcious anemia from the admmistra- 
tion of histidme and tryptophane Although 
Robscheit-Robbms et al (56) have shown that 
no one ammo acid is the essential one m erythro- 
poiesis, it does not necessarily follow that they 
are all of equal importance We have recently 
obtamed some interestmg results m this field and 
the data wluch I shall now present has not been 
pieviously reported 

Young albino rats were fed a protem free basal 
ration for 5 days while bemg subjected to severe 
hemorihage by a teelmique previously described 
(57) On the fifth day the protein free ration is 
replaced by a test ration differmg only m that 
mix-tui es of ammo acids replace an equal weight 
of dextrose The mixture of ammo acids used 
was based on the 10 essential ones for rat growth 
(58, 59) One diet contained all 10 ammo acids 
The othei diets differed only in the omission of 
the indicated ammo acid Results m table 1 
are given on 10 rats m each group which survived 
10 days on the diet Although only the results 
on hematocnt values are given m the table, hemo- 
globm and led cell deteiramations gave values 
wdiich agiee wuth the hematocnt figures These 
observations with those on serum protem will 
be 1 epoiied elsewhere m more detail The find- 
ings aie most inteiesthig m that they indicate 
that absence from the diet of any of the ammo 
acids essential for growth except arginme causes 
some Intel ference with blood regeneration under 
these conditions However, the variation m the 
effect of the ormssion of the vanous ammo 
acids IS of greatei interest It is apparent that 
the omission of valme or lustidme most senously 
handicaps blood regeneration On the valme 
free diet there was great difficulty m securmg 1 - 
day survivors, and we were able to mclude o y 
9 annuals m this paiticular test The results 
with the histidme deficient diet mdicate the 
great importance of this ammo acid m hemog o 
bm and erythrocyte production This is to be 
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expected in view of the knowTi high histidmo 
content of hemoglobin (60, 61) It nas lathei 
surprising that dietary methiomne and tiypto- 
phane deficiency resulted in such shght inter fei- 
ence with blood legenemtion However, the 
important pomts I wush to make aie that there 
are apparent vanations m the importance of 
ammo acids m blood formation, that valme and 
histidme aie especially concerned, and that a 
dietary deficiency of any one of the 10 essential 
ammo acids for growth, mth the evception of 
arginme, causes some mterference with blood 
regeneration foUowmg hemorrhage in lats on a 
protem free diet 


Table 1 Avehagb Changes in Hematocrit on 
Amino Acid Diets Following Hemorrhage 


DIET 

AMINO ACID 
OMITTED 

1305 

1337 

Valine 

1356 

Leucine 

1407 

Tryptophane 

1408 

Histidine 

1409 

Isoleucme 

1410 

Threomne 

1411 

Methionme 

1412 

Phenylalanine 

1413 

Argmine 

1414 

L>sme 


HE1£AT0CRIT 


Da^s 


Increase tn 
iO days 


0 10 
Vol Vol 
% % 


S D 
Vol % 


14 2 
16 0 
14 1 
14 9 ; 
14 5; 
14 0 
14 4 
14 2j 
14 4; 
14 6' 
14 e! 


43 8 
29 1 

34 6 
37 7 
22 8 
39 4 

35 9 
39 1 
134 4 
42 7 
32 6 


29 

14 

20 

22 

8 

25 

21 

24 

20 

28 

18 


6 = 24 
1 = 13 
5 = 25 
8 = 20 

3 = 27 

4 = 20 
5=17 
9 = 18: 

0 = 17 

1 = 10 
0 = 22 


5 0 
2 2 
1 8 

6 2 
2 2 

2 4 

1 3 

2 8 
3 

3 2 


‘I’ values of 4 0 indicate significant results 999 
tunes in 1000 trials 


VITAMIN c 

The only other vitamm except those of the B 
complex which appears to be mtimately concerned 
with erythropoiesis is vitamin C Although 
anemia has been found m experimental animals 
with scurvy (62), opmion has been divided as to 
whether a true anemia occurs with human vita- 
nun C deficiencj’- (63, 64) The weight of evi- 
dence IS much in favor of a role for vitamm C m 
erjdhropoiesis, which, however, may be a com- 
plex one as is the case with the other rntamms 
This IS mdicated by the work of Dyke et al (65) 
who observed cases of pernicious anemia which 
failed to respond satisfactorily to adequate doses 
of potent liver extract unless ntamin C was 
administered These cases probably were re- 


ceivmg an msufiicient amount of vitanun C in 
their diets 

Vilter has recently repoided (66) observations 
on 26 cases of uncomplicated scurvy of which only 
2 had no anemia He concludes that vitamin C 
IS essential foi noimal hematopoiesis Some of 
the characteristics of the anemia suggest to him 
that hemolysis may be a factor and that there is 
also a depression of bone maiTOw activity 

The question of the relation of vitamm C to 
erythropoiesis is furthei comphcated by the 
observation that a macrocjdic anemia sometimes 
occurs m patients with vitanun C deficiency and 
responds to the administration of ntamin C (67) 
The entire pi oblem of the meclianism of action of 
vitamm C m erythropoiesis senously needs fur- 
ther study This is especially suggested by the 
report of Woodruff and Darby (54) that tyro- 
sme metabohsm m the scoibutic gumea pig can be 
favorably influenced by eithei vitamm C or 
pteroylglutamic acid 

MACBOcrmc anemias 

Many new opportunities for research on the 
macrocytic anemias have occurred as a lesult of 
the discovery of the pteroylglutamates and vita- 
mm Bi 2 There is such mtense activity and 
rapid progress m this field that much of what I 
say today may be made out of date by work re- 
poi ted durmg this meetmg 

The hterature on the pteroylglutamates is 
aheady enormous and would reqiure a monograph 
m itself I shall not even attempt a superficial 
review of such an axtensive and unpoitant mass 
of material, but rather shall select just a few 
pomts of special current mterest Tlie truly 
brilliant research mvolved m the discovery, 
isolation and synthesis of fohc acid, togethei with 
the steadily growing body of knowdedge concem- 
mg its physiology, has been covered m pievious 
reviews (68-70) 

It IS now clear that the pteroylglutamates are 
essential for a vanety of animals and are found 
widely m plants In man they are effective 
therapeutic agents m sprue, in nutntional macro- 
cjdic aneima, m the macrocjdic anemia of preg- 
nancy, m the megaloblastic anemia of iiifancj , 
and in secunng a hematopoietic lesponse in 
permcious anemia (71-73) 

The chmcal actmtj’’ of the pteroj Iglut imatcs 
oierlaps that of ntamm Bj-, although the 2 
substances are qmte obnouslj’" entirelj different 
chenucally Tlie most important chmcal differ- 
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ence is that the pteroylglutamates have no bene- 
ficial effect on the central nervous S 3 ^tein lesions 
of pernicious anemia (74-76), although these le- 
sions are adequately controlled by vitamm Bu (77) 

In spite of the demonstrated therapeutic effect 
of the pteroylglutamates on human macrocytic 
anemias, there is as yet no proof that added fohc 
acid IS needed by normal persons Although 
estimates of the quantity needed have been made 
on the basis of excretion studies (70, 78), such 
estimates do not tell us much about the normal 
human requirement or the controlling conditions 
The solution of such problems must await better 
knowledge of the mechanism of action and 
relation to other substances essential in erythro- 
poiesis 

I have already mentioned Daft’s evidence 
suggestmg that fohc acid may be synthesized by 
the rat If it can be 83 mthesized by other mam- 
mals, this observation may be of great signifi- 
cance There is gieat research interest m the 
relation of fohc acid to other nutnents as well as 
to its mechanism of action, and it has been sug- 
gested that it IS concerned m the metabolism of 
puimes and pynmidmes (79, 80) 

Elvehjem and his associates have studied the 
relation between fohc acid and macm deficiency 
and anemia m the dog (81) There are many 
imphcations of importance m their observations 
The recent paper of Ruegamer et al (82) reports 
on young dogs fed a niacm deficient diet plus 
sulfasuxidme Niacm therapy was only partially 
successful Fohc acid bi ought about a better 
response to niacm, but had no effect on a macro- 
cytic aneima which developed progressively 
One USP umt of ‘Reticulogen’ brought about 
complete recovery Other liver extracts were 
only partially effective unless given in combma- 
tion vuth fohc acid There was no need for fohc 
acid if high levels of protem were used One of 
the important pomts m this work was that several 
of the dogs developed a flaccid paralysis, suggest- 
mg that these workeis may be openmg the way to 
studj"^ of the neurological changes found with some 
macroc 3 d;ic anemias for which we now have no 
explanation 

One of the most mterestmg developments m 
connection ivith the pteroylglutamates is the 
synthesis and action of inhibitors or antagonists 
Jukes (83) has descnbed seven pteroylglutamic 
acid antagonists synthesized by different workers 
Some of these compounds have proven especially 


useful m acute leukemia of ehildren, although 
they are toxic and must be handled with care (84) 
These compounds offer important research 
possibihties, and, accordmg to the metabohte- 
antimetabolite theory of inhibitors, offer a chance 
to find further substances This also suggests 
the possibility of inhibitors for vitamm Bu, which 
no doubt would assist m clanfying the action of 
that substance 

In this connection, I would hke especially to 
call attention to the possibilities offered by study 
of the macrocytic anemia due to infestation by 
the fish tape worm Tins anemia has been re- 
ported to respond to treatment with anti-penu- 
cious anemia liver extract This, therefore, 
offers another line of approach to the etiological 
factors involved in the macrocytic anemias, and 
I am surprised that this unusual anemia has not 
attracted more special study of a fundamental 
nature It seems qmte possible that the fish tape 
worm may elaborate an inhibitor or antagomst, 
although von Bonsdorff (85) failed to ohtam any 
evidence of such acjnon vith dned tape worm 
Cartwnght et al (86, 87) have produced a mac- 
rocytic anemia m smne using a pteroylglutamic 
acid antagomst (methyl fohc acid) m the presence 
of one USP unit of purified hver extract There 
was rapid response to pteroylglutamic acid, but 
response to vitamm Bu or purified hver extract 
was less than with pteroylglutanuc acid Thy- 
mine and xanthopterm had bttle activity and 
tyrosine, adenme, and uracil were inactive 
Finally, we came to one of the greatest ad- 
vances m the field of erythropoiesis This was 
the isolation from liver of vitamm Bu m 1948 
by Rickes et al (88) and by Smith (89) This 
discovery has already produced a voluminous 
literature and stimulated research on anemia to a 
degree never before seen 
Vitamm Bu is reported to be a red crystalline 
compound inth a molecular v, eight probably be- 
tween 1600-1600, contaming cobalt, phosphorus, 
and nitrogen (90, 91) This material is now the 
most potent known therapeutic substance West 
(92) has obtained a maxunal reticulocyte response 
on pernicious anemia with one nucrogram daily, 
and 25 meg once a week has resulted m normal 
blood counts and improvement in spmal cord 
lesions Cobaltous ion m doses of 150 mg was 
ineffective, and 5 4 mg of thynndme was practi- 
cally without effect (93) 

Tins observation is of particular mterest ne- 
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cause of the lesults of bacterial studies Stokes 
(79) has found that u ith certain bacteria thymine 
(5-methyl uracil) may substitute for pteroylglu- 
tamic acid Prusoff , Tepley and Kmg (94) , usmg 
a medium partially deficient m pteroylglutamic 
acid but otherwise satisfactory for Lactobacillus 
easel, obtamed a lower content of desovynbonu- 
cleic acid without any change m the content of 
nbonucleic acid An excess of thymme caused 
a moderate nse m both desoxynbonucleic acid 
and nbonucleic acid 

Shive et al (95) have shown that thymidme 
(thymme desoxynboside) may substitute for liver 
extracts with antipemicious anemia actmty and 
presumably the substitution was for vitamm Bi» 

Wnght (96) has found that mth some lactic 
acid bactena desoxyribonucleic acid, but not 
nbonucleic acid, may substitute for vitamm Bn, 
and has postulated that mtanun Bn functions m 
the conversion of thymme to thymidine 

Frommeyer and Spies (97) have shoum a hema- 
topoetic effect m human macrocytic anemia from 
large doses of thymine, and Spies et al (98) report 
successfully treatmg macrocytic anemias m re- 
lapse first with thjTnme, on second relapse with 
fohe acid, and on thud relapse with vitamm Bn, 
thus mdicatmg the overlappmg of these mdely 
different substances therapeutically, but m very 
greatly diffenng doses On the basis of the 
massive doses of thymme used by Spies, it is 
qmte possible that the failure of thymidme m 
West’s hands may have been due to the relatively 
small dose It will be mterestmg to see the re- 
sults uhen larger amoimts can be tested 

There is considerable evidence that lutamm 
Bn IS identical with at least one animal protem 
factor (99-101) Further work will be reqiured 
to detemime whether the essential chick growth 
factor concentrated from fish products by Pen- 
sack, Bethke and Kennard (102) is identical with 
wtamm Bn 

Although %'itamm Bn is effective m controlhng 
permcious anemia, nutritional macrocytic anemia 
and sprue (98), Bethell el d (103) have reported 
a case of macrocjtic anemia of pregnancy which 
did not respond to vitamm Bn but did respond to 
mtramuscular pteroylglutanuc acid It is not 
yet clear whether this is an unusual case similar 
to the few cases of sprue and permcious anemia 
which fad to respond to pteroylglutamic acid, or 
whether vitamm Bn will prove to be meffectixe 
•■1 this type of macrocjtic anemia Luhby (104), 


studymg the megaloblastic anemia of infancj^ 
which responds to pteioylglutamic acid, faded 
to secure a response with vitamin Bn alone and 
suggests that both vitaimn Bn and folic acid are 
normally mvolved in the protem metabohsm of 
blood formation. 

Bethell et d (105) have made the mterestmg 
observation that the feces of normal persons and 
of pernicious anemia patients in relapse contams 
a substance which promotes the growth of test 
organisms for vitamm Bn m approximatelj" the 
same amount Furthermore, he has produced a 
significant response m patients with permcious 
anemia by mjectmg an extiact of feces from 
patients with untreated permcious anemia 
These findmgs suggest that one of the factors m 
pernicious anemia may be an mabdity to absorb 
vitamm Bn, or that vitamm Bn is produced by 
bacterial action m the mtestme and is unavailable 
for absorption 

Castle (106) leports that gastnc jmee poten- 
tiates the effect of oral vitamm Bn, but the ac- 
tivity IS not as great as when vitamm Bn is given 
mtramuscularly without gastnc jmee Vitamm 
Bn and extrinsic factor may be identical, and the 
action of the mtrinsic factor may be to promote 
absorption of vitamm Bn lather than to act upon 
the extrinsic factor m food 

Thus the avadabihty of vitamm Bn has, by 
movmg us ahead, presented a multitude of oppor- 
tumties to solve new problems It is leading 
rapidly to further studies of the metabolism of 
nucleic acids 

It IS a tnbute to the alertness of the planners of 
the Federation Meetmgs that a symposium on the 
chemistry and metabolism of nucleic acids and 
their constituents was held at the 1947 meeting 
(107) when the possible importance of this subject 
m the anemias could not be clearly foreseen 

The activity of ventncuhn still must be e\- 
plamed, and finally, there is the possibility of 
additional new factors — such as the vitamm Bi< 
which Norns and Majnanch (108) have obtained 
from human urme and wluch appears to be 
exceedmgly potent m accelerating bone marrou 
proliferation This substance does not contam 
cobalt Hays (109) has obtained evidence of 
another factor m hver affecting m vitro red blood 
cell maturation which he beheies is not vitamin 
Bu 

It IS clear that the field is broad, progress rajiid 
and that much remains to be cxiilained. 
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XIntil recently it was the privilege of the scien- 
tist to hold himself aloof from the mundane cares 
and problems of the busmess man, the politician, 
the diplomat and the soldier, and to pursue his 
butterfly, his gene, his diplococcus, or his macro- 
molecule relatively undisturbed by the rumblmgs 
and creakmgs of the outside world But two 
global wars m two generations have made this 
isolation dangerous, if not impossible Many of 
his kmd have been engaged in applymg his very 
science to more and more efficient, less and less 
selective methods of mass destruction Others 
have brought the far ends of the earth closer by 
an than are our most distant cities by tram, so 
that all the peoples of the globe are neighbors 
The economic dislocations of two wars and the 
unrest bom of them have reached mto the hos- 
pital, the umversity, and mto the laboratory of 
our hitherto aloof scientist Where will the 
money come from for the hfe-blood of his work, 
where can he publish his data, and will they ac- 
tually be speeded to the far comers of the earth, 
now only a few air-hours away? How much m- 
dmdualism, if any, shall we give up m our 
domestic planmng? — shall there be a National 
Science Foundation? — how much sovereignty or 
mternational mdividuahsm shall we give up m 
order to avoid the unspeakable catastrophe of 
another war and attempt to ensure an era of 
fertile peace? 

These problems crowd upon our scientist, for 
he must protect and preserve those he loves even 
as he must stnve for the continuity of his work, 
Eo seriously threatened I shall leave to others 
consideration of our internal pohtical and eco- 
nomic problems and confine myself entuely to 
mternational relations, which determme w hether 
we are to be at peace wuth our neighbors and can 

Presidential Address, Detroit, April 19, 1949 


work on in peace, or whether we are to be sucked 
into another war which will surely make an end 
to our aspirations "What do you and I know 
about the foreign pohcy of our nation or of other 
nations, what can you and I do to know more 
about these mternational relations, and what can 
you and I do to exert our influence for fau play, 
for justice and for peace? 

You and I, as scientists, mterest ourselves m 
our foreign policy not only as a matter of self- 
preservation, but also because of our duty to do 
so by virtue of our special trainmg We are ac- 
customed to reason clearly, to balance cause and 
effect, to brmg every resource to bear upon the 
elusive detail which clears up the whole mystery 
Equally important, through years of practice and 
disciplme, we have formed the habit of self- 
cnticism, and knowmg our own weaknesses and 
limitations, we can the more readily see those of 
others Added to these attnbutes of matunty is 
an endurmg patience, the knowledge of when and 
how to watch and hsten What better eqmpment 
could there be for a cntical exammation of our 
foreign relations? 

Last September, m Pans, I spent 10 days lis- 
tenmg to the General Assembly of the United 
Nations and its Pohtical and its Social and 
Economic Committees, where were gathered the 
diplomats, the pohticians, the experts and the 
soldiers of the nations of the world Only rarely 
did I hear evidence of those qualities of the human 
mind which we, as scientists, admire and honor 
m the practice Were i\e to abandon these, 
science could not progress and, I submit, the con- 
struction of a durable peace mil be equally im- 
possible if emotions are appealed to rather than 
reason, and if partisanship, the emphasis on pres- 
tige, and the unwillingness to admit fallibihty are 
not abandoned It is in this area that our special 
qualifications can make our influence felt, and 
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there are seveial organizations and activities 
which can help us be directly useful 

How many of you are membei's of the Ameiican 
Association for the Umted Nations? How many 
are members of the Foreign Pohcy Association? 
How many belong to foreign pohcy study groups 
of the League of Women Voters? These organ- 
izations publish bulletins and hold meetings 
which vnll keep us mformed and provide oppor- 
tumties and occasions for our active participation 
m the search for the quiet atmosphere of peace 
without which our scientific effort will be w asted 
and doomed But, you say, what can you and I 
do, except to read books and pamphlets and 
answer questionaires, even withm these groups? 

While the Umted Nations Organization ls one 
of governments, the American Association for the 
Umted Nations represents the people of the 
Umted States m their aspirations for the United 
Nations The American Association for the 
Umted Nations is a member of the Woild Feder- 
ation of Umted Nations Associations, which 
meets eveiy yeai, and where delegates from some 
foity national associations for the UN discuss 
common problems of buildmg an alert iiublic 
opmion on tlie UN and plan the measures they 
would like to see the UN take The Fedeiation 
has consultative status A, as it is called, which 
means that the Economic and Social Coimcil of 
the Umted Nations and its Comnussious must 
receive and consider its lecommendations I 
have been a delegate from oui Association these 
last two years, and m this way, some of you, too, 
could make the influence of your scientific judg- 
ment felt This year there were delegations from 
such central European countiies as Czechoslo- 
vakia, Poland, Hungary, Bulgana, and Roumania 
present among the others, and although some of 
their members were beUigeient and antagomstic 
at the start, all of our resolutions and lecommen- 
dations were, m the end, unanimously adopted m 
the vanous workmg commissions and at the final 
plenary session Clearly, people of divergent 
views can often agree even nhen their governments 
fad to find a common basis for action Two of 
oui 1947 lesolutions weie unammously adopted, 
with only shght modification, by the General 
Assembly of the United Nations when it convened 
m New Yoik m the wmtei of 1947-8, and until 
one of these was consideied, the General Assem- 
bly had been unable to agiee upon anythmg As 
stated at the time by Dr Evatt, of Austraha, this 
changed the whole atmosphein of the meeting for 
the better The General Assembly, as you see. 


18 qmck to respond to constructive popular sug- 
gestions — their implementation, which so far has 
rested with the mdiiudual governments, is anothei 
matter 

Now that the moie moderate portion of the 
World Federalists has decided to vork for the ev- 
olution of the Umted Nations mto a world gov- 
ernment there should be large areas m which 
cooperation of the World Federalists and the 
American Association foi the Umted Nations 
should be feasible, mcludmg participation m the 
work of the World Federation of Umted Nations 
Associations 

Another international activity m nhich you 
and I can participate is the Umted Nations Ap- 
peal for Children, nluch will contmue under the 
Umted Nations International Children’s Emer- 
gency Fund, or UNICEF This work was organ- 
ized by hlr Aake Ording, of Norway, so that 
everj'one could take part by givmg food or a 
day’s work or its equivalent, and so stnve ac- 
tively m a w’orld-wnde cooperative effort for the 
rehef of suffering We can also give aid of books, 
matenals or funds to tlie Pestalozzi Village m 
Trogen, Switzerland, where orjihans from the 
devastated countires, often demorahzed and bru- 
talized by their experiences, are given a qmet 
family hfe in the cultural atmospheres of their 
own nations while attempts aie made to solve 
their psychological problems The French have 
a similar Ecole M6dico P^dagogique at NiviUers, 
Oise, for orphans of the R6sistance, and this 
effort is desperately m need of aid 

As you see, it is not only by our membership 
in mtemational scientific societies that we can 
promote exchanges among peoples and can help 
to lessen the mtemational tensions and nvahies 
that have hitherto led to wars, but must be al- 
low'ed to do so no longer You and I, as scien- 
tists, have a special fitness and a special apti- 
tude, bom of long practice and tradition, for 
this work, and we cannot hold aloof from it with- 
out mvitmg forfeituie of the rights and pnvi- 
leges of science and our privileges as scientists 
These rights and privileges are m grave danger 
As immunologists we have always preferred ac- 
tive mtervention to passive immunization I 
have suggested several available vaccmes— you 
may grasp at these or reach for others before the 
onset of chills and fever Brmg on the hypo- 
dermics! The time is short m which to bestir 
ourselves as active, thoughtful, informed, critical, 
yes, patnotic citizens 
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^ Most economical because of greater 
analytical capacity. 

^ Most usefuK for research and routine 
work. 

^ High sensitivity ... can detect protein 
concentrations as low as 0 002yo 
Operates continuously regardless of 
atmospheric conditions, except for 
servicing. 

^ Mo't complete . . . includes rapid dialy- 
sis facilities, chamber for freezing and 
storing specimens, sealed mechanical re- 
frigeration system, precision Schlieren 
optics, complete photographic facilities, 
and a rotatable triple diaphragm for 
selecting slit, bar and straightedge 
patterns. 

► Compact . . . measures only 30 x 37x 67 
inches high. Moved about with ease. 

► More convenient . . . operator works in 
front of the instrument All parts St 
convenient heights and locations. 

► Shipped ready for operation 

► Accommodates semi-micro, macro, mac- 
ropreparative, adsorption, and conduc- 
tivity cells. 

^ Engineered for long life Components 
rated far beyond their normal operating 
requirements 
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Why go elsewhere when all your radioacfivity requirements can be ful- 
filled at Tracerlab? If you need radioassay equipment we can provide it 
whether it be a sample container or the latest in automatic counting in- 
strumentation such as the Automatic Sample Changer If your require- 
ments are in the field of health physics, you can call on us for protective 
devices such as ionization chamber type Radiation Survey Meter, the 
Laboratory Monitor counting rate meter, or the Rim Badge Service Our 
chemical laboratories will help you with your synthesis and "hot" labora- 
tory problems by supplying carbon-14 tagged compounds or purified 
radioisotopes in convenient, useable form directly from stock Consulta- 
tion and laboratory facilities are available for special problems in health 
physics, radioassay work, synthesis of tagged compounds, or for carrying 
out complete radioactivity research programs for medical, educational, 
government, or industrial organizations Write for Catalog A- 2 for 
complete information on our instruments, facilities and services 
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oday^s research . . . tomorrow's practice 



These two books reflect the 

steady flow of etiologtc discov- 
cries that have been handed 
to medical practice during 
recent years by accelerated 
research, particularly in the 
fields of chemotherapy and 
antibiotics Interchange of 
this type of knowledge has 
increased to the stage where 
an integration of this basic 
material can be established 
into general medicine. 


Viral and Rickettsial Infections of Man 

edited by Thomas M Rivers, m d 

Dr Rivers and twenty-six associated present a work that 
reflects the growth of general knowledge of viral and nckettsial 
agents It descnbes the role of speciflc antibodies in immunity 
and viruses Practical information is offered on the control of 
human infections in the community, the identification of ear- 
ners, the role of immunization and chemoprophylaxis 587 Pflges, 
77 Illustrations, 6 m color 

Bacterial and Mycotic Infections of Man 

edited by Rene J Dubos, ph d 

A companion volume, edited by Ren6 J Dubos, Ph D and 
thirty-three associates, begins with a bnef review of the role 
that bactena play in diseases and a picture of the cycle of in- 
fectious processes Then follows a short descnption of the 
individual parasite and its behavior Finally, fundamental pnn 
ciples of the management of infectious diseases are established 
from the viewpoint of therapy 802 Pages, 102 Illustrations, 3 
in color 
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For the collection of expired air for use in metabolism tests 


GAS BAGS, DOUGLAS 
TYPE, Davol Wedge shape, 
rubber lined sturdy cloth bags, 
for the collection of expired air 
bj’- the Douglas bag method and 
hich permit making metabolism 
tests outdoors or durmg vanous 
types of muscular exercise The 
150 and 200 hter sizes are espe- 
cially useful for the newer pulmo- 
naiy fuctional tests 

With flexible rubber connect- 
ing tube 1| mches outside diame- 
ter, containing side outlet tube 
|-mch outside diametei, and with 
reinforced top edge and two metal 
grommets for attaching bag to 
subject, but without valves or 
coiiugated tubing indicated in 
illustration 
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Stspcock T-Shapo (Three Way Tap), Aluminum For uae with Dougins Bag ^^^th three g^oo^cd tubulationM 
2 inches long tapenng from 1*^ inches to 1 inch outside diameter and atopcock plug inch bore, jiro 
Nidcd with pin stop permitting onl> one-quarter turn of the plug as required for prohminarj breathing 
into outside air also for filling, dosing and reopening bag for transferring oir to gas meter 16*5} 
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available for 
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MY-B-DEN 

(ADEN0SINE-5-PH0SPH0RIG ACID, BISCHOFF) 

The potentiabties of this unique biochemical — prepared by Ernst Bischoff 
Company, Inc — can now be more thoroughly investigated Our newly de- 
veloped method pernuts increased production of exceptionally pure adeno- 
sine-5 -phosphoric acid and insures adequate supphes for pharmacological 
study and for further progress m bacteriological and biochenucal research 
Adenosme 5 phosphoric acid, a purine nucleotide present in coenzymes I 
and II and flavin dmucleotides, is intimately associated ivith life processes Also 
fundamental in phosphorylation reactions, this crucial compound is a vital 
metabolic link in energ)" transfer mechanisms like muscular contraction and 
other enzymic reactions 

Pharmacological reports indicate the applicability of MY-B DEN to the 
problems of vascular disturbances, cardiovascular malfunction and the degen 
erative diseases Its value in the treatment of these disorders is being elucidated 
by further pharmacological research projects 

Summary of Data on a Typical Preparation of my-B den 

{Adenosine 5 Phosphoric Acid Bischoff) 

Source— Yeast fermentation procedures 
Hoiv SuppZicd— Crystalline free acid 
FormuZn — CjgHj^N-O-P HoO 

PuJ 1 t^ —99 5%, based on adenine, nbose and pbospborus content 
MoZnr Z?otio— Adenine nbose phosphorus = 1 00 101 101 
Position of pZiospZionis— Uneqiinocallj on nbose in 5 position 
Inorganic p/iospZiorus — None present 

Complete analytical data, pertaining specifically to the indiMdual mi B den preparation 
released, accompanies each shipment 

The related compounds aiailable are adenosine and guanosine 
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F |IRST isolated in the Merck Re- 
search Laboratories in 1948, chn- 
ical studies have demonstrated 
that Cobione* exhibits extremely 
high hematopoietic activity m the 
followmg conditions 

★ PERNICIOUS ANEMIA 

In uncomplicated cases and those with 

neurologic involvement 

In patients sensitive to hver preparations 

★ NUTRITIONAL MACROCYTIC ANEMIA 

★ CERTAIN CASES OF MACROCYTIC ANEMIA 
OF INFANCY 

★ SPRUE (tropical and nontropical) 

Cobione* Possesses Significant 
Advantages 

• It 18 a pure, crystalline compound of 
extremely high potency, and no known tox- 
icity, when given m recommended dosage 
• It IS effective agamst all manifestations 
of permcious anemia, mcludmg the neu- 
rologic manifestations 
• It IS effective m, and weU tolerated by 
patients sensitive to all hver preparations 

• It IS effective m extremely low doses, 
because of its remarkably high potency 
• It may be administered m precise dos- 
age, because it is a pure, crystalhne com- 
pound 

*Cobione is the trade mark of Merck & Co , Inc 
for its brand of Crystalline Vitamin B12 
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Antipernicious Anemia Factor of 
Liver in Pure, Crystalline Form 



Pernicious anemia before treatment with Same patient ninety hours after a single 

Cobione {Megaloblastic Bone Marrow) injection of 0 025 mg of Cobione 
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T fits ts the new T echntcon Fraction C ollector* 
an apparatus which will automatically collect up to 
200 rigidly controlled samples of piedetermined fluid 
volumes Each sample may comprise any number of 
drops from one to four hundred After the selected 
number of drops have been collected in the test tube, 
the carriage automatically advances to repeat the iden- 
tical collection in successive samples until the whole 
fractionation has been completed, whereupon the 
machine shuts itself off 

The automatic nature of the Tcchnicon Fraction 
Collector offers many important advantages # Since 
the machine will operate continuously without super- 
vision, It can be run 24 hours a day (and over week- 
ends) thus tripling the fractionation work output as 
compared with an 8-hour laboratory day # Personnel 
IS released from the tedious, time-consuming operation 
of cutting fractions, for once the machine is set for a 
given operation, it carries on automatically # Greater 
resolution is achieved through the collection of numer- 
ous small fractions, rather than a few relatively large 
ones, so that more data become available from a given 
fractionation (eg a chromatogram or a fractional dis- 
tillation) # Dependable accuracy is assured, because 
fractionation can now be reduced to a straightforward 
mechanical procedure, free of the possibility of human 
error 

The TechnicoJi Fraction Collector has been thor- 
oughly tested in actual laboratory installatiqns, where 
It has proven a boon to busy research staffs fVe shall 
be happy to send you details on requ,est 

*Ref Chromatography of Ammo ^cids 
on Starch Columns — W H Stein and ^ 

S Moore, Qoumal of Biological Chem- i 
istry, 176, 337 [1948]) I 
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I Liver-stomach concentrate was 
discovered and evaluated in the Lilly Research Laboratories It was given the trade-mark 
name 'Extralin' (Liver-Stomach Concentrate, Lilly) To this date it stands out as a most 
effective oral treatment for pernicious anemia Twelve Pulvuies 'Extralin' per day will 
produce a standard reticulocyte response in previously untreated cases in relapse The 
same dose will maintain the blood picture of the average uncomplicated case at normal 
levels Neurological involvement is prevented When neural symptoms are present, pro- 
gression IS promptly arrested For cases m which oral antipemicious-anemia therapy is 
indicated, specify Pulvuies 'Extralin ' 'Extralin' may be prescribed alone or as a supple- 
ment to injectable liver extract 

ELI LILLY AND COMPANY 
Indianapolis 6, Indiana, USA 
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Experimental mitral insufficiency W E Adams, 
E B Bat and M Newman (introduced by 
Lester R Dragstedt) Depi of Medicine and Sur- 
gery, Untv of Chicago, Chicago, III Recent revival 
of interest in surgical treatment of valvular heart 
disease has prompted study of the effects of pure 
nutral insufficiency Thirty dogs were operated by 
transthoracic approach and the anterior mitral 
leaflet was cut with a hooked knife introduced 
through the left auricular appendage Each dog was 
studied 4 to 5 times preoperatively at intervals of 
1 to 2 months, determinations being made of car- 
diac output (Fick) and right ventricular and pul- 
monary artery pressures by right heart cathetenza- 
tion Tracings were also made on a low-frequency, 
critically damped ballistocardiograph Nineteen 
ammals survived the immediate operative period, 
and 10 have survived 8 to IS months to provide the 
present studies All dogs have loud systolic mur- 
murs and the heart size has increased appreciably 
on fluoroscopy, but no gross e\adences of heart 
failure or obvious limitation of physical activity 
have developed Cardiac output and systemic blood 
pressure have remained essentially unchanged 
Right ventricular pressure has been elevated in 
most dogs to 30—10 mm Hg systolic In 4 of the 10 
dogs, diastolic pressure has risen to 5-10 mm Hg 
Left auricular pressure was palpably^ increased at 
time of operation, but could not be measured in the 
intact animal Contrary to expectations, the ballis- 
tocardiograph waves hax e shov n no change in con- 
tour, and the correlation with direct Fick outputs 
shoved no constant change It would appear that 
those animals w hich sur\ n ed operation by 2 w eeks 
or more show no abnormaliti at the present time 
other than moderate pulmonari hypertension 
Adrenalectomy and renin proteinuria in the rat 
T Addis and Robert I Botd (by imntation) 
Dept of Medicine, Stanford Univ Medical School, 
San Francisco, Calif In the rat the intrapentoncal 


injection of 4 mgm of renin, with the pressor value 
of 1 u/mg , induces a variable but pronounced in- 
crease in the protein content of the unne This 
increase qmckly rises to a maximum and m a few 
hours IS gone A unique feature of this proteinuria 
is the excretion of fibrinogen, for in short time 
unne collections made soon after an injection there 
may form a fine network of what seems to be fibrin 
Immediately after adrenalectomy, however, no 
proteinuria is induced by renin, and for 10 days 
after adrenalectomy rats maintained on sodium 
chloride and glucose with added B vitamins give 
no definite increase in protein excretion after 
renin Attempts to reestablish the remn effect in 
adrenalectomized rats by the injection of massive 
doses of cortical extracts and of desoxycorticos 
terone acetate gave only uncertain and equivocal 
results Several adrenalectomized rats responded- 
w ith slight augmentation of protein excretion after 
renin, but these performances were not confirmed 
by group averages Intermittent injection intra- 
peritoneally of adrenalin in maximum tolerated 
dosage at short intervals failed to reestablish the 
renin effect in adrenalectomized animals In 2 nor- 
mal rats the administration of 2,4-meth\lpiperadyl 
benzodioxano (Fournand’s 993) prior to the renin 
did not prevent nor appreciably alter the protein- 
uria response to renin 

Pulsatile eraporatiie rates from small skin 
areas as measured by an infra-red gas analyzer 
R E Albert and E D Pxlmes (introduced by 
A D Keller) Medical Dept Field Research 
Labij , Fori Knor, Ky In the course of thermal 
balance studies, the question aro=e as to wh\ the 
sweat rate, as measured from the whole man by an 
infrared gas analyzer, was pulsatile As an ap 
proach to the problem, the original method 
(Palmes Rev Set Instr 19 711, I'llS) w is modi- 
fied so that measurements could be taken from 
rclati\cly small skin areas Tins was accomplished 
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by passing dry oxygen through a cup placed on the 
skin and then conducting the gas to the analyzer, 
where the concentration of the water vapor in the 
oxygen was determined In this manner, continu- 
ous quantitative measurements of the evaporative 
rate were obtained from skin areas measuring about 
20 cm^ It was found that at low sweat rates, the 
pulses appear in bursts At moderate rates, they 
occur continuously with an average frequency of 
6-7 per minute, and at very high evaporative 
levels, both the frequency and amplitude of the 
pulsations are damped The fluctuations in the 
evaporative rate, as determined by this method, 
are dependent on the variations in the amountof 
skin area that is wet The 90% response time of the 
instrument, which is 8 seconds, limits the maxi- 
mum frequency of change that can be detected 
Therefore, higher frequencies of change of rate may 
exist Usmg duplicate sets of equipment, the 
measurement of dissimilar, actively sweating skin 
areas demonstrates that the rate variations occur 
simultaneously This indicates that most of the 
active glands are discharged at the same time, 
possibly by a common stimulus arising centrally 
Serum prothrombic activity and prothrombin 
conversion accelerator in hemophilia and throm- 
bocytopenia BENJAjnN Alexandee and Greta 
Landwehr (introduced bj Hehrman L Bltjm- 
gart) Medical Research Laby , Belh Israel Hos- 
ptlal and Dept of Medicine, Harvard Medical 
School, Boston, Mass The prothrombic activity 
(1-stage) of normal human serum averages 6% 
Serum and plasma mixtures exhibit more activity 
(faster prothrombin conversion) than the sum of 
the components This is referable to a conversion 
accelerator (spca) which evolves during coagula- 
tion, and which can be adsorbed with BaSO^ and 
eluted with citrate Sera fiom thrombocytopenic 
and hemophilic blood, or blood clotted slowly in 
silicone, show abnormal!}^ high prothrombic ac- 
tivity, in hemophilia often exceedingth at of the 
imrent plasma Also, they cannot accelerate 
thrombin evolution from added prothrombin 
Nevertheless, adsorption and elution of such sera 
yields fractions poorer in prothrombin and capable 
of accelerating prothrombin conversion of added 
prothrombm preparations The agent can thus, in 
the one stage method, accelerate thrombin forma- 
tion from unconsumed prothrombin in these sera, 
mterpretable as a much higher prothrombin con- 
centration than actually obtains That these sera 
cannot accelerate conversion of additional pro- 
thrombin supplied as plasma or prothrombin frac- 
tions suggests that spca is linked to unconsumed 
prothrombin By the 2 stage method, which does 
not measure velocity, it would have no effect 
This may explain the discrepant results obtained 
on hemophilic serum with both procedures Fur- 
thermore, prothrombin consumption in the coagu- 


lation of hemophilic or thrombocytopenic blood 
computed from differences between plasma and 
serum prothrombic activities (1-stage) are errone- 
ous Spca can be separated in a fraction containing 
20 mg protein from 100 cc of serum Many physi- 
ological and biochemical properties have been 
delineated It appears different from serum Ac- 
globulin since the latter is said to be remarkably 
unstable in human serum whereas spca is relatively 
stable 

Femoral arterial pulse in aortic insufficiency 
Robert S Alexianber Dept of Physiology, 
Western Reserve Univ Medical School, Cleveland, 
Ohio Aortic insufficiency was produced acutely in 
anesthetized dogs while recording pressure pulses 
from the femoral artery with optical manometers 
When these recordings were analyzed and com- 
pared with similar recordings obtained under other 
experimental conditions it was found that, 1) the 
high peak of syTStolic pressure in the femoral artery 
represents an augmentation of the large central 
aortic pulse pressure that is relatively no greater 
than that observed normally 2) The sharp drop 
from this sydolic peak does not represent aortic re- 
gurgitation, but IS simply a consequence of the 
high sy’stolic level attained, relatively the fall in 
pressure is slower than normal S) The only ab- 
normal change in pulse form produced by aortic 
insufficiency is the disappearance of the dicrotic 
n aves The latter is attributed to the elinunation 
of the aortic standing wave, primarily because the 
creation of an opening at the central end of the 
aorta during diastole destroys the resonant proper- 
ties of this sy'stem It is therefore concluded that 
the Corrigan pulse observed in aortic insufficiency 
can be explained simply in terms of present con- 
cepts of pulse dynamics without the necessity of 
any additional assumptions 

Changes in the dolling mechanism produced 
by protamine sulfate and heparin J Garrott 
Allen and Willadene Egner (by invitation) 
Dept of Surgery, Umv of Chicago, Chicago, III 
Changes produced in the i\ hole blood clotting time 
of the normal dog are fairly standard when 0 5 
mg/kg body weight of heparin is administered 
intravenously The normal clotting time is spon- 
taneously returned to normal 90 to 120 minutes after 
heparin injection The whole blood clotting time 
was returned to normal n ithin 3 minutes nhen 0 5 
mg/kg body weight of protamine sulfate was 
administered 10 minutes after the imtial heparin 
injection The clotting time, in the similarly 
heparinized dog, can be returned to near normal 
with 0 25 mg/kg of protamine sulfate, although 
it did not reach pre-injection level for 30 or 40 
minutes There was no effect with the injection 
of 0 22 or less mg/kg body n eight of protamine 
sulfate When 1 0 mgAg body weight of protamine 
sulfate was administered intravenously in normal 
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dogs, it protected against the subsequent injec- 
tion of 0 6 mg/kg of heparin The extent of the 
protection began to diminish when heparin injec- 
tion was made 30 minutes or longer after the pro- 
tamine injection No protection occurred when 
heparin was given 90 minutes after the protamine 
The effect of 0 5 mg/kg of heparin was also in- 
hibited by the injection of 1 0 mg/kg of gelatin 
given 10 minutes after heparin Gelatin given prior 
to heparin showed some anti-hepann action How- 
ever, when larger amounts of gelatin (1 0 gm/kg ) 
were injected there was no immediate protection 
although defimte protection a as observed if there 
was a time lapse of 4 hours before injection of 
hepann 

Reaction of T-1824 anion and T-1824 albumin 
with liver slices Thowxs H Allen and Peter 
D Orahovats (by invitation) Depl of Physi- 
ology, College of Physicians and Surgeons, 
Columbia Univ , New York, N T The affinities 
of liver cells for T-1824 anion and T-1824 albumin 
were measured in an attempt to find the mecha- 
nisms by which this blue dje escapes from the 
blood strea. Rat liver slices were rapidly prepared 
by freehand section, rinsed twice and suspended 
in 2 7 ml of Ringer-phosphate (pH 7 3) of low 
CaClj concentration (0 00024 m) contained in re- 
action vessels of Warburg respirometers After 
equilibration at 37 5°C with oxygen, 0 3 ml of 
0 0000176 M T-1824 was added from the sidebulb 
either as T-1824 amon or T-1S24 albumin (dye in 
2% bovine serum albumin) For controls 0 3 ml 
of either Ringer or albumin-Ringer was used 
The imtial QOj was 9 3 and throughout was not 
changed by the addition of T-1824 although the 
shoes became visibly blue in color At various 
intervals after mixing with dye the slices were 
removed, and the suspension fluid was centrifuged 
for 6 minutes The concentration of T-1824 in the 
fluid was determined using a Komg-hlartens visual 
spectrophotometer The maximum optical density 
always remained at 605 my for T-1S24 amon and at 
625 mju for T-1824 albumin After 200 minutes in 
the presence of liver slices equivalent to 10 mg 
drj i\ eight, the relative amount of added dye which 
leaves the suspension fluid is 36% for T-1824 anion 
and 18% for T-1824 albumin Graphic anal 3 sis sug- 
gests that the dj eing process follows a second order 
reaction in which d 3 e is sorbed thrice as rapidl 3 
from T-1S24 amon as from T-1824 albumin 
Effect of extirpating the prefrontal suppressor 
area Ss on correct olfactorv conditioned differ- 
ential responses in dogs William F Allen 
Dept of Anatomy, hnii of Oregon Medical School, 
Portland, Ore It was reported prev 10USI3 that pre- 
frontal lobectom 3 abolished olfactor 3 conditioned 
diScrential foreleg responses for hundreds of tests 
The purpose of this stud 3 is to localize the area 
The ix)siti\ e and negatu e conditioned stimuli con- 


sisted of inhalation of clove oil and asafetida 
Extirpation of the cortex was accomplished by suc- 
tion It included the caudal portion of the proreus 
gyri and the praesylvian (orbitalis) g 3 mi to the 
level of proreus sulci In the median line the lesion 
extended about 5 mm rostrad of the cruciate sulci 
and was about 3 or 4 mm wide in front of the left 
and right praesylvian sulci The forelegs did not 
show motor symptoms following the operations and 
there was no injury to the lateral olfactory tracts 
After the extirpations, previously acquired positive 
conditioned reflexes from olfactory, auditory and 
cutaneous stimuh, required a varying number of 
tests before they appeared Correct conditioned 
differential responses of the foreleg from olfactory 
stimuli were not obtainable during 4500 to 5000 
tests, which were continuous over periods of 6 
months On the other hand, correct conditioned 
differential responses from auditory and cutaneous 
stimuli were always obtainable The chief effect of 
the lesion v as inability to with-hold foreleg flexion 
during a negative conditioned test or lack of 
correct inhibition, uhich occurred when area 8s 
was intact A smaller ablation involving only the 
caudal part of the proreus gyri produced no effect on 
the olfactory conditioned differential responses, 
but like the more extensive lesion required a 
number of trials before the positive conditioned 
reflexes could be elicited 
Effect of rest intervals on maintenance of pre- 
viously induced high altitude acclimatization 
Paul D Altland (mtroduced by Heinz Specht) 
Laby of Physical Biology, Exptl Biology and 
Medicine Inst , National Inst of Health, Belhesda, 
Md This investigation vas made as a part of a 
senes of studies anal 3 zing the mechanism of ac- 
climatization Maximum hematoent values (74 0- 
80 0%), vhich have been associated with increased 
altitude tolerance b 3 other investigators, were 
induced in Sprague-Dan le 3 rats by 4-hour daily 
exposures to 18,000 and 25,000 feet simulated alti- 
tudes between ages of 14 and 100 da33 Following 
this, cessation of exposures restored normal 
hematocrit values in 28-35 da 3 S YTien 92 hours’ 
rest was allowed between repeated cxjxisures 
normal values were attained in 45 days With 68 
hours’ rest between exjxisures at 18,000 feet 
hematocrit values leveled off at approximately 
56 0% in 40 days, and at 25,000 feet they leveled 
off at approximately 66 0% in 20 days \\ ith 44 
hours’ rest between exposures at 18,000 feet, the 
hematocrit values leveled off at apiiroximalely 
66 0% at 20 days, and at 25,000 feet at 
approximately 73 0% in 20 days IMicn daily 
exposures were continued maximum levels jicr- 
sistcd throughout 25 weeks of test Ret trded 
growth of male rats was observed at botli altitudes 
(approximately 30 0% at 25,000 feet, 15 0% at 
18,000 feet) Control Ixidv weight levels were 
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regained only in the rats of the 92-hour rest group 
and in those in ivhich exposures were stopped 
These experiments show that relatively high hema- 
tocrit levels may be maintained bj short exposures 
to 18,000 or 25,000 feet at 2 or 3-day intervals, but 
that such acclimatization is lost completely by 
exposure at greater intervals 

The Rorschach test as an aid to electro- 
encephalographic analysis Mahib D Amoroso 
(introduced by T C Barnes) Dept of Electro- 
encephalography, Hahnemann Medical College and 
Hospital of Philadelphia, Penna According to 
Darrow (Physchol Rev 54 167, 1947) electro- 
encephalography has contributed little to psychol- 
ogy This IS a result of the crude climcal electro- 
encephalographic routine now prevalent in 
America where thousands of patients are rushed 
through the EEG lab by the neurologists Physi- 
ological factors (blood sugar, vital capacity, skin 
temperature) are also completely ignored (J 
Psychol 22 67, 1946, Federation Proc 5 5, 1946, 
Federation Proc 6 74, 1947) Personality can be 
related to EEG (Barnes, Federation Proc 6 75, 
1947 , Wheeler, Am Psychologist 3 278, 1948) In 
patients receiving glutamic acid Wagner {Federa- 
tion Proc 6 220, 1947) found improved Rorschach 
responses correlated with disappearance of ab- 
normalities in the EEG We have found that 
blocking and repetition m the Roschach occurs 
with delta activity Of 189 patients 25 had 'good' 
Rorschach, 8 had normal EEGs, 11 borderline, 6 
abnormal EEGs, 81 ‘average’ Rorschach had 34 
normal, 22 borderline, 24 abnormal EEGs, and 83 
‘poor’ Rorschach had 21 normal, 13 borderline, 49 
abnormal EEGs There is a tendency for ‘poor’ 
Rorschach scores to occur with abnormal EEGs, 
therefore the Rorschach serv es as an aid in analy- 
sis vhen doubtful significance is found in the 
electrical picture 

Carbohydrate metabolism in the decerebrated 
rat Evelyn Anderson and Webb Hayaiakeb 
(by invitation) National Inst of Health, Bethesda, 
Maryland, and Army Inst of Pathology, Washing- 
ton, D C It has been demonstrated by Claude 
Bernard and numerous others since his time, that 
piqfire of the floor of the IVth ventricle or decere- 
bration at the pontile level in rabbits and cats gives 
rise in less than an hour to hyperglycemia and 
glycosuria and that the increase in sugar is usually 
maintained for 3-4 hours, but may last as long as 9 
hours The decerebrated animals generally sur- 
vived not more than a day or tv o This communica- 
tion describes the effects of decerebration on car- 
bohydrate metabolism in rats vhich survived the 
operation 1-3 weeks Decerebration was done at 
pontile and nudbrain levels Immediately following 
operation, blood sugar levels were determined, and 
a fev days to 3 weeks post-operatively, glucose 
tolerance, insulin sensitmty , and liver and muscle 


glycogen studies were carried out At autopsy the 
brains were fixed in 10% formalin, and thesiteof the 
lesions determined by microscopic examination 
During the first few hours after pontile decerebra- 
tion there was marked hyperglycenua, following 
which the glucose tolerance curve became mark- 
edly elevated The animals showed a normal sensi- 
tivity to insulin, and their capacity to store fed 
glucose as liver and muscle glycogen alsoappeared 
normal 

Effect of aging on the oxygen consumption of 
non-nucleated erythrocytes Luis Angelone (by 
invitation) and Clifford A Angeree Dept of 
Physiology, Ohio State Univ , Columbus, Ohio 
Preparatory to further studies (Gonzalez and 
Angerer, 1947) on the respiratory metabolism of 
enucleated erythrocydes, it becomes necessary to 
study the effect of aging on isolated erythrocytes 
These cells, obtained from 32-43 normal male white 
rats (100-150 gm ) by means of cardiac punctures, 
were pooled, washed tv ice, centrifuged to constant 
volume, resuspended in an equal volume of Krebs’ 
solution (pH 7 4), and stored at 2°-8‘’C Suspen- 
sions were returned to room temperature (19°- 
25°C ) for oxygenation and v ithdrawal of 2 6 ml 
into each of 3-6 respirometers Five different blood 
pools were studied from the first day to varynng 
periods of time (12-22 days) Simultaneous deter- 
minations were made of bacteria, erythrocyde 
counts and oxygen consumption (Warburg tech- 
nique) Since the general nature of all curves are 
identical, save for time, data from the last blood 
pool are presented as typical Beginning the day 
after isolation the QO- (dry wt ) shows a progres- 
sive decrement from —0 16 mm’ by 14, 31, 44 and 
44% on 2, 4, 7 and 13 dayE respectively , after which 
a 700% increase occurs at 21 days An unexpectedly 
linear decrement from 4,820,000 to 1,180,000 erydh- 
rocytes/mm’ occurs at 13 days Between 7 and 13 
days a relative increase in bacteria occurs and the 
leveling of the curve is interpreted as due, at least 
in great part, to this contamination 

Dietary protein and cholic acid synthesis in 
dogs J H Annegers, and F Friend (introduced 
by John S Gray) Dept of Physiology, North- 
western Univ Medical School, Chicago, III This 
study V as undertaken in order to identify the fac- 
tor (s) present in protein foods which is responsible 
for their stimulatory effect on cholic acid output 
Nine cholecystonephrostomized dogs were used, 
bile-urine mixtures vere analyzed spectrophoto- 
metrically for cholic acid (Irvin, Johnston, an 
Kopola', J Biol Chem , 153 439, 1944) The ani- 
mals were given a basal daih diet of one half can o 
‘Pard’ alone, then 25 and 50 gm daily of crude 
casein, vitamin-free casein, casein hydrolyra c 
(‘Amigen’), zein, or gelatin were added Each 
diet was fed for 7 days and cholic acid output de- 
termined the last 5 dayE Cholic acid output in 
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creased in linear fashion with the quantity of 
casein or zein added to the basal diet Vitamin-free 
casein increased cholic acid output to a slight but 
significant e^rtent Neither casein hjdrolj'sate nor 
gelatin significant!}’' altered cholic acid excretion 
when added to the basal diet These findings suggest 
that some factor (s) other than amino acids is neces- 
sarj for the increase in cholic acid S 5 Ti thesis which 
follows feeding of protein foods 
Mechanism of the biosynthesis of propionic 
acid D S Akthont, S F Cabson, M Ktjna, 
and E F Phases (introduced by Aijecandeb 
HoliiAender) Biology Division, Oal, Ridge Na- 
tional Laby , Oal Ridge, Tenn Experiments on the 
biosj nthesis of propionic acid (bj Propionibacter- 
lum pentosaceum) from 3-carbon substrates have 
indicated that C-and Ci compounds are intermedi- 
ate The following labeled compounds were used 
as tracers Ci*H, COOH.CH, C“OOH,CH, C><0 
COOH and G«OOH CHi CH 2 Ci<OOH Three 
pathwajR from a 3-carbon substrate to propionate 
were indicated, namel } , 1 ) direct conv ersion with- 
out breakdown of the carbon skeleton, 3) conver- 
sion through acetate and succinate, and 3) conver- 
sion through oxalacetate and succinate Since this 
IS an anaerobic process, the amount of propionate 
formed from each of the several mechanisms de- 
pends to a large extent upon the redox state of the 
substrate Determination of the extent of each 
of the several mechanisms was calculated from the 
relative specific actmties of the individual carbon 
fragments after separation and isotopic degrada- 
tion of the end-products 
Effect of vagotomy on gastric secretion and 
emptying time in the dog F Aotia (by invitation) 
and A C Ivy Dept of Clinical Science, Untv of 
Illinois, College of Medicine, Chicago, HI Secre- 
tor} studies were made on 8 dogs with gastric 
fistulas before and after \ agotom^ After collecting 
a 30-rmnute basal sample 0 1 mg/kg histamine di- 
h 3 drochlonde was injected subcutaneously and 
samples were collected ever\ 30 mmutes for 2 
hours About 10 experiments were made before 
TOgotom} and 10 after v agotomj in each dog The 
a\ erage HCl output in response to histamine after 
\ agotom}’' expressed as percentage of the average 
preiagotomy output was 103, 77, 69, 53, 51, 47, 
33, and 26 with an average of 57% 

Six of the same dogs were studied in the same 
fashion before and after \agotomj using 1 mg of 
urccholine as the secretor\ stimulus The response 
to urechohne varied considerablj both before and 
after vagotomj After lagotomj the average 
response to urechohne expressed as a percentage 
of the ai erage prevagotomj output was 140, 105, 
36, 36, 34 and 12 with an a\ erage of 61% After 
■vagotonij no gastric secretori response occurred in 
an^ of the dogs when insulin was gnen intrave- 
noiisU (I 2 mg/kg ) The response to dimethj 1- 


allyl-6-cthyl -barbituric acid was also abolished by 
vagotomy The time required for 80% emptying of 
a test meal of 250 cc of boiled milk or 200 cc boiled 
milk plus 50 cc of corn oil was studied m 4 dogs 
The gastric emptying time for either meal w’as not 
significantly altered bj vagotomy, thus the in- 
hibitory effect of fat was not changed by vagotomy' 
Oxygen consumption of the descending aortae 
of adrenalectomized rats in presence of various 
substrates Phyllis M Arscott (by invitation) 
and Clifford A Angereh Dept of Physiology, 
Ohio State Univ , Columbus, Ohio Young, male, 
white rats, weighing between 75 and 135 gm , were 
used in the following experiments which treat of 
isolated aortae and urinary bladders The O- con- 
sumption (QOj) was studied by the Fenn 
technique When aortae from adrenalectomized 
rats were compared with those from normal rats, 
there was found a decrease of 28% in the QOj values 
for the former group of rats This figure is statisti- 
cally significant There was no observable change 
under the same conditions for the QO 2 values for 
urinary bladders of the same groups of rats The ad- 
dition, respectively, of various substrates to the 
aortae of normal rats gave the following percentage 
differences m QOjwhen compared to the aortae of 
normal rats without substrate glucose —9%, 
lactate +18%, pyTuvate -21%, succinate +214% , 
while under the same conditions but for aortae of 
the adrenalectomized rats the percentage differ- 
ences were as follows glucose -11%, lactate 
+126%, pyruvate +19%, and succinate +171% 
The net changes between the respective pairs of 
results were glucose +2%, lactate +108%, py- 
ruvate +40%, and succinate —43% Since the 
urinary bladder is composed of connective and 
smooth muscle tissue which simulates the his- 
tology to a certain extent of the tunicae externa 
and media, the change of respiratory metabolism 
of the aorta following adrenalectomy' is related to 
the endothelium (tunica intima) and y ellow elastic 
tissue, or both If this is true, then it appears that 
metabolism and certain well-known permeability 
changes of the capillary mai be correlated 
Reflex respiratory and circulatory action of \cra- 
tridine on cardiac, pulmonary and carotid recep- 
tors Domingo IM Aiyado, Jr and Robert G 
Pontius (introduced by Carl F SemnnT) Laby 
of Pharmacology, Untv of Pennsylvania, Philadel- 
phia, Penna Intravenous injection of the veratrum 
alkaloids has been repeatedly show n to cause reflex 
apnea, bradycardia and hypotension by acting on 
receptors in the chest Almost all pre\ lous attempts 
at localization of the receptors were on open-chest 
prejiarations and the obseriatious were on the cir- 
culator! reflexes Catheterization of the different 
parts of the cardio pulmonari circulation of ancs- 
thetized dogs (morphine and chlorolose) lias en- 
abled the localization of the receptors responsible 
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for the reflex apnea Injection of veratridine in 
doses of 1 nucrogm/kg into the left or right pul- 
monary artery or into the artery far out in the sub- 
stance of the lungs was followed by an immediate 
apnea, and a hypotension and bradycardia about 5 
seconds later The apnea is duo to the drug action 
on pulmonary receptors because cold block of the 
ipsilateral cervical vago sympathetic trunk elimi- 
nated the reflex apnea v ithout noticeably changing 
the circulatory response Subsequent warming was 
followed by the return of the apneic response to the 
drug The cardiac receptors were stimulated as long 
as a sufficient concentration of the drug could reach 
the coronary artery Although their response was 
predominant!}' circulatory, they slightly inhibit 
respiration There are receptors in the carotid re- 
gion, exclusive of the carotid sinus pressoreceptors, 
that respond to veratridine n ith hjperpnea, brady- 
cardia and hypotension The chemoreceptors sensi- 
tive to cyanide can explain the liyperpnea but not 
the circulatory effects 

Hyperplasia of chromaffin material in the sym- 
pathetic paraganglia of adrenalectomized rats H 
Bacchus (by invitation), A Durt, and D B 
Young G^y invitation) Depls of Physiology, and 
Zoology, George Washington lintv , Washington, 
D C Histological sections of paraganglia of the 
coealic and inferior cemcal plexi of bilaterally 
adrenalectormzed and sham adrenalectomized rats 
3, 4, 6, 6, 7 and 9 weeks post-operatively were ex- 
amined for possible alteration and compensatory 
changes in then chromaffin content An intense 
chromaffin reaction and hyperplasia was found m 
the paragangba of the adrenalectormzed rats This 
was not observed in the paraganglia of the sham- 
adrenalectomized or normal controls The chro- 
maffin material was diffusely distributed and 
showed evidence of hyperplasia and hypertrophy 
in the paraganglia removed from rats which v ere 
3 and 4 weeks post-adrenalectomized The hyper- 
plasia assumed a concentrated and nodular char- 
acter in the paraganglia of rats which vcre 6 
through 9 veeks post adrenalectomy These nod- 
ular areas in the paraganglia resembled adrenal 
medullary tissue Such changes were not observed 
in the sham-adrenalectonuzed rats This altera- 
tion in the chromaffin content of the paraganglia 
of the coeliac and cervical plexi suggest a com- 
pensatory reaction which might also bo a site for 
the elaboration of adrenalin in adrenalectomized 
rats 

The effect of the bulbar facilitatory and inhibi- 
tory systems on spinal reflex activity L M N 
Bach Dept of Physiology, School of Medicine, 
Tulane TJniv , New Orleans Because of the extreme 
importance of the bulbar reticular formation in 
facilitation and inhibition of both reflexly and cor- 
tically induced movement, it seemed of interest to 
determine the effect of this sj'stem on various facets 


of spinal 1 eflex activity Animals were decerebrated 
under ether by either the ischemic method or by a 
new discrete method to be described elsevhere 
Kymograph recordings were made of the reflex con- 
tractions of the tibialis anticus and the gastroc- 
nemius muscles in response to stimulation of the 
ipsilateral plantar and popliteal nerves and to the 
contralateral popliteal nerve Coincident stimula- 
tion of the bulbar inhibitory system (which alone 
had no obvious effect) caused a diminution in the 
degree of both reflex contraction of the tibialis 
muscle and reflex inhibition of the gastrocnemius 
muscle The amount of rebound inhibition and con- 
traction respectively in these two muscles was con- 
siderably increased Bulbar facilitation causes an 
increase in the reciprocal innervation phenomenon 
by enhancing the contraction of the tibialis and the 
inhibition of the gastrocnemius followmg stimula- 
tion of the contralateral popliteal nerve Reflex 
after-discharge is increased also as a result of coin- 
cident bulbar facilitation The unexpected effects 
of the bulbar systems on reflex inhibition may indi- 
cate that two different processes of mhibition may 
obtain at the motoneuron Studies are being earned 
out on the effects of these systems on occlusion and 
fractionation and then significance m the produc- 
tion of spinal shock 

The effect of local cooling and heating of the 
finger and wrist during exposure to high ambient 
temperature Mortimer E Bader and Jere Mead 
(introduced by H S Bedding) The Quartermaster 
Corps, Climaiie Research Laby , Lawrence, Massa- 
chusetts Utilizing plethj'smograph cups containing 
salt solution bath, surrounded by a thermoregu- 
latcd an stream, vnth thermocouples on the skin 
beneath the cups as well as m the bath, measure- 
ments of blood flow through finger and wrist (a V 
segment approximately 1* above the radial promi- 
nence) were made in a warm environment (32°C ) 
Control observations v ere made on one arm while 
local cooling and heating of the two regions were 
carried out on the other arm 

With a bath temperature maintained at 0°C the 
finger skm temperature fell to and remained ap- 
proximately at 7°C , but blood flow through the 
cooled finger did not differ significantly from base 
line values prior to cooling, or from the control 
values in the uncooled finger Stimuli such as pain, 
startle and deep lespiration produced sudden dim- 
inution in blood flow through both fingers, the 
decrease was transient, blood flow rising rapidly to 
normal levels vithin 2 minutes The cooled finger, 
however, responded with much greater diminution 
than did the control Local warming (bath 44°C 
skin 43°C ), of the finger produced no significant 
increase in blood flow In the wnst, local coohng 
(bath 0°C skin 12'’C ) did produce a decrease in 
blood flow , warming increased the flow above base 
line levels 
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In an individual exposed to 32°C , local thermal 
stimuli do not appreciablj affect finger blood flow, 
except that cooling increases the sensitivity to 
some general vasoconstrictive stimuli In the VTist, 
the flow IS directly responsix e to local temperature 
changes The presence of arteriovenous shunts in 
the fingers may be a factor in this difference 
Renal and hormonal mechanisms of cold diure- 
sis Richabd a Bader, Johan W Euot, and 
David E Bass (introduced by H S Beldinq) 
The Quartermaster Corps, ChmaUc Research Lahy , 
Lawrence, Massachusetts The mechanisms of cold 
diuresis have been studied by exposing men at 
16°C , reclming nude except for shorts, and com- 
paring with results of exposure at 24°-27“C , 
covered by blankets Endogenous "creatinine” 
clearances in 9 experiments showed no sigmficant 
change in glomerular filtration, and in 16 experi- 
ments there was no significant change in either 
endogenous “creatimne” or para-aminohippuric 
acid clearance, during cold diuresis In 12 experi- 
ments there was a substantial reduction in cold 
diuresis durmg standing, as compared with rechn- 
ing In 12 experiments cold diuresis was decidedly 
inhibited following 16 minutes of walking 
During cold diuresis the specific gravity and 
chloride concentration of the urine fell as the vol 
ume rose, and each change appeared to be corre- 
lated with the previous state of hydration and 
chloride content of the diet Use of an index of 
chloride reabsorption showed that chloride tended 
to be reabsorbed to a greater degi ee than water 
In 27 experiments three men received small in- 
tramuscular doses of either 015, 03, 06 or 12 units 
per kg of pitressin at the beginning of each expo- 
sure, either cold or warm Inhibition of cold diu- 
resis was proportionately longer lasting following 
the larger doses, but even the smallest dose reduced 
urine flow for 1^ hours to the same small output seen 
in the varm exposures, with or vithout pitressin 
The strong similantj shown between vater and 
cold diuresis and the extreme sensitivity to pitres- 
Bin constitute suggestive evidence that cold diure- 
sis IS controlled by the posterior pituitary gland 
Hepato-renal factors in circulatory homeo- 
stasis XXUt The antidiuretic action of crystalline 
VDM (ferritin, apoferrltin) SilihoBaez (bymnvi- 
tation), Abraham Mazur and Ephraim Shorr 
Dept of Medicine, Cornell Umv Medical College, 
and The New Yorh Hospital, New York City A 
previous study from this laboratory established the 
antidiuretic action in animals (dogs, rabbits) of 
partially purified hepatic concentrates The 

subsequent identification of hepatic I^DM, as ferri- 
tin (Mazur and Shorr, J Biol Chem , 176, 771, 
194S) has made it possible to determine whether the 
antidiuretic effect was due to ITDIM or to other un- 
identified components of the crude concentrates 
Crystalline ferritin was prepared from horse spleen 


and dog liver Experiments uere earned out on 
rabbits and dogs A priming dose of ferritin (500- 
600 gamma ferritin nitrogen) uas given intrave- 
nously 6 minutes before oral hydration \v ith 35-40 
cc/kg of water Then, a total of 200-300 gamma/kg 
of ferritin nitrogen vas infused intravenously in 50 
cc of saline over 30 minutes In control experi- 
ments, the peak of diuresis vas reached in 60-90 
minutes and the ingested water excreted in 180- 
270 minutes With ferritin, the peak of diuresis 
occurred at 170-270 minutes, excretion was com- 
plete in 300-360 minutes Doses of 50-180 gamma 
ferritin mtrogen were ineffective Antidiuresis was 
also observed in dogs given dog liver ferritin , this 
excluded the possibility of non-specific effects of 
heterologous protein OyBlalline horse spleen apo- 
ferritin, which has identical vasodepressor effects 
with ferritin, exerts comparable antidiuretic ac- 
tion Rabbits immunized against horse spleen 
ferritin failed to exhibit antidiuresis following 
intravenous horse spleen ferritin while antibody to 
ferntm was detectable m blood The relation of the 
posterior pituitary to the antidiuretic action of 
ferntm and apoferritm will be reported 

Urinary excretion of calcium durmg intravenous 
infusion Stanley M Ball (by invitation) and A 
V Wolf Dept of Physiology and Pharmacology, 
Albany Medical College, Albany, N Y Female 
dogs received continuous intravenous infusions of 
calcium chloride or gluconate solution (concentra- 
tions ranging from 0 to more than 20 mEq Ca per 
liter) at ca 4 cc/min for 5 hours The diuretic ef- 
fects of these solutions were not significantly differ- 
ent from those of 6i% glucose solution (water) The 
plasma Ca level is not effectively regulated by renal 
activity alone, there being relative retention of Ca 
to yvater even when solutions less concentrated than 
plasma Ca were administered Thus Ca has no clear 
threshold of retention and its limiting isorrheic 
concentration under these conditions is smaller 
than the normal plasma concentration of Ca No 
prominent specific effects of intravenous Ca yyere 
observed on the urinary excretion of sulfate, phos- 
phate, bicarbonate, piotassium, magnesium, hy dro- 
gen ion, sodium, or chloride, although some in- 
creased urinary excretion of the latter two have 
been observed with toxic doses of Ca Loads of Ca 
in excess of about 24 mEq m a 15 kg dog, craated 
within 5 hours of steady infusion, lead to vomiting 
The velocity constant of excretion for Ca (minute 
rate of excretion per unit load) is of the order of 
1 X 10'^ to 1 X 10" ’ mm"*, somew hat less than pre- 
viously found values for ehloride from sodium 
chloride 

Comparative evaluation of several methods for 
determining alveolar gas tensions in man Earl 
S Barker (by myitation), RoBrirr G Pontius 
(byinvitation),DoyaxGol\I AyivDO,jR (by invi- 
tation) and Christian J Lavibertscx Laby of 



8 


FEDERATION PROCEEDINGS 


Volume 8 


Pharmacology, Univ of Pennsylvania, Philadel- 
phia, Penna SimultaneouB measurements of alveo- 
lar gas tensions by 4 methods and of arterial blood 
gas tensions by one method were made m 11 human 
subjects in an attempt to establish comparative 
values and to determine the possible existence of a 
direct alveolar gas sampling method which could, in 
the absence of a direct standard of reference, be 
used to provide values comparable to those ob- 
tamed by indirect calculation of mean alveolar gas 
tensions Blood tensions were determined by a 
method having a standard deviation of ±2 0 mm 
Hg Alveolar tensions were determined by the end- 
expiratory Haldane-Priestley technique, the auto- 
matic end-normal expiratory method, indirect cal- 
culation of effective gas tensions and sampling of 
the last part of each normal expiration from the 
tracheal bifurcation using a catheter inserted 
through the cricothyroid membrane 



pCOt 

pOt 

Arterial blood 

40 5 

03 0 

Alveolar gas 



Haldane Priestley End Expiratory 

40 7 

97 „ 

End-nonnal Expiratorj (tracheal) 

40 5 

09 y 

^Effective’ 

40 5 

100 , 

End normal Expiratory (beyond mouth) 

38 6 

103 J 

Statistical analysis revealed no significant 

differ- 


ences among a) pCOj of blood, Haldane-Priestley 
and tracheal samples, b) pO^ of blood and Haldane- 
Priestley samples, c) the alveolar pOj obtained by 
the ‘effective’, the Haldane-Priestley and the tra- 
cheal methods All other relationships showed sta- 
tistically significant differences 
Evaluation of potential thyroxine inhibitors S 
B Babkek and (by invitation) C E Kiely, Jh , 
S Wawzonek and S C Wang Depts of Physiol- 
ogy and Chemistry, State Univ of Iowa, Iowa City, 
Iowa It 18 desirable to have procedures available 
for determimng whether various chemical com- 
pounds are capable of interfering with the periph- 
eral action of thyroxine in the mammalian organ- 
ism Because of the interest of this laboratory in 
energy metabolism, one test has centered around 
Oi — consumption studies on groups of trained albino 
rats Such a method enables the measurement of 
the effect of appropriate dosages of potential thy- 
roxine antagomst on endogenous as well as exogen- 
ous thyTOxine Another technique takes advantage 
of the increased sensitivity of the animal w ithout 
thyroid to small doses of estrogen This heightened 
sensitivity can be depressed by injection of thyrox- 
ine Presumably , any inhibitor of thyroxine action 
should restore the greater sensitmty to estrogen 
Since the vaginal smear changes can be followed 
without damage to theanimals, sacrifice is unneces- 
sary, and the same operated rats can be used for 
several tests, with an adequate interval of rest 
Several compoimds structurally related to thyrox- 
ine have been tried, among which are the following 


3.5- dibromotynx>3ine, 3,5-diiodotyrosme, 3,5-di- 
iodo-4-hydroxybenzoic acid, 4-(p-metho\yphen- 
oxy)-3,5-dibromocinnamic acid, 4-(p-methoxy- 
phenoxy)-3,6-diiodocinnaniic acid, and (furnished 
by Dr M J Schiffnn of Hoffmann LaRoche, Inc ) 
N- (4-hydroxy-3 , 5-diiodobenzoyI )-3- (4-hydroxy- 

3. 5- diiodophenyl) -alanine None of these has been 
found by either test to show significant exadence of 
antagonistic effect Some exhibit a weak thyroxme- 
like activity 

Quantitative method of estimating the physio- 
logical effects of deep-breathing on the electro- 
encephalogram T C Babnes and Marie D 
Amoroso Dept of Electroencephalography, 
Hahnemann Medical College and Hospital of Phila- 
delphia, Penna Methods of scoring the electro- 
encephalogram in acapnia (/ Psychol 22 67, 1946 , 
Federation Proc 6 74, 1947 , J Gerontology 3 Sup- 
plement to No 4, p 4, 1948) have a greater diag- 
nostic value than crude clinical electroencephalo- 
graphic procedure Scores for abnormal waves range 
from —15 (most abnormal) to —2 (normal) In 276 
patients these were IS to 19 years —7 7, 20 to 24 
-5 5, 25 to 29 -4 2, 30 to 34 -5 0, 35 to 39 -3 5, 40 
to 44 -2 0, 46 to 49 -2 8, 50 to 54 -(-0 12, 55 and 
over —17 When age and other factors are scored 
the index is as follows 15 to 19 -1-3 0, 20 to 24 -1-2 2, 
25 to 29 -fl 9, 30 to 34 -1 4, 35 to 39 -0 76, 40 to 44 
-0 77, 45 to 49 -0 33, 50 to 54 -2 0, over 55 -1 6 
It IS concluded that age together with physiological 
factors play an important part in the effect of deep 
breathing on the electroencephalogram and should 
bo taken into consideration when a final analysis is 
made 

CO- pressure gradient across the placenta 
Donald H Babron LoSj/ of Physiology, Yale 
Univ School of Medicine, New Haven, Conn The 
carbon dioxide pressure gradient between the fetal 
and maternal sheep blood separated by the syn- 
desmochorial (5 layer) placenta has been estimated 
in animals in the last third of the gestation period 
The gas content of samples drawn (with the usual 
precautions and w ith animal under a spinal anes- 
thesia) from the uterine artery, uterine vein, um- 
bilical artery, umbilical vein, have been referred to 
CO- dissociation curves for the estimation of pres- 
sures The lesults indicate that the CO2 pressure 
in the uterine artery varies betw een 12 and 18 mm 
Hg whereas the pressure in the umbilical vein fluc- 
tuates between 32 and 40 mm Hg, the av^erage 
pressure difference betw een the fetal and maternal 
blood appears to be about 20 mm Hg Further, the 
pH of the fetal blood leaving the placenta appears 
to be fauly constant at 7 35-7 42, and pomts to the 
possibility that the fetal circulation through the 
placenta may be adjusted to regulate the pH of the 
blood reachmg the fetal brain 

Lunitations of the polarographic method of de- 
termining the oxygen tension in whole blood J 
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Peect Baujibergeh, Gabor Markus (bj-- invita- 
tion) and ICathleen Bahdmell (by invitation) 
Physiology Depl , Stanford Umv School of Medi- 
cine, Stanford, Cahf In 1938 Baumberger measured 
tbe Oj tension of dilute blood polarographically in 
order to determine the oxjgen dissoQiation curve of 
ovj hemoglobin In 1942 Berggren {Acta Physiol 
Scand ) determined the O 2 tension of arterial blood 
using separated plasma for his polarograpbic deter- 
minations because the piesence of hemoglobin 
interfered vith the measurements In 1947 Baum- 
berger {Abst Int Physiol Cong , Oxford) reported 
that the O 2 tension of whole blood could be deter- 
mined polarographically if cyanide were added 
Further work, however, has shown that cyanide 
leads to correct results only under ver}'- limited 
conditions Whole blood gives approximately the 
same polarographically determinable 0; tension as 
Ringer’s solution exposed to the same gas, provided 
the hemoglobin is fully saturated The 0* tension 
must, however, be measured at an appbed voltage 
of— 15vs sta cal elect If measured at —0 6 Volt, 
cyanide must be added m low concentration to 
inhibit the catalytic decomposition of the electro- 
Ijiiically formed hydrogen peroxide As the ratio of 
hemoglobin/oxyhemoglobin increases, the contri- 
bution of oxygen dissociated from oxyhemoglobin 
causes a difference to develop beta een blood and 
Ringer’s (confirming Berggren) Factors such as pH 
and temperature that displace the oxygen dissocia- 
tion curve affect the size of this difference and it 
would appear that a useful quantitative relation- 
ship can be worked out When blood is sufficiently 
diluted (1 100) this discrepancy is not apparent as 
demonstrated by the correct oxj^gen dissociation 
curves for oxyhemoglobin obtained by a combina- 
tion of spectrophotometric and polarograpbic deter- 
minations 

Intestinal motility and blood flow as influenced 
by arterial pressure John W Bean and M Sidkt 
Mohamed (by invitation) Dept of Physiology, 
Untv of Michigan, Ann Arbor, Mich Isolated loops 
of dog intestine were perfused with heparinized dog 
blood Sudden elevation of constant arterial pres- 
sure induced tonic contraction and augmented 
rhythmic contraction, lowered pressure also fre- 
quently increased tonic and rM-thmic contractions 
for short periods initially , later decreased them 
Occlusion of venous outflow w hile maintaining ar- 
terial pressure constant, immediately augmented 
tonus, rhyqhmic contractions, and venous pressure 
w hich w as further increased by rhydbrnic contrac- 
t ions Opening outflow after brief occlusion resulted 
in a temporary rapid flow aboi e pre-occlusion rate 
but tonus and motiliti decreased Arterial occlu- 
sion caused an immediate gradual drop in arterial 
pressure, a gradually diminished flow to zero, a de- 
crease motility and tonus frequently after an initial 
increase Arterial deocclusion immediately in- 


creased tbe flow fai m excess of either the preocclu- 
sion value or that following deocclusion of the vein, 
suggesting vascular dilatation during lowered ar- 
terial pressure Simultaneous venous and arterial 
occlusion decreased arterial pressure, raised venous 
pressure temporanlyq slightly increased motility 
initially then decreased it Sudden elevation of ar- 
terial pressure by deoccluding the ai tery (vein still 
occluded) sharply^ increased motility and tonus, 
and venous pressure increased rhythmically The 
records indicate, that changes in arterial and ve- 
nous pressure per se influence intestinal motility and 
tonus appreciably , they also show that changing a 
constant arterial pressure to a slow pulsatile pres- 
sure alters gut motility by means other than blood 
flow changes Shifting from constant to pulsatile 
pressure caused a reversible decrease in blood flow 
indicative of vasoconstriction 

Observations on congenital heart cases with the 
oxyhemograph Vivian G Behrmann, Frank W 
BLartman (by invitation), Robert F Zieoler (by 
invitation) and Conrad R Lam (by invitation) 
Depts of Labys , Cardiology and Surgery, Henry 
Ford Hospital, Detroit, Mich Oxyhemography was 
employed during operations for tetralogy of Fallot 
(16 patients), patent ductus arteriosus (2 patients) 
and coarctation of the aorta (2 patients) Every 
tracing included the pre-anesthesia period, the in- 
duction and fluctuations occurring throughout the 
surgical procedure A calibration for each O. satu- 
ration curve was obtained through Van Slyke analy- 
ses on at least two arterial blood samples The effect 
of anesthetic agents, drugs and intravenous solu- 
tions administered during the operation on the ar- 
terial 0; level are show n and discussed The’useful- 
ness of the continuous blood 0- curve as an index of 
the establishment of a more adequate pulmonary 
circulation is well illustrated In 8 instances, pre- 
operative and postoperative oxy hemograph studies, 
which included a determination of the O- satura- 
tion time and the effect of exercise, have been help- 
ful in the evaluation of the congenital heart 
abnormalities as well as the benefit derived from 
surgery These data indicate that continuous blood 
O 2 saturation recordings should proi c valuable not 
only' to the cardiologist but also to the surgeon and 
anesthetist in the treatment of congenital heart 
disease 

Digital skin temperature and blood flow rela- 
tionship following change in environmental tem- 
perature Harwood S Beldixg, Jere Mead (by 
invitation) and Mortimer E Bader (by invita- 
tion The Quartermaster Corps Climatic Research 
Laby , Lawrence, Massachusetts Digital skin tem- 
peratures and blood flows in the terminal plialanx 
(\ enous occlusion plcthvsmograpln )w ere recorded 
on men wearing shorts and exposed for three hours 
in a room at 32'’C , shifted abruptly to 13° ambient 
temperature and later returned to the 32°C tcni- 
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perature The subjects lay supine and were wheeled 
between the constant temperature rooms to obviate 
the effects of exercise 

In the cold, blood flows decreased immediately 
and precipitously and usually reached values of 3% 
or less of the imtial levels within three minutes 
Digital skin temperatures fell relatively less 
rapidly, and closely paralleled temperatures in 
digits m which arterial inflow was obstructed In 
the warm room, after cold exposures varying from 
30 mmutes to 2 hours, digital temperatures rose 
precipitously and initially paralleled temperature 
rises in arterially occluded digits Return of blood 
flow was stnkmgly less rapid , e g , in the first 90 
minutes at 32°C following a 2 hour cold exiwsure, 
digital temperatures returned to within 20% of the 
control level, but blood flow was still 90% below the 
control level Not until 40 minutes later did the 
flow increase to control levels 

Conclusions as to the state of digital blood flow 
derived from digital skin temperature alone, m 
other than constant ambient conditions, are limi- 
ted by the fact that a change in ambient tempera- 
ture may directly produce marked digital skin 
temperature changes independent of digital blood 
flow, and hence, of bodj heat economy 

Body water compartments in man Eugene Y 
Beegeh (by invitation), Maecelle F Dunning 
(by invitation), Beenabd B Beodie (by invita- 
tion), and J MtTEEAT Steele Depts of Medicine 
and Biochemistry , New York Univ College of Medi- 
cine, and Research Service, Third New York Univ 
Medical Division, Goldwater Memorial Hospital, 
New York, N Y Recent measurements of body 
water by the dilution of deuterium oxide and of 
antipyrine have shown that the average percentage 
of water is formales about 53%, which figure is con- 
siderably lower than the generally accepted aver- 
age of 70% Further, the proportion of water ex- 
hibits considerable variability The variability may 
be explained on a basis of fat content since measui e- 
ments of specific gravity of the body have shown 
that fat and water content bear an inverse relation- 
ship When the extracellular fluid space as meas- 
ured by bromide was subtracted from total body 
water space, the intracellular fluid space obtained 
by difference was obviously too small to be reason- 
able This suggested that neither bromide nor 
chloride was confined to extracellular water Hence, 
a substance whose volume of distribution was 
smaller than that of bromide was likely to be a 
closer measure of extracellular fluid Inulin was 
selected because it is known not to enter cells, yet 
passes the glomerular membrane and enters the 
pleural and peritoneal spaces The inulin and bro- 
mide spaces in nephrectomized dogs and in patients 
vith pMDor kidnej function were compared Inuhn 
space was about half that of the bromide space 
AntipjTine space and inulin space were also meas- 


ured simultaneously in normal human subjects, 
using an infusion techmque previously desenbed 
{Proc Soc for Expil Biol <L Med , 68 607, 1948) 
The results indicate that extracellular space consti- 
tutes about 16% and intracellular space about 40% 
of the body wgight in normal subjects 
Mechamsms of potassium excretion in the nor- 
mal dog Robeet W Beelinbe, James G Hilton, 
and Thomas J Kennedy, Je (introduced by 
James A Shannon) Research Service, First {Co- 
lumbia Univ ) Division, Goldwater Memorial Hos- 
pital, and Dept of Medicine, College of Physicians 
and Surgeons, Columbia Univ , New York, N F 
Certain observed reciprocal relationships between 
sodium and pwtassium excretion suggest an ex- 
change of K for Na ions, either directly or by secre- 
tion of K and reabsorption of Na with some common 
anion The existence of such an exchange can be 
demonstrated by obtaining in the urme larger 
amounts of secreted K than of amons which nught 
have been secreted with it These conditions have 
been fulfilled m expenments where the chief uri- 
nary anion was ferro-cyamde the minimum se- 
creted (excreted minus filtered) K exceedmg, by 
considerable margins, the sum of chloride, bicar- 
bonate, sulfate and phosphate Similar conclusions 
to be drawn from exTieriments in which thiosulfate 
was the major anion, require the additional assump- 
tion that sulfate is not secreted In experiments 
where Na 2 HP 04 , NaxS-Oj or Na4Fe(CN)6 ifl m- 
fused and K substituted for Na in the infusion, the 
initial effect is a marked increase in the excretion 
of K accompanied bj a sharp rise in urinary bicar- 
bonate and chloride excretion The increases occur 
while excreted K is well below that filtered Later 
pH and Cl excretion level off or drop while K excre- 
tion contmues to rise, nith Na excretion now 
dropping These phenomena suggest that the imtial 
increase m K exci etion is due to decreased tubular 
reabsorption rather than secretion 
Alcohol and sucrose in the production of liver 
damage in rats C H Best, W Stanley Haeteoft 
(by invitation), C C Lucas and Jessie H Ridout 
(by mvitation) Banting and Best Dept of Medical 
Research, Univ of Toronto, Toronto, Canada Al- 
though other mvestigators have studied the influ- 
ence of alcohol upion the production of cirrhosis in 
several species of animals, no one, as far as ne are 
aware, has exammed the effect of isocalonc paired- 
feeding, 1 e , supplying the non-alcoholic control 
ammals with only the same quantity of basal diet 
as was eaten by the animals cons um i n g alcohol (15% 
solution replacing drinking water) and equabzing 
the caloric intake by addmg an appropriate amount 
of carbohydrate (powdered sucrose) to the food of 
the controls About 200 white rats of the WisLar 
strain, imtially weighing 160 grams, divided into 12 
groups, were studied under these experimental con- 
ditions for 6 months, some being given lipiotropic 
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supplements (choline, methionine or protein) 
Li\ er damage frequently attributed to alcohol ap- 
peared when sugar was substituted for it isocalori- 
cally The inclusion of 0 05% of choline chloride in 
the basal diet (casein 10, gelatin 6, zein 3, cystine 
0 3, fat 12, celluflour 2 and carbohydrate, with ade- 
quate minerals and vitamins, including a-tocoph- 
erol) sufficed to prevent the appearance of more 
than slight fatty change in the livers of the majority 
of animals on the basal ration (total lipids under 
15% ) An adequate supply of choline , or precursors, 
in relation to the total caloric intake (including 
alcohol or sugar supplements) prevented liver dam- 
age Addition of sucrose to the basal diet produeed 
as severe liver damage as did an isocalonc intake 
of alcohol, even to the point of fibrous tissue 
proliferation observed in a fen rats This type of 
experiment is, at present, being carried out in very 
young rats and in older rats receiving diets in which 
the available hpotropic factors have been more 
drastically reduced 

A phase-boundary mechanism for impulse for- 
mation, transmission and synaptic properties of 
nerve R Beutner and T C Barnes Dept of 
Pharmacology, Hahnemann Medical College and 
Hospital of Philadelphia, Penna Previous reports 
(Science 94 211, 1941) described the negative 
phase-boundary electrical potential of acetylcho- 
line at the interface between oil and salme forming 
a wave like the nerve impulse (Iniemat Physiol 
Congress 390, 1947, Federation Proc 6 73, 1947) 
Our present experiments demonstrate the trans- 
mission of this V ave A horizontal glass tube 60 X 
12 cm (paraffined to reduce conductivity over the 
glass surface) contains a continuous layer of guaia- 
col and resin mixture vith a supernatant saline 
layer At each end of the horizontal tube there is a 
U-tube — one for introduction of the acetylcholine 
and one for the recording electrodes on each side of 
the oil layer The addition of 0 1 cc of saline con- 
taining 0 1 mg acety Icholine in the TJ-tube at one 
end produces a negative wave of 3 mv lasting 0 15 
sec recorded from the other U-tube at the opposite 
end of the horizontal tube hlultichannel electro- 
encephalographic recording showed that the veloc- 
ity IS over 1 m per sec Conduction may be direct 
ns between two nodes of Raniier (Stampffi, Inter- 
nal Physiological Congress 21S, 1947) The sensi- 
tivity of the symapse to acetylcholine was dupli- 
cated by adding more resin to the middle horizontal 
tube and filling the terminal U-tubes with oil only 
In this modified elongated oil-cell acetylcholine 
produced a transmitted y\aye when added to the 
ends or sy napses but had no effect when added to 
the middle of the central tube or axon 

Cortical response to light m the unanesthetized 
rabbit Reginald G Bickford (introduced by' 
CiLARLEs F Code) Section on Physiology, Mayo 
F ouudation and Mayo Clinic, Rochester, Minn The 


basic response of the cortex to a light flash of short 
duration in the unanesthetized rabbit consists of 
an initial fast diphasic deflection (a-wavc) at 40 
milliseconds, followed by a large ^slow and variable 
diphasic deflection (6-wave), sw inging negative and 
then sharply positive, and delayed at its negative 
peak by 200 milliseconds from the flash The ‘a’- 
wave, enhanced in size and changed to a predomi- 
nantly surface positive deflection by barbiturate 
narcosis, has been studied by prey lous workers Be- 
cause of its variability and the fact that it is sup- 
pressed by barbiturate narcosis, the ‘6’-wave has 
received little attention Investigation has shoyvn 
that the intermittency of the ‘6’-wave in the un- 
anesthetized rabbit results from the disturbing 
effect of sensory stimuli Thus, the ‘6 ’-wave may be 
promptly suppressed (without affecting the ‘a’- 
wave) by adequate stimulation of the visual, audi- 
tory, olfactory or tactile systems The suppression 
cannot be maintained indefinitely by continued 
stimulation of one system Thus, stimuli appear to 
be effective m proportion to their ‘surprise value ’ 
Weak sensory stimuli may cause suppression m a 
small part of the responding striate area It seems 
probable that the ‘6 ’-wave represents the synchro- 
nized response of neurons concerned in elaboration 
of ynsual material, receipt of which is signaled by 
the ‘o’-wave Arousal stimuli cause a temporary 
desynchromzation of the former mechanism This 
phenomenon is of particular interest, since a similar 
suppression of the responses to light stimulation 
can be demonstrated in electro-encephalograms of 
human beings 

Cardiac oxygen consumption and efficiency in 
man R J Bing, and (by invitation), M Ham- 
mond, J Handelsman, S Powers, and F 
Spencer Dept of Surgery, Johns Hopkins Univ 
School of Medicine, and Johns Hopkins Hospital, 
Baltimore, Md The 0; consumption and efficiency 
of human heart muscle were obtained in vivo, in 
patients with anemia, essential hypertension, co- 
arctation of the aorta, and aortic stenosis and in- 
sufficiency Several patients were in cardiac failure 
resulting from mitral stenosis and insufficiency 
The coronary blood flow was determined with the 
nitrous ONide method and coronary i ein blood was 
collected through a catheter inserted into the 
coronary sinus The 0; consumed per 100 gm of left 
ventricular muscle was obtained from the coronary 
blood flow per 100 gm of cardiac tissue and the 
difference in 0: content between coronary arterial 
and venous blood Left ventricular weight was ob- 
tained from the table of Smith, and the left ven- 
tricular efficiency was calculated from the w ork and 
the energx cost of the left \cntricle Since figures 
for heart weight cannot be obtained accurately , 
values for the efficiency arc approximations 

In normal man the coronary flow a\eragcd Co 
cc/min/100 gm cardiac tissue, the artcrioi enoas 
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oxygen difference 11 vol %, and the O 2 consump- 
tion 7 8 cc/100 gm/min In anemia the coronary flow 
was increased, the arteriovenous Os difference and 
the O 2 consumption were reduced In essential 
hypertension the coronary flow was normal, the 
arteriovenous O 2 difference and the Oj consumption 
were decreased In coarctation the coronary flow, 
the arteriovenous O 2 difference, and the O 2 con- 
sumption were markedl 3 ^ increased In cardiac 
failure the coronary flov was reduced but the ar- 
teriovenous O 2 difference was increased The O 2 
consumption was slightly above normal As a result 
of these changes the cardiac efficiency vas highest 
in essential hypertension and lowest in cardiac fail- 
ure The levered cardiac efficiency in failure was 
primarily the result of decreased left ventricular 
work Correlation between the work and the O 2 
consumption of the left ventricle vas good except 
in essential hypertension and cardiac failure 
Properties of the antidiuretic substance in the 
blood of normal and adrenalectomized rats J H 
Birnie (by invitation), W J Eversole (by invi- 
tation), W R Boss (by invitation ), C M Osborn 
(by invitation) and Robert Gaunt Dept of Zo- 
ology, Syracuse Umv , Syracuse, N Y It has been 
reported (Birnie, Jenkins, Eversole and Gaunt — 
in press) that the blood of normal rats contains an 
antidiuretic, chloruretic substance (ADS) It was 
readily detectable by a modified Heller and Urban 
assay procedure in I ml quantities of fresh serum 
injected intrapentoneally The serum lost its activ- 
ity upon standing at 9°C for 12 hours, and was 
present in greater quantities in adrenalectomized 
than in normal rats The latter observation v dl pre- 
sumably help explain the well-known failure of 
V ater diuresis in adrenalectomized animals New er 
experiments have shown the follow ing 1 ) ADS was 
not detected in 1 ml samples of the serum of rats 
hypophysectomized from 4 to 11 daj's 2) The ADS 
of normal rat serum (1 ml ) does not affect renal 
glomerulai filtration as indicated by creatinine 
clearance testa and presumably therefore works by 
stimulatmg the tubular reabsorption of water S) 
The ADS is active when injected subcutaneously 
but less effective than by mtraperitoneal adminis- 
tration 4) Unlike the ADS, an isotonic gelatin solu- 
tion, prepared for blood substitute use, has no effect 
on diuresis in 1 ml doses S) Crude protein solu- 
tions, mjected intrapentoneally, may mhibit di- 
uresis by other mechanisms , they differ from ADS 
in that they act less promptly and are not chlor- 
uretic All of these observations are consistent wuth 
the idea that the circulating ADS is the antidiu- 
retic hormone of the posterior pituitary 
Analysis of factors affecting the assay of gastric 
secretory depressants D Blickenbtaep (by invi- 
tation) AND M I Grossman Dept of Cltmcal Sci- 
ence, Untv of Illinois College of Medicine, Chicago, 
III In order to design an efficient and accurate 


assay procedure, the factors which contribute to 
the variability of results in assaying gastnc secre- 
tory depressants were studied statisticaUy The 
day to day and hour to hour variabihty m the out- 
put of HCl in response to small doses of histamme 
administered subcutaneously every 10 minutes was 
determined in Heidenhain and also in total pouch 
dogs The relationship between dose of histamine 
and magnitude of inhibition by a fixed dose of de- 
pressant as well as the relationship between magm- 
tube of respionse to a fixed dose of histarmne and 
magmtude of inhibition by a fixed dose of depres- 
sant were studied The relationship between dose 
of secretory depressant and magmtude of inhibi- 
tion was also studied 

Effects of homologous carbamates on the respi- 
ration of blocked and active embryonic cells 
Joseph ELall Bodine and Laurence Rockwell 
F irzOERALD (by invitation) Zoology Laby , State 
Untv of Iowa, Iowa City, la A study was made of 
the effects of an homologous senes of carbamates 
(ethyl n-methyl, ethyl, n-butyl, n-propyl, n-amyl, 
iso-amyl) on the oxygen uptake of rmtotically ac- 
tive and blocked embryos of the grasshopper, 
Melanoplus differentialis No significant differences 
in response to these reagents have been found for 
active and blocked embryomc cells In general, all 
reagents produce a marked inhibition in the oxygen 
uptake Ethyl carbamate in low concentrations 
seems to produce a marked and consistent stimula- 
tion while all other compounds tested by the pres- 
ent methods did not produce such results A discus- 
sion of the present results, in view of the many 
existing theories of narcosis, is given 

Influence of hesperidin methyl chalcone on 
blood flow and secretion of the salivary gland 
David F Bohr and W John Kenbteld (intro- 
duced by Robert Gesell) Dept of Physiology, 
Umv of Michigan, Ann Arbor, Mich This study of 
the influence of hesperidin methyl chalcone 
(HhfC) on the rate of sahvary secretion and of 
blood flow through the submaxillary gland of the 
dog has been directed tow ards an understanding of 
the cause of vascular changes produced by this 
drug One mg HMCAs body weight mjected into 
the mternal carotid artery did not alter the rate of 
blood flow or of salivary secretion of the gland The 
same amount of HMC injected into the external 
carotid artery supplying the gland caused a strik- 
ing increase in blood flow through the gland but did 
not alter rate of salivary secretion These local in- 
jections had no influence on the secretory or blood 
flow changes produced by stimulation of the chorda 
tympani or the sympathetic trunk innervating the 
gland Similarly the vasoconstrictor and secretory 
actions of epinephrine were still evident after the 
administration of HMC Autonomic blockade w ith 
tetraethyl ammonium chloride did not change the 
vasodilator action of HMC It w'ould appear then. 
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that this vasodilatation is the result of the local 
action of HMC on the vascular musculature 
Neither a central nervous sjstem action nor a pe- 
ripheral one on the autonomic nerves supplying the 
submaviUary gland n as demonstrated 
Effect of choline and inositol on hypercholes- 
terolemia and hyperlipemia in the cholesterol-fed 
chick C Bolene (by invitation), J Stajiler (by 
invitation), R Harris (by invitation) and L N 
Katz Cardtovascular Dept , Medical Research In- 
siiiute, Michael Reese Hospital, Chicago, HI In 
eyperiments designed to determine the biochemical 
parameters of the atherosclerotogenic process, we 
have undertaken studies on factors affecting the 
plasma content of cholesterol, phospbobpids and 
fatty acids Addition of 2% cholesterol to the nor- 
mal diet of the chick results m a hiperlipemia in- 
volving aU Iipid elements The degree of develop- 
ment of atherosclerosis is in general related to the 
degree of increase in these constituents in the 
plasma Addition of lipotropic factors to such cho- 
lesterol-nch diets m the form of 1% choline plus 1% 
inositol resulted in a more marked hypercholestero- 
lemia and hyperphospholipemia This effect is pro- 
gressive with values at 1, 3, 5 and S neeks increased 
to levels about 50% above the non-lipotrope-fed 
birds This occurred despite the fact that there 
n ere no significant differences m food intake and 
weight gam These results suggest that these lipo- 
tropes act to mobilize liver lipids and produce a 
prolonged transport hyperlipemia Choline and 
inositol failed to modify or prevent atherosclerosis 
in birds killed after 15 weeks or diet 
Experimental studies in ascorbic acid metabol- 
ism Walter M Booker, Raymond Hates (by 
invitation) and Marianna Sewell (by invita- 
tion Depts of Pharmacology and Oral Medicine, 
Howard Univ , Washington, D C Clmical studies 
underway in this laboratory on ascorbic acid me- 
tabolism and its relation to certain gingival disturb- 
ances have pro\oked many new experimental ap- 
proaches to the problem of ascorbic acid metabolism 
and the effects of ascorbic acid on the metabolism 
of other substances in the animal body In unanes- 
thetized and anesthetized dogs ascorbic acid ad- 
ministered at the rate of 100 mg hourly for 3 hours 
rises rapidly m the plasma and slowly in the cells 
Only after the second hour is a significant increase 
noted m the cells This suggests a barrier between 
the plasma and the cells There is some evidence 
that the adreno-cortical hormone can loner the 
barrier, causing a more rapid rise in the cells In 
both unanesthetized and anesthetized dogs, ascor- 
bic acid administered either hourlj or by constant 
drip causes interesting changes in the electrolyd.es 
of the blood, such as a fall in chlorides, in sodium 
and a rise in potassium Urinary chlorides and so- 
dium rise, n liile potassium falls Adreno-cortical ex- 
tract, administered at intenals while ascorbic acid 


IB being given, causes a decrease m the urinary 
sodium and chlorides, while these substances may 
rise in blood toward the control or beginning levels 
In some instances, under the influence of the 
adreno-cortical hormone, the urinary chlorides de- 
crease without significant increase in serum chlor- 
ides Thiocyanate space and blood volume studies 
suggest movement of chlorides to extracellular 
spaces Evidence has been obtained showing ascor- 
bic acid in high quantities causes a diminution of 
blood cholesterol and of cholesterol at the adrenal 
gland, where greater the amount of ascorbic acid, 
the less the cholesterol Adreno-cortical hormone 
can increase adrenal storage of ascorbic acid 
Localization of the central nervous mechanism 
of emesis H L Borison (by invitation) and S C 
Wang Dept of Physiology, College of Physicians 
and Surgeons, Columbia Univ , New York City By 
means of electrical stimulation with the Horsley- 
Clarke stereotaxic instrument, the vonuting center 
has been functionally localized in the dorso-lateral 
portion of the lateral reticular formation of the 
medulla oblongata of the cat (Bonson and Wang, to 
be published) This finding is of particular sigmfi- 
cance since it has been showm that responsive loci 
for salivation (Wang, 1943), spasmodic respiratory 
movement (Bonson, 1948), vasomotor effects 
(Wang and Ranson, 1939), and sustained inspira- 
tion (Pitts et al, 1939) are situated in areas immedi- 
ately adjacent to that localized for emesis Several 
dogs have been prepared wuth chronic lesions in the 
medulla for the purpose of dissociating the com- 
ponent activities involved in emesis Prehminary 
experiments indicate that wuth lesions up to 30-day 
duration the emetic response to apormorphme is 
either seriously impaired or completely eliminated 
Histological study has not yet been carried out on 
any of the tested preparations but gross examina- 
tion of the brains of ammals which did not survive 
the procedure indicate that the lesions are placed 
approximately in the dorso-lateral portion of the 
lateral reticular formation Attempts will be made 
to correlate the degree of impairment of emesis with 
the size and position of the lesions 
Renal function m untreated adrenalectomized 
rats W R Boss (by invitation), James H Birvie 
( by invitation) and Robert Gaitnt Dept of Zo- 
ology, Syracuse Univ , Syracuse, N Y Studies of 
renal function in salt-maintained adrenalectomized 
rats indicate that renal clearance is essentially 
normal (Lotspeich , Friedman el al ) Water excre- 
tion tests, however, indicate serious alterations in 
renal function Creatinine clearance studios were 
conducted on untreated fasted female normal and 
adrenalectomized rats weighing approximately 175 
gm , following methods used by Lotspeich Ninety - 
SIX rats, divided equally between the various 
groups studied, were used in this m\ est igat ion The 
glomerular filtration rate (Ccr)of normal rits given 
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oxygen difference 11 vol %, and the O 2 consump- 
tion 7 8 cc/100 gm/min In anemia the coronary flow 
was increased, the arteriovenous O 2 difference and 
the Oi consumption were reduced In essential 
hypertension the coronary flow was normal, the 
artenovenouB Oj difference and the Oj consumption 
were decreased In coarctation the coronary flow, 
the arteriovenous O 5 difference, and the Oj con- 
sumption vere markedly increased In cardiac 
failure the coronary flow vas reduced but the ar- 
teriovenous O 2 difference a as increased The 0« 
consumption was shghtly above normal As a result 
of these changes the cardiac eflnciency was highest 
in essential hypertension and lowest in cardiac fail- 
ure The lowered cardiac efficiency in failure was 
primarily the result of decreased left ventricular 
work Correlation between the work and the 0» 
consumption of the left ventricle was good except 
in essential hypertension and cardiac failure 
Properties of the antidiuretic substance in the 
blood of normal and adrenalectomized rats J H 
Birnie (by invitation), W J Eversole (by invi- 
tation), W R Boss (by invitation), C M Osborn 
(by invitation) and Robert Gaunt Dept of Zo- 
ology, Syracuse Umv , Syracuse, N Y It has been 
reported (Birnie, Jenkins, Eversole and Gaunt — 
in press) that the blood of normal rats contains an 
antidiuretic, ohloruretic substance (ADS) It vas 
readily detectable by a modified Heller and Urban 
assay procedure in 1 ml quantities of fresh serum 
injected mtrapentoneally The serum lost its activ- 
ity upon standmg at O’C for 12 hours, and was 
present in greater quantities in adrenalectomized 
than m normal rats The latter observation b iU pre- 
sumably help explain the well -know n failure of 
water diuresis in adrenalectomized amnials New er 
experiments have shown the following 1 ) ADS was 
not detected in 1 ml samples of the serum of rats 
hypophysectomized from 4 to 11 days 2) The ADS 
of normal rat serum (1 ml ) does not affect renal 
glomerular filtration as indicated by creatinine 
clearance tests and presumably therefore works by 
stimulating the tubular reabsorption of water 3) 
The ADS is active when injected subcutaneously 
but less effective than bj intraperitoneal adminis- 
tration 4) Unlike the ADS, an isotonic gelatin solu- 
tion, prepared for blood substitute use, has no effect 
on diuresis in 1 ml doses 5) Crude protein solu- 
tions, injected intrapentoneally, may mhibit di- 
uresis by other mechanisms , they differ from ADS 
in that they act less promptly and arc not chlor- 
uretic All of these observations are consistent with 
the idea that the circulating ADS is the antidiu- 
retic hormone of the pwstenor pituitary 
Analysis of factors affecting the assay of gastric 
secretory depressants D Buckenstaff (by invi- 
tation) AND M I Grossman Dept of Cltmcal Sci- 
ence, Umv of Illinois College of Medicine, Chicago, 
III In order to design an efficient and accurate 


assay procedure, the factors which contnbute to 
the variability of results in assaying gastric secre- 
tory depressants were studied statistically The 
day to day and hour to hour vanabihty m the out- 
put of HCI in response to small doses of histamme 
administered subcutaneously every 10 mmutes was 
determined in Heidenhain and also m total pouch 
dogs The relationship between dose of histamine 
and magmtude of inhibition by a fixed dose of de- 
pressant as well as the relationship between magni- 
tube of response to a fixed dose of histamine and 
magmtude of inhibition by a fixed dose of depres- 
sant were studied The relationship between dose 
of secretory depressant and magmtude of inhibi- 
tion was also studied 

Effects of homologous carbamates on the respi- 
ration of blocked and active embryonic cells 
Joseph Hall Bodine and Laurence Rockwell 
Fitzgerald (by invitation) Zoology Laby , State 
Umv of Iowa, Iowa City, la A study was made of 
the effects of an homologous series of carbamates 
(ethyl n-methyl, ethyl, n-butyl, n-propyl, n-amyl, 
iso-amyl) on the oxygen uptake of mitotically ac- 
tive and blocked embryos of the grasshopper, 
Melanoplus differentialis No significant differences 
in respHmse to these reagents have been found for 
active and blocked embrj'omc cells In general, all 
reagents produce a marked inhibition m the oxygen 
uptake Ethyl carbamate m low concentrations 
seems to produce a marked and consistent stimula- 
tion while all other compounds tested by the pres- 
ent methods did not produce such results A discus- 
sion of the present results, in view of the many 
existing theories of narcosis, is given 

Influence of hesperidin methyl chalcone on 
blood flow and secretion of the salivary gland 
David F Bohr and W John Kenfield (intro- 
duced by Robert Gesell) Dept of Physiology, 
Umv of Michigan, Ann Arhor, Mich This study of 
the mfluence of hespendm methyl chalcone 
(HMC) on the rate of salivary secretion and of 
blood flow through the submaxillary gland of the 
dog has been directed tow ards an understanding of 
the cause of vascular changes produced by this 
drug One mg HMCAg body weight mjected into 
the internal carotid artery did not alter the rate of 
blood flow or of salivary secretion of the gland The 
same amount of HMC injected into the external 
carotid artery supplying the gland caused a strik- 
ing increase in blood flow through the gland but did 
not alter rate of salivary secretion These local in- 
jections had no influence on the secretory or blood 
flow changes produced by stimulation of the chorda 
tympani or the sympathetic trunk innervating the 
gland Similarly the vasoconstrictor and secretory 
actions of epinephrine were still evident after the 
administration of HMC Autonomic blockade w ith 
tetraethyl ammonium chloride did not change the 
vasoddator action of HMC It would appear then. 
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that this vasodilatation is the result of the local 
action of HMC on the \Tiscular musculature 
Neither a central nervous sj'stem action nor a pe- 
ripheral one on the autonomic nerves supplying the 
submaxillary gland a as demonstrated 
Effect of choline and inositol on hypercholes- 
terolemia and hyperlipemia in the cholesterol-fed 
chick C Bolene (by invitation), J Stamler (by 
mvitation) , R Harris (by invitation) and L N 
TCatz Cardiovascular Dept , Medical Research In- 
stitute, Michael Reese Hospital, Chicago, HI In 
experiments designed to detemune the biochemical 
parameters of the atherosclerotogenic process, we 
have undertaken studies on factors affecting the 
plasma content of cholesterol, phospholipids and 
fatty acids Addition of 2% cholesterol to the nor- 
mal diet of the chick results m a hiperlipemia in- 
volving all lipid elements The degree of develop- 
ment of atherosclerosis is in general related to the 
degree of increase in these constituents in the 
plasma Addition of lipratropic factors to such cho- 
lesterol-nch diets in the form of 1% chohne plus 1% 
inositol resulted in a more marked hypercholestero- 
lemia and hyperphospholipemia This effect is pro- 
gressive with values at 1, 3, 5 and 8 weeks increased 
to levels about 50% above the non-lipotrope-fed 
birds This occurred despite the fact that there 
were no significant differences m food intake and 
weight gain These results suggest that these lipo- 
tropes act to mobilize bver lipids and produce a 
prolonged transport hyperlipemia Choline and 
inositol failed to modify or prevent atherosclerosis 
in birds killed after 15 n eeks or diet 
Experimental studies in ascorbic acid metabol- 
ism Walter M Booker, Ratiiond Hates (by 
invitation) and Marianna Sewell (by invita- 
tion Depts of Pharmacology and Oral Medicine, 
Howard Umv , Washington, D C Clinical studies 
underway in this laboratory on ascorbic acid me- 
tabolism and its relation to certam gingival disturb- 
ances have provoked many^ new experimental ap- 
proaches to the problem of ascorbic acid metabolism 
and the effects of ascorbic acid on the metabolism 
of other substances in the animal body In unanes- 
thetized and anesthetized dogs ascorbic acid ad- 
ministered at the rate of 100 mg hourly for 3 hours 
rises rapidly m the plasma and slowly in the cells 
Only after the second hour is a significant increase 
noted in the cells This suggests a bamer between 
the plasma and the cells There is some evidence 
that the adreno-cortical hormone can loner the 
barrier, causing a more rapid rise in the cells In 
both unancsthetized and anesthetized dogs, ascor- 
bic acid administered either hourly or by constant 
drip causes mteresting changes in the electrolytes 
of the blood, such as a fall in chlondes, in sodium 
and a rise m potassium Urinary chlondes and so- 
dium nse.nhile potassium falls Adrcno-cortical ex- 
tract, administered at mterials nhile ascorbic acid 


IS being given, causes a decrease in the urinary 
sodium and chlorides, while these substances may 
rise in blood tonard the control or beginning levels 
In some instances, under the influence of the 
adreno-cortical hormone, the urinary chlondes de- 
crease without significant increase in serum chlor- 
ides Thiocyanate space and blood volume studies 
suggest movement of chlorides to extracellular 
spaces Evidence has been obtained showing ascor- 
bic acid in high quantities causes a diminution of 
blood cholesterol and of cholesterol at the adrenal 
gland, where greater the amount of ascorbic acid, 
the less the cholesterol Adreno-cortical hormone 
can increase adrenal storage of ascorbic acid 
Localization of the central nervous mechanism 
of emesis H L Borison (by invitation) and S C 
Wang Dept of Physiology, College of Physicians 
and Surgeons, Columbia Umv , New York City By 
means of electrical stimulation with the Horsley- 
Clarke stereotaxic instrument, the vomiting center 
has been functionally localized in the dorso-lateral 
portion of the lateral reticular formation of the 
medulla oblongata of the cat (Bonson and Wang, to 
be published) This finding is of particular signifi- 
cance since it has been shown that responsive loci 
for salivation (Wang, 1943), spasmodic respiratory 
movement (Borison, 1948), vasomotor effects 
(Wang and Ranson, 1939), and sustained inspira- 
tion (Pitts et al , 1939 ) are situated in areas immedi- 
ately adjacent to that localized for emesis Several 
dogs have been prepared with chrome lesions in the 
medulla for the purpose of dissociating the com- 
ponent activities involved in emesis Preliminary 
expenmen ts indicate that n ith lesions up to 30 -day 
duration the emetic response to apormorphine is 
either seriously impaired or completely eliminated 
Histological study has not yet been carried out on 
any of the tested preparations but gross examina- 
tion of the brains of animals n hich did not survive 
the procedure indicate that the lesions are placed 
approximately in the dorso-lateral portion of the 
lateral reticular formation Attempts will be made 
to correlate the degree of impairment of emesis with 
the size and position of the lesions 
Renal function in untreated adrenalectomized 
rats W R Boss (by invitation), James H Birxie 
(by invitation) and Robert Gaunt Dept of Zo- 
ology, Syracuse Umv , Syracuse, N Y Studies of 
renal function in salt-maintained adrenalectomized 
rats indicate that renal clearance is essentially 
normal (Lotspeich , Friedman cl al ) Water excre- 
tion tests, however, indicate serious alterations in 
renal function Creatinine clearance studies were 
conducted on untreated fasted female normal and 
adrenalectomized rats weighing approximately 175 
gm , follomng methods used by Lotspeich Aincty - 
SIX rats, divided equally betneen the \arious 
groups studied, were used in this in\ estigat ion Tlie 
glomerular filtration rate (Ccr) of normal rat gi\ on 
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6^cc of water by stomach tube was 820 cc/100 
gm/min and the urine flow' (V) was 022 cc/min 
Eighteen hours after adrenalectomy the Ccr was 
686 and the V was 015 Five days after operation 
theCcrwas 651 while the V was 013 Whenadren- 
alectomized rats were subjected to moderate and 
high water loads, the disproportionate fall in glo- 
merular filtration rate and urine excretion rate was 
even more striking When two hourly doses of w ater 
were administered (3% body surface/dose) the Ccr 
of the dummy operated controls was 1 011 and the 
V 083 , m rats adrenalectomized for 18 hours the 
C Or had fallen to 769 and the V to 041 , 7 days after 
adrenalectomy the Cor was decreased to 701 with 
a V of 008 liVhen 4 hourly doses of water were ad- 
ministered the Ccr of the dummy operated controls 
was 1 010 and the V 118 , 18 hours after adrenalec- 
tomy the Ccr had fallen to 690 and the V to 031 , 
7 days after operation the Ccr was down to 447 with 
a V of only 006 These results show that the rate 
of urme flow falls in all cases more than the rate of 
glomerular filtration This indicates that in un- 
treated, in contrast to salt-treated adrenalecto- 
mized rats, a decreased glomerular filtration may 
contribute to loss of water diuresis, but that an in- 
crease in tubular reabsorption of water is probably 
a more important factor 

A method for analyzing dog muscles for myo- 
globin WiLLiAiiJ Bowen Laby of Physical Biol- 
ogy, Expll Biology and Medicine Institute, Na- 
tional Institutes of Health, Bethesda, Md A method 
has been devised for analyzing dog muscle for myo- 
globin (1Mb) m the presence of hemoglobin Cleaned 
muscle IS pulverized at the temperature of dry ice 
as described by Poel (Science 108 390, 1948) An 
exactly known quantity (about 1 gm ) of the muscle 
powder is washed into a stainless steel homogenizer 
tube with a carefully measured volume (about 20 
ml ) of m/ 40 phosphate buffer, pn 6 9 It is thor- 
oughly homogenized and then centrifuged at 1000 g 
for 10 minutes The supernatant is heated to 66“ As 
soon as discrete particles appear, the extract is 
rapidly cooled and then centrifuged at 1000 g for 10 
minutes It is filtered through fast paper from 
which it emerges as a clear red solution This is ad- 
justed to pH 6 6 with solid KiHPO< and then gassed 
with CO in a rotating tonometer To insure com- 
plete conversion to MbCO, Na-SiO^ is added to the 
tonometer after 10 minutes of gassing After a total 
of 12 minutes of gassing the density (log lo/I) of 
the solution is determined at 538 and 568 m/i The 
molar concentration of Mb is calculated by substi- 
tution of the densities and the appropriate extinc- 
tion coefficients for MbCO and HbCO in the 
Vierordt equation {Ann Rev Biochem 10 509, 
1941) The amount of myoglobin/gm of muscle is 
calculated by using the molecular weight 17,300 
(Bowen, J Biol Chem 176 747, 1948) By this 
method 9 samples of one heart, having an average of 


3 60 mg Mb/gm of muscle, yielded a a t= and 
a coefficient of variation = 8% Also, a known quan- 
tity of dog myoglobin added to muscle homogenate 
w as recovered 100% 

Hypoxia of 18,000 feet simulated altitude and 
myoglobin content of dogs William J Bowen 
Ldby of Physical Biology, Exptl Biology and 
Medicine Institute, National Institutes of Health, 
Bethesda, Md The left anterior trapezius muscle 
of 7 dogs nas removed by biopsy and analyzed for 
myoglobin content by the method described m pre- 
ceding abstract The dogs were then exposed to 
18,000 ft simulated altitude 6 hours per day, 6 days 
per week Hematocrit and hemoglobin values and 
changes in body weight n ere followed as criteria of 
acclimatization After 6 to 6 months of exposure the 
dogs were sacrificed and the trapezius muscle from 
the other side analyzed for myoglobin content 
Final hematocrit and hemoglobin values were 119 
to 170 and 122 to 170%, reap , of imtial values Body 
weights in each dog increased during the first 
month of exposure and then remained nearly con- 
stant The myoglobin contents before and after ex- 
posure were as follows 

Mg Mb/gram of wet musde 


Dog 

Before 

After 

Exposure 

Exposure 

1 

3 27* 

2 80 

2 

4 70* 

4 83 

3 

5 20* 

4 73 

4 

4 60 

4 20 

6 

4 42* 

4 62 

6 

8 07 

3 76 

7 

3 SO 

4 22 

These xalues are 

means obtained in repeated or 


duplicate analjises, except those marked (*) One 
value deviated 11% from the mean, another 8% 
The remainder deviated 5% or less The results 
indicate that exposure to simulated altitude of 
18,000 ft causes no increase in the Mb content of 
muscle in contrast to the respionse of the hemo- 
globin of blood 

Principles of design and operation of internal 
standard flame photometers for sodium and po- 
tassium determination Robert L Bowman and 
Robert W Berliner (introduced by David P 
Earle, Jr ) New York Univ Research Service, 
Goldwaler Memorial Hospital, New York City Con- 
struction of two internal standard flame photom- 
eters for sodium and potassium has led to im- 
provements in design and techmque of operation 
The basic aims have been simplicity of design 
and establishment of operating conditions in which 
minor variations of gas and air pressures, atomizing 
rates, etc are maximally compensated by parallel 
changes in the output of cells measuring light from 
unknown and internal standard Critical mechani- 
cal and electrical components were evaluated for 
their contribution to stability and accuracy, and 
extensive study made of parameters deternuning 
stability and independence of external variables 



March 1949 


AISIERICAN PHYSIOLOGICAL SOCIETY 


15 


Optimum operating conditions must be evaluated 
individually for each instrument by determining, 
separately, for sodium, potassium and lithium, a 
number of curves relating electrical output to 
atomizing rate, gas and air pressure, and ion con- 
centration Operating conditions are selected so 
that, as nearly as possible, changes in any of these 
will produce no effect on reading or be mavimally 
compensated by the internal standard Changes in 
gas and air pressures which may effect readings are 
corrected byresetting, emphasis being upon indica- 
tion wuth sensitive gauges rather than automatic 
pressure regulation Application of these principles 
to other instruments has been reported to be of 
material aid With the present instruments over 
6000 and 9000 determinations, in 14 months and 2 
years respectively, have been made without inter- 
ruption for repairs Accuracy attainable with single 
readings of unknowns is ±1 0 and 2 0 fteq/l for 
potassium and sodium respectively in the diluted 
sample No interference from other substances in 
solution IS detectable 

A new method of fibrin determination and appli- 
cations to study of the thrombin-fibrinogen reac- 
tion PaxjlW Boyles (by invitation) and JohnH 
Ferguson Dept of Physiology, Untv of North 
Carolina, Chapel HiU Determination of fibrin by 
the biuret method (J Fme, J Lab Clin Med 24 
1084, 1936) was modified by use of Mehl’s (/ Biol 
Ckem 157 173, 1945) reagent, photoelectric colo- 
rimetry, and cabbration of colorimetric readings 
against both gravimetnc (fibrin dry weight) and 
macroK]eldahl (fibrm N) determinations A com- 
mercial (Armour’s) bovine plasma fraction-I, ana- 
lyzing 50% fibrinogen (clottable ) , after reprecipita- 
tion at 2-5‘’C with ammonium sulfate at 25, 20, 20% 
saturation, successively, with subsequent dialysis, 
yielded fibrinogen solutions 96 7% clottable, with 
only minute traces of prothrombin, and no fibrino- 
lytic protease Clotting-times and fibrin yaelds were 
studied with variations of 1) fibrinogen concentra- 
tion, 8) thrombm concentration (purified bovine 
thrombin), S) temperature, 4) PHi NaCl content, 
6) Caion content, 7 ) added colloid (acacia), 8) heat 
(48°, 12 min ) induced profibrin, 9) time after clot- 
ting (at 37°C ) After 48 hr the fibrin yields were 
practically identical (aver over 96%) independent 
of the above variables, except for inhibitory con- 
centrations of NaCl and CaCl*, which reduced 
yields Bigmficantly (e g 65% in 0 5 M CaCl:) 
Clotting-times were much modified by^ these vari- 
ables It is particularly sigmficant that the 48-hr 
fibrin yneld was unaltered by' i aryung the thrombin 
dilution from 1 1 to 1 250, despite a range of clot- 
ting-times, for the series, of 10 to 190 seconds It is 
concluded that the thrombm-fibrinogen reaction 
does not follow any' simple stoichiometric law but 
resembles the reaction kinetics of a colloidal enzy - 
matic reaction 


Adsorption of urinary gonadotrophin on kaolin 
James T Bradbury, Elwin Brown and Willis 
E Brown Dept of Gynecology, Univ of Louis- 
ville, Louisville, Ky , and Slate Univ of Iowa, 
Iowa City, la The follow ing method has been de- 
vised for recovery of gonadotrophic hormones Its 
main advantages are 1) reduction in toxicity of 
the extracts and 2) a marked saving the amount 
of alcohol needed 

The urine of a 12- or 24-hour specimen is ad- 
justed to pH 4 6 with acetic acid Add 6 volumes % 
of kaolin (powdered and acid washed in a 20% 
aqueous suspension), stir thoroughly and then 
allow to settle Decant supernatant urine Centri- 
fuge and discard supernatant (Kaohn may be re- 
suspended in water one to three times to wash it 
free of urine ) Add normal ammomum hydroxide in 
a volume equal to that of the original kaolin sus- 
pension used and stir thoroughly Centrifuge and 
re-extract with a second volume of ammonium hy- 
droxide Combine the ammonia extracts, add acetic 
acid to pH 8 5 and centrifuge Save the clear super- 
natant, adjust to pH 6 5 and add 4 volumes of 95% 
alcohol slowly while stirring Set in refrigerator 
several hours to complete the precipitation Cen- 
trifuge and dry the precipitate 

The dry precipitate is dissolved in water or phos- 
phate buffer pH 8 0 and the solution injected into 
immature rats or mice for assay The recoveries of 
gonadotrophins from pregnancy or castrate (post- 
menopausal) urines have been quantitative when 
compared with those obtained by the usual method 
of adding 4 volumes of alcohol to the original urine 
specimen 

Analysis of mosquito tissues for sodium and 
potassium and development of a physiological 
salt solution Sarah Bradford (by invitation) 
and Robert W Ramsbi Dept of Physiology and 
Pharmacology, Medical College of Virginia, Rich- 
mond, Va The midgut and hlalpighian tubules of 
Aedes egyptii were analyzed for their content of 
sodium and potassium The tissues from 1000 mos- 
quitoes were pooled to provide sufficient Na and K 
for one analysis A total of 6 such analyses were 
done The Na and K content of the midguts and 
Alalpighian tubules of 1000 mosquitoes kept on a 
normal diet averaged 6 91 mg Na/gm dry weight of 
tissue and 15 6 mg of K/gm dry' weight Both the 
sodium and potassium contents decrease w ith lime 
on a salt free diet until after two weeks sodium is 
reduced to 2 5 mg/gm dry w eight and potassium to 
10 4 mg/gm dry weight Malpighian tubules have a 
lower potassium content tlian midgut No differ- 
ences in sodium or potassium content due to age or 
sex of the mosquitoes w ere noted 

A physiological salt solution hav mg the following 
composition was developed for mosquito tissues 
NaCl-12S mlM/l , KCl-4 7 mM/1 , CaCl-4 0 niM/l , 
M/150 potassium phosphate buffers to pn C 8 Ex- 
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cept for the added buffer (uhich contributes 11 34 
inM/1 of K) this solution is the same as that which 
Bodenstein previouslj" found best for Drosophila 
This solution mil maintain in the cold, a mosquito 
heart preparation alive and beating for as long as 
280 hr If small amounts of the B vitamins or p- 
amino-benzoic acid are added to the above the 
average survival is prolonged but the maximum so 
far found (300 hr ) is about the same Mosquito 
hearts can survive for as long as 30 hr in salt solu- 
tions that are very high in potassium and low in 
sodium provided sufficient magnesium is present 
Light tonus of the human eye G A Beecher 
(introduced by C J Wiggees) Dept of Phystol- 
ogy, Umv of Prague, Czechoslovakia, and Dept of 
Physiology, Western Reserve Umv Medical School, 
Cleveland, Ohio The tonus of the eye muscles and 
thus the muscular balance of the nonfixatmg eye is 
maintamed by various reflexes, among which light 
tonus plays an important r61e m lower animals No 
such light tonus has been proven for the human 
eye The influence of light upon the heterophoria 
of the nonfixatmg eye was measured in 21 normal 
subjects with a new method permitting the con- 
tinuous recording of heterophorias under varying 
optical conditions The nonfixatmg eye displays a 
greater hetophoria upon diffuse illumination than 
m the dark The increase of the eye deviation is 
greatest immediately after the light exposure, and 
reaches its maximum in about 2 minutes, after 
which time no appreciable increase can be re- 
corded The heterophoria mcrease/time ratio 
follows the course of a parabola Upon discontinu- 
ation of the illumination the hetophoria decreases 
to the same value which it previously had in the 
dark The degree of the heterophoria is directly 
projKirtional to the light intensity Rlumination 
of the fixating eye causes also a heterophoria in- 
crease of the nonfixatmg eye, indicating the con- 
sensual nature of the mechanism involved It is 
assumed that the heterophoria increase upon illu- 
mination of the retina is due to the existence of a 
light tonus which contributes to maintain the mus- 
cular balance of the nonfixatmg eye 
Chronic toxicity studies on hydroqmnone N 
R Bhewer (by invitation) and A J Carlson 
Physiology Laby , The Univ of Chicago, Chicago, 
III Hydroquinone added to food fats m the amount 
of 0 01% decreases the rate of oxidative rancidity 
from 2 to 50 times, thus reducing food deterioration 
and food spoilage Is this amount injurious to the 
health of man or animals? The following tests have 
been run to answer this important question 1) 
Twenty weanhng rats, started on a diet containing 
0 26% hydroquinone, showed no evidence of toxic 
effects (growth, reproduction, autopsy findings) 
after 2 years on test when compared to 20 controls 
Twenty offspring of these rats were continued on 
this test for a year with no signs of toxic effects 


Tw cnty rats w ere fed a diet contaimng 1 0% hydro- 
qmnone After 2 vears the only finding was a 
slight decrease in the rate of growth as measured 
by body weight Fourteen rats were fed a diet con- 
taimng 5 0% hydroquinone The rats consumed 
very little food, lost weight rapidly, and after 9 
weeks some of them developed a blood condition 
resembling aplastic anemia 2) Dogs refused to eat 
food (apparently because of the bitter taste) con- 
taming more than 0 02% hydroqmnone in the total 
diet By placing the hydroqmnone in sugar coated 
tablets in the food, one dog consumed 16 mg hy- 
droqumone/kg/day for 34 weeks, without any evi- 
dence of injury when compared with 3 control 
sibs Sixteen mg/kg/day is a 160-day supply/day, 
or a 100-year supply for 34 w eeks, for man, if man 
were to ingest 1 gm fat/kg/day and all of the fat 
were treated with 0 01% hydroqmnone S) Cats 
appear more susceptible to hydroqmnone But 10 
mg hydroquinone Ag/day for 6 weeks showed no 
untoward symptoms to date, when given to 1 of 4 
young sibs, and 15 mg/kg/day for 6 weeks showed 
only a small decrease in the growth acceleration 
curve when given to another sib Fifteen mg/kg/ 
day IS a 150-day supplj per day, a 17-year supply 
for 6 w eeks, for man, if man were to ingest 1 gm of 
fat/kg/day and all of the fat were treated with 
0 01% hydroquinone 

Factors influencing contractile force of the heart 
in open-chest mammalian experiments H H 
Brill, M deV Cotton and R P Walton (intro- 
duced by T G Bern thal), Dept of Pharmacology, 
Medical College of South Carolina, Charleston, 
South Carolina Contractile force of a section of the 
right ventricle was measured duectly by means of 
variable spring tensions inserted in the system of 
levers of the Cushnj myocardiograph typicallj 
attached in open-chest preparations All experi- 
ments were carried out on vagotomized dogs, wuth 
pericardium opened and with high oxygen concen- 
trations in the mechanical respuatory system 
Compensation for changes in heart size were 
accomplished in tw o ways 7 ) by preliminary cali- 
brations which determined the effect of measured 
changes in position of the collar which mechan- 
ically protected the muscle section from being 
stretched beyond the usual point of diastolic re- 
laxation ;?) by adjustment of this collar as heart 
size changed (This latter has been facilitated by 
construction of a micrometer screw adjustment 
mechanism ) Moving and re-setting this collar 
over wude ranges demonstrated that the muscle 
section could be stretched to approximately twuce 
its diastolic resting length with an increase in con- 
tractile force several hundred percent greater 
than that of the control penod Within this range, 
progressive increments of stretch produced pro- 
gressive increments of contractile force in a linear 
relationship Progressive increments of venous 
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pressure obtained by massue saline infusions and 
progressive decrements of venous pressure ob- 
tained by venous hemorrhage resulted in moderate 
changes in contractile force which, in a fen experi- 
ments, followed the linear relationships of Star- 
ling’s Law but for the most part appeared to be 
substantially aSected bj’’ other factors Partial 
occlusion of the inferior vena cava lowered venous 
pressure, contractile force and arterial pressure, 
the effects apparenth’' operating in close associa- 
tion Partial occlusion of the pulmonary artery and 
of the aorta produced, in each case, only limited 
effects Sudden release of constriction in the vena 
cava, the pulmonary artery or the aorta frequently 
produced an immediate transient increase in con- 
tractile force and stroke amphtude distinctly 
greater than that of the control period Substantial 
decreases m contractile force (30-60%) were ob- 
tained by ligation of coronary arteries suppljung 
the area of lever attachments 
Gravity and applied accelerations S W Bhit- 
TON and 0 B Mtterat, Jr (by invitation) 
Physiological Laby , Untv of Virginia, Charlottes- 
ville, Va The effects of gravitational force on the 
circulation have been observed to be similar to 
those exerted by a force of 1 ^ imposed on an ani- 
mal on a centrifuge with 10-ft rotor arm EGG, 
arterial blood pressure, heart rate and other 
determinations were made over periods up to one 
hour with forces directed from head to foot and 
a a , or positive and negative g 
Compared to the influence oilg applied by cen- 
trifuge or tilt-table continuously for 30 minutes, 
dogs showed similar resistance to 3-4 g apphed dis- 
continuously or alternately, 5 seconds on and 5 
seconds off, over the same period On the basis of 
p-minutes employed, it is noteworthy that the or- 
ganism withstands about twice as much stress (in 
force-time) in the latter as in the former case, or 
45-60 p-minutes compared to 30 p-minutes 
Discontmuous forces even as high as 6 p, 5 sec- 
onds on and off, were well withstood for periods of 
30 minutes Quadrupeds are nevertheless much 
less resistant to gravitational and high accelera- 
tory forces than pnmate animals and man 
Effect of hypothermia on bromsulphalein re- 
moval Radforb Brokaw (introduced by' K E 
Penrod) Dept of Physiology, BostonUniv School 
of Medicine, Boston, Mass In normothermic dogs 
under moderate sodium pentothal anesthesia the 
percentage disappearance rate of intravenously 
injected bromsulphalein is not constant, but is 
nei ertheless prompt and rapid Sixteen anesthe- 
tized dogs were injected at normal body tempera- 
ture with bromsulphalein (5 mgAg ) Blood sam- 
ples at 6 minutes showed an a\ crage lev el of 1 S5 
± 0 93 mg/100 cc of plasma, and 12 minute samples 
av eraged 0 65 ± 0 20 mg/100 cc or 35% of the 6- 
minute level Following this marked initial fall 


there was a more gradual decline in the concentra- 
tion of bromsulphalein so that by 30 minutes 0 314 
±0 11 mg/100 cc remained, or 17% of the 6-imnute 
blood level When 7 anesthetized dogs were im- 
mersed in an ice bath and the injection given intra- 
arterially at 35° C rectal temperature, the average 
plasma level after 6 minutes was 4 63 ± 1 44 mg/100 
cc In 12 minutes the average plasma level was 2 89 
± 1 62 mg/100 cc or 64% of the 6-imnute level 
Ten dogs received the dye injection at 30° C rectal 
temperature Their 6-nunute levels averaged 4 82 
± 1 25 mg/100 cc , with the 12-minute samples 
showing 3 24 ± 0 93 mg/100 cc , an average of 
67% remaimng Both series of hypothermic dogs 
showed a marked retention of the dye after 30 
nunutes In the 35° C group an average of 1 68 
± 1 03 mg/100 cc was obtained These values 
represent 37% and 43% of the dye remaimng re- 
spectively from the 6-minute plasma levels as 
contrasted with only 17% remaimng m the nor- 
mothermic controls These data indicate that 
hypothermia decreases both the quantitative and 
relative amounts of bromsulphalein removed 
Temporal relations in the auditory pathway 
JohnM Bbookhabt and Harlow W Ades Dept 
of Physiology, Northwestern Univ Medical School, 
Chicago, Dl , and the Dept of A^natomy, JEniory 
Untv School of Medicine, Emory University, Ga 
Unipolar recordings of responses from various 
stations along the auditory pathway have been re- 
corded using anesthetized cats Monaural and 
binaural click stunuli w ere furnished by brief con- 
denser discharges activating hearing-aid receivers 
Introductory deflections, preceding the prin- 
cipal responses from the cortex, radiation and 
geniculate, occur at the same time as discharges 
from the inferior colliculus and are possibly due to 
electrotonic conduction from mid brain levels 
Latencies of responses to monaural stimulation 
from a single animal typical of the series are given 
below in msec 



AXJD 

AUD 

MED 

BR 

INT 

COIX 

INP 

TRAP 


CORT 

RAD 

CE^^C 

COIX 

BODY 

Ipsi 

7 5-S 0 

6 0-7 0 

5 5-6 0 

3 5 

3 5 

2 0 

Contra 

7 6-S 0 

0 0-7 0 

5 5-0 0 

2 5 

2 6 

2 0 


The lapse of 2 0 msec between the geniculate and 
cortical resjionses, and of 2 5-3 5 msec betn cen the 
brachial and geniculate responses suggests either 
multiplicity of synapses or unusually' long nuclear 
delays at these points The geniculate resjionse is 
similar in crest time and duration to the cortical 
resjxmse and seems to be unaffected by removal 
of the ipsilateral cortex The differences in the 
latencies of ipsilateral and contralateral responses 
at mid brain levels suggest that one more svnapsc 
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IS involved m the ipsilateral pathway The signifi- 
cance of the findings with respect to the functional 
anatomy of the auditory system are discussed 

Analysis of the mechanism of diumal rhyth- 
micity in Crustacea Prank A Brown, Jr and 
H hlARGUERiTE Webb (by invitation) Dept of 
Zoology, Northwestern Untv , Evanston, III and 
Marine Biological Laby , Woods Hole, Mass A 
well-defined daily rhythmicity of color change 
occurs in the fiddler crab, Uca pugnax The 
rhythm persists for many weeks completely in 
phase with the day-night cycle in conditions of 
constant darkness, temperature, and humidity A 
study was made of the influence of constant illu- 
mination, and changes from constant illumination 
to constant darkness at different tunes of the day- 
night cycle, and of alternating periods of light and 
darkness, different from those of the normal day- 
night illumination changes An analysis of the re- 
sults indicated that the phases of the diurnal 
rhythm could be altered abruptly by some types of 
bght stimulation administered at certain ‘sensi- 
tive’ periods in the daily cycle, but could not be 
altered by similar stimuli at other periods The 
results appeared, furthermore, to indicate clearly 
that two centers of rhythmicity were present, each 
one capable of having its rhyd.hm altered inde- 
pendently of the other, but with one more basic 
center of inherent rhythmicity capable of influenc- 
ing gradually a second center having less per- 
sistent rhythmicity 

Absorption and excretion of carbon** as COj and 
bicarbonate Austin M Brues and Agnes Nar- 
anjo (by invitation) Argonue National Laby , 
Chicago, III As shown previously, the mouse ex- 
posed to C^^O; in a closed system rapidly attains a 
steady state in n hich the C** in the ammal approxi- 
mates the amount originally m a volume of air ten 
times the volume of the mouse This labile carbon 
compartment appears to be somewhat greater than 
the inorganic body carbon, excluding bone car- 
bonate Excretion rates after a 30-minute confine- 
ment period show a small portion of the body C** 
to be in someu hat more stable combination 

Because of the great rapidity of absorption of 
C** 02 , we have measured the clearance of the tracer 
gas from air breathed through a tracheal cannula by 
rats under Nembutal anesthesia Imtially, the ex- 
pired air contains less than one-half the 0**0" 
concentration of the inspired air, although the COj 
concentration is naturally much higher 

To make conditions as favorable as pwssible for 
fixation of C**, mice were injected noth labelled 
sodium bicarbonate and allowed to rebreathe ex- 
pired air for 10 hr in a 20 -liter chamber Various 
tissues were analyzed at intervals up to 2 months 
after removal It is estimated that less than 2% 
of the body carbon had exchanged with blood bi- 
carbonate at the end of exposure Of this retained 


carbon, about 90% nas lost within a week, beyond 
this tune the rate of loss was relatively slow 
Newborn mice receiving C** by exposure of their 
mothers prior to delivery lose C** much more slowly 
than adult mice, but the specific activity of their 
body carbon decreases rapidly due to growth 
Further studies on the pepsin content of hista- 
mine stimulated gastric juice Gladys R Bucher 
Depts of Biological Sciences and Clinical Science, 
Univ of Illinois College of Medicine, Chicago, III 
All but two investigators have found pepsm in 
histamine stimulated gastric secretion These 
workers, usmg acutely vagotomized dogs or cats 
under chloralose-urethane, report that pepsin 
output gradually falls to zero in 6 hours of repeated 
or continuous histamine stimulation We have at- 
tempted to verify their findings, which are con- 
trary to our onn on chronic dogs, but with no suc- 
cess In a dog under nembutal, receivmg hista- 
mine every 10 minutes, acute vagotomy in the third 
hour had no influence on pepsin output which re- 
mained quite uniform through the mnth hour 
The experiment was repeated on another dog, usmg 
chloralose-urethane, also with no reduction of 
pepsin output m 3 hours after vagotomy There v as 
no reduction in pepsin output m 3 dogs v ith va- 
gotomized total stomach jxiuches observed during 7 
hours of repeated histamine injections when the 
standard dose of chloralose-urethane was given in 
the third hour In tn o acute experiments on dogs 
conducted as described by Bowie and Vineberg, 
(Quart J Exp Physiol 25 247, 1935) and three 
acute experiments on cats conducted as described 
by Uvnas (Acta Physiol Scand 4 XI 1943) no 
gradual reduction in the pepsin output was ob- 
served In 6 hours, there was a slight tendency for 
the output to be increased 
'The use of fraction I for separation of erythro- 
cytes and leukocytes from whole blood Edward 
S Buckley, Jr , Marvin J Powell and John G 
Gibson, 2nd Medical Clinic, Peter Bent Bngham 
Hospital and the Dept of Medicine, Harvard 
Medical School, Boston, Mass The method of 
Minor and Burnett (J Hematol 3 799, 1948) has 
been modified for separation of red and white cells 
in quantities as large os 500 ml 
Fibrmogen causes rouleaux formation of red 
cells, with the result that, in conformance with 
Stokes’ Law, the sedimentation rate of the clumped 
red cells is accelerated Since fibrinogen affects 
white cells httle, if at all, their sedimentation rate 
IS not affected Thus, addition of fibrinogen in- 
creases the differential sedimentation rates of the 
two classes of cells The fraction I used contains 
citrate, so that no other anticoagulant is needed 
Optimal sedimentation of red cells, and hence 
maxunal recovery of both plasma and white cells, 
occurs when the fibrinogen concentration of the 
supernatant is about 6 mg/ml , the cell-super- 
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natant ratio ib about 0 3 , and temperature be- 
tween 25° C and 12° C About 80% of plasma, con- 
taining about 80% of the total leucoc 3 rtes, are ob- 
tained after 60 nunutes of sedimentation 

The method described offers the possibility of 
obtaining red cells relatively free from white 
cells, and white cells free from red cells in lai^ge 
quantities, and hence opens the way for critical 
studies of the separated formed elements of the 
blood 

Electrocardiographic observations following ex- 
plosive decompression of dogs to 30 mm Hg 
Butohd H Bubch (introduced by F A Hitch- 
cock) Dept of Physiology, The Ohio State Univ , 
Columbus, Ohio In a previous commumcation it 
was reported that dogs explosively decompressed 
to a terminal pressure of 30 mm Efg died as a result 
of vent^'icular fibrillation which developed about 
80 seconds after the explosion This conclusion was 
the result of direct observation on the heart 
through a plastic window sutured to the anterior 
chest wall The radical surgery involved may have 
been a factor in producing the fibrillation, and to 
test this possibility a series of intact anesthetized 
dogs were similarly explosively decompressed and 
continuous electrocardiograms recorded (lead II) 
About 60 seconds after the explosion, changes in 
rhythm vere noted A-V block, interventricular 
block and idioventricular rhythms occurred but 
no evidence of ventricular fibrillation was seen 
About 2 minutes after the explosion, a severe slow- 
ing of the heart occurred This is considered sig- 
nificant since previous chest window observations 
have shown that cessation of the heart beat occurs 
within 2 nunutes after such explosions Electro- 
cardiographic deflections were observed for as long 
as 50 minutes after the explosion A second series 
of dogs with chest windows was run and electro- 
cardiographic observations made With this series 
there was evidence of ventricular fibrillation in 
about 60% of the cases It is believed that this sur- 
gical procedure tends to precipitate ventricular 
fibrillation However electrocardiographic records 
indicate that a sudden slowing of the electrocardio- 
gram is the most reliable sign of cessation of the 
heart beat 

Effect of moderate hypoxemia, related to intra- 
cardiac venous shunts, on the systemic blood 
flow Howaed B Burchell, Bowen E Taylor, 
Julian E, Knutson and Earl H Wood Div of 
Medicine and Sect on Physiology , Mayo Clinic and 
Mayo Foundation, Rochester, Minn Determina- 
tions of resting systenuc blood flow and the effect 
of exercise on oxygen saturation of arterial blood 
in 16 indnuduals, who had moderate hypoxemia 
related to congenital heart disease, were anal 3 'Bed 
The resting i alues for such saturation in the group 
averaged 82 4% (range, 75-95) The systemic blood 
flow averaged 3 68 1/hF/min (range, 1 1-6 8) No 


relationship was apparent between systemic blood 
flow and the resting arterial oxygen saturation The 
decrease m arterial oxygen saturation with exer- 
cise averaged 22% (range 10-38) The exercise 
tolerance was not uniformly predictable on the 
basis of any of the following detenmnations the 
resting arterial oxygen saturation, the oxygen ca- 
pacity, the resting systenuc blood flow, or the de- 
crease in arterial oxygen saturation with exercise 
In 2 persons who exhibited, after the imtial de- 
crease, a maintamed plateau of the arterial oxygen 
saturation with exercise, the systenuc blood flow 
was determmed during exercise In one, the ar- 
terial oxygen saturation decreased from 96-84%, 
and the systenuc flow/100 cc of oxygen absorbed 
decreased from 1 9-0 86 I/min In the second, the 
arterial oxygen saturation decreased from 86-70% 
and the systenuc flow/100 cc of oxygen absorbed 
decreased from 2 3-1 3 1/nun Evident simple rela- 
tionships were not found between the increased 
systemic blood flow that may occur with the 
hypoxemia of congenital heart disease and the 
other physiologic variables which were studied 
Blood histamine m hypoxia Willtau L Burk- 
HARDT (by invitation), Don Flickinger (by invi- 
tation) and Harry F Adler USAF School of 
Aviation Medicine, Randolph Field, Texas The 
blood histamine content of dogs, as measured by 
biological assay, may increase 10-fold or more in 
response to continuous hypoxia at a simulated alti- 
tude of 18,000 ft The increase in histamine reached 
a peak on the 4th day of exposure and may be cor- 
related with the clinical appearance of the 8 dogs 
which at that time appeared apathetic, lethargic 
and had an anorexia However, after the peak Imd 
been reached on the 4th day the histamine level 
began to dechne until it reached a control blood 
level of 0 03 to 0 06 gamma per cc about 7 or 8 days 
later which totaled about 12 days of continuous 
exposure The decrease in histamine also seemed 
to be correlated with clinical symptoms in that 
gradually over the period of the histamine decline 
the animals lost their apathy and began to eat 
normally When the dogs were returned to ground 
level for 8 days a re-expK)sure to 18,000 ft failed to 
elicit the same marked degree of histamine re- 
sponse noted on the first expiosure However, as 
comfiared to the longer continuous exposure, a 
shorter 4-day exposure to 18,000 ft followed by 
only a 3-day rest at ground level and then re-ex- 
posure produced an exaggerated blood histamine 
respionse The animals weight, food intake, blood 
counts and hematocrits have been followed closely 
during the entire experimental period 
Effect of crude renal extracts and purified 
remn in experimental malignant renal hyperten- 
sion R 0 Burns, Jr (by invitation), W H 
JxsPER (by invitation) and G E Wakerlin 
Dept of Physiology, Unit of Illinois College of 
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Medicine, Chicago, III Crude hog renal and liver 
extracts and purified hog rerun were injected 
prophylactically into dogs subjected to simul- 
taneous bilateral renal artery constriction pre- 
viouslj found to produce consistent experimental 
malignant hypertension Injections ivere made 
daily and intramuscularly for 3 months prior to 
and during survival or up to one month subsequent 
to renal artery constriction Crude hog renal cor- 
tex extract containing renin was highly effective in 
protecting against the hypertension, at least par- 
tially effective against the arteriolonecrotic lesions 
and partially effective in prolonging survival time 
4 dogs Purified hog remn vas only partially effec- 
tive m protecting against the hypertension and the 
arteriolonecrotic lesions and in prolonging survival 
time S dogs Crude hog u hole kidney extract con- 
taming remn did not have an antihypertensive 
effect, and was only partially effective in protect- 
ing against the arteriolonecrotic lesions and m pro- 
longing survival time 4 dogs Crude hog liver ex- 
tract had no antihypertensive effect and was 
doubtfully effective in protecting against the 
arteriolonecrotic lesions of mahgnant hyperten- 
sion and in prolonging survival time S dogs The 
mechanism of the antihypertensive effect is not 
yet determined Antuenin may be involved The 
mechanisms of the protection against arteriolone- 
crotic lesions and the prolongation of survival time 
remain to be determined Present evidence sug- 
gests the possibility that the arteriolonecrotic 
lesions may be due to a renal necrotizing sub- 
stance which IS not remn (A method which will 
produce consistent expel imental malignant hyper- 
tension in the dog has been devised ) 

LD-50 studies on hydroquinone EIelen Burson 
(by invitation), N R Brewer (by invitation) 
and A J Carlson Physiology Laby , Umv of 
Chicago, Chicago, III In rats the LD-50 of hydro- 
qumone varied with the state of nutrition of the 
animal and the strain of rats LD-50 of the Priestly 
stram vas 1317 mg/kg, the Sprague-Dawley strain, 
1133 mg/kg, and the Wistar strain, 770 mg/kg 
When the rat is m the fasting state (18 hr or 
more without food) the LD-50 is markedly lowered 
Variations that are apparent in well nourished 
rats of various strains become mmimized or absent 
when the rats are fasted The fasted Sprague- 
Dawley rats had an LD-50 of 319 mg/kg The fasted 
Wistar rats had an LD-50 of 313 mg/kg Animals 
in the fasting state show more uniform LD-60s, 
but this seems not significant in this study, be- 
cause when added to food fats as an antioxidant hy- 
droquinone will never be consumed in the fast- 
ing state 

When fed adult rats are given repeated doses of 
600 mgAg of hydroquinone in propylene glycol by 
stomach tube the mortality, after 38 administra- 
tions, was only 7 out of 20 rats This is supporting 


evidence that 1 ) the toxic action of hydroquinone 
is not cumulative, and that 2) the LD-50 on the 
fasted animal is not sufficient evidence of the toler 
ance to this chemical as an antioxidant in food 

Two fasted dogs died after one dose of 150 mgAg 
by mouth Three dogs that were not fasted showed 
tremors but did not die following a single dose (by 
mouth) of 200 mg/kg Four dogs that were not 
fasted showed similar but more severe symptoms 
following a single dose (by mouth) of 250 mg/kg 
Two dogs were given 28 consecutive daily adnunis- 
trations of 100 mg/kg by mouth with the food, 
without noticeable effect 

The LD-50 of hydroquinone on cats in the fasting 
state 18 between 60 and 100 mg/kg However, one 
young cat has to date survived for 6 weeks on 15 
mg/kg by mouth, vith no symptoms other than a 
small decrease in the rate of growth when com- 
pared to a control sib 

Effects of potassium and lanatoside-C on the 
failing heart m heart-lung preparations Sandor 
G Burstein (by invitation), Leslie L Bennett, 
Francis E Payne (by invitation), and James 
Hopper, Jr (by invitation) Divisions of Physi- 
ology and Medicine, Univ of Calif , Berkeley and 
San Francisco, Calif Dog heart-lung preparations 
were arranged for the continuous recordmg of right 
auricular pressure, aortic pressure, ventncular 
volume, and left ventricular output minus the coro- 
nary flow Unipolar electrocardiographic tracings 
vere taken directly from the anterior surface of 
the left ventricle using a nick electrode When 
cardiac failure vas produced bj overloading the 
heart the administration of 16-32 mg of lanatoside- 
C consistently produced reduction in the right 
atrial pressure and in diastolic ventricular volume, 
and an increase in cardiac output and in aortic 
pressure In four ex-perunents the subsequent 
administration of potassium (as KCl) reversed the 
lanatoside-C effects In five experiments the heart 
was not overloaded but potassium vas adminis- 
tered to the point of production of an increased 
ventncular diastolic volume In each case the sub- 
sequent administration of lanatoside-C reduced 
the diastohc ventricular volume Both potassium 
and lanatoside-C produced prolongation of the 
A-V and I-V conduction tunes as measured 
from the electrocardiographic tracings Both sub- 
stances also produced displacements of the S-T 
segments and alterations in the T waves The S-T 
segment displacements and the T wave altera- 
tions produced by a minimum effective dose of one 
substance could be reversed by the other if it were 
given in a large enough dose It was concluded that 
lanatoside-C can inhibit, delay, or overcome the 
onset or the course of potassium-induced or over- 
work-induced heart failure, while high potassium 
levels are able to inhibit, reverse, or minimize the 
effects of lanatoside-C 
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Alteration of neuron excitabihtj' by axon sec- 
tion Bbrrt Casipbelb, Edgar G<.steiger and 
Veknon H Mark Depi of Anatomy, Umv of 
Minnesota, Minneapolis, Minn Associated mth 
the 'chromatolysis produced by axon section is a 
change in the reflex pattern of the nucleus in- 
volved Previous communications have shown the 
loss of the proprioceptn e component of the seg- 
mental reflex, the decrease in the antidromic po- 
tential, as well as the continuance of normal con- 
duction in the primary afferent and m the axon of 
the affected motor cell This suggests a general de- 
crease in the excitability of the neuron The study 
of a pure cutaneous (‘flexor’) tj pe of response, the 
tibial-peroneal reflex, during the ehromatolytic 
cycle confirms this interpretation In a senes of 25 
cats studied from 2 to 102 days foilon mg section 
of the peroneal nerve the folloning changes were 
noted an increase m central latency, a simplifica- 
tion of the osciilographically recorded reflex poten- 
tial curve, a decrease in amplitude and, during the 
height of the cycle, an absence of the reflex The 
subliminal fringe, as tested by a second shock, was 
relatively larger in the early part of the cycle, 
smaller later All effects found are consistent with 
a generalized decrease in excitability of the cells 
Effect of increased intracranial pressure on the 
circulation m relation to pulmonary lesions Gil- 
bert S Campbell (by invitation), Francis J 
Haddv (by invitation) and M B Visschbr 
Dept of Physiology, Umv of Minnesota, Minne- 
apolis, Minn Studies have been made on dogs using 
right and left heart catheterization to measure 
pulmonary arterial (PAP) and venous pressures 
(PVP) Cardiac output, systemic arterial pressure 
and heart rate n ere also recorded Increased intra- 
cranial pressure (IICP) was produced by inflating 
a balloon inserted extradurally through a small 
trephine opening It W'as found that on the average 
in 18 dogs the mean PVP was S 2 mm Hg above 
intrathoracio before IICP was induced Afterward 
the value rose to IS 1 mm Hg Conconutaut with 
IICP there uas bradycardia, lowered cardiac out- 
put and an elevation of P\T and PAP Gross ex- 
amination of the lungs at necropsy revealed vary- 
ing degrees of pulmonary edema, congestion and 
hemorrhage Atropine (1 3-1 95 mgm ) was ad- 
ministered 1 V to 4 dogs following IICP The con- 
trol mean PinP was 5 5 mm Hg prior to IICP and 
the PX'T folloning IICP nas 13 9 mm Hg The 
IICP M as maintained follow ing the administration 
of atropine, and the mean P'\T fell to 6 6 ram Hg 
w ithm 3 minutes Atropine produced a tachj car- 
dia, raised the cardiac output to its control Ie\el 
and apparently protected the animals from the 
more scAcre pulmonarj edema, congestion and 
hemorrhage encountered in the earlier group of IS 
dogs which were not given atropine There was no 


correlation between systemic arterial pressure and 
these effects 

Effects of an anterior pituitary extract on the 
metabolism of the liver James Campbell and 
I W F Davidson (by invitation) Dept of Physi- 
ology, Umv of Toronto, Toronto, Canada The 
effect of an extract of the anterior pituitary gland 
on the metabolism of the liver was studied by ad- 
ministering the extract to fasting rats and deter- 
numng the rate of oxygen uptake and the produc- 
tion of acetoacetic acid by liver slices in vitro 
These determinations were made at intervals 
throughout 6 days of fasting and treatment with 
the extract (Qp, and Qaa signify the id oxygen 
taken up and the gg acetoacetic acid produced, 
respectively, per mg total solids of liver per hour) 
In the 24 hours following the first injection the 
Qot was less m the injected than in the control 
animals, but when recalculated on the basis of 
fat-free solids (Qo,) the values m the pituitary- 
treated animals were greater After this 24-hour 
period both the Qa, and Qpi values were greater 
in the treated animals The influx of lipid into the 
liver produced by the fat-mobilizing stimulus of 
the pituitary extract accounts for this inversion of 
the lelationship during the first 24 hours The 
Qaa and Qaa values were greater m the injected 
ammals from the start of the experiment The 
evidence indicates that a pituitary factor caused an 
enhanced activity of the fat-metabolising system 
of liver tissue The oxygen uptake and the aceto- 
acetic acid production by the liver per 100-gm 
body weight were increased by administration of 
the extract The addition of octanoate to the liver 
shoes rri vitro produced an increased oxygen uptake 
and acetoacetate production , and the extra oxygen 
taken up in the presence of the substrate could be 
accounted for by the amount of extra acetoacetate 
formed The liver slices from the treated animals 
had an enhanced ability' to produce acetoacetate 
from the added substrate 

Parathormone and the tubular reabsorption of 
glucose and phosphate m man Walter H Car- 
gill and A Calhoun Witham (introduced by 
James V Warren) Dcpls of Physiology and Medi- 
cine, Emory Umv School of Mcdtcinc, and the 
Medical Service, Lawson Veterans Administration 
Hospital, Atlanta, Ga It is well known tliat the 
urinary excretion of phospliatc niai be increased 
by the administration of paratlnTOid hormone and 
decreased by the ingestion or infusion of large 
amounts of glucose We have ini cstigated the role 
of tubular activitj in these reactions in normal 
human subjects Glomerular filtration rate was de- 
termined by inuhn clearance and the rites of rc- 
absorptiott of glucose and phosphite obtained is 
the difference between the rates of filtrationand 
excretion Since the intrncnous injection of para- 
thormone (200-400 i ) did not liter filtritioii rite. 
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the inci eased exeretion of phosphate which fol- 
lowed was due entirely to decreased reabsorption 
The reabsorption of glucose usually decreased also 
'RTien the rate of glucose reabsorption was in- 
creased by the intravenous infusion of 10% glucose 
solution there was a corresponding increase in 
phosphate reabsorption, in addition to a decreased 
rate of phosphate filtration resulting from a low- 
ered plasma level The injection of parathormone 
during or immediately following the glucose infu- 
sion produced a further increase in the rate of 
phosphate reabsorption These observations sug- 
gest that the mechanisms of tubular reabsorption 
of phosphate and glucose are closely related, and 
that during periods of increased glucose rcabsorp- 
tion the usual effect of parathormone on phosphate 
excretion may be reversed 
Delay of senescence infertility by dietary re- 
striction ClaibeJ Carr (by invitation), Joseph 
T King and M B Visschbr Dept of Physiology, 
Untv of Minnesota, Minneapolis, Minn A group 
of CjH female mice have been studied in detail for 
23 months Ten of the original 17 are now living 
Since it was known that restriction to 66% of nor- 
mal calories would disturb but not prevent normal 
estrous cycles, these mice were restricted to 50% 
of a normal caloric intake Protein, minerals and 
vitamins were not restricted They remained in 
anestrus Occasionally a mouse would show a sub- 
estrus response At two different intervals several 
mice were given fresh pituitary implants , they re- 
sponded promptly with a positive vaginal smear 
After 14 months half of the group was given in- 
creasing caloric supplement with dextrose Some 
noice developed positive smears with as little as 
0 160 gm dextrose while others required as much 
as 1 0 gm At 21 months the whole group was fed 
ad libitum Within a week all showed positive 
smears At this point they were tested wuth fertile 
males All became pregnant Some aborted at about 
the 15th day but subsequently delivered litters 
To date the litters have not survived, apparently 
due to failure of lactation Observations are being 
continued It is apparent that prolonged, seveie 
caloric restriction delays the onset of infertility to 
a very advanced age Strain A mice restricted until 
8 months old have been studied previously (Ball, 
Barnes and Visscher, Am J Physiol 150 611, 
1947) 

Resistance induced by anti-thyroid compounds 
and by goitrogenic diets against experimental 
pulmonary edema in rats K K Carholl (bj 
invitation) and R L Noble Dept of Medical 
Research, Collip Medical Research Laby , Univ 
of Western Ontario, London, Canada ANTU 
(a-naphthylthiourea) and several closely related 
compoimds have been shown to possess a high tox- 
icity specific for rats Pretreatment of rats with 
sub-lethal doses of ANTU induces a marked re- 


sistance to its toxic action (Richter 1945, 1947) 
The present study has demonstrated that resist- 
ance to ANTU can also be produced by pietreat- 
ment with various other compounds containing 
the thiourea groupmg Neither the anti-thyroid 
potency nor the acute toxicity of these substances 
IS directly related to them ability to impart re- 
sistance In addition, resistance to ANTU is found 
in fats fed on certam goitrogenic diets, especially 
those containing seeds of the Brasstca species 
This effect has been used as an assay m preparing 
active extracts of rape seed Details of the extrac- 
tion procedure are discussed 
Connective tissue and parenchymal changes in 
ovary of the rat H R Catchpolb and S C Pan 
(by invitation) Dept of Pathology, Univ of Illi- 
nots College of Medicine, Chicago, III Two methods 
were applied to the study of ovarian connective 
tissue in immature female rats which were treated 
with 2-25 rtr of equine gonadotrophic hormone 
and examined after 6-60 hours Ammals of control 
groups and of groups so stimulated received an 
injection of 0 6 ml 1 25% Evans blue (intra vital) 
dye intravenously 10 minutes before death Them 
ovaries were frozen in liquid am and frozen-dried 
in vacuo They were then embedded in parafiin, 
sectioned at 30 my, mounted in mineral oil and 
examined dmcctly Ovaries from control and 
gonadotrophin-treated animals were frozen-dried, 
sectioned at 6 my and stained by the McManus- 
Hotchkiss periodic acid-leucofuchsin technique 
for glycoproteins Young adult female rats at dif- 
ferent stages of the cycle w ere also studied by the 
above techmques In the normal rat, the extra- 
cellular distribution of Evans blue duplicates that 
of glycoproteins staming with the periodic acid- 
leucofuchsin method There is an increased stain- 
ing density of glycoprotein at pro-estrous and es- 
trous, which IS even more pronounced following 
gonadotrophin stimulation Coincidentally, more 
Evans blue is visible in the connective tissue of 
stimulated ovaries compared either with controls 
or with normal cyclic ovaries, and the increase is 
proportional to the dosage or time of action of the 
hormone Increased binding of Evans blue and 
staining density with the MeManus-Hotchkiss 
reagent are interpreted as due to a process of de- 
polymerization occurring in glycoprotein com- 
ponents of the connective tissue These changes 
are thought to underlie, or to favor, structural 
rearrangements within the ovary occasioned by 
follicular growdh 

Studies on bound acetylcholine Daniel J 
Cavanaugh and Julian M Tobias Dept of 
Physiology and Toxicity Laby , Univ of Chicago, 
Chicago, III The coexistence of bound acetylcho- 
line (ACh) and cholinesterase (ChE), and, in 
some cases, of large amounts of free ACh and active 
ChE (/ Cell Comp Physiol 28 169, 1946) in 
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tissue stimulates one to ponder why the enzyme 
does not hydrolyze the substrate tn vivo A variety 
of possibilities exists There may be a steady state 
of interaction appearing to be lack of interaction , 
the enzyme may be in inactive form , the enzyme 
and substrate may be separated by a structural 
barrier , one or the other may be held in an inac- 
cessible state, as by adsorption etc Toward clari- 
fying this situation, preliminary experiments have 
shown that adsorption of ACh on charcoal can 
protect it from demonstrably active ChE It has 
also been found, using rat brain preparations, that 
thermal hberation of free ACh from bound pre- 
cursor IS rather rapid, even at relatively low tem- 
peratures, being 60% complete in 1 hour or less 
at 15°C The rate of unbinding between 15-40°C 
IS markedly accelerated over that at 0~16°C Such 
adsorption protection of ACh from ChE in vitro 
and the relative ease of thermal dissociation of 
precursor are facts compatible with the notion 
that bound ACh is loosely held in precursor 
It has also been found that m a distilled water 
homogenate of brain (rat) the bound ACh is not 
thrown down at centrifugal speeds something 
over 20,000 r p m It is either water-soluble or 
highly disperse, not associated with the denser 
protoplasmic constituents under these circum- 
stances, and can be shown to be associated with a 
high lipid content fraction of the brain 
Effect of a psychiatric interview on renal plasma 
flow and finger skin temperature James H 
Chalmbbs (by mvitation), Robert W Cranston 
(by invitation), Henrt Lonostbeet Taylor and 
Ancel Keys Laby of physiological hygiene, TJniv 
of Minnesota, Minneapolis, Minn Thirty-eight 
experiments were conducted on 27 well adjusted 
healthy males and females ranging in age from 20- 
62 years, all of whom were free of cardiac and renal 
abnormalities The subjects were divided into 4 
groups on the basis of age and sex Observations 
were made of renal plasma flow and skin tempera- 
ture during a restful control period followed by a 
period during which emotionally charged topics 
were intentionally introduced by a psychiatrist 
familiar with the emotional backgrounds of the 
subjects This resulted in moderate emotional ten- 
sion in most subjects No marked reactions were 
noted A control group was studied by identical 
methods in which no emotional stimuli were ap- 
phed The intramdividual standard deviation of 
renal plasma flow of the control group (11 experi- 
ments on 6 young males) for the periods corre- 
sponding to the psymhiatnc interview was used to 
calculate T scores for evaluating the response of 
each of the other subjects to the psychiatric inter- 
view Highly significant changes in renal plasma 
flow (T score greater than 3) occurred during the 
interview in 4 of 11 experiments on 7 young males, 
5 of S experiments on S older males and 4 of S experi- 


ments on 6 females Positive as well as negative 
deviations from basal values were found The de- 
gree and duration of emotional response elicited 
varied between individuals and in the same in- 
dividual on different occasions Significant changes 
in skin temperature of the finger occurred during 
the inteiwiew but were not correlated with changes 
in renal plasma flow 

Pressure changes and hentorrhage in the mid- 
dle ear of monkeys resulting from decompression 
and recompression Hsiang-Tung Chang (by 
invitation), Rodolfo Margaria (by invitation) 
and Samuel Gelfan Laby of Physiology, Yale 
Untv School of Medicine, New Haven, Conn 
The pressure changes developed in the muddle ear 
during decompression and recompression have 
been directly determined by means of a membrane- 
mirror manometer and recorded photographically 
The middle ear pressure increases proportionally 
with gradual reduction of ambient pressure, the 
expanding air m the tympanic cavity escapmg 
periodically through the Eustachian tube The 
average differential pressure required for forcmg 
the Eustachian tube open in anesthetized monkeys 
was found to be between 10 to 13 ttito Hg At the 
instant of explosive decompression the positive 
pressure in the middle ear mcreases suddenly to a 
value which tends to approach the pressure differ- 
ence between the pre- and post-decompression 
altitudes This excess middle ear pressure, how- 
ever, IS very qmckly reduced to that of the ambient 
pressure 

During recompression anesthetized monkeys 
are unable to equalize the ambient and middle ear 
pressures, the negative pressure developing in the 
middle ear increasing with increasing ambient 
pressure This negative pressure, after reaching a 
critical value, will cause traumatic lesions Au- 
topsy of explosively decompressed monkeys 
showed severe bleedmg in the tympanic cavity 
and the mastoid cells of the temporal bone with 
the ear drum remaimng mtact Puncture of the ear 
drum prior to decompression prevents the tym- 
panic hemorrhage 

Artificial insemination of rabbits and trans- 
plantation of rabbit eggs (motion picture) M C 
Chang and G Pincus ITorccster Foundation for 
Expll Biology, Shrewsbury, Mass , and Tufts 
College of Medicine, Boston, Mass The pictures of 
Spallanzani (first successful artificial insemination 
of dogs in 1785), Heape (first successful transplan- 
tation of rabbit eggs in 1890), Hammond and Wal- 
ton (who developed the technique of artificial 
insemination of rabbits), and Pincus (vho dei el- 
oped the technique of transplantation of rabbit 
eggs) are shown Methods of rabbit semen collec- 
tion by means of a piece of rabbit skin and artifi- 
cial insemination of the rabbit arc photographed 
in color The recox cry of rabbit eggs from excised 



24 


FEDERATION PROCEEDINGS 


V olume 8 


oviducts and from the Imng animal by a surgical 
method are demonstrated Living rabbit eggs in 
the four-cells stage are photographed Surgical 
methods for transplanting rabbit eggs at early 
stages into the oviducts, and blastocysts into the 
uterus of recipient rabbits are shown The storage 
of eggs at low temperatures and the probability of 
eggs (recovered at different stages, and stored at 
various temperatures for different lengths of 
time) developmg into normal young rabbits are 
described Albmo young produced from black chin- 
chdla foster mothers are photographed A historical 
review of sperm study and the development of 
artificial insemination for livestock improvement 
are shown in a chart The egg study and the 
possibility of egg transplantation for the full 
utilization of female germ cells of valuable animals 
are illustrated for livestock improvement 
Effect of substrate concentration on the lumi- 
nescent reaction of Cypridina luciferin and 
luciferase Axtbin M Chase Physiological Laby , 
Princeton Univ , Princeton, N J , and the Marine 
Biological Laby , Woods Hole, Mass It has been 
stated (Moelwyn-Hughes, Ergeb der Enzymf 
6 23, 1937) that the Michaelis constant, Iv,, for 
the luminescent reaction of Cypridina luciferin 
and luciferase has a negative, and therefore the- 
oretically meaningless, value For this reason he 
analyzed and satisfactonlly interpreted this reac- 
tion in terms of chain reaction theory Since the 
data used by Moelwyn-Hughes represented the 
velocity constant rather than the initial velocity 
of the reaction as a function of luciferin concen- 
tration, a determination of the relationship be- 
tween velocity of the luciferin-luciferase reaction 
and the imtial luciferin concentration was under- 
taken in order to obtain data suitable for analysis 
in terms of the Michaehs-Menten theory of inter- 
mediate enzyme-substrate complex formation 
It was found that the initial velocity increases 
asymptotically to a maximum value as luciferin 
concentration is increased, yielding data quite sus- 
ceptible to analysis in terms of the Michaelis- 
Menten theory Two enzyme concentrations were 
used and a 200-fold range of substrate concentra- 
tion was studied Excellent agreement with the 
Michaelis-Menten equation was observed and the 
calculated value of ICj, the dissociation constant 
for the luciferin-luciferase complex, was about 
6 X 10“^ (the molar luciferin concentration giving 
i maximum velocity ) This order of magnitude is 
similar to those found for many oxidative enz 3 me 
systems which have been studied The analysis of 
the data further indicated that one lucifenn mole- 
cule combines with one luciferase molecule in the 
formation of the enzyme-substrate complex 
Effect of desoxycorticosterone acetate (DCA) 
on pituitary content of adrenocorticotrophic hor- 
mone (ACTH) after adrenalectomy Chi-Ping 


Cheng (by invitation), Marion A Satbrs (by 
invitation) and George Sayers Dept of Phar- 
macology, Univ of Utah College of Medicine, Salt 
Lake City, Utah The content of ACTH in the 
pituitary of the rat is reduced to i of normal 24 
hours after adrenalectomy (Cheng and Sayers, 
Proc Soc Exptl Biol cfc Med , in press) Six of 12 
rats were implanted with six 15 mg pellets of DCA 
each , 48 hours later, all 12 were adrenalectomized 
Twenty-four hours later, the rats were kiUed and 
the pituitanes removed Pitmtanes were also re- 
moved from untreated intact controls and from 6 
intact rats 72 hours after the implantation of DCA 
(six 16 mg pellets each) The anterior lobes were 
frozen and lyophilized and the dried glands of 
each group jiooled and ground to a homogeneous 
powder The concentration of ACTH in the pow- 
ders was determined by the adrenal ascorbic acid- 
depletion method DCA had no effect upon the 
content of ACTH in the pituitanes of the intact 
rats The content of ACTH in the pituitanes of the 
untreated adrenalectomized rats was 16% while 
that of the DCA-treated adrenalectomized rats 
was 43% of the control level In animals with in- 
tact adrenals, non-specific stress (scald, sham- 
adrenalectomy) reduces the ACTH content of the 
pituitary by 50% It may be concluded that DCA 
prevents the marked depletion of pituitary ACTH 
which normally follows the complete absence of 
adrenal cortical secretions The results lend addi- 
tional support to the concept that pituitary adre- 
nocorticotrophic activity IS regulated by the level 
of cortical steroids in the body fluids 

Order of recovery from excitation m dog, 
monkey, and human heart, nature of ST-segment 
and T-wave H M Chehnoff (by invitation) 
andL H Nahitm Laby of Physiology, Yale Univ 
School of Medicine, New Haven, Conn The re- 
covery process in mammalian ventncle was 
studied by o) forced extrasystoles, 6) heating and 
cooling regions of the dog ventricle, c) high alti- 
tude anoxia in monkeys and d) simultaneously 
recorded unipolar extremity and precordial leads 
in man Practically all normal subjects show in 
some leads displacement of ST in the same direc- 
tion as the T-wave All extrasystoles exhibit simi- 
larly displaced ST segments High altitude anoxia 
causes similarly displaced ST-segment and QT 
shortening Heating localized ventricular areas 
produces QT shortening and similar ST-segment 
displacement Cooling localized areas lengthens 
QT and produces ST-segment displacement in 
same direction as T, but displacement is opposite 
to that produced by heating same area ST dis- 
placement and T-wave direction in each lead 
depends upon region of heart whose repolarization 
bus been altered 

In dog, monkey and human heart repwlarization 
is already in progress at end of S An isoelectric 
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ST results from balanced rcpolanzation m prox- 
imal and distal zones of that lead The T-wavo 
represents that part of the repolanzation process 
in which the greatest unbalance of potential exnsts 
between proximal and distal zone First stage 
anoxia causes accelerated repolanzation, which is 
reflected by a specific ST-T pattern In dog and 
human heart, the apical and diaphragmatic regions 
are the earliest to repolarize 
Vasomotor side effects of two new amines 
which primarily depress intestinal motility J R 
Chittttm, F H Longing and B H Metcalf 
(introduced by K S Ghimson) Dept of Surgery, 
Duke Umv , Durham, N C Vasomotor actions of a 
tertiary amino compound, dibenzyhnethyl B- 
dieth 3 daininopropionate hydrochloride (SC1870), 
which reportedly has five times the activity of 
papavenne in relaxing banum-induced spasm have 
been compared with those of a quaternary amine, 
ethyl dimethyl B- (9-xanthene carboxylate) ethyl 
ammonium chloride (SC1703), which reportedly 
inhibits autonomic ganglia and also has twice the 
anti-acetylchohne activity of atropine Five to 
7 5 mg/kg of 1870 or 2 5 to 4 mgAg of 1703 delayed 
gastric emptjnng and reduced transit time through 
the ileum of unanesthetized dogs Essentially 
similar doses of either drug produced reduction of 
blood pressure with little change or decrease of 
pulse rate in dogs anesthetized using chloralose 
After either drug the effect of stimulation of distal 
ends of divided vagi upon heart rate was pre- 
vented During the period of hypotension follow- 
ing either drug, increase of blood pressure normally 
caused b)' occlusion of carotid arteries did not 
occur Following effective doses of either drug, 
anoxia failed to increase blood pressure Stimula- 
tion of the central end of a divided vagus nerve 
after 1870 did produce marked increase of blood 
pressure After 1703, however, the pressor response 
to central vagus stimulation was blocked After 
either drug adrenalin increased blood pressure and 
heart rate Experiments indicate that both drugs 
have defimte vasomotor effects when given in large 
doses These doses, however, apparently were well 
tolerated w hen given intravenously to unancsthe- 
tized dogs durmg ileal studies 
Studies of the use of intravenous quinidine 
orally in certain mechamsm disorders John W 
Chuiss (by invitation), Miltox R Hejtmancik 
(by im Ration) and George R Herrmanx 
Umt of Texas Mcdtcal School, Galveston Quini- 
dinc IS almost a specific drug for the interruption 
of serious disorders of the cardiac nicchnmsni 
such as 1 entncular tachi cardi i, atn il fibrillation 
and atml tachjcardia In most of our cases the 
sino-atnal rhjthm was reestablished after 1-S 
oral doses of 0 2 gm of quinidinc sulfate In rare 
cases that proaed rcfractorj to oral therap} the 
seriousness of the patient’s condition was such 
that heroic introduction of quinidinc lactate w is 


resorted to We arc fully cognizant of the dangers 
of using quinidine intravenously and certainly 
proceeded with great caution Intravenous quini- 
dine lactate and sulfate were used in several cases 
of ventricular tachycardia, atrial flutter, atrial 
tachycardia and atrial fibrillation The few cases 
in which even heroic therapy failed will be dis- 
cussed along with those successfully treated 
The ‘motor’ cortex of the dog J G Chusid 
(by invitation), C G de Gutierrez-Mahonet 
and Franklin Robinson (by invitation) Neuro- 
logical Division, St Vincent’s Hospital and Laby 
of Physiology, Yale Umv School of Medicine, New 
Haven, Conn The cerebral cortex of 19 dogs under 
light Dial-urethane anesthesia was stimulated 
manually using bipolar Ag-AgCl electrodes and a 
Goodwin stimulator ‘Buned’ cortex, exposed by 
subpial suction of tissue, was explored and found 
to resemble in its motor characteristics the adja- 
cent exposed cortex The inferior bank of the coro- 
nal sulcus was found to be the superior limit of the 
‘face’ area, while the superior bank of the coronal 
sulcus was found to be the inferior limit of the 
‘arm’ area The posterior bank of the presylvian 
sulcus was found to be the anterior limit of the 
‘face’ area, and in its inferior orbital portion was 
found to inhibit respiration readily Although a 
relatively wide representation for ‘face’ and its 
subdivisions was apparent, repeated stimulation 
of this area and the adjacent posterolateral cortex 
failed to evoke leg or arm movements The poste- 
rior bank of the cruciate sulcus represented the 
anterior limit of the ‘leg’ area Extension of the 
‘arm’ area onto the anterior bank of the cruciate 
sulcus occurred in its most lateral portion Eye 
movements, pupillary changes and tearing were 
evoked from the ‘buried’ cortex of the presylvian 
sulcus in its most medial (midline) portion Stim- 
ulation of the adjacent cortex lyang medially and 
extending for several millimeters onto the medial 
aspect of the hemisphere produced the most pro- 
nounced pupillary changes, stimulation of the 
anterior cingulate area inhibited respiration 
Effect of intravenous injection of hypertonic 
saline on salivary secretion in dogs L J Cizek 
(byf invitation) and M I Gregersex’" Dept of 
Physiology, College of Physicians and Surgeons, 
Columbia Umv , New York City Many iniesti- 
gators have shown that thirst can be induced by 
the intraicnous injection of hypertonic salt solu- 
tion Holmes and Gregersen (Am J Physiol 
151 252, 1947) demonstrated that the thirst so 
produced in man was associated with a reduction 
in the merall sain ary secretion This prompted us 
to study sain ary secretion in the unancsthetized 
dog before and after the intraicnous injection of 
20% XaCl (2 cc/kg) Observations were made on 0 
dogs, 3 with submaxillary fistulas and 3 w ith pa- 
rotid fistulas Panting inahot box was used as a uni- 
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form stimulus The submaxillary secretion was 
either unaffected or somewhat augmented b}’’ the 
injection of hypertonic saline However, the pa- 
rotid secretion, which was comparatively small but 
surprisingly constant during the control periods, 
was sharply reduced or completely absent after 
sahne injection The difference in response of the 
two tjTies of glands is unexplamed Furthermore, 
the evidence so far on the dog is not conclusive in 
showing that the total secretion into the mouth is 
reduced by hypertomc sahne, although that would 
be the mference from results on man and from the 
fact that intravenous saline causes both man and 
dog to drink 

Responses elicited by combined stimulation of 
pairs of fixed electrodes in the unanesthetized 
monkey Geoeqe Clabk and JAjtiES W Wabd (by 
invitation) Dept of Anatomy, Chicago Medical 
School, Chicago, III , Yerkes Labys of Primate 
Biology Inc , Orange Park, Fla and Dept of Anat- 
omy, Vanderbilt Medical School, Nashville, Tenn 
Electrodes were implanted aseptically upon the 
Betz cell area, premotor areh and eyefields in each 
of 10 immature monkeys (Macaca midlalta) 
Selected pairs of these electrodes were stimulated 
with 60-cycle sme wave current either consecu- 
tnely or concurrent! As compared to the effects 
of single stimulation the responses were either 
unchanged or augmented In no case did suppres- 
sion occur It is suggested that both inhibitory and 
facilitatory processes may be induced by appro- 
priate cortical stimulation and that under different 
physiological conditions of the animal, one or the 
other may be elicited 

Effect of work on renal oxygen utilization 
John Kapp Clark and Harold G Barker (intro- 
duced by J R Elkinton) Dept of Medicine and 
Harrison Dept of Research Surgery, School of 
Medicine, Univ of Pennsylvania, Philadelphia, 
Pa No change in renal oxygen utilization was 
demonstrated in 16 normal human subjects be- 
tween basal states and conditions of probably 
changed renal work, namely saturation of PAH 
transport mechanism, water diuresis, osmotic 
(Maimitol) diuresis, 5 subjects each Arterial and 
renal venous (catheter) blood was sampled simul- 
taneously Flow was calculated from the Fick 
equation using PAH Oxygen content was deter- 
mined manometrically and corrected for A-V 
differences m hemoglobin content The product of 
blood flow and A-V difference represents oxygen 
utilization 300 gm of kidney tissue were assumed 
equivalent to 1 73 square meters surface area 
Blood flow remained essentially constant during 
the tests The mean control value for oxygen util- 
ization m all 15 patients vas 6 1 cc/100 gm/min 
(standard deviation ± 2 27, standard error of the 
mean ± 607) In 12 of the 15 cases no change over 
1 5 cc/100 gm/min was observed 
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Mean 

Change 

Range 

PAH saturation 

0 1 

(-2 9 to -H 7 

Water diuresis 

0 7 

(-4 4 to +1 2) 

Mannitol diuresis 

0 i 

(-1 0 to -1-1 4) 


Small A-V oxygen differences make the experi- 
mental error large Nevertheless the kidney seems 
not to vary its oxygen utilization with increased 
functional activity to a degree comparable to other 
organs or to the body as a whole where utilization 
may increase 16 fold during exercise 
Oxidation of CO to CO* by the Intact anunai 
Robert T Clark, Jr , J Newell Stannard and 
W 0 Fbnn Depts of Physiology and Vital 
Economics, and of Radiation Biology, Untv of 
Rochester School of Medicine and Dentistry, Roches- 
ter, N Y Previous experiments with isolated frog 
tissue in a respirometer containing 80% CO and 
20% Oj indicated that CO in this mixture invari- 
ably stimukited gas uptake m heart and skeletal 
muscle as compared to the rate in air By direct 
analyses of the respired COs using radioactive 
C*^, this apparent stimulation was shown by us to 
be due to the oxidation of CO to CO 2 by the mus- 
cles To determine whether CO would be burned 
m the intact animal, turtles and mice were placed 
in concentrations of CO in air ranging from 0 02- 
0 07% in air-tight containers The amount of CO 
oxidized was determined by I) measuring by a 
modification of the Roughton-Root technique the 
drop in CO concentration in the air during the 
experimental period and 2) determining the 
amount of C'^0 appearing as C'^Oj m the expired 
air The gasometric measurements showed that 
considerably more CO disappeared in the presence 
of the animals than in the control period In 10 days 
the turtles oxidized 62% of the CO present, while 
mice utilized CO at the rate of 0 044 mm’/g/mm 
Two independent measurements on mice w ith col- 
lection of C'^Oj indicated the rate of 0 0049 mm’/g/ 
min This rate of burning was greater by a factor 
of 10 than would be expected by extrapolation from 
the rate observed with isolated tissues in 80% CO 
and 20% O5 Extrapolation of these rates to man 
would indicate oxidation of 20 cc CO per hour 
after breathing air containing 0 07% CO 
Occurrence of gastric secretory inhibitor activ- 
ity in fresh gastric and salivary mncin Charles 
F Code, Henry V Ratke (by invitation), 
George R Livermore, Jr (by invitation), and 
Walter Lttndberg (b}^ invitation) Section on 
Physiology, Mayo Foundation, Rochester, Mmn , 
and Hormel Inst , Umv of Minnesota, Minneap- 
olis, Minn It was shown some years ago by Brun- 
schwig and his co-workers that the intravenous in- 
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jection of gastric juice oi alcoholic precipitates of 
gastric juice obtained from patients with achlorhy- 
dria produced an inhibition of the gastric secretory 
response of dogs to a meat meal This observation 
was confirmed and extended by Blackburn and one 
of us (Code) They found that the inhibitor activ- 
ity was associated with the mucin fraction of gas- 
tric juice, and that it was present in samples of 
commercial gastric mucin, whereas it was absent 
in preparations of pepsin 
In the present study, fresh gastric mucin was ob- 
tained by scraping the mucosa of the stomachs of 
hogs immediately after killing The intravenous 
injection of physiologic saline extracts of this 
material consistentlj'' eliminated the acid gastric 
secretory response of dogs to rather large doses of 
histamine given subcutaneously every 10 minutes 
The inhibitor activity was found to bo precipitated 
by alcohol Alcohol precipitates of saliva, like those 
of gastric mucm, may produce inhibition of the 
acid gastric secretory response to histamine, but 
the degree of inhibition produced by salivary 
preparations thus far has been less than that asso- 
ciated with preparations of gastric mucin Imme- 
diate reactions, manifested often by weakness and 
a decrease of blood pressure and delayed reaction 
as indicated by emesis and an increase m tempera- 
ture may occur when preparations of mucinoge- 
nous materials are injected intravenously into 
dogs Although inhibition of gastric secretion has 
been observed m the absence of such reactions, the 
sigmficance of the occurrence of these reactions in 
relation to the gastric secretory inhibitor activity 
of the preparations is not fully understood 
Renal clearances in normal dogs receiving 
desoxycorticosterone acetate W D Coolings, 
C F Downing (by invitation) and R E Houges 
(by invitation) Dept of Physiology, State Untv 
of Iowa, Iowa City, la During the course of some 
studies of renal-adrenal relationships in dogs, it 
was necessary to investigate the effects of desoxy- 
corticosterone acetate (DCA) on normal dog kid- 
ney function Preliminary studies were made 
of creatinine and para-aminohippuric acid (PAH) 
clearances in 3 framed female dogs before, during 
and after treatment with DCA Clearances were 
done by the usual technique of priming the ani- 
mals first, then maintaining plasma levels of the 
cleared substances by constant intravenous in- 
fusion Urines w ere obtained by catheter, and usu- 
ally three consecutive 16-minute collection periods 
were run Rates of urine flow obtained were 2-4 
ml/min The mean control clearances for 70 clear- 
ance periods were creatinine, 55 8 ml/min and 
PAH, 196 S ml /min The mean values for 21 
clearances done while the dogs were recciv ing 2 5- 
7 5 mg DCA dailj for 5-7 daj-s were creatinine, 
CG5nil/min andPAH, 101 Sml/min Mean values 
for 26 clearances at dailj’ DCA doses of 10-15 mg 


for 6-7 days were, creatinine, 74 8 ml/min and 
PAH, 260 3 ml/min Although other possibilities 
cannot be ruled out, increased clearances with 
higher doses of DCA may be related to hemo- 
dynamic effects of altered circulating blood vol- 
ume On higher DCA doses the classical changes 
were present, i e hemoglobin and hematocrit were 
reduced whereas both systolic and diastolic blood 
pressures were slightly elevated 
Cytological effect of slow neutrons Alan D 
Conger (introduced by Alexander Hollaen- 
der) Biology Division, Oak Ridge National Laby , 
Oak Ridge, Tenn The operation of ehain reacting 
atomic piles has made a new type of radiation, slow 
neutrons, available in amounts large enough for 
considerable biologic effect and possible damage 
The biologic effect of the non-ionizmg slow neu- 
trons IS produced indirectly when they are cap- 
tured by atoms which then emit the various ioniz- 
ing radiations Most important reactions in biologic 
materials are hydrogen capture of slow neutrons, 
forming deuterium which immediately emits a 
gamma ray, and nitrogen capture with the emis- 
sion of a proton The action of slow neutrons in 
causing a specific biologic effect, the breakage of 
chromosomes, has been studied in the flowenng 
plant Tfadescantia Such broken chromosomes are 
lethal to cells possessing them when those cells 
subsequently divide, slow neutron exposures of 
about 16 minutes produced visible aberrations in 
60% of the cells Previous expenments on the 
same plant have shown that certain types of these 
chromosome breakage aberrations increase as the 
dosage squared when x- or gamma-radiation is 
used, but increase linearly with dose when a radi- 
ation of heavy particles is used The chromosome 
breakage data from slow neutron treatment given 
in the Oak Ridge Pile show a linear increase with 
dose, indicating that the most important reaction 
of slow neutrons in this tissue is the nitrogen cap- 
ture with its emission of a proton 
Cardiovascnlar effects of nembutal, dibenamine 
and yohimbine on trained dogs George Con- 
stant (by invitation), Aristophanes Andronis 
(by invitation) and Eric Ogden Dept of Physi- 
ology, Untv of Texas Medical Branch, Galveston, 
Texas Arterial pressure of trained dogs nas 
measured by femoral puncture with a needle con- 
nected to a Tjeos manometer, the lowest point of 
the excursion being recorded Such readings arc a 
few millimeters above diastolic pressure The 
drugs were given slowly intravenously in normal 
saline solutions Hcmbutal (30 mg/kg ) greatly 
increased pulse rate and affected blood pressure 
variably , a fall being usual These effects lasted 
from 1 to 4 hours Dibenamine (25 mg/kg ) low Cred 
the blood pressure and its effect on the puhe rate 
was variable , since intrax cnous dibenamine caused 
much distress and struggling these pulse rate dc- 



28 


FEDERATION PROCEEDINGS 


Vohme 8 


terminations are doubtful, therefore only 3 such 
experiments were done Dibenamine during Nem- 
butal anesthesia produced a further decrease in 
blood pressure but slowed the pulse rate, not how- 
ever to the pre-anesthetic level Yohimbme raised 
the pulse rate and usually lowered the blood pres- 
sure of unanesthetized dogs Yohimbine given to 
the nembutalized animal raised both blood pressure 
and pulse rate These observations serve again to 
emphasize the difficulties of interpretation of ob- 
servations of the cardiovascular system made 
under anesthesia The detailed pharmocodynamic 
interpretation of these differences should not be 
attempted until a great variety of simultaneous 
measurements of different cardiovascular func- 
tions IS available 

Proteolytic activity in cerebro-spinal fluid 
Geoeqb Constant (by invitation), Wiktoe W 
Nowinski, Roheet B White (by invitation) 
AJiD Jot M BLaet (by invitation) Tissue Culture 
Laby and Dept of Neurology and Psychiatry, 
Umv of Texas Medical Branch, Galveston, Texas 
Cerebro spinal fluid from schizophrenic and 
neurotic patients was investigated for its pro- 
teolytic activity This was measured by the re- 
lease of tyrosine and tryptophane during incubation 
for 3 hours at 37 6°C with edestine as substrate 
and at a final pH 4 2 Controls were set up by 
incubating cerebro-spinal fluid without substrate, 
but under the same conditions The estimation of 
released ammo acids was earned out with Folin- 
Ciocalteu reagent using a Beckman spectropho- 
tometer and the figures obtained w'ere related to a 
standard expressed in milligrams tyrosine It was 
found that in 35 of the 38 cases investigated the 
amount of released tryptophane and tyrosine in the 
spinal fluid of these individuals was 40 to 70% 
greater as compared with the control tubes which 
did not contain the substrate 

Some methods of producing traveling contrac- 
tion nodes in adult frog muscle fibers (motion 
picture) B A Cookson and Flotd Wiebcinski 
(introduced by L V Heilbeunn) Depts of Zool- 
ogy, Umv of Pennsylvania, and of Physiology, 
Hahnemann Medical School, Philadelphia, Pa 
Small bundles of muscle fibers, teased from the ad- 
ductor magnus of Rana pipiens, were immersed m 
a solution containing 1 3% NaCl and 0 75 vols % 
HjOj After approximately 2 minutes small con- 
traction nodes were seen forming in various regions 
of the fibers These nodes usually recurred in tlie 
same regions at regular intervals After originating, 
they traveled along the fibers Usually the node as 
it formed split into two nodes traveling in opposite 
directions Frequently the nodes collided and can- 
celed out Sometimes contraction nodes were 
formed which involved only half the circumference 
of the muscle fiber A slight increase in theH"©* 
concentration produced, instead of traveling 


nodes, large stationary areas of fiber w'hich ryth- 
mically contracted and relaxed During the con- 
traction the sarcolemma became wrinkled A slight 
decrease in the HjOj concentration resulted in 
complete absence of response Reduction of the 
NaCl concentration to 65% (approximately iso- 
tonic), also resulted in an absence of response A 
solution containing 1 3% NaCl, 0 75 vols % HjOj, 
1% glutathione and enough 0 1 N NaOH to adjust 
the pH to 7 4 was found to keep its potency for over 
2 days, whereas the solution containing only 1 3% 
NaCl and 0 75 vols % H-O-, due to the instability 
of the H 2 OJ, remamed potent for only 2-3 hours 
With the former solution it was possible to produce 
travehng contraction nodes in isolated single fibers 
with injured ends Preliminary studies indicate 
that traveling contraction nodes can also be pro- 
duced by solution of 2-methyl 1 4 napthoqmnone 
in Ca-free frog ringer 

Osmophilia in relation to alkalme phosphatase 
activity in the chloride cell (gill) of fundulus 
heteroclitus D Eugene Copeland (introduced 
by C M Williams) Arnold Biological Laby , 
Brown Umv , Providence, R I Evidence has been 
previously presented (Ckipeland, J Morph 82) 
of a cell type responsible for the salt excretion de- 
scribed by Smith (Am J Physiol 93) as occumng 
from the gills of marine fish Subsequently it was 
suggested (Pettengill and Copeland, J E Z 108) 
that the marked increase in phosphatase activity 
found when F heteroclitus is adapted to fresh water 
indicated a physiological reversal of cell polarity, 
the cell then becoming an absorptive mechanism, 
accounting for the chloride absorption noted by 
Krogh (Z vergl Physiol 24) in fresh-water fishes 
In the present report, a similar marked increase 
in osmophilia is found to occur as the fish becomes 
fresh water adapted Emmel (Anat Rec 91) has 
shown a piositional relationship of phosphatase 
activity and Golgi zone in the absorption cells of 
the intestine The chloride cell not only shows a 
leasonable piositional similarity of the tw'o phe- 
nomena but also a synchronous change in amounts 
with change in functional activity of the cell 
Ferritin effect on blood pressure and pressor 
response in rats A C Cobcoban, G Masson and 
C ScHAFFENBUEG (bj invitation) Research Divi- 
sion and Bunts Inst of the Cleveland Clinic Foun- 
dation, Cleveland, Ohio A sample of ferritin was 
kindly supplied us b\ Dr S Granick The effects 
of its intravenous injection were observed in 8 
rats anesthetized with pentobarbital , 4 of the 
animals were bilaterally nephrectomized (to ex- 
clude participation of renal V EM in the re- 
spionse) and 4 had experimental renal hyperten- 
sion (due to silk perinephritis in 1 and to the 
‘endocnne-kidney’ techmc of Selye in 3) One 
carotid artery was cannula ted and arterial pressure 
measured wuth a mercury manometer Each expen- 
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meat consisted of successive injections of ferritin 
solution (0 1 or 0 2 cc containing 200 to 400 mS o! 
ferritin) preceded and followed at intervals of 6 to 
10 minutes by injections of adrenaline (0 12 ng , 
intravenously) Injection of ferritin had no con- 
sistent immediate or delajed effects on arterial 
pressure or adrenaline response Ferntin or its 
protein moiety has been identified as V D JM and 
found to inhibit the effect of local adrenabne on the 
terminal arterioles of the rat mesoappendi\ for 
several minutes in a dosage of about 0 005 pg intra- 
venously (h'lazur and Shorr, 194S) From our ex- 
periments it seems that these segments of the 
vascular tree do not participate significantly in the 
pressor response to intravenous adrenabne 
Further, these observations do not support the 
view that the presence or absence of responsiveness 
to adrenaline in this segment is closely related to 
the level of arterial pressure 
Conditions influencing explosive decompression 
injurjr E L Cohbt Hmr of Vtrgtma Medical 
School, Charlaltesville, Va In an attempt to evalu- 
ate the multiple factors operating in conventional 
experiments on explosive decompression (expan- 
sion of intrapulmonary gases, anoxia, aero- 
embolism), over 300 tests were performed m which 
rats were placed in a circulating atmosphere of 
compressed air for \arjang time periods (2-30 
atmospheres, 10 sec -30 min ), and subsequently 
decompressed to ambient atmospheric pressure in 
c 0 5 sec Anoxna was thus prevented, and the 
effects of rapid gas expansion alone could be ob- 
served following exposures to pressure The effects 
of anoxia per se u ere studied bj placing animals in 
an atmosphere of nitrogen for suitable time inter- 
vals In rats maintained under positive pressure 
for 30 mm prior to decompression, 100% mortalitj’’ 
was not attained until decompression from 11 
atmospheres In these cases pulmonary lesions vs ere 
observed m only 15% of the animals, while all 
exhibited marked aeroembolism Of 99 animals 
which succumbed in experiments of this type, 26% 
gave evidence of pulmonarj damage, while S7% 
showed gross aeroembolism Obviously time under 
pressure constituted a potent factor in deter- 
mining survival after decompression Thus at 30 
atmospheres a time-under -pressure difference of 
40 seconds was found to alter the mortality rate 
from 100% to zero Aeroembolism thus appeared 
to be the major cause of mjurj in these experi- 
ments 4noxia resulted m pulmonarj hemorrhage 
m 50% of animals tested Results of these tests 
indicated tliat anoxic anoxia and aeroembolism far 
outw oigh the phj'Sical expansion of intrapulmonarj 
gases as lethal factors m cxplosire decompression 
Comparative diuretic effects of neutral and al- 
kaline sodium salts m hjpoprotememic edema 
SAiicEn 4. CoRsox and 1 1 izxBETH O’Leari (bv 
invitation) Dept of Phrjsiohrjt/, School of Mcdi 


etne, Howard Untv , Washington, D C Edema was 
produced in trained unancsthetized dogs by means 
of a low protein diet and periodic massive plasma- 
phereses Edema (as measuied by an increase in 
thiocjanato space) could be produced by this 
method within a period of several days and main- 
tained for several weeks Hypertonic solutions of 
Na salts were administered intravenously (in the 
postabsorptive state) bj^ means of a constant infu- 
sion pump at the rate of 2 5 ml/mm , injecting a 
total dose of 10 ml/kg of body w eight The diuretic 
response was measured until the rate of urine 
flow began to approach that of the control period 
A 1 4m solution of disodium salts of succinate and 
fumarate increased the rate of unne flow 10-fold 
(from a control value of 0 6 ral/mm to an average 
value of 5 ml/mm ), this diuresis persisting for 
about 300 minutes Subtracting the quantity of 
fluid injected and the fluid that w ould have been 
removed as a result of the normal unne flow, one 
obtains a figure of 76 ml/kg as the average net 
quantity of unne excreted followung the adminis- 
tration of the alkaline salts The injection of either 
2m (isosmotic with a 1 4m disodium salt) or 2 8m 
NaCl (equivalent in Na content to a 1 4 m disodium 
salt) tripled or quadrupled the rate of unne flow 
for a penod lasting for about 300 minutes The 
average net fluid output under these conditions 
was 24 ml/kg Thus, intravenous administration of 
either neutral or alkaline sodium salts leads to the 
removal of large quantities of fluid m experimental 
hjpoprotememic edema, the alkaline salts invari- 
ably producing a diuresis approximately 3 times as 
great as that induced bj isosmotic or equivalent 
solutions of NaCl 

Development of Turbulence m Flowing Blood 
N A CoTiLTER (bj invitation) and John R 
Patpenheimee Dept of Physiology, Harvard 
Medical School, Boston, Mass The relations be- 
tween pressure, flow and electrical conductnitj of 
bovine blood were determined over a wide range of 
flows, corpuscular volumes, and temperatures in 
glass tubes 2 52 mm and 6 80 mm in diameter 
The viscosity (calculated from Poiseulle’s Law ) de- 
creases with increasing flow — a phenomenon know n 
previously to occur in capillarj tubes Presumably 
change of viscosity with flow is associated with 
orientation of red cells m the flow stream This 
orientation is beautifullj demonstrated bj changes 
of electrical conductivitj along the axis of the 
flow stream At zero flow the (non-conducting) 
cells are randomlv oriented and the electrical re- 
sistance is high, as flow progresses, the cells orient 
to present least In drodv namic resistance and Ixith 
the (apparent) viscositv and the electrical resist- 
ance dimmish m regular fashion toward constant 
values Turbulence begins at an apparent Rev nolds 
number of about 1000 as with homogeneous fluids 
However, the electrical resistance remains un- 
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changed even at Rejmolds numbers up to 2500 We, 
therefore, infer that turbulence occurs only in the 
plasma layer, while viscous flow continues in the 
central core of oriented cells It appears possible 
to consider the apparent viscosity of blood as the 
resultant of ti\ o real viscosities a) the viscosity of 
plasma alone in the peripheral sleeve, 6) the vis- 
cosity of cells plus plasma in the central core 
Evidence suggests that the rate of shear in the 
peripheral sleeve is so high compared with that in 
the central core that most of the energy required 
to maintain flow is dissipated in the plasma layer 
Pulmonary blood flow and alveolar ventilation- 
perfusion relationship following resection of one 
lung in man A Coubnand, R L Riley and A 
Hjmjielstein (by invitation) Dept of Medicine 
and Surgery, Columbia Univ College of Physicians 
and Surgeons, New YorL City Pulmonary blood 
flow and pulmonary arterial pressure were meas- 
ured at rest in 9 subjects, 14 to 72 years of age, from 
1 month to 11 years after resection of one lung In 6 
the same measurements were repeated during 
moderate exertion Although the puomonary ar- 
tenal pressure at rest was but slightly altered, it 
rose invariably during exercise This finding is in 
contrast with observations in normal individuals 
during much more severe exercise (Am J Physiol 
162 372, 1948) The pulmonary artery pressure 
rise was small in cases where the remaimng lung 
appeared normal on the basis of physiological 
measurements, while the rate of blood flow ex- 
ceeded the blood flow through each lung of normal 
individuals during severe exercise The maximum 
load which can be taken up by a normal vascular 
bed was therefore tested The pulmonary artery 
pressure rise was larger in individuals where 
moderate emphysema developed in the remaining 
lung, although the increase in blood flow was 
smaller The relationship between alveolar ventila- 
tion and perfusion uas studied in these same indi- 
viduals according to the method presented in these 
proceedings by two of the authors They were nor- 
mal in 6, in the remaimng 3 there was evidence of 
perfusion of pioorly ventilated alveoli and/or of 
ventilation of poorly perfused area 
Effect of a phychiatric interview on the blood 
pressure response to cold stimuli Robert W 
Cranston (by invitation), James H Chalmers 
(by mvitation), Henry Longstreet Taylor, 
Austin Henschel and Ancel Keys Lahy of 
Physiological Hygiene, Univ of Minn , Minne- 
apolis, Minn The blood pressure responses to a 
‘cold pressor’ test of 9 vell-adjusted healthy 
young men 18 to 24 years old were studied on six 
occasions during a control period of 7 months 
The cold test was standardized as to time of events, 
relation to meals and activity and psychological 
atmosphere Blood pressures were measured by 
means of a sph 3 ?gmomanometer and stethoscope 


with the subject supine during a suitable control 
period and during the immersion of the hand in 
ice water for one minute Each subject was inter- 
viewed by the psychiatrist for 5 to 8 hours dunng 
the 7-month control period to learn his psycho- 
dynamics When preliminary observations were 
completed, an interview uas arranged in which 
emotionally charged topics were intentionally in- 
troduced by the psychiatrist There was a mild 
emotional response of hostility and resentment in 
the majority of cases but no marked emotional re- 
actions The interview produces variable but small 
changes in the resting blood pressure At the end of 
the interview, the blood pressure response to cold 
was determined The grand average of the mean 
individual increases in the systolic blood pressure 
during the control period was 16 03 mm Hg The 
mean response to cold after the psychiatric inter- 
view u as 24 2 This difference was sigmficant at 
the 1% level 

Sodium and potassium depletion in rats bj? 
means of cation exchange resins mixed with 
food J M Crismon Dept of Physiology, Stan- 
ford Univ School of Medicine, Stanford, Calif 
Maintenance of negative sodium balance with the 
aid of ingested cation exchange resins as suggested 
by Dock (Trans Assn Am Physicians 69 282, 
1946) has received little study and fen clinical 
tnals have been reported Intakes of sodium and 
potassium and fecal loss of these cations from 10 
rats were measured ever}' other day for 23 days 
After a 9-day control period, 10% by weight of acid- 
treated —200 mesh Dowex 50, a sulfonated poly- 
styrene resin was added to the diet After addition 
of resin 100 gm of diet contained, by analysis, 
30 3 mEq of sodium and 16 0 mEq of potassium 
On the 18th day sodium in the diet was reduced 
to 18 9 mEq/100 gm and potassium to 13 7 mEq/100 
gm During the control period 96% of mgested 
sodium and 94% of mgested potassium were ab 
sorbed from the gut During high sodium intake, 
plus resin, absorbed sodium decreased to 70% 
and potassium to 82% of the amount ingested 
On reduced sodium intake, absorbed sodium de- 
creased to 34%, potassium absorption was still 
82% The low sodium diet contaimng resin was fed 
for an additional 10 days, and the animals were 
killed Plasma sodium varied from 142 to 167 
mEq/1 with a mean value of 152 Potassium con- 
centrations were slightlj low with a mean of 3 2 
mEq/1 , the range vas 2 3 to 3 9 Muscle sodium, 
potassium and chloride u ere low with the following 
mean values in mE,/100 gm of fat-free dry muscle 
Na = 6 68 (4 46 - 9 26) , K =■ 36 8 (32 1 - 40 6) , 
Cl = 6 37 (4 65 - 5 98) 

Action potential of heart muscle Howard J 
Curtis Dept of Physiology, Vanderbilt Univ 
Medical School, Nashville By microdissection 
methods it hns been found possible to isolate small, 
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homogeneous bundles of muscle fibers from the 
turtle heart in which the fibers ai e all parallel and 
there are very few anastomoses between fibers 
These bundles are transferred to mineral oil and 
stimulation and electrical recording is effected by 
means of microelectrodes At about 10°C spon- 
taneous activity IS almost absent When both re- 
cording electrodes are on active muscle, the con- 
ducted action potential is monophasic, as con- 
trasted with the diphasic action potential of skele- 
tal muscle under the same circumstances The 
monophasic wave is followed by a T^ave which 
maj' be either positive, negative or diphasic When 
one end of the bundle is crushed or treated with iso- 
tonic KCl a resting potential of 10 millivolts or 
more is recorded The action potential now falls 
from the level of the resting potential to zero and 
remains there for as long as 2 seconds and then 
relatively rapidly returns to the level of the rest- 
ing potential Preliininar 3 '- estimates indicate that 
the period of depolarization corresponds closely 
with the period of contraction and with the S-T 
interval Thus the initial part of the action poten- 
tial represents conduction in the individual muscle 
fiber presumably by the same mechanism as for 
skeletal muscle, but unlike skeletal muscle re- 
polanzation is delayed for a relatively long time 
The T-wave is not a conducted response and 
represents true cellular re-polarization 
Attempted blockade of the adrenotrophic 
mechanism of the pituitary in starvation Saving 
A D’Angelo Dept of Biology, Washington Square 
College of Arts and Science, N'ew York Umv , New 
York City It has been demonstrated (D’Angelo, 
Gordon, and Chanpper Endocrinology 42 399, 
1948) that starvation in the guinea pig fires the 
adrenotrophic mechanism of the anterior hypophy- 
sis and causes marked enlargement of the adrenals 
Although reciprocal regulator} control between 
anterior pituitary and adrenal cortex is shown by 
adrenal depression with cortical hormone over- 
dosage in the fed animal, it appears that in the 
guinea pig the cortical h}pertrophy of starvation 
cannot be blocked Female guinea pigs (300-350 
gm ) were subjected to acute starvation during 
which cortical hormone was maintained at pre- 
sumably high levels in the bod} fluids by adminis- 
tering subcutaneousl} aqueous cortical extract 
(Upjohn) in 3 cc doses ever} 3 hours, 4 times 
daily, for 9-11 days, and bi giving cortical extract 
in the drinking water as w ell Each animal received 
approximate!} 150 cc of the cortical extract over 
the starvation period Adrenal enlargement oc- 
curred v\ith mitosis frequentlv encountered in the 
outer fnsiculate region of the cortex C}dological 
stud} of the pituitarv indicitcd high rather than 
suppressed secrctorv activitv Two marked 
peripheral effects were observed in the cortical- 
treatcd animals, 1) oliguria and 2) marked leuco- 


cytosis characterized by a pronounced increase in 
the numbers of neutrophils showing advanced 
stages of nuclear lobulation Further studies on the 
peripheral blood and on the marrow followung high 
cortical dosage are being made 
Effects of steroids on the endocrine system of 
the starved guinea pig Saving A D’Angelo, 
Albert S Gordon and Harbt A Charippeh 
Dept of Biology, Washington Square College of 
Arts and Science, Neto York Untv , New York City 
In female guinea pigs acutely starved to 40% body 
weight loss by complete food deprivation (water 
allowed), the thyroid lost at a lesser rate (18%), 
the ovary at about the same rate (44%), and the 
cervical lymph nodes at a greater rate (68%) than 
did the body In contrast, the adrenal underwent 
absolute hypertrophy (60%) with commensurate 
increase in solid contents The results obtained 
following the subcutaneous administration (6-11 
days) of various steroid preparations in high daily- 
doses (Progynon B , 600 hu, progesterone, 15 mg , 
desoxycorticosterone acetate, 18 mg , lipoadrenal 
extract, 1 cc , aqueous cortical extract, 10 cc ) 
indicate that estrogen, desoxycorticosterone and 
lipo-adrenal, but not progesterone, augmented the 
adrenal hypertrophy of starvation The solid con- 
tent of these enlarged adrenals was correspondingly 
increased and microscopic examination further 
indicated a true increase in cortical mass In the 
fed animal only the aqueous cortical extract af- 
fected adrenal weight (by depression) but desoxy- 
corticosterone and aqueous cortical extract both 
caused involution of the zona glomerulosa in the 
adrenals of fed animals A marked difference on 
the adrenals was found between the steroid 
vehicles used Peanut oil given in 1-cc daily injec- 
tions for 9-11 day's caused marked adrenal enlarge- 
ment in fed or starved animals, whereas, sesame 
oil in eqiuvalent or greater amounts was without 
effect The various steroids employed did not ap- 
preciably influence thyTOid and ovarian weights in 
either the starved or fed animal, and the regression 
of the lymph nodes in starvation bore no apparent 
relationship to the adrenal hypertrophy The in- 
volvement of the anterior pituitary in the end 
organ response to starvation is considered 
Rise in serum precipitable or protein-bound 
iodine following massive doses of inorganic 
iodide T S Daxowski and J H Greex-viax 
(by invitation) Dept of Research Medicine, Untv 
of Pittsburgh School of Medicine, Pittsburgh, Penn 
Riggs, Lavietes and Man (J Biol Chem 143 303, 
1942) demonstrated that both inorganic and pro- 
tein-bound iodine is present m plasma The work 
of Taurog and Chaikoff U Biol Chem 105 217, 
1946) with rats indicated that, within limits, in- 
creases in the intake of inorganic iodide were ac- 
companied by a rise in the organic iodine of tiic 
thvroid gland and plasma The maximum level of 
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circulating total iodine recorded ^ as 33 6 gamma 
%, and the changes in the circulating protein- 
bound iodine, though definite, were quite small 
This report deals with the relationship between 
the intake of inorganic iodide and the level of cir- 
culating serum precipitable or protein -bound 
iodine found in 4 patients to whom massive doses 
of potassium iodide (up to 3 gm daily), or of a 
saturated solution of potassium iodide (up to 7 cc 
daily), had been given during 4 to IS weeks This 
resulted in total serum iodine levels of 2,100 to 
18,100 gamma % Serum precipitable iodine meas- 
ured by the method of Barker (J Biol Chem 173 
715, 1948) slightly modified, rose progressively as to 
high as 31 7 gamma % Removal of any traces of 
inorgamc iodide which vould yield false high values 
was assured by obtaining checks on two separate 
sets of duplicate or triplicate aliquots of precipi- 
tated serum, one set of vhich was washed with 14 
and the other with 18 successive changes, 26 cc 
each, of double distilled water lodism did not de- 
velop nor were these high levels of protein-bound 
iodine associated with hypermetabolism 
Age and osmotic work in urea excretion D F 
Davies (introduced by H A Schroedeh) Section 
on Cardiovascular Disease and Gerontology, Na- 
tional Inst of Health, Bethesda, Md and Baltimore 
City Hospitals, Baltimore, Md Previously re- 
ported results on degenerative changes in renal 
function With age have indicated a primary vascu- 
lar defect The possibility was considered that this 
reduction in renal function was caused by low ered 
metabobc rate and decreased w ork requirement of 
the kidney in old age If this were true, the kidney 
could be said to undergo an atrophy of disuse having 
no deleterious effect on other body functions To 
examine this hypothesis data on basal urea produc- 
tion, tubular reabsorption of urea, urea clearances 
and blood and urine urea concentrations were ex- 
amined for their relationship to their contribution 
to osmotic work in adult men between the ages of 
20 and 90 Urea clearance decreased with age at a 
rate comparable to that of glomerular filtration rate 
and tubular excretory capacity after the 5th 
decade Tubular reabsorption of urea followed a 
progressive dechne during the seven decades 
studied Most of this fall is ex-plained by decreased 
filtration rate Urea production (excretion) showed 
no significant correlation with age Blood urea con- 
centration showed a moderate increase with age 
Calculation of renal osmotic w ork of urea excretion 
showed that there is an increase in the amount of 
osmotic work per unit of functioning kidney tissue 
wuth increasing age Unless a significant and con- 
sistent decrease in salt mtake occurs during the 
aging process, involutional changes due to de- 
creased work requirement cannot be the cause of 
the decrease in effective renal blood flow and ex- 
cretory fimctions associated wuth aging 


Theophylline ethylene diamine and renal func- 
tion in control subjects and decompensated 
cardiac patients James 0 Davis (by invitation) 
and Nathan W Shock Section on Cardiovascular 
Diseases and Gerontology, National Heart Inst , 
National Inst of Health, Bethesda, Md , and the 
Baltimore City Hospitals, Baltimore, Md Inulin, 
diodrast and sodium clearances were determined 
during 3 control periods and during 5 periods after 
the intravenous administration of 0 48 gm of the- 
ophylline ethylene diamine (TED) In control 
subjects, an elevation in GFR and CInu was sus- 
tained for 50-60 minutes The rise in effective 
RPF was usually transitory Statistically, the ratio 
Eno/CIid was more variable and of sigmficantly 
greater magmtude after than before the injection 
of TED This finding indicates that increased 
sodium excretion cannot be regarded as solely the 
result of augmented GFR and suggests that TED 
acts upon the renal tubules to decrease sodium re- 
absorption 

Patients in congestive heart failure were divided 
into two groups according to the level of Clua 
before TED administration In the low CIni group, 
GFR was usually within normal limits but effec- 
tive RPF was consistently low In the elevated 
Clua group both GFR and effective RPF were re- 
duced This evidence indicates that a low GFR is 
not the primary mechanism for salt retention in 
patients w ith cardiac failure The response in GFR 
and effective RPF in heart failure patients ranged 
from a negligible elevation to an increase greater 
than 100% Unlike the resjxmse in controls, the 
elevation m GFR lasted for 10-20 minutes only, 
the increase in CIno was usually sustained for 50-60 
minutes The lack of correlation between the 
duration of the elevation in GFR and Claa indi- 
cates that the sustained increase in CIn. is the 
result of decreased tubular reabsorption of sodium 
Role of the adrenal cortex in the abnormal in- 
sulin and adrenaline response of hypophysec- 
tomized dogs R C de Bono, S P Kiang (by 
invitation) and I H Slater (by invitation) 
Dept of Pharmacology, New York Univ College 
of Medicine, New York City It was previously 
suggested (Federation Proc 7 116, 1948) that the 
gradual development of insulin hypersensitivity 
and resistance to adrenaline hyperglycemia in the 
hjqxiphysectomized dog might be related to the 
secondary atrophy of the adrenal cortex and thy- 
roid Hypophysectomized dogs mamfesting maxi- 
mal insuhn hypersensitivity (more than 60 fold) 
were given potent adrenal cortical extract (ACE) 
The total dosage, route and time of administration 
were varied Administration of ACE both on the 
previous day and again 4-5 hours before insulin 
gave the optimal effect While 1600 nu had little 
effect, 3600-4000 dh (for 15- to 20-kg dog)— an 
amount many times the maintenance dose for 
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adrenaleetomized dogs — produced the following 
effects /) it elevated someuhat the post-absorp- 
tive blood sugar, 3) after insulin (0 025 uAk i v ) 
It pre\ented the fall of blood sugar to the usual 
low level — hypoglj cemic signs did not develop — 
and markedly accelerated the recovery to post- 
absorptive levels It did not, honever, alter the 
rate of the blood sugar drop Though ACE in mas- 
sive doses exerted some Snti-insulm’ action, re- 
version to a normal response vas nevei achieved 
In each case the insulm-induced hypoglycemic re- 
sponse in the ACE-treated animal closely re- 
sembled the response obtained in the animal 2-3 
days after hypophysectonvy 

Similar studies mth ACE nere made on the 
adrenabne response of hypophysectormzed animals 
shomng resistance to the hj perglj eemic action of 
adrenaline In every instance, the effect was small 
and in no case nas a return to a normal response 
noted 

Protein utilization in hypophysectomized dogs 
R C DE Bono, S P IviANG (by invitation) and 
I H SuATER (bj invitation) Depi of Pharma- 
cology, New York Umv College of Medicine, New 
York City Houssay shoned that hy’pophysec- 
tomized dogs when compared with normals have 
a markedly decreased nitrogen excretion on fasting, 
but a normal nitrogen output on meat diet Soskin 
found that meat-fed hj^iophyaectomized dogs were 
able to sustain a normal blood sugar and that after 
fasting recovery from hjrpoglycemm occurred with 
meat feeding (Considering the importance of these 
observations which might suggest a distinction 
between ‘endogenous’ and ‘exogenous’ protein 
metabolism in hypophysectomized dogs, it was 
felt that re-examination of the problem was war- 
ranted We have found that hypophysectormzed 
dogs were able to maintain and even increase their 
post-absorptive blood sugar level and increase their 
body weight when fed a trypsin hydrolysate of 
casern (with vitamin supplement) for a period of 
three weeks In a second series of experiments 
when hypophysectomized ammals were fasted, 
prompt recovery of the blood sugar from hypogly- 
cemic levels was noted wothin one hour after the 
feeding of the hydrolysate 

During fasting the hypophysectomized dogs 
show ed a decrease in nitrogen excretion to about 
* of that noted m normal ammals after comparable 
or even longer periods of starvation These hy- 
pophjsectonuzed animals showed also a dmumshed 
output of potassium and phosphate w ith unchanged 
scrum levels, a further indication of impaired 
breakdown of intracellulai protein Thus, we haxc 
been able /) to confirm and extend the proxious 
obsenation, that while the metabolism of bod\ 
protein is defective in the by pophy sectomized ani- 
mal, the utilization of fed protein is adequate and 


S) to demonstrate that the conveision of amino- 
acida to carbohydiate is very rapid 
A constant delivery pipette particularly de- 
signed for analysis of small volumes R C 
Debring (introduced by H C Bazett) Depi of 
Physiology, Untv of Pennsylvania Medical School, 
Philadelphia, Penna Direct determinations of 
cardiac output require special methods for analyz- 
ing small blood samples for w hich a modification of 
the Guest pipette possesses advantages The 
pipette consists of a calibrated glass tube joined at 
each end by two-way stopcocks The capillaries of 
the upper stopcock connect the calibrated tube to 
a) a cup similar to that of the Van Slyke apparatus 
or 5) a smaller overflow cup The capillaries of the 
low'er stopcock connect it to a) a sample inlet tube 
or 5) a stem having a rubber tip The pipette serves 
to introduce a sample into a Van Slyke apparatus 
after which standard procedure is followed The 
stem, supported by a rubber stopper, is placed m 
the analyzer cup For analyses of 0 2-ml samples, 
gas-free lactic acid is run into the upper cup, the 
cocks are reversed and the calibrated section 
washed and dried The pipette is filled directly 
from collecting syringes, the blood sample, pre- 
ceded by a mercury ‘cap,’ being forced up the 
pipette section to the overflow cup The cocks are 
reversed cutting off a contained volume The blood, 
followed by a mercury drop and the lactic acid, is 
run into the chamber, thus introducing the w hole 
sample Present experience indicates a greater ac- 
curacy of sample-introduction, so that consistency 
w'lth 0 2-ml samples is equivalent to that com- 
monly obtained with 1 ml With 0 5 ml , conditions 
are unproved and the procedure simplified Ac- 
curacy attained will be illustrated with data ob- 
tained on samples from the right heart 
Influence of work on the amount of K- 
Btropfaanthoslde stored by muscle E C deePozo, 
G Anguiano (by invitation) andE G Pahdo (by 
invitation) Inst de Salubndad ij Enfermedadcs 
Traptcales Mexico, D F , Mexico It is generally 
thought that striated muscle is able to store only 
very small amounts of digitalis glycosides The 
heart, on the other hand, can take up much greater 
amounts per gram of tissue The cause of this selec- 
tive storage of digitalis bodies by the heart is not 
yet settled While the xalucs known for skeletal 
muscle have been obtained by perfusion experi- 
ments on inactive muscle, the xalucs for the heart 
have been measured in preparations m winch the 
heart is working There is the possibility that the 
absence of musculai work may be a factor in de- 
termining the difference obscricd between the 
storage by the heart md the storage by striated 
muscle In view of this, the influence of actu ity on 
theamountof k-stroplianthoside taken up by skele- 
tal muscle was analyzed This was done by deter- 
mining the dosis ccrlc Iclhahs (del) of ‘^aid 
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glycoside for cats under dial anesthesia In one 
half of the senes of 80 cats the muscles innervated 
by both sciatic nerves were continuously stimu- 
lated at a frequency of 6/sec The average del 
for the cats whose muscles were thus stimulated 
was sigmficantly higher than that for the control 
animals This seems to indicate that the muscles in 
activity took up greater amounts of the glycoside 
These results could have a bearing on the selective 
storage of digitabs bodies by the heart, which is in 
constant activity 

Differences in the effects of cold environment 
and of muscular work on adrenal function 
A Desmabais (mtroduced by L P Dugal) 
Depart d’Acchmatahon, Inst de Biologte Hu- 
maine, Umv Laval, Quebec, Canada It has been 
shown by Selye {Arch internal de pharmacodyn el 
de Mrap , 55 432, 1937) that adrenalectomized 
rats adapted to muscular work (revolving cages) 
are able to perform more work than non-trained, 
non-adrenalectomized rats Since cold temperature 
IS being regarded as an alarnung stimulus having 
the same effects on adrenal function as muscular 
work, it was of interest to observe if adrenalec- 
tomized rats adapted to cold would resist better 
than non-adapted, non adrenalectomized animals 
The results show that the latter group, contrary 
to what one could expect, is significantly more 
resistant to cold than the adrenalectomized, 
adapted group The difference betn een both types 
of stress is striking for the above experiment, but 
less so if one compared adrenalectomized animals 
adapted and non-adapted 

Further observations on the hypotensive effects 
of intravenous injections of hypertonic solutions 
Inqbith J Detbup (by invitation) and William 
W Walcott Dept of Zoology, Barnard College, 
and of Physiology, College of Physicians and Sur- 
geons, Columbia Univ , New York City It was 
reported previously (Walcott and Deyrup Am J 
Physiol , 166 1948) that, m the anesthetized dog, 
the intravenous injection of hypertonic solutions 
IS followed by a fall in blood pressure which is 
consistently different from a marked and char- 
acteristic hypotension resultmg from injection of 
mixtures of hypertonic solutions with homologous 
blood Thus, whereas the injection of 12 to 30 
ml of 6 to 7 NaCl results in a diphasic fall in blood 
pressure, there is a profound and rapid smgle phase 
fall following injection of an equivalent volume of 
an equally concentrated mixture of blood and 
hjpertonic NaCl A related phenomenon has been 
observed in rabbits (nembutal, ether) but not in 
cats (nembutal) The striking difference between 
the cardiovascular response to injection of mixture 
of blood with hypertomc solutions, as compared 
with the effects of hypertonic solutions alone, sug- 
gests that the hypotension following the injection 
of such solutions may result, at least m partj from 


the interaction of some component of the blood 
with the hypertomc solution In line with this 
hypothesis, we have obtained evidence that, under 
specifically defined conditions, a depressor sub- 
stance may be demonstrated in approximately 
isotonic solutions derived from mixtures of hyper- 
tonic solutions with whole blood or erythrocytes 
suspended in 0 9% NaCl An attempt has been 
made to characterize the depressor substance thus 
obtained, and to compare it with other depressor 
substances (various ions, histamme, compounds 
related to choline and adenosine) 

Carbohydrate utilization and lactate formation 
in the chicken retina H P Diebmeieb and V F 
Lindemax (introduced by Robert Gaunt) Dept 
of Zoology, Syracuse Univ , Syracuse, N Y ITie 
retina has one of the highest rates of glycolysis of 
any tissue of the body In order to find the source of 
the lactate produced by this tissue the followmg 
determinations were conducted on chicken retma 
kept at 37 6°C glycogen content before and 
after incubation for one hour, glucose utihzation 
with varying concentrations of glucose in the meu- 
bation media , lactate production Chermcal assays 
were earned out by photometne analj’sis AH 
experiments were conducted under aerobic condi- 
tions Ten experiments on matched retina are re- 
ported Weights are given as wet weight The aver- 
age glycogen content (Morris, Science 107 1948) 
immediately after removal from the eye was 0 0032 
mg glycogen (glucose equivalents) per mg retma 
After one hour of incubation in ICrebs-Rmger solu- 
tion with 0 1% glucose as substrate the value was 
decreased to 0 00227 mg/mg of retma The incu- 
bated retina consumed an average of 0 0205 mg of 
glucose/mg of tissue from the substrate and pro- 
duced 0 00919 mg of lactate/mg of tissue 
In an attempt to account for the utihzed carbo- 
hydrate not m the form of lactate, oxygen consump- 
tion measurements were made usmg the direct 
method of Warburg The average oxygen con- 
sumption in the Kreb-Ringer solution with 0 1% 
glucose added was 0 607 emm/mg of tissue (wet 
wt ) per hour Oxygen consumption with no glucose 
added as substrate was 0 279 emm/mg tissue (wet 
wt ) per hour Ox-j^en consumption does not ac- 
count for the remainder of the carbohydrate 
utilized and further experiments are in progress 
Identification of chloramphenicol (Chloro- 
mycetin) degradation products by paper chroma- 
tography Wbslet a Dill (by invitation) and 
Anthony J Glazko The Research Laby of Parke, 
Davis and Company, Detroit, Mich The paper strip 
chromatographic methods of Consden, Gordon and 
Mhrtm {Biochem J 38 224, 1944) were applied to 
the separation of chloramphenicol (Parke, Davis) 
and its degradation products m urine Usmg N- 
butanol with 2 5% phenol and 2% pyndine added 
it was possible to separate chloramphenicol (I), a 
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hydrolysis product (II) and a conjugate (III) on a 
single strip of paper After developing the 
chromatogram, colored derivatives ucro formed on 
the strip by reduction with titanous chlonde, oxi- 
dation of excess reagent with bromine, diazotiza- 
tion with butyl nitrite and coupling uith the 
Bratton-Marshall reagent Small amounts of I and 
and II were found in the urine of man by chro- 
matography after admimstration of chlorampheni- 
col, V ith large amounts of III being present Dog 
urine showed larger amounts of II than man 
III was identified m the urine of man, dog, and 
rat, with the compound having approximately the 
same R./ value in all cases The conjugate (III) 
nas isolated by use of the counter-current extrac- 
tion technic, and provisionally identified as the 
monoglucuronide Following hydrolysis of III with 
jS-glucuromdase, chloramphenicol (I) and free 
glucuromc acid uere identified separately by 
paper chromatography Two-dimensional paper 
chroraatograms of unne vere also prepared using 
N-butanol with 3% acetic acid and again with 
3% ammonium hydroxide added I, II and III were 
identified by comparison with known compounds, 
and, in addition, at least one other derivative of 
chloramphemcol was found to be present 
Potential gradient vs current density in elec- 
trical control of axial polarity m regenerating 
Dugesia iigrina Jean Dimjiitt (introduced by 
Gordon Marsh) Zoological Lahy , Slate Umv of 
Iowa, Iowa City, la Sections of Dugesia iignna 
were exposed to direct current for 120 hours (origi- 
nal posterior end facing the cathode), in solutions of 
specific resistance from 47S 4 to 62,157 ohm-cm , at 
21‘’C One hundred % mortality was found below 
1000 and above 15,000 ohm-cm For media of 1031 
(previously reported), 2400, 7237, 10,605 and 12,600 
ohm-cm , the potential gradients in mv/mm 
across the regenerating pieces were constant for 
the following morphological effects, although the 
current densities varied 12-fold (values in paren- 
theses are for 1031 ohm-cm , others are averages for 
all data) 178 (177) for regressive bipolars, m which 
head structures appear on both ends but disappear 
from the original posterior end within 3 day s after 
removal from the current , 185 (193) for permanent 
bipolars , 198 (200) for progressive bipolars in i\ hich 
the head on the original anterior end is reorganized 
into a tail after remoxTil from the current, and 
217 (212) for complete reversal of axial ixdanty 
Since constant current density is not the deter- 
minant of a given morphogenetic effect it may be 
concluded that control of polarity and differentia- 
tion IS not determined by^ a stable relationship 
betvicen the regenerating piece and its ennron- 
mont, nor by a critical rate of internal ion trans- 
port, 1 e , by' features of capacity Constancy of 
potential gradient may be interpreted as the 
attainment of a critical discharge x oltage (x-alence 


change) for some essential ion, orientation of 
molecules having a characteristic dipole moment, 
establishment of a liminal counter-E M F or the 
overcoming of an inherent potential difference 

Antifibnilatory properties of N-methyl-N-(3,4 
dimethoxybenzyl) ^-(4 methoxyphenyll-ethjl- 
amme hydrochloride Joseph R DrP alma, Joseph 
J Lambert (by invitation), Richard A Reiss 
(by invitation) and John E Schxtlts (by invita- 
tion) Dept of Physiology and Medicine, Long 
Island College of Medicine, Broolhjn, N Y By 
use of a thyratron stimulator set at GOO impulses/ 
nun and electrodes attached to the right auricle 
of intact open-chest cats the fibrillation threshold 
for the new compound was determined Qumidine 
and a Faganne were also assayed for comparative 
purposes The nen compound proved to be 2 3 
times more active than quimdme and 1 3 times 
more active than a Faganne The average acute 
lethal 1 V toxicity for cats was less for the new 
compound as compared to qumidme and L 
Faganne On i v injection the new compound 
caused a transitory sloinng of the pulse and a fall 
in blood pressure In this respect and in the EKG 
changes produced with higher doses it resembled 
quimdme It nas also demonstrated that the re- 
fractory' penod of frog skeletal muscle was mark- 
edly prolonged by the new compound In humans 
with normal hearts the nen drug m equivalent 
doses 1 m caused a greater lengthening of the Q-T 
interval than did quimdme Also m human chrome 
fibrillation the f-f interval nas increased more by 
the nen compound than by quimdme The inter- 
esting features of the new compound may be listed 
as follows, it does not have a quinoline structure 
yet it 13 remarkably potent, its activity apparently 
stems in part from the proper substitution of 
methoxy groups, its structure is simple enough to 
offer important leads as to the basic chemical 
moiety necessary for antifibnilatory action and 
finally it may' prove to bo superior to quimdme and 
a Faganne for the therapy of fibrillatory states 
in human beings 

Separate inhibition of resting and actne oxygen 
consumption of functioning nerves R W Don 
(by invitation) and R W Gervrd Dept of Physi- 
ology, Umv of Chicago, Chicago, III To study 
resting and active respiration, a modified capil- 
lary raicrorcspirometcr was developed to permit 
measurement of action potent lal and oxy gen uptake 
of 10 separate nerv'es Tlie Qo. of nerv es from one 
frog agree within 10% The action of Xa nndc 
and methyl fluoroaeetatc (f\IF V) has been studied, 
yohimbin explored Drugs were applied bv soaking 
for an hour before mounting a nerve, stimulation 
was kept maxima! at 120/scc , tcmfieraturc range 
was 20-25”C Azide, 0 1 viM, md probabh yo- 
himbin, 0 01 mM, can depress the mere iscd Qo. 
of activity while leaving the action potential height 
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normal Resting Qoj may be somewhat depressed 
w ith azide, in which case conduction has gradually 
failed, but when normal, and with no increase on 
stimulation, conduction can continue unimpaired 
for at least 4 hours (confirming Bronk el al ) 
MFA, by contrast, is able to depress resting Qoj 
without diminishing the increase on stimulation 
At 1 mM, resting Qoi is decreased 25% while the 
active increase is normal At 5 mM, resting Qoi is 
halved and the active increase may be intact, de- 
pressed or even abolished In any case, action po- 
tential may remain at normal height, one nerve, 
with the active increase present, being tetamzed 
for 7 hours In interpreting these results, the pres- 
ence of respiring non-conducting elements in a 
nerve trunk must be considered 

‘Saturation tension’ and alveolar-arterial pO* 
gradient as expressions of ‘venous admixture’ In 
the lungs J C Douglas (by invitation), R L 
Rilet and A Coubnand Dept of Physiology, 
Untv of Western Ontario Medical School, London, 
Ontario, and of Medicine, Columbia Univ College 
of Physicians and Surgeons, New York City The 
‘saturation tension’ as measured with the MiUikan 
oximeter during high oxygen breathing and the 
alveolar -arterial pOs gradient as measured by 
analjsis of arterial blood and expired air durmg 
ambient air breathing have been studied in normal 
subjects and in patients nith chrome pulmonarj’- 
disease Both methods provide information from 
which ‘venous admixture’ in the lungs can be cal- 
culated The ‘saturation tension' may be defined 
as the partial pressure of oxygen in the inspired air 
required to produce complete saturation of the 
mixed arterial blood The required increase in pOi 
above atmospheric, in any given patient, is due 
chiefly to the lowering of the imxed arterial pOj 
by addition of blood n hich has been inadequately 
exposed to oxygen before entering the left heart 
This blood has been called ‘venous admixture ’ 
The mixed arterial blood maj be completely satu- 
rated in spite of a considerable proportion of ‘ven- 
ous admixture ’ Increasing the inspired pOj raises 
the oxygen tension in poorlj ventilated alveoli 
until at a certain inspired p0» all ventilated alveoli 
saturate the blood in contact with them In addi- 
tion blood perfusing non-ventilated portions of 
lung (or separated from alveolar gas by an imperme- 
able barrier) is saturated by the excess dissolved 
oxygen in the blood from veil ventilated areas 
‘Venous admixture' as calculated from the alveolor- 
ai terial pOi gradient during ambient air breathing 
involves the same factors but probably weights 
more heavily the effect of poorlj ventilated alveoli 
Spectrophotometric determinations of Brilliant 
Vital Red and T-1824 in serum Philip Don and 
Raymond W Pickering (by invitation) Dept of 
Physiology, Univ of Georgia School of Medicine, 
Augusta, Ga Bfamilton and collaborators (1932, 


1940) have demonstrated that Brilliant Vital Red 
can be accurately and conveniently determined 
in the supernatant of an ethanol precipitation of 
serum by colorimetric comparison with similarly 
treated standards, T-1824 has universally been 
found to go down with the precipitate Anomalies 
encountered in adapting the method for photo- 
electric colorimetry led to an investigation by 
Beckman spectrophotometry As progressively 
more dilute ethanol (always 10 volumes) was used 
to clarify the serum (dog) , a larger fraction of both 
dyes remained in solution, roughly parallelmg the 
albumin solubility The two dyes differed quanti- 
tatively, BVR being onlj 60% removed by ab- 
solute, not at all by less than 88% ethanol , T-1824, 
93% removed by absolute, negligibly only at 80% 
ethanol Below 82% ethanol, inconstant cloudiness 
vitiated determinations 

As previously emphasized, the ethanol precipita- 
tion provides a much clearer and more constant 
blank in the face of considerable variations m 
color and cloudiness of the original serum Hemo- 
globin as such IS removed completely Some ethanol 
supernatants show no color whatever, even from 
severe hemolysis In others an as yet unidentified 
derivative of hemoglobin (probably a ferri- 
porphyrin) is extracted in small amounts It ab- 
sorbs comparatively little light at 508 or 625 mg 
(the dye peaks) and has a high sharp peak at 404 
mp where the dyes absorb only slightly Correc- 
tion can thus be easily made by reading at two 
wave-lengths and applying the customary formula 
Other methods of minimizing this contamination 
are being studied 

Cardiac changes in monkeys following explosive 
decompression to extreme altitudes Rot 
Dowling (by mvitation) and Samuel Gelfan 
Laby of Physiology, Yale Univ School of Medicine, 
New Haven, Conn Cardiac changes following ex- 
plosive decompression to simulated altitudes of as 
high as 75,000 feet have been studied in anes- 
thetized monkeys by means of unipolar lead elec- 
trocardiography, recording simultaneously from 
three extremity leads Recompression of the 
ammals at free fall rate began immediately after 
the sudden decompression The first observable 
change in the cog complex is the displacement of 
the S-T segment, which occurs between 5 to 30 
seconds after the sudden decompression This 
change is quickly followed by an increase in the 
P-R mterval and simultaneously an absolute short- 
ening of the Q-T interval, even during the marked 
bradycardia that develops The Q-T interval short- 
ening mdicates an acceleration of repolanzation 
and the elevation of S-T segment m the VL and 
VF leads and depression in VR leads mdicates that 
it IS the left anterior ventricle that repolarizes 
faster than the rest of the heart The increase in 
irritability of this part of the heart is also mdi- 
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cated by the c\tra 83 "stoles that arise from the left 
anterior ventricle Heart block ranging from first 
degree to complete block were also observed The 
e c g complex returns to normal after recompres- 
sion to sea level 

These cardiac changes are due to the anoxia 
rather than the pressure clianges The same altera- 
tions have been observed in 100% N- anoxia mth- 
out pressure changes Similarly, sudden decom- 
pression from sea level to 40,000 feet in Oj, at 
which altitude the anoxia is insignificant, does 
not alter the e c g complex Roentgenograms 
shon a dilation of the heart during the anoxia 
following decompression and also following N* 
anoxia 

Studies in pancreatic function II Statistical 
studies of secretin responses in individuals with- 
out pancreatic disease David A Dreiunq (by 
invitation) and Frankun Hollander Oastro- 
cntcrology Research Laby , The Mount Stnat Hos- 
pital, New York City Amjdase, bicarbonate and 
volume responses to secretin were studied in 172 
patients without pancreatic disease, to set up cri- 
teria of normalcy One series of data, with Secretin- 
Wyeth alone, and another series with several 
different preparations were compared with data 
published by other investigators Duodenal con- 
tents were collected by continuous suction through 
n double lumen gastroduodenal tube for 80 mmutes 
follovnng intravenous administration of 1 1 n of 
secretin/kg body weight This collection time 
was used, rather than the shorter intervals advo- 
cated by others, because it represents the entire 
period of secretory activity in response to hormone 
stimulation Best agreement among the various 
senes was shown by the means for maximum bi- 
carbonate concentration in mEq/1 , also, the cor- 
lesponding coefficients of variation were least 
Poorest agreement and greatest scatter were show n 
by the amylase data, in activity u/cc or total no 
u/80 min/kg Volume data in cc/80 nun or cc/80 
minAg were intermediate The following norms 
wore established for future performance of this 
test with Secretm-Wyeth maximum bicarbonate 
concentration, 92-124 mEq/1 , total volume, 2 0-4 4 
ce/SO nun /kg , total amvlase secretion, 8 0-20 4 
l/SO nun/kg Bicarbonate and volume responses 
are more valuable than amj lase determination, due 
partlj to unknown pancreozjTmn content of differ- 
ent secretin preparations, and partly to alterations 
of vagal tone during the test Nevertheless, 
amvlase activity manifests sufficient statistical 
honiogcneitj'' to merit its inclusion in the studj of 
pancreatic function 

Site of action of mercurial diuretics John J 
Dlgqvn (bj^ invitation) and Robert F Pitts 
Dept of Physiology, Suracuse Lmv College of 
Medicine, Syracuse, N 1 Two lines of evidence 
indicate that organic mercurial diuretics block 


distal tubular absorption of sodium 1) When saline 
IS infused into normal dogs at such a rate that 800 
to 1200 iiEq of sodium are excreted per nun , the 
intravenous adnunistration of 60 mg Hg as mercu- 
hydrin, increases sodium excretion to 2000 /xEq / 
nun Doubling the dose to 120 mg Hg increases 
sodium excretion to 2400 to 2500 /lEq/min Quad- 
rupling the dose to 240 mg does not increase it 
further The administration of BAL returns excre- 
tion to the control range It is apparent tliat mercu- 
hydrin can block the absorption of a maximum of 
1500 /lEq of sodium per min , a quantity roughlj 
equal to 15% of that absorbed during the control 
periods and after BAL This finding is consonant 
with the view that 80 to 86% of the sodium which 
18 absorbed is absorbed in the proximal tubule 
(not mercurial-sensitive), and 15 to 20% in the 
distal tubule (mercurial -sensitive) 8) The ad- 
ministration of 46 mg Hg as salyrgan to a normal 
dog increases sodium excretion some 800 ^Eq/min 
The infusion of 500 mu of pitressin per hour in- 
creases excretion to a variable degree, i e from 200 
to 600 juEq/min The addition of salyrgan during 
pitressin naturesis increases sodium excretion only 
to the level attained with salyrgan alone Ap- 
parently, pitressin and salyrgan block sodium 
absorption at the same site, presumably in the dis- 
tal segment 

Effect of l-arlerenol on the peripheral circula- 
tion in man D Duncanson (by invitation), T 
Stewart (by invitation) and 0 (I Edholm Vmv 
of Western Ontario, Ontario, Canada Forearm and 
hand blood flow were measured together with blood 
pressure and a continuous recording of heart rate 
with a cardiotachometer L-Arterenol HCl (nor- 
adrenaline) was injected intravenously wuth a con- 
stant infusion apparatus, at a rate of 2, 5 and 10 
jig/min for 5 minutes in each instance The forearm 
blood flow showed no change with 2 /ig/min but 
with 6 or 10 ag/nun the blood flow showed a slight 
reduction in flow at a time when both systolic and 
diastolic blood pressure were raised Hand blood 
flow showed a marked and consistent decrease w ith 
6 or 10 /xg/min In most cases 2 /ig/min had no defi- 
nite effect The heart rate slow ed consistently w ith 
infusions at the rate of 5 or 10 ag/min In a few in- 
stances 2 ps L-Arterenol also produced a definite 
slowing 

Relation of the adrenal and spleen in regulation 
of the leucocyte picture of the rat Abraham Durt 
and Hvbeeb Bacchus (by invitation) Dept of 
Physiology, George Washington Univ School of 
Medicine, Washington , D C The relation of the 
adrenal and the spleen as a factor in the regulation 
of the total white cell count, and the absolute num- 
ber of circulating Ivmphocy tes, neutrophilcs, and 
cosinophilcs was investigated by determining 
whether statistical differences existed in groups 
of rats before and after adrenalectomy, splcenec- 
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tomy, adremlectomy-spleenectomy, and sham 
operations as regards these leucocytes A similar 
procedure was followed in these categories of oper- 
ated groups of rats to determine the effect of adren- 
aline on the components of the leucocyte picture 
It was found that the total white cell count was 
sigmficantly increased only following spleenectomy 
or following adrenaline treatment of the adrenalec- 
tomized rat None of the operative procedures 
altered the absolute number of lymphoc 3 rtes, but 
these cells could be significantly depressed follow- 
ing adrenaline treatment only when both the 
adrenal and the spleen were m situ The neutro- 
philes were sigmficantly increased following either 
adrenalectomy or spleenectomy but were unaf- 
fected by adrenalectomy -spleenectomy Following 
adrenaline treatment, the absolute number of neu- 
trophiles was not sigmficantly increased only in the 
spleenectomized group of rats The number of eo- 
sinophiles was found to exhibit great variability 
from group to group of normal rats, but the evi- 
dence was clear that both the adrenal and the 
spleen were required if a sigmficant depression in 
the cuculating eosinopholes were to follow adrenal- 
ine treatment 

Arterial and venous potassium levels m man D 
P Easle, S J Fahber (by mvitation) and J D 
AnEXANnBE (by invitation) Dept of Medicine, 
New York Untv College of Medicine, New York 
City When proper precautions were observed the 
normal resting venous plasma potassium level in 
man was found to be approximately 0 6 mEq/1 less 
than generally reported Blood was drawn into oiled 
syringes, transferred to tubes contaimng dried 
heparin and centrifuged immediately Results were 
not affected by the use of a tourmquet to assist in 
obtaining blood, but muscular activity in the ex- 
tremity raised the plasma K level Hemolysis and 
allowmg the cells to remam in contact with the 
plasma more than 10 minutes caused an increase in 
the plasma K level At rest, arterial and venous 
plasma usually contain the same amount of K al- 
though at times there was more in the venous sam- 
ple Muscular activity raised the plasma K acutely 
and venous plasma from the extremity contained 
more K than the arterial During intravenous infu- 
sions of glucose, venous plasma also contained more 
K than arterial, a difference which persisted follow- 
ing insulin m spite of a fall m both venous and ar- 
terial plasma K levels 

Measurement of cold and warmth thresholds of 
subjects exposed to environments from 18°C to 
38°C Fbankun G Ebaugh, Jr and Rtoouf 
Thatjer (introduced by Eugene F Du Bois) New 
York Hospital and the Depts of Medicine and 
Physiology, Cornell Univ Medical College, New 
York, N Y Using Hardy's radiation method, 
cold and warmth thresholds v ere measured on the 


forehead and trunk of subjects exposed to environ- 
mental temperatures from 15°C to 38°C Subjects 
were nude and to allow for adaptation remained for 
2 to 3 hours at the same temperature and experi- 
mental conditions while measurements were made 
The v all temperatures were not significantly differ- 
ent from the air temperatures The cold thresholds 
remamed at a mean value of 27 10“^ cal/sec/cm’ in 
air temperatures of 16°C to 26°C , but mcreased 
with the am temperature from 25°C untd at 38°C 
the cold threshold (67 cal/sec/cm^ ) was more than 
twice that of the cooler environments By contrast, 
the warmth thresholds remained at the mean value 
of 30 10“‘ cal/sec/ cm* throughout the range of air 
temperatures studied This rise in the cold thresh- 
olds could not be explained by a change m the skm 
temperatures because at temperatures below 25°C 
the cold threshold remained constant while the skin 
temperature gradually mcreased with the am tem- 
perature However, the plot of room temperature 
against cold thresholds closely followed the curves 
of increasing peripheral blood flow with tempera- 
ture published by Hardy and Soderstrom Thus, it 
IS possible that hyperemia of the skin increases the 
threshold of cold sensation but has no effect on the 
threshold of warmth sensation 
Effects of over and underperfusion upon coro- 
nary arterial blood flow R Eckel (by mvitation), 
R W Eckstein, M Stroub (by invitation), and 
W H Pritchard (by invitation) Western Reserve 
Umv , Dept of Medicine, Cleveland, Ohio If the 
size of the coronary vascular bed and its resistance 
to blood flow depends upon the oxygen supply and 
demand, it should be possible to show resistance 
changes when the vessels are perfused at vanous 
pressures with cardiac work constant With a spe- 
cial perfusion apparatus the left descendens, or left 
circumflex or total left coronary arteries of anesthe- 
tized, hepiarmized, open-chest dogs were perfused 
with blood at various pressures which were sud- 
denly changed Aortic and perfusion pressures were 
measured with Gregg manometers and coronary in- 
flow with a Shipley recording rotometer or a Gregg 
and Green differential flow manometer In some 
cases, when the total left coronary artery was per- 
fused, sinus outflow was also measured with a sec- 
ond rotometer The resulting flows show a rapid 
marked increase m vascular resistance within a few 
seconds following perfusion at pressures above 
aortic Likewise, when perfused at pressures below 
aortic, there is a marked sudden reduction in vascu- 
lar resistance Since these changes, although slight- 
ly delayed, occur also m coronary sinus outflow, it 
IS believed that they represent automatic changes 
m vascular resistance which serve to meet the 
metabolic demands of the myocardium 

Response of coronary blood flow following stim- 
ulation of cardiac accelerator nerves R W Eck- 
stein, M Stroud (by invitation), Charles V 
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DoVi'UNQ (by invitation), Robert Eckel (by invi- 
tation), and W H PRiTcnaARD (by invitation) 
Western Reserve XJniv , Dept of Medicine, Cleve- 
land, Ohio In the anesthetized, open ehest and 
heparinized do^ cardiac output, coronary artery in- 
flow or coronary sinus outflow, and aortic blood 
pressure w'ere measured before and after stimula- 
tion of the left cardiac accelerator nerves The 
blood pressure was recorded with a Gregg optical 
manometer The coronary flow was measured with 
a Shipley recording rotometer Cardiac output was 
measured with a large Shipley recording rotometer 
placed in the thoracic aorta prior to ligation of the 
major provincial aortic branches Cardiac output 
was varied and controlled by inflating a balloon in 
the left auricle Control and experimental A-V dif- 
ferences betw een arterial and coronary sinus blood 
were determined 

Stimulation of the accelerator nerves produces an 
increase in vigor of contraction, cardiac output, 
cardiac work, coronary blood flow, and oxj’gen con- 
sumption Simultaneous nerve stimulation and in- 
flation of the left auricular balloon to reduce ex- 
ternal cardiac work to below the control value is 
hkewise follow ed by increased vigor of contraction, 
increased corbnar}’^ flow, and mcreased oxygen con- 
sumption Therefore it is suggested that the adren- 
alme-like substance released by nerve stimulation 
markedly increases miocardial Oi consumption and 
reduces cardiac efficiency Although direct effect of 
nerve stimulation upon coronary vessels must be 
considered, we have no evidence of increases in 
coronary flow m the absence of rising O* consump- 
tion 

Effects of x-radiation on water and electrolyte 
metabolism in the rat Abraham Edelmann Biol- 
ogy Dept , Brookhaven National Lahy , Upton, L 
I , N Y The intakes of distilled water, 1% NaCl 
solution, and food and the excretion of urinary Na, 
K, Cl and water by male albino rats w ere deter- 
mined daily previous to and followung exposures to 
100, 250, 600 , 800 and 1000 b of x-rays Polydipsia 
and poljnina occurred dunng the first and fifth 24 
hour period follow ing radiation The urinary excre- 
tions of Na, K, and Cl were mcreased at these 
times Following doses of 500 e or more there is a 
relative and absolute decrease in intake of the salt 
solution This is a monophasic response reaching its 
minimum at about 3 days The salt solution intake 
returns to previous levels at 5 da 5 ’S After doses of 
100 or 250 R, the 1% NaCl solution intake follows 
the biphasic curve of water intake Food intake de- 
creased for 2 daj's following radiation and then 
returned to normal in about 2 days Bodj' weight 
changes paralleled the food consumption 

Responses to vagal stimulation during hvper- 
thermia H E EnEnsTROM (introduced bj A B 
Hertzman) Dept of Physiology, St Louts Unit 
School of Medicine, St Louis, Mo Dogs under anes- 


thesia were heated to the lethal point by means of 
lamps During the rise in body temperature the 
peripheral ends of the cut vag^ were stimulated and 
electrocardiograms and optical recordings of blood 
pressure taken The period of cardme arrest due to 
vagal stimulation was reduced from several seconds 
at normal temperatures to a fraction of a second 
when rectal temperatures approached 45°C The 
fall in systolic blood pressure induced by vagus 
stimulation was relatively smaller at high body 
temperatures ‘Vagus escape’ was observed at all 
temperatures, but at 44-46'’C the rate of escape 
beats was about 3 times greater than those occur- 
ring during the same stimulation at normal body 
temperatures Stronger stimuli gave similar results 
In EKG tracings escape beats were characterized 
by absence of P waves when the right vagus was 
stimulated Beats recorded during left vagus stimu- 
lation were more like the normal pattern Bizarre 
and irregular QRST complexes were common in 
beats occurring during stimulation of the vagi at 
any temperature 

Effect of haemorrhage on forearm blood flow 
and heart rate in man 0 G Edhoem Dept of 
Physiology, Umv of Western Ontario, London, On- 
tario, Canada Sixteen normal subjects were bled 
from 250—1300 cc The w ithdrawn blood was retrans- 
fused approximately 4 hours later Forearm blood 
flow was measured with a plethysmograph, and 
graphic records were obtained throughout the ex- 
periments with a cardiotachometer Dunng the 
period of haemorrhage, which lasted up to 30 min- 
utes, there w as no evidence of a diminished forearm 
blood flow except m one case whose control flows 
were high In the 7 subjects who fainted, the usual 
vaso-dilatation occurred during the faint Follow - 
ing the haemorrhage, in 9 non-fointers the forearm 
blood flow remained close to the control level for 
penods up to 4 hours In 3 subjects, the blood flow 
diminished significantly below control values, but 
only during a period when the mean blood pressure 
was reduced In the 6 subjects who fainted, the 
forearm blood flow remamed at substantially con- 
trol levels in 4 subjects In 2 subjects the mean 
blood pressure was reduced throughout the period 
of the experiment and the forearm flow was like- 
wise diminished It was considered that those ex- 
periments indicated that the muscle blood vessels 
do not constnet to a significant extent after hae- 
morrhage, and that there is no marked difference in 
this respect between fainters and non-famtors 

Effects of certain phjsical factors on the in vitro 
gastric secretion of the dog Cvrolin Trow- 
bridge Edwards and Leslie E Edwards (intro- 
duced bj Robert W Ravisev ) Dcpl of Physiology 
and Pharmacology, Medical College of Virginia, 
Richmond, Fa The method, prcMoush reported, 
for in vitro gastric secretion has been imiiroi cd and 
standardized, using the mucosa of the dog Di«sec- 
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tion techniques and a method for pressui e control 
are described by which it is possible to obtain more 
consistent data It has been shown that secretion 
can take place in one direction only as reversal of 
the membrane results in complete failure of secre- 
tion This method has been used to show the effects 
of temperature on the secretion rate 

Acid secretion by gastric mucosa of the bull frog 
m vitro Lesue E Edwaeds and Caholtn Thow- 
BEiDGE EnwARns (introduced by Robert W Ram- 
bet) Dept of Physiology, Medical College ofVir- 
ginia, Richviond, Va Usmg the method for 
securing pure gastric secretion in vitro previously 
reported by the authors {Federation Proc , 1948), 
acid secretion by the mucosa of the bull frog (Rana 
catesbeiana) has been obtained pn values (as low 
as 1 5), free acid and total acid concentrations and 
titration curves are comparable to those for mam- 
malian gastric juice After an initial delay of about 
1 hour, secretion with a pu of less than 2 can be ob- 
tained continuously for approximately 3 hours 
Subsequently the pH gradually rises while the vol- 
ume of secretion increases Total chloride deter- 
mmations indicate the presence of neutral 
chlorides as well as HCl 

Comparison of mtracardiac and intravascular 
temperatures with rectal temperature LxmwiG W 
Eichna, Adolph R Berger and Bertha Rader 
(mtroduced by D^vid P Earle, Jr ) Dept of 
Medicine, New York Univ College of Medicine, 
New York, N F In a study of the thermal gradients 
and deep tissue temperatures of 12 afebrile patients, 
thermocouples were introduced into the rectum, 
into the femoral artery and vein, and, by catheter- 
ization, into the right heart, pulmonary artery, 
superior and inferior venae cavae and the hepatic, 
subclavian and internal jugular veins The data are 
presented as differences between the temperature 
of each intra'v ascular site and the rectal tempera- 
ture Within the pulmonary artery, right ventricle, 
right atrium and femoral artery the temperatures 
usually were identical and averaged slightly less 
(0 2°C ) than the rectal temperature This differ- 
ence, though small, was consistent and in 10 of 12 
comparisons the intravascular values fell below the 
rectal values by 0 13°C to 0 34°C Within the 
superior vena cava the temperature was lov er than 
m the right heart, and in the subclavian vein its 
average value was 0 48°C below rectal tempera- 
ture Within the inferior vena cava the tempera- 
tures a ere variable and their average approximated 
closely that of the right heart The temperatures 
deep in the hepatic vein and high in the internal 
jugular vein were considerably above the values in 
the veins into a hich these vessels dram and these 
hepatic and internal jugular vein temperatures 
equalled the rectal temperature The data demon- 
strate the thermal gradients within parts of the 
vascular tree, indicate sites (liver, brain) of in- 


creased heat formation at rest, and suggest that 
femoral arterial temperature is perhaps a more de- 
sirable mdex of ‘mixed’ deep tissue temperature 
than the usually accepted rectal temperature 
Photo-electric measurements of tjie arterial Oi 
satoratton dynamics in man for study of cardio- 
pulmonary function J O Elam (by invitation), J 
L Ehrenhatt (by invitation), W N Elam, Jr 
(by invitation), and H L White Laby of Applied 
Thoracic Physiology {Surgery) and Dept of Physi- 
ology, Washington Univ School of Medicine, St 
Louts, Mo Evidence favoring the use of histaimne 
iontophoresis of the ear lobe for oximetry technique 
suggested a re evaluation of the saturation re- 
sponses currently employed in the assay of cardio- 
pulmonary function Observations v\ ere made with 
the ear spectrophotometer and several experi- 
mental oximeters on the histamine flushed ear lobe 
and the heated pinna of normal subjects The lung- 
to-ear circulation time measured from the inspua- 
tion of helium to the initial saturation decrease 
averaged 4 1 seconds w'hen the histaminized lobe 
was used and 5 2 seconds when the heated pinna 
was used Ear-to-ear cuculation tune measured 
from the initial saturation decrease with a single 
inspuation of helium to the secondary decrease 
after recirculation averaged 21 seconds with the 
histaminized lobe and 24 seconds with the heated 
pinna or lobe The rate of saturation increase when 
subjects changed from air to oxygen was found to 
be significantly greater when the histamimzed lobe 
was employed In these measurements the period 
requued for maximal saturation increase (satura- 
tion time) ranged from 16 to 30 seconds when deter- 
mined from the histaminized lobe depending upon 
the minute respiratory volume Using the heated 
pinna the saturation times ranged from 73 to 148 
seconds in agreement with the Millikan data re- 
ported by others The histanainized lobe techmque 
provided signiflcant saturation deflections within 
4 to 7 seconds when hyperventilation, breath hold- 
ing, and single inspirations of ox-ygen or mtrogen 
(interspersed during quiet air breathing) were per- 
formed The technique using the histaminized car 
lobe affords information more representative of ar- 
terial dynamics than does the conventional Milli- 
kan procedure 

Blood coagulation studies in relation to men- 
struation and menorrhagia Richard M Elg- 
HAMMER (by invitation). Burton J Grossman (by 
invitation), Peter V Moulder (by invitation), 
Arthur K Koff (by invitation) and J Garrott 
Allen Dept of Surgery, Untv gf Chicago, Chicago, 
III A senes of 183 coagulation studies were made 
on 52 women during their menstrual cycles Sixteen 
women were considered normal in reference to men- 
struation, and 36 suffered from menorrhagia w ith- 
out apparent cause The studies included the w hole 
blood clotting time, prothrombin time, protamine 
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titration, platelet count, and observation for gross 
evidence of lysis In the menorrhagic group, during 
menstruation, 82% showed a mild to moderate 
thrombocytopenia (29% v ith less than 100,000/ 
mm’) , 35 of 36 showed a prolonged whole blood clot- 
ting time, and 35 of 36 had an increased protamine 
titration The intermenstrual studies on these 
V omen showed tlirombocytopenm in 46% (8% be- 
lov\ 100,000), 15 of the 36 had a prolonged vholo 
blood clotting time, and 14 of 36 had an increased 
protamine titration All patients had prothrombin 
values of 80% or better except tuo who had 72% 
and 76% During menstruation 46% of the normal 
controls showed a mild thrombocj’topenia Nine 
showed slightly prolonged clotting times, and 5 of 
16 had increased protamine titrations Between 
menstrual periods 21% of the controls had mild 
thrombocytopenia Six of the 16 had increased 
whole blood clotting times and 5 had abnormal pro- 
tanune titrations Evaluation of the extent of 
bleeding ivas made from careful chiiical histones 
iMenstrual pads weie not collected and analyzed for 
hemoglobin content 

Blood changes associated with cold diuresis 
Johan W Eliot, Richard A B xder and David E 
Bass (introduced by H S Bedding) Quarter- 
master Corps, Chmaltc Research Laby , Lawrence, 
Mass Blood changes associated with cold diuresis 
were studied m con] unction with experiments on the 
renal and hormonal mechanisms of cold diuresis 
The order of successive 2J-hour exposures to 27°C 
and to 15°C was alternated between men and in 
each man from day to daj In 23 experiments 
plasma proteins rose an average of 0 5 gm/100 cc , 
and tlie hematocrit rose 2 9% in the cold , in 12 ex- 
periments the corrected erythroc 3 de sedimentation 
rate rose 76% in the cold In the experiments in 
which a warm exposure followed the cold these 
values fell an average of 0 5 gm/100 cc , 1 8% and 
41% respectively In 18 experiments on 5 men, the 
average increase in urine output in the cold over 
output in the warm was 287 cc, which correspionded 
to an accompanying average plasma loss of 277 cc as 
as calculated from increases in plasma proteins and 
hematocrit and an estimated plasma volume of 50 
cc/kg However, a senes of 15 experiments in which 
cold diuresis was largelj’’ or completely abolished bj 
small doses of pitressin, but plasma proteins rose 
0 4 gm/100 cc and hematocrit rose 2 6%, indicates 
that there is no direct connection between changes 
in urine output and plasma volume in the cold 
Furthci indication is supplied bj considerable in- 
dnidual xariations, veil outside the error of the 
methods, between increased urine output and cal- 
culated plasma xolumc loss Plasma chlonde levels 
show cd no significant cliange during cold diuresis, 
despite the fact that in 11 experiments average total 
chlonde output in the cold \\ is 2330 mg , compiared 
to 1279 mg in the warm 


Non-utilization of mannitol in uremic patients 

J Russell Elkinton Dept of Internal Medicine 
Yale Umv School of Medicine, New Haven, Conn 
Although 100% recoveries of mannitol in urine have 
been reported (Elkinton, J Clin Invest 26 1088, 
1947 , Clark and Barker, Proc Soc Exp Biol &, 
Med 69 152, 1948), evidence has been presented 
for utilization or clearance from plasma by non- 
renal excretory routes (Berger et al , Proc Soc 
Exp Biol d. Med 66 62, 1947 , Dominguez et al , 
J Lab Clin Med 32 1192, 1947) In 4 uremic pa- 
tients given 25 45 gm of mannitol intravenously, 
little evidence of mannitol utilization was found for 
periods of 6 hours to 3 days Mannitol utilized was 
calculated as the difference betv een the mannitol 
retained and the product of the cone in serum 
water x the original mannitol space corrected for 
changes in chloride cone and balance In patients 
2 and 4 (anunc) utihzation was less than the ana- 
ly tical error, and in patients 1 and S was less than 
12% of the non-renal excretory clearance rate of 21 
cc/min calculated by Dominguez et al Masking of 
utilisation by an identical rise in serum blank, or 
failure of diseased kidneys to metabolize manmtol 
are alternative explanations 
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Alterations in reflex muscular contractions in- 
duced by positive intrapulmonic pressure Leox- 
ardH Elwell (by invitation) and John W Bean 
Dept of Physiology, Umv of Michigan, Ann Ar- 
bor, Mich The knee-jerks of y oung adult men, elici- 
ted by^ constant stimulation at 4-second intervals 
by a Lombard hammer, were recorded kymiographi- 
cally, together with spirometer tracing, thoracic 
and abdominal movements, and changes in blood 
oxigenation as determined by oximeter applied to 
the ear Positne intrapulmonic pressure (20 cm 
H-0) vas applied through a rebrcathing tank filled 
with room air and pro\ ided v ith soda lime canister 
and a pressure spirometer Positne pressure vas 
maintained for periods of aliout 3 to 7 minutes dura- 
tion Gentle application of pressure caused an im- 
mediate augmentation of the knee-jerk vhich 
persisted throughout the period of increased prc's- 
surc, in several experiments the knee-jerk bee imc 
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pendular in character Respiratory minute volume 
■was increased by a deepemng and slowing of breath- 
ing, in some subjects frequency as well as depth 
was increased The thorax ■was expanded in both its 
inspiratory and expiratory iiositions , in some cases 
the maximum inspiratory position was attained 
after several respiratory cjcles rather than im- 
mediately Thoracic respiratory movements were 
augmented Changes in the abdominal region were 
in general similar to, but much less pronounced 
than, those of the thorax, except for a few cases 
where the abdominal circumference decreased 
rather than increased with positive pressure appli- 
cation Changes in oximeter readings were so small 
as to be considered of httle or no significance as 
causative factors in the reflex changes All these 
effects were rapidly reversed on return to normal 
mtrapulmonic pressure 

Separation of natural estrogens by counter- 
current distribution Lewis L Engel (by invita- 
tion), Wilson R Slaunwhite, Jr (by invitation), 
Priscilla Carter (by mntation) and Ira T 
Nathanson Medical Labya of the Collta P Hunt- 
ington Memorial Hospital of Harvard Univ at the 
Masaachuaelta General Hospital, and Dept of Bio- 
logical Chemistry, Harvard Medical School, Boston, 
Maas Separation of the naturally occurring estro- 
gens and in particular the separation of estrone 
from estradiol are difllcult procedures The devel- 
opment of the countercurrent distribution tech- 
nique for the separation of closely related 
substances promised to aid in the simplification of 
this problem Solvent Systems consistmg of ternary 
and quarternary mixtures were found in which a 
satisfactory spread of the partition coefficients of 
estrone, estradiol and estnol may be obtained This 
makes possible a sepiaration of the three urinary 
estrogens using a 24-plate distribution m the Craig 
countercurrent distribution apparatus Other sol- 
vent systems were densed in which the partition 
coefficient of any one of the three compounds was 
nearly unity, thus placing the material in the opti- 
mum region for the detection of impurities The 
partition coefficients of the three estrogens have 
been measured in the solvent systems employed in 
the isolation of the phenolic fraction from acid 
hydrolyzed urme For these studies a fluorometric 
method based upon the procedures of Jader and 
Bates has been used With a Coleman Model 12-A 
Electromc Photofluorometer and a filter system 
consisting of a 436 mn mcident light filter and a 625 
mu interference filter for the emitted light, a full 
scale deflection of the instrument is obtained with 
0 26 ug of estrone, 0 36 ug of estnol and 0 60/jg of 
estradiol The reaction is carried out by heating the 
estrogen in 1 ml of 90% sulfunc acid and dilutmg 
with 65% sulfuric acid An accuracy of ±10% is 
obtained 

The hepatic venous circulation ■with special ref- 


erence to the sphincter mechanism H E Essex 
and W D Thomas (by invitation) The Mayo 
Foundation, Rochester, Minn The existence of a 
sphincteric or throttle mechanism in the hepatic 
circulation of the dog has long been recognized 
Mautner and Pick believed the mechanism resided 
in the smaller hepatic veins Bauer, Dale et al held 
that it consisted of muscle rings in the hepatic 
veins near them confluence with the vena cava The 
latter view has gained wide acceptance A series of 
experiments made m this laboratory by Grana, 
Essex and Mann has shown that intact dogs are 
killed by intravenous doses of extracts of Ascans 
suum that have little if any effect on a hepatecto- 
mized dog It was also shown that the flow of blood 
through an isolated hver was arrested or markedly 
reduced by injections of such extracts into the por- 
tal vein Casts made by injections of nnyl acetate 
into the hepatic blood vessels have shown that 
intravenous mjections of e^xtracts of Ascans, his- 
tamine digitoxin, horse serum mto sensitized ani- 
mals (anaphylactic shock) and occlusion of the 
hepatic artery for two hours cause mtense spasm of 
the hepatic veins giving a cork-screw or spiral ap- 
pearance, particularly to the casts of the smaller 
vessels 

In a senes of exploratory experiments similar 
spasm of the hepatic veins has been produced m 
some but not all the cats injected and also in white 
rats The data are insufficient to warrant drawing a 
final conclusion concerning this question except m 
the dog In contrast ■with what occurred in the 
hepatic venous system the portal venous system 
shows marked engorgement 

Cholinergic nature of the vestibular receptor 
mechanism forced circling movements C F 
Essig (by inmtation), J L Hampson (by invita- 
tion), P D Bales (by invitation) and H E Hiu- 
■wicH Medical Division, Army Chemical Center, 
Maryland Freedman and Bhmwich observed that 
the intracarotid injection of di-isopropyl fluoro- 
phosphate (DFP) produced righting movements m 
rabbits the head turned away from the injected 
side and forced circling movements also in an ad- 
versive direction ensued while the homolateral 
pupil became imotic Subsequent work revealed, 
that the intracarotid injection of appropriate doses 
of freshly prepared DFP in normal saline under 
local procame anesthesia, produced similar results 
in other species guinea pigs, dogs, cats, and mon- 
keys Preliminary experiments mdieate that the 
mternal ear must be intact for the altered head 
posture and forced circling to occur, for labyrin- 
thectomized rabbits failed to show the character- 
istic response following the injection of DFP on the 
labyrinthectomized side A rabbit ■with undateral 
section of the eighth nerve and a similarly prepared 
cat failed to exhibit the characteristic responses to 
DFP E^xtirpation of the cerebral cortex on the m- 
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jected side did not prevent the syndrome if the 
vestibular apparatus was intact The mechanism of 
vestibular stimulation is indicated by the drug used 
to produce the turning seizures for DFP is a power- 
ful anticholmesterase agent which facilitates the 
accumulation of acetylcholine Atropine and sco- 
polamine which shield the organism from an excess 
of acetylcholine corrected the abnormal posture 
and stopped the forced circling movements 
Experimental production of femoral fractures 
F Gatnoh Evans, Herbert E Pedersen, John 
F Hates, and Herbert R Lissner (introduced 
by M Mason Guest) Dept of Anatomy and 
Engtneenng Mechanics, Wayne University, Detroit, 
Mtch Sixteen experiments were performed on 13 
femora of n hite males and 3 of Negro females rang- 
ing in age from 45 to 85 years 'Stresscoaf deforma- 
tion patterns, with a lacquer sensitivity of 0 00126 
inches per inch, and fractures resulted from static 
torsion loading, loading of the greater trochanter 
and cross-bending loading of the center of the shaft 
Torsion loading produced spiral fractures of the 
shaft , cross-bending loading gave transverse com- 
minuted fractures of the shaft, loading of the 
greater trochanter resulted in intertrochanteric, 
transverse neck, subcapital and abduction frac- 
tures of the neck and trochanteric region In tro- 
chantene loading bones from females fractured at 
548 3 lb (average), males at 885 0 lb (average) 
Elevating the trochanter increased the load sup- 
ported u ithout fracture because the effective bend- 
ing force on the shaft is decreased and the direct 
compressive force increased Under similar test 
conditions m our small senes, there was an inverse 
relation between load producing failure and age of 
the individual from whom the bones u ere obtained 
Loads producing failure with torsion and cross- 
bending loading were approximately equal m mag- 
nitude and considerably less than those producing 
fracture when the greater trochanter was loaded 
All fractures closely resemble similar types seen 
clmically ‘Stresscoaf deformation patterns indi- 
cated that all types, with the possible exception of 
the rare abduction fracture, resulted from failure 
of the bone imder tensile stress 
In vitro metabolism of bone marrow in Ringer- 
bicarbonate medium containing no glucose John 
D Evans and Robert M Bird (introduced by 
Eugene F DuBois) Dept of Physiology, Cornell 
Umv Medical College, New York, N Y The aero- 
bic metabolism of rabbit bone marrow has been 
studied in itlro at pH 7 3 in Ringer-bicarbonate 
media containing no glucose The rate of oxygen 
consumption under these conditions ^ 3 6 micro- 
liters/mg of cell protein per hour This is essenti- 
ally the same rate as obsen'ed when glucose has 
been added to the system Total aerobic acid pro- 
duction IS small averagmg 0 4 microhters/mg/hour 
In the absence of glucose, small amounts of lactic 


acid appear to be consumed, averaging 1 0 imcro- 
grams/mg/hour The R Q averages 0 84 as com- 
pared with one of 0 95 obtained m the same system 
to which glucose has been added The amount of 
total reducing substances in marrow under our ex- 
perimental conditions is small Its utilization aver- 
ages 1 1 micrograms/mg/hour Analyses for total 
ammo acids and non-protem nitrogen give no evi- 
dence for protein breakdown From these data it 
appears clear that carbohydrate and protein break- 
down are not sufficient to account for the oxygen 
consumption of marrow in a medium containing no 
glucose It IS inferred that the breakdown of fatty 
substances is primarily responsible for this oxida- 
tion 

Lymph flow during edema formation George 
Fahr and Herman Koschnitzke Minneapolis 
Gen Hospital, Minneapolis, Minn The rate of 
lymph flow is a very important factor m reducing 
the rate of accumulation of edema fluid when ultra- 
filtration of plasma fluid into the interstitial spaces 
18 accelerated One of the three large lymph vessels 
near the ankle of a dog was cannulated and con- 
nected to the barrel of a tuberculin syringe before 
plasmapharesis After plasmapharesis had been 
carried on for a period of 12 hours the colloid os- 
motic pressure was 6 8 mm Hg The colloid osmotic 
pressure of the lymph collected from the cannula 
was 3 7 mm Hg Before plasmapharesis it was only 
possible to get a lymph flow out of our cannula at 
the rate of 1 cc m 9 minutes end 25 seconds when 
passive motion of the hmb was earned out Lymph 
flow after plasmapharesis was spontaneous and the 
rate was 1 5 cc in 15 minutes As there were 3 large 
lymph vessels the total flow of lymph from the foot 
of the dog was 0 3 ce per minute The w eight of the 
foot from the point of cannuiation down was 246 
gm or 1 2% of body" weight If we assume that the 
mean filtration pressure m the capillaries of the dog 
during these experiments was 22 mm Hg and at 
the same time assume that the tissue pressure un- 
der these conditions of edema formation was 5 mm 
Hg and then make use of Pappcnheimer’s filtration 
constant (Pappenheimer and Soto-Rivcra, Am J 
Physiol 152 480, 1948) we calculate that 5 cc of 
fluid would have been filtered per minute in the 
hind legs of a cat w hereas w e find 3 cc lyunph flow 

Resuscitation from fresh water drowning Da\ id 
C Painer (by invitation), Ceemext G Martin 
(by invitation), HenbtSchw ERMA, and A C In 
Dept of Clinical Science, Umv of Illinois College 
of Medicine, Chicago, III Studies on fresh water 
drow ning hai e been made on dogs The first stage 
lasting 68 seconds (mean), is cliaractcnzcd by 
struggling The second stage, lasting 50 seconds 
(mean) is characterized by apncaor irregular respi- 
ratory movements The third stage starting 124 
seconds (mean) after submersion is ushered in bv 
a precipitous fall in blood pressure w inch lev ok off 
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and reaches zero 259 seconds (mean) after submer- 
sion No dogs survived after the precipitous drop in 
blood pressure occurred Using an endpoint of 4 to 
10 seconds after the cessation of strugglmg, no sig- 
nificant difference in survival was noted in dogs 
with a cannulated femoral artery if they received 
no resuscitation (survived 10, died 11), manual 
artificial respiration (survived 12, died 12) or arti- 
ficial respiration with a mechanical alternating 
positive and negative pressure resuscitator (sui- 
vived 12, died 8) In dogs without femoral artery 
cannulation, no significant difference in survival 
was noted if they received no resuscitation without 
postural drainage (survived 9, died 3), no resuscita- 
tion with postural drainage (sumved 10, died 2) or 
artificial respiration with the altematmg positive 
and negative pressure resuscitator (survived 4, 
died 2) Regardless of the measures employed, dogs 
having little or no staining of the lungs with 
methylene blue (added to the water used in drown- 
ing) survived, while those havmg dense staining 
died About one -half of those dogs with moderate 
staimng died We interpret these results as indi- 
cating that mechanisms other than simple asphyxia 
play a role in drowning 

Oruneter measurements m pulmonary and car- 
diac disease J K W Ferguson, D M Finlat- 
soN and I M Hilliard Dept of Pharmacology, 
Untv of Toronto, and the Toronto Western Hospi- 
tal, Toronto, Canada Three measurements were in- 
vestigated 1 ) the difference in oximeter readings 
breathing air and breathing oxygen (A-0 diff ) , S) 
the tune for the oximeter reading to change J way 
to its final reading on changing from oxygen to air 
(J R tune) , S) the effect of exercise on the oximeter 
reading The following groups of subjects v ere ex- 
amined a) 41 normals ,5)7 congenital heart cases , 
and then a group of miscellaneous pulmonary afflic- 
tions excluding tuberculosis and detectable cardiac 
disease, subdivided as follows c) 20 lobectomies 
and pneumonectomies , d) 28 others showing no fall 
in 0^ saturation (less than 1%) on exercise, e) 27 
others showing more than 1% fall in Oi saturation 
on exercise Group e included the most dyspneic 
Out of 20 in group c, 12 had a fall in Oj saturation on 
exercise Average values for A-0 diff ± S E n ere 
as follows for each group a) 4 0 ± 0 17, 6) 4 9 
± 0 24, c) 3 17 ± 0 29, d) 3 86 ± 0 24, e) 4 94 ± 0 38 
For i R time (in minutes) values were o) 1 7 
± 0 07, 6) 0 9 ± 0 04, c) 1 88 ± 0 22, d) 2 82 ± 0 28, 
a) 3 31 ± 0 23 Group b had the greatest fall in Os 
saturation on exercise (S-22%, av 13 3%) Group 
c illustrates well the difference between pulmonary 
reserve and pulmonarj^ ‘efficiency ' Reserve is low, 
particularly in those who show a fall in Oj satura- 
tion on exercise, while ‘efficiency’ is high m the 
same group, as shown by the low A-0 diff and short 
i R tune 

Significance of activation of prothrombin in 


serum John H Ferguson Dept of Physiology, 
Untv of North Carolina, Chapel Htll, N C In 
spontaneous clotting of blood a variable and often 
considerable amount of prothrombin escapes con- 
version and persists, unlike the activated thrombin 
which IS lost by the antithrombic mechanisms In 
the presence of the suboptmial calcium content of 
serum, successive additions of optimal thrombo- 
plastin (beam extract) each activate some residual 
prothrombin to thrombin, which gradually dis- 
appears The incomplete activations are proved by 
the repeated enhancement of coagulant activity, 
without exhausting the prothrombin even after 6 
or more thromboplastin additions However, if opti- 
mal Ca IS added, complete exhaustion of prothrom- 
bm occurs after only 2 or 3 thromboplastin treat- 
ments That more than one thromboplastm addition 
was found necessary suggests some ‘antithrombo- 
plnstic' activity of serum The substrate for meas- 
uring thrombic activity in the above experiments) 
was tested prothrombin-free (BaSOi-adsorbed 
fibrinogen If a prothrombin-containing fibnnogen 
or plasma was used as substrate, an additional 
thrombin formation occurred which could be fully 
accounted for (as shown by eontrol tests, mmus 
serum) by transfer of Ca and thromboplastin in the 
serum activation mixture Tests with suboptimal 
(1 2 mu) CaClj were particularly significant since 
the extra thrombin from the substrate, in this case, 
was minimal BaSOi-adsorbed serum (prothrom- 
bin-free) yielded no thrombin on treatment with 
Ca and thromboplastin (tests on prothrombm-free 
fibnnogen) With its natural suboptimal Ca and 
optimal added thromboplastin, this serum had no 
influence on the weak thrombin formation in pro 
thrombm-containmg substrates 
Tissue respiration in the polar cod (Boreogadus 
saida) as a function of temperature John Field 
and C N Peiss (bj invitation) 0 N R Arctic 
Research Laby , Point Barrow, Alaska and Dept of 
Physiology, Stanford Univ , Calif The polar cod 
found off the north coast of Alaska is active at en- 
vironmental temperatures as low as —1 5‘’C At 
such temperatures many temperate zone poikilo- 
therms are in cold narcosis The present study was 
designed to throw some light on the metabolic fac- 
tors which must underlie the capacity for func- 
tional activity at these very low temperatures 
Brain and liver were removed from over 100 polar 
cod of similar body size by the moist cold box tech- 
mque Measurements of the Qoi of whole brain 
mince and of liver slices were made at 0°, 5°, 10°, 
15°, 20°and25°C by the Warburg method For each 
organ the log Qoj-Centigrade temperature curve 
was approximately rectilinear over the range 
tested Moreover the slopes of the curves were 
nearly the same Comparison of the log Qch-Centi- 
grade temperature curve for polar cod brain with a 
similar curve for black bass brain mince (,Huro 
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sahnotdes, habitat temperature about 18“C ) estab- 
lished the following differences between these arc- 
tic and temperate zone forms 1) At each tempera- 
ture the Qoi of polar cod brain nas several times 
greater than that of black bass brain 2) The log 
Qoj-Centigrade temperatuie curve for bass brain 
showed a change in slope at 10 °C , below this the 
slope was steeper (increase in Qio), uhereas the 
corresponding curve for polar cod had a constant 
slope from 0° to 25°C Both these differences as ex- 
hibited in the polar cod brain curve are advantage- 
ous in arctic adaptation 

Blood production and iron reserves in man 
Stuart Finch, Donald Haskins and Clement A 
Finch (introduced by M 0 Lee) Dept of Medi- 
cine, Harvard Medical School, the Medical Clinic, 
Peter Bent Bngham Hospital, Boston, Mass Five 
normal subjects were phlebotomized at weekly in- 
tervals During 7 weeks of bleeding, between 1 and 

gm of iron were removed from each subject 
About 800 mg of iron were mobilized for hemo- 
globin production during this time Measurements 
were made of the rate of blood production and of the 
various hematological changes during the period of 
bleeding and the period of recovery Available iron 
Mould appear to be the limiting factor in hemato- 
poesis Patients with large iron stores do not de- 
velop the degree of anemia shown by normal 
subjects However, previous prolonged iron feeding 
in 2 of the subjects had no effect on their ability to 
tolerate phlebotomy In those subjects who were 
allowed to spontaneously recover, serum iron values 
had not returned to normal m a period of 6 months 
These studies provide information regarding the 
rate of hematopoesis in normal subjects under 
stress of phlebotomy, of the amount of available 
iron and of the time necessary to replemsh the de- 
pleted iron stores 

An anti-coagulant present in testicular extracts 
S Fisch and E J Towbin (introduced by E F 
Adolph) Dept of Physiology, Univ of Rochester, 
Rochester, N F Some crude hyaluronidase com- 
mercial preparations from bull testes were found to 
inhibit blood coagulation However, the anti-coagu- 
lant IS not hyaluronidase but a non-dialyzable 
material precipitated by various concentrations of 
ammonium sulfate It is inactivated by heating at 
for 10 minutes The most potent preparation 
yet obtamed, which has a very low hyaluronidase 
content, has an activity such that 6 mg of the dia- 
lyzed and dried precipitate will produce a 13-foId 
increase in clotting time of 1 ml of recalcified 
citrated human plasma or freshly drawn human 
blood The anti-coagulant is not heparin, for titra- 
tion Mith salmine over a wide range of concentra- 
tions has no effect Moreover, the effects of these 
substances, in themsehes anti-coagulants, are 
additu e to those of the testicular substance It does 
not act bj binding calcium It does not appear to 


be fibrinogenolytic nor fibrinolytic It is neither 
anti-thrombic nor anti-prothrombic, these conclu- 
sions lending further support to the contention that 
it 18 not heparin It appears to delay clotting by 
acting as an antithromboplastic agent Only one 
other such agent has been described (Tocantins) 

Electrophoretic study of the water soluble pro- 
teins of normal and atrophied muscles E 
Fischeh, N J Copenhaver (by invitation), B 
Galbski (by invitation), and K W Rtland (by 
invitation) Baruch Center of Physical Medicine, 
Medical College of Virginia, Richmond, Va Elec- 
trophoresis of the water-soluble proteins of normal 
gastrocnemu (rabbit) reveals 6 mam fractions, of 
which 4 could be tentatively identified as myogen 
(43 6%), myosin (24 3%), myosm a (15 1%), and 
myoalbumin (9 6%) The migration velocity at pn 
7 5 increases in the above order, and the small un- 
identified fraction has a velocity between that of 
myosm a and myoalbumin During denervation 
atrophy, myoalbumm increases from the begmnmg, 
while myogen and the myosin fractions dimmish 
considerably only after a delay of 10 to 12 days 
After 3 weeks of denervation, the myogen fraction 
and the myosm fractions are nearly halved, while 
myoalbumm is increased three to four times After 
tenotomy, myogen decreases and myoalbumm in- 
creases within 5 to 6 days as much as after 2 weeks 
of denervation Simultaneous denervation and ten- 
otomy changes the electrophoretic pattein con- 
siderably less than simple denervation or tenotomy 
Enzymatic studies of the extracts confirmed that 
the combined operations damage the muscle less 
than the single operations 

Sensibility of man to light anoxia P E Fiset 
(by invitation) and L P Dugal Dept d’Acchma- 
tation, Insiitut de Biologic Humaine, Univ Laval, 
Quebec, Canada Standard and objective psycho- 
logical tests (concerning mechanical abilitj', space 
relations ability and survey of object visualization) 
were used m order to establish a difference m sus- 
ceptibility to light anoxia (10,000 ft , 4 hours a 
week, 14 weeks) between 2 groups of human sub- 
jects receiving respectively, by demand valve sys- 
tem, oxygen and compressed air The results show 
that the progress in performance from the 1st to 
the 2nd trial is significantly' better for the group 
receiving oxy'gen with all the tests used Confirma- 
tion using the same tests, and others, m the same 
conditions, has been obtamed with 20 other 
human subjects 

Production of constrictive pericarditis in dogs 
A P Fishman, L H Rubexsteiv, L W Sennett, 
K Kurahoto (introduced by L N Katz) Cardto 
vascular Dept , Medical Research Institute, Htchacl 
Reese Hospital, Chicago, III Incident to the m\cs 
tigation of the cardiody namics m congestive heart 
failure m dogs, it became necessary to cstahlisli a 
consistently effective method for the production of 
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constrictive pericarditis It was found that an enve- 
lope of polythene placed around the surface of the 
heart resulted in a rapidly progressive constrictive 
pericarditis with effusion Within 2 weeks neither 
coronary vessels nor aunculoventricular grooves 
could be identified The surface markings of the 
heart were completely obbterated Within 4 to 6 
weeks, distended neck veins, hydrothorax, pul- 
monary congestion, hepatomegaly, ascites and 
peripheral edema uniformly ensued The predomi- 
nance of any individual back-pressure mamfesta- 
tion varied with the site of intra-cardiac obstruc- 
tion The polythene did not enter into the 
mflammatory reaction and could be readily re- 
moved from between the thickened, scarred peri- 
cardial surfaces If the polythene was not removed, 
the dogs died of constrictive pericarditis in 4 to 6 
weeks An attempt was also made to induce peri- 
carditis in the intact animal Thorotrast, injected 
under fluoroscopic vision, was used to outline the 
pericardial sac Sodium morrhuate was then 
injected mtra-pericardiall}' A sero-fibrinous peri- 
carditis, without construction, resulted The use of 
polythene provides a simple effective method for 
the production of a rapidly progressive constrictive 
pericarditis in dogs 

Enzymes in the grasshopper egg Laukence 
Rockwell Fitzgerald (introduced by J H Bo- 
dine) Zoological Labys , State Untv of Iowa, Iowa 
City, Iowa The alkaline phosphatase of the devel- 
oping egg of the grasshopper, Melanoplus differenh- 
alts, IS shown to be apparently formed by the serosa 
and localised in the extra-embryomc fluid In com- 
paring this with other enzymes studied during the 
development of this same material, it is found that 
the enzymes of the grasshopper egg fall into 3 
groups a) Enzymes apparently of maternal origin, 
including methyl butyrase and tnbutyrinase 
These enzymes decrease in amount (or total activ- 
ity) during development 6) Enzymes which de- 
velop principally in the embryo This group 
includes cytochrome oxidase and cholinesterase c) 
Enzymes which appear during development, and 
which are found m extra-embryonic materials This 
group includes alkalme phosphatase, tyrosinase, 
and catalase The members of this last group are 
either undetectable, or barely detectable, in the 
embryo during development, but are swallowed, 
along with the extra-embryomc fluid just as the 
hatching process begins The failure to detect these 
enzymes in the embryo does not necessarily mean 
that they play no part in development, as Haldane 
has shown, using data on saccharase, that a rela- 
tively small number of enzyme molecules may be 
sufficient for the normal functiomng of a cell 
A small plastic tubing technique for right and 
left heart catheterization H F Fitzpatrick, T 
G Schnabel, Jr , and L H Peterson (introduced 


by H C Bazett) Dept of Physiology, Untv of 
Pennsylvania Medical School, Philadelphia, Penna 
By the use of small plastic tubing, cardiac catheter- 
ization can be accomplished by a simphfied proce- 
dure without skin incision and without apparent 
risk of venous thrombosis In dogs, a routine veni- 
puncture of the right external jugular is done with 
a special 18-gauge needle the lumen of which per- 
mits the passage of a small plastic catheter The 
needle then is withdrawn As the catheter is ad- 
vanced slowly toward the heart, continuous mk 
recordings of venous pressure gradients can be ob- 
tained with a capacitance manometer Without 
fluoroscopic guidance satisfactory measurements of 
right auricular and ventricular pressures may be 
made From a mamfold of 3-way stopcocks, blood 
samples for analyses can be withdrawn at a rate of 
1 ml or more per mmute Left ventricular pres- 
sures in dogs can be obtamed by an open method, 
using a long, 18-gauge, ohve tipped needle which is 
introduced, via the common carotid artery, to a 
level 1 inch above the aortic valve Through this 
needle, a small plastic catheter is advanced beyond 
valve and into left ventricle The needle is then 
withdrawn The characteristics of this relatively 
short and very small plastic tubing penmts reliable 
recordings of pressure waves which probably are 
not inferior to those obtainable by the much larger 
and longer catheters commonly used This method 
of right heart catheterization is being evaluated on 
man with the purpose of determimng cardiac out- 
put Simultaneous electrocardiograms are made 
Thiocyanate and mannitol space and native 
ionic balance in acute adrenal insufficiency James 
B Flanagan (by invitation) and R R Overman 
Division of Physiology, Umv of Tennessee College 
of Medicine, Memphis, Tenn It has been suggested 
that the urinary loss of Na and Cl in untreated 
adrenalectomized dogs is insufficient to account for 
the total reduction of these ions in extracellular 
fluid Similarly, it has been proposed that urinary 
water loss in this condition is insufficient to explam 
the apparent extracellular dehydration Sunultane- 
ouB measurement of the volume of flmd available 
for the dilution of NaSCN and manmtol combined 
with flame photometric analyses of Na and K and 
chemical analysis of Cl in plasma and erythrocytes 
makes possible the calculation of the total amount 
of ‘extracellular’ Na and Cl in f) normal dogs, S) 
dogs in acute adrenal insufficiency, and S) adrenal- 
ectoimzed dogs maintained on DCA Together with 
Na, Cl and water intake and output studies, it was 
calculated that on the average, the total ‘extracellu- 
lar’ Na of adrenalectomized dogs maintained on 
DCA was 568 ttim The average total ‘extracellular’ 
Na of dogs in acute adrenal insufficiency was 347 
mM Thus the average total reduction in ‘extra- 
cellular’ Na was 221 mil Since the dogs showed an 
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average negative Na balance (intake minus output) 
of but 50 mil, an average of 171 naM of Na remains 
unaccounted for Similarly the total 'extracellular' 
Cl averaged 433 mu in dogs maintained on DCA and 
but 273 mu in dogs in acute insufficiency The dif- 
ference between these figures is 160 iom However, 
the dogs show ed an average negative Cl balance of 
but 79 mu, thus leaving 81 mu of Cl unaccounted 
for 

Persistence of hypertension after removal of 
the causative ischemic kidney Jack Flasher (by 
invitation) and Douglas R Drdht Depl of 
Physiology, School of Medicine, Umv of Southern 
California, Los Angeles, Calif Persistent hyper- 
tension develops in the rabbit as a result of uni- 
lateral renal ischemia If this ischemic kidney is 
removed after the hypertension has lasted some 
time, the blood pressure does not necessarily revert 
to normal, but may continue above normal for sev- 
eral weeks A control group of normal rabbits sub- 
jected to unilateral nephrectomy did not show any 
sigmficant change m blood pressure after the opera- 
tion The findings support the view that a hyper- 
tension that has lasted some time tends to be 
self-perpetuating, persisting for an appreciable 
tune after the original cause has been removed 

Comparison of heptazone (4,4-diphenyI-6-mor- 
pholinoheptanone-3-hydrochIoride) with other 
analgesic drugs Lars Flataker (by invitation) 
and Charles A Winter Merck Institute for 
Therapeutic Research, Rahway, N J Comparisons 
have been made between heptazone, dl-methadone, 
dl-isomethadone, and morphine, for analgesic ac- 
tivity, toxicity, analgesic tolerance, and side ef- 
fects Heptazone, orally or parenterally, proved to 
be about twice as potent as methadone in rats, 
though of relatively short duration, but only half 
as potent as methadone in dogs Isomethadone gave 
less consistent results than the other drugs The 
outstanding advantage of heptazone was its low 
acute toxicity L D 60 m mice (subcutaneously) 
averaged 210 mg/kg , compared with 33 mg/kg for 
methadone When dogs were dosed twice daily 
(heptazone 4 mg/kg , other drugs 2 mg/kg ) anal- 
gesic tolerance appeared in about a month Side 
effects, such as narcosis, sedation and general de- 
pression, were most marked with methadone and 
morphine, much less with heptazone, and least with 
isomethadone Nausea and vomiting occurred fre- 
quentlj'- in non-tolerant dogs given morphine, occa- 
sionally in methadone-treated dogs, but was never 
observed after heptazone or isomethadone After 
analgesic tolerance was established, dose for all 
drugs vas doubled The increased dose was well 
tolerated by all dogs except those receiving metha- 
done Dosing was continued for 4 months, the drugs 
withdrawn for 1 month, then a second course of in- 
jections was given After analgesic tolerance was 


established the seeond time, cross-tolerance studies 
were made With the doses used, dogs tolerant to 
morphine were also tolerant to heptazone and iso- 
methadone, but not to methadone Those tolerant 
to methadone or isomethadone were tolerant to all 
the other drugs Dogs tolerant to heptazone were 
tolerant to morphme and isomethadone, but only 
partially tolerant to methadone 

Fractional conditioning of behavior based on 
electrically induced convulsions Stephen Fleck 
(by invitation) and W Horslet Gantt Pavlovian 
Laby , Phipps Psychiatric Clinic, Johns Hopkins 
Univ , Baltimore, Md Three dogs were subjected 
to electric convulsions through 2 cephalic jelhed 
plate electrods Two auditory stimuli were given 
one 15 seconds before shock (inhibitory), the other 
5 seconds before shock (excitatory) Approxunately 
30 eiqieriments/dog were made during 2 months 
The dogs became increasingly resistant and nega- 
tivTstic to the experimental situation Specifically 
there was fighting with other dogs, hostihty to- 
wards the experimenters and increased motor ac- 
tivity outside the camera Inside in connection 
with environmental stimuli the dogs mamfested ex- 
treme motor activity with strugglmg in the ham- 
mock and runmng movements, at times indistm- 
guishable from motor phenomena observed during 
and after convulsions The animals disregarded 
injury and the movements seemed purposeless 
Stimuli that brought on this behavior were /) the 
experunenter leaving the camera and S) the ‘inhibi- 
tory’ stimulus The ‘excitatory’ stimulus caused no 
specific reaction except occasional orienting re- 
sponses The respiratory tracings often paralleled 
the motor excitement following stimuli 1) and £) 
cited above, i e the tracings approached the pat- 
tern seen dunng convulsions Occasionally jerking 
of the hind legs occurred after these stimuli The 
negative reaction to the ‘excitatory’ stimulus u ith 
preservation of the reaction to the ‘inhibitory’ 
stimuli IS emdence of amnesia for the 6-second pre- 
convulsive period — comparable to the retrograde 
amnesia in patients after shock and after head in- 
juries The conditioning of certain motor phenom- 
ena with failure to condition the total convulsive 
behanor demonstrates fractional conditioning, 
rather than complete duplication of the UR by the 
cr 

Studies on colchicine derivatives toxicitj and 
antimitotic effect W Fleischmaxn, A Goldin 
( by invitation), B Goldberg (by imitation), L 
G Ortega (by invitation), A D Bergner (by 
invitation) and G E Ulltot (by invitation) 
Medical Division, irmy Chemical Center, Mary- 
land, Dept of Prci entire Medicine, Johns Hopfins 
Umv School of Medicine, and the Smith, Kline and 
French Labys , Philadelphia, Penna Colchicine ar- 
rests mitosis in metaphase In view of the great 
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toxicity of this compound it seemed of interest to 
investigate the antimitotic effect of some of its de- 
rivatives Toxicity was determined by intrapeii- 
toneal administration Mice were implanted sub- 
cutaneously with sarcoma 180 Tumors were 7 days 
old at the tune the animals were sacrificed, 6 hours 
after injection of various compounds Corneal mi- 
toses were studied on flat preparations Spermato- 
gonia were studied on pre-fixed smears stained with 
acetic orcein The following compounds were 
studied Colchicine (f), trunethylcolchicuuc acid 
methyl ether d-tartrate (8), colchiceme (3), tn- 
methylcolchicmic acid H), N-benzoyltrrmethyl- 
colchicimc acid methyl ether (5), N-benzoyltn- 
methylcolchicimc acid {6), and N-acetylcolchinol 
(7) 


1 

fcOMPOUND 

LDh j 

lAWEST DOSE (UO/KO) ATTECTING iniOSlS 

Cornea 

Spennatogohia 

Sarcoma 

180 

1 

me /ks 

3 5 

0 35 

0 86 

0 88 

2 

64 0 

3 2 

3 2 

3 2 

3 

84 0 

84 0 

21 0 

21 0 

4 

200 0 

inactive 

200 0 

200 0 

6 

20 0 

36 0 

1 0 

6 0 

6 

>700 0 

Inactive 

inactive 

inactive 

7 

SO 0 

28 0 

14 0 
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The relationship between chemical structure, toxi- 
city and antimitotic activity will be discussed 
Intravenous ammophylline and coronary blood 
oxygen Elwood L Foutz, Alan J Rubin and 
WtLLiAJi A Steiger (introduced by Carl F 
Schmidt) Dept of Pharmacology, Umv of Penn- 
sylvania, Philadelphia, Penna In 10 normal intact 
dogs under morphme-nembutal anesthesia, coro- 
nary sinus catheterization was accomplished under 
fluoroscopic guidance (Am J Physiol 152 341, 
1948) Simultaneous arterial and coronary venous 
blood samples were collected durmg control penods 
and after injection of either sahne or aminophyl- 
line Following intravenous ammophylline, coro- 
nary^ venous O 2 saturation fell from 30 2% to 17 7% 
(mean values) and the unsaturation (A-V differ- 
ence) rose from 62 1% to 74 1% Compared with 
results where saline was injected, these data 
showed significant differences No marked change 
was noted in mean arterial blood pressure, but the 
mean pulse rate increased from 145 to 165 beats per 
minute Electrocardiographic records revealed no 
significant change in pattern as a result of catheter- 
ization or experimental procedures Since previous 
studies demonstrated that the myocardial stimulat- 
ing effect of ammophylline increases cardiac output 
and cardiac work, it is suggested that aminophyl- 
Ime increases cardiac oxygen consumption more 


than the augmented coronary flow mcreases the 
delivery of oxygen 

Narcosis and refractory phase m certain cere- 
bral mechanisms A Forbes, A F Battista (by 
invitation), P 0 Chattibld (by invitation) and 
J P GarcIa (by invitation) Harvard Medical 
School, Boston, Mass Stimulation of the sciatic 
nerve in cats under deep barbiturate narcosis has 
previously been shown to evoke a primary electric 
response in the sensory leg area of the cortex and a 
secondary discharge, more widespread m the cor- 
tex, with latencies from 30 to SO milliseconds 
When a series of stimuli is appbed at more than 4/ 
second, each stimulus evokes a primary response, 
but only the first evokes the secondary discharge 
A rest of nearly a second is needed before another 
stimulus can evoke the discharge This behavior 
resembles the Wedensky inhibition m peripheral 
nerve, in which a partial block stops all but the 
first of a series of impulses so frequent that each 
impulse after the first falls m the relative refrac- 
tory phase following its predecessor and is there- 
fore subnormal 

Our experiments dealt with the question whether 
the failure of all stimuli after the first of a rapid 
senes to evoke a secondary discharge is likewise 
due to subnormal impulses encountenng a partial 
block in the cerebrum Increasmg the depth of 
narcosis greatly prolonged refractory phase in the 
mechanism of secondary discharge and decreased 
the stimulus frequency required to hold the dis- 
charge in abeyance We found nothmg mconsistent 
with the \ lew that the effect is essentially a Wed- 
ensky inhibition Depression of blood pressure, 
respiration and cortical waves was related to blood 
analysis of narcotic, and from the combination of 
these observations the rate of elimination of nar- 
cotic was estimated , this provided a measure of the 
depth of narcosis 

Comparison of pharmacological activities of 
several antihistammic agents Robert T Ford, 
Shirlet L McHugh, Virginia M O’Rourke, 
Dorothy J Nixon and Gerald Q O’Neill 
(introduced by Karl H Beyer) Medical Research 
Division, Sharp and Dohme, Inc , Glenolden, 
Penna Tripelennamine hydrochloride, Pyranisam- 
ine Maleate, Antergan, Thenylpyramine hydro- 
chloride, Prophenpyramine hydrochloride, R P 
3277, and several other compounds have been 
evaluated on the basis of their local anesthetic, . 
antihistammic, antiacetydcholine, and antihyalu- 
ronidase activities The antihistamimc tests in- 
clude the antagonism of the effect of histamine 
against the isolated guinea pig ilium, the isolated 
guinea pig tracheal chain, and the histamine blood 
pressure depression in intact dogs The local anes- 
thetic measures include the rabbit cornea and the 
electrical stimulation of the isolated rat nerve- 
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diaphrapn preparation The hjaluromdase teat 
was the inhibition in rabbits of the effect of hyalu- 
ronidase test nas the inhibition in rabbits of the 
effect of hjaluromdase on the intradermal spread 
of India ink The antiacctjdcholine test was the 
antagonism of acetjlcholme stimulation of the 
isolated rabbit ilium The data suggest that of 
these measures, other than the stnctlj^ antihista- 
mine tests, the inhibitorj effect of these agents on 
the spreading induced bj' hj'aluromdase maj be a 
relativeij' important factor in anticipating clinical 
efficacy 

Indirect estimation of cardiac output in man 
from carbon dioxide exchange Cnun A Foes- 
E1.NDER (by invitation), Herbert Kramer (by 
invitation), C J Martin (bj invitation), Coun 
White (by invitation) and H C Bazett Dept of 
Physiology, Univ of Pennsyhanta Medical School, 
Philadelphia, Penna Recent reports have demon- 
strated a wide range in arteriovenous differences in 
blood from various organs, with a consequent con- 
trast beta een the compositions of superior and in- 
fenor caval blood Any vaso-motor reflex, or change 
m mechamcai conditions, is liable to alter the com- 
position of mixed venous blood by changing the 
relative proportions of different streams, conse- 
quently in estimating venous alveolar air tensions 
it IS probably important not to ask the subject 
either to make any effort or to change bis respira- 
tory pattern Simple rebreathing of a high oxygen 
mixture, adopting these precautions, sometimes 
gives indications of a short plateau in COi tension 
after some 20 seconds, but this is particularly diffi- 
cult to demonstrate m shallow (and relatively 
rapid), also in deep (tho relatively slow) breathers 
Attempts are being made to demonstrate plateaus 
m all types of subjects by reducing the volume of 
gas used for rebreathing to a mimmum (in which 
Scholander’s micro method for gas analysis aids) 
by utilizing a double bag sj'stem to accelerate mix- 
ing in the lungs (according to Gladstone’s Prin- 
ciples), and thirdly by use of various experimental 
mixtures of oxygen and carbon dioxide Cardiac 
outputs have been calculated from such estimates 
of X irtual venous alveolar air, arterial alveolar air 
and carbon dioxide output The values so obtained 
hax c usually been higher than those reported by 
users of the old acetylene method 
Electrolyte and protein changes during acute 
pneumococcal infection in rats Charles L 
Pox, Jr and Gilbert Ashwell (mtroduced by 
Alfred Gilman) Dept of Bacteriology, College 
of Physicians and Surgeons, Columbia Univ , New 
York City Metabolic balance studies of Na, Cl, K, 
N and H;0 were made on indixidual rats infected 
mtrapentoneailj' with a minimal dose of virulent 
pneumococci to ascertain some of the chemical 
changes that occur in a t\-pical bacterial infection. 


terminating in death in 4 to 6 days Within the first 
24 to 48 hours after infection, the excretion of Na, 
C! and K increased 2S0 to 1000% above the pre- 
infcction levels On the 3rd and subsequent few 
days of survival, the Na and Cl excretion dropped 
to much below the pre-infection values, and occa- 
sionally to ml , in marked contrast, the greatly in- 
creased K excretion continued until death Tliere 
was a steady loss of body weight of from 12 to 19% 
and mtrogen excretion decreased progressively 
The rats reduced their intake of food and water 
after the second day and urine output gradually 
dmnnished All balances after infection became 
negative The net loss of K was especially large and 
increased steadily until death occurred It is of 
mterest that m one instance of spontaneous re- 
covery, these changes occurred initially but on the 
4th day the weight loss ceased, K excretion ap- 
proached zero and, as the K balance became posi- 
tive, body weight returned to normal Tissue 
analyses were made of samples taken from mori- 
bund rats at a time when other rats had already 
died Tissues from umnfected rats carried on the 
same diet to control the metabolism studies were 
also analyzed Muscle tissues from infected ani- 
mals showed a marked elevation in K content, the 
intracellular compartment appeared to have in- 
creased and the extracellular components de- 
creased 

Electrolyte, nitrogen and protem changes that 
follow massive removal of red cells and plasma 
protem Charles L Fox, Jr andBEiTTB Free- 
man- (introduced by Alfred Gilman) Dept of 
Bacteriology, College of Physicians and Surgeons, 
Columbia Univ > New York City In a study of the 
chemical sequelae of acute blood loss and hypo- 
protememia m dogs, from f to | of the blood was 
removed in 3 hours and replaced with mixtures of 
salts and water The concentrations and balances 
of H;0, Na, Cl, K, mtrogen and protem were de- 
termined before and after the massive hemorrhage 
A most noticeable result was a 50% decrease in 
plasma K concentration followed by excretion of 
considerable K in the urine during the first 24 
hours after bleeding One to two day-s Inter, K 
excretion became extremely low while nitrogen 
excretion, which had been subnormal at first, rose 
sharply Thus the K/N ratio initially became very 
high (10 to 15/1), then became very low (OS/1) 
and after a few day's returned to normal (3-5/1) 
The Naand Cl values were high or normal depend- 
ing upon the volume and composition of solution 
infused but equilibrium was achieved rapidh The 
massive blood removal resulted m hematocrit 
mlucs ranging around 10% and plasma proteins 
ranging around 1 3 gm/100 cc , nevertheless the 
dogs survived, no edema resulted and both red 
cells and proteins regenerated MTien K was in- 
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eluded in the replacement solution (5 mEq/l ) 
the fall in plasma K was only partly counteracted 
and the K excretion was unaltered , the added K, 
however, seemed to reduce both the tachycardia 
and the volume of infusion needed to prevent cir- 
culatory collapse and renal failure 
Growth and Oi consumption, as affected by 
X-irradiation, using the bacterium, Serratia 
marcescens Atm C Fowle (by invitation) and 
Kenneth C Fisher Umv of Toronto, Toronto, 
Canada The growth of the bacterium, Serratia 
marcescens, is accompanied by an increased rate 
of oxygen consumption, from which presumably it 
derives energy for growth When the bacteria are 
subjected to X-irradiation various disturbances 
of growth and cell division are produced It has 
been found that although the bacteria which grow 
and divide after irradiation do so at a rate consider- 
ably slower than normal, they do so without any 
appreciable interference with the amount of oxy- 
gen associated with growth Thus it appears that 
the primary effect of X-irradiation does not in- 
volve the energy reactions specifically concerned 
with growth 

Factors affecting constancy of vasomotor re- 
sponse to repeated mtra-arterial injections of 
mecholyl and of epinephrine Lewis Franklin 
(L I M R Fellow) (by invitation), Howard 
Watne (by invitation), J Makwell Little and 
Harold D Green Dept of Physiology and Phar- 
macology, Bowman Gray School of Medicine of 
Wake Forest College, Winston-Salem, N C In 
evaluating vasomotor responses induced reflexedly 
or dmectly by chemicals, in dogs anesthetized with 
sodium pentobarbital, we have compared these 
responses with responses to standardized quan- 
tities of mecholyl or epinephrine Venous outflow 
was measured at 10 sec intervals from the physi- 
ologically isolated hind leg, perfused from the dog’s 
own arterial system To determine the constancy 
of response 116 intra-arterial injections of 0 08 
fig of mecholyl were made in 9 experiments and 36 
injections of 1 0 /ig of epinephrine in 6 experi- 
ments In intact preparations the coeflicient of 
variation (coef var ) for the maximum change of 
flow per 10 sec mterval was 12-41% (av 22 6%) 
for mecholyl and 7-53% (av 28 6%) for epineph- 
rme Severance of both vagi and both carotid ar- 
teries or the sciatic and femoral nerves did not 
improve the coef var Expressing the response as 
percentage change increased the coef var to 
29 4% , when expressed as total change in flow 
(cc of blood flow gained or lost) the coef var was 
27 0% At constant control flows, the respKinse to 
both drugs, expressed as maximum change of flow, 
decreased with decreasing perfusion pressure At 
constant perfusion pressures, the response to me- 
cholyl decreased but to epinephrme increased with 


increase m control flow Enough data are not yet 
available in which results were obtained at con- 
stant control pressures and flows to draw defimte 
conclusions but the coef var appears to be about 
10% Another cause of variabihty may be the 
development of refractonness near the end of pro- 
longed experiments 

Further lowering of glucose tolerance following 
an induced hypothyroid state in Yale rats Thomas 
F Frawlet and Charles W Bishop (introduced 
by George F Koeph) Dept of Medicine, Untv 
of Buffalo School of Medicine, and Medical Research 
Labys , Buffalo General Hospital, Buffalo, N Y 
A significant percentage of Yale-stram rats have 
been shown to have an abnormally low glucose 
tolerance Sayers and Sayers (Am J Physiol 
141 466, 1944) postulated that this diminished 
tolerance might be due to an inherited hjqierac- 
tmty of the adrenalmedullary system Studies 
were undertaken to determine the influence of 
thyroidectomy or propylthiouracil on this impaned 
glucose tolerance The goitrogens provide a more 
specific method for studjung the influence of hypo- 
thyroidism on carbohydrate metabolism heretofore 
equivocal with thyroidectomy due to the high per- 
centage of aberrant thyroid tissue A 36% solution 
of glucose (350 mg/100 gm body weight) was ad" 
ministered intraperitoneally and blood glucose 
determined at intervals over a 6-hour period One 
group of 6 Yale rats weighmg 200-400 gm was 
thyroidectomized and to another similar group 
propylthiouracil ( 010 gm/100 gm body weight) 
was administered daily by stomach tube Glucose 
tolerance was determined at weekly intervals over 
a 6-week period The average values (mg %) for 
each group are shown in the following table 


HOUS5 



1 

2 

4 

5 

(T) Before 

SO 

326 

228 

134 

104 

97 

(T) After 6 weeks 

89 

395 

420 

295 

200 

164 

(P) Before 

80 

280 

243 

154 

102 

119 

(P) After 6 weeks 

80 

354 

310 

228 

136 

114 


(T) “ Thyroidectomy group 
(P) >= Propylthiouracil group 


Quantitative measurement, by external count- 
ing, of the P” content of the thyroid gland in man 
A Stone Frbedbbrg, Alvin Ureles and Marvin 
Van Dilla (introduced by Herhman L Bluji- 
gart) Med Res Lab , Beth Israel Hospital, Dept 
of Medicine, Harvard Medical School, and Dept of 
Physics, Mass Inst of Technology, Boston, Mass 
We have recently described a method for quanti- 
tative measurement of I*** content of the thyroid 
gland in man by external counting Independence 
of size and location of the thyroid gland (depth 
geometry and absorption) was achieved by con- 
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nectmg m parallel 4-6 platinum cathode Geiger- 
Mueller counters, arranged m a horizontal plane 
in circles of varj ing radii With these counters in a 
circle 36-120 cm m diameter, a central source of 
radiation nns moved about nithm a sphere S-32 
cm in diameter concentric a ith the circle of coun- 
ters, the maximum variation in counting rate was 
5% iVhen the source w as surrounded by muscle, 
bone, water and saline m quantities approximating 
the human neck there was no significant change in 
countmg rate With a constant amount of radio- 
activity in volumes varjung from &-350 cc in dif- 
ferent shaped containers no significant change in 
counting rate was observed Identical amounts of 
P” in 5 cc and in 2,000 cc of water placed in gallon 
jugs showed a decrease of 5% in the counting rate 
in the latter instance 

Prelimmary studies on thyroid uptake in pa- 
tients wuth varjnng gland size are consistent wnth 
mock up experiments With a circle 52 cm m ra- 
dius 10 fio in the thyroid gland gives a counting 
rate 2 5 background Followung a standard oral dose 
of 150 )ic , I**> carrier-free, the thyroid uptake and 
unnory I‘” excretion was studied in 22 subjects 
Thirteen thyrotoxic patients demonstrated, at 
varying times up to 48 hours, a maximum uptake 
in the thyroid gland from 46-84% and averaged 66 
In 7 euthyroid subjects the uptake ranged from 
13-39% and averaged 30 In 2 myxedema patients 
the thyroid uptake was 1 and 4% Prehminary 
studies on the rate of uptake in the thyroid gland 
have also been carried out and are described 
Effect of Eck fistula formation and meat in- 
toxication on serum phosphatase and dye clear- 
ance of adult dogs Smith Fheeman Dept of 
Bxptl Medtctne, Norlhweetem Umv Medical 
School, Chicago, 111 The average preoperative 
Eose-Bengal dye-clearance of 19 adult dogs was 107 
units and their serum phosphatase averaged 2 4 
Bodansky Units The minimum dye clearance 
after Eck fistula formation averaged 63 units and 
the corresponding phosphatase values averaged 9 9 
units Meat intoxication was produced in 10 of 11 
dogs of the precedmg senes The average serum 
values prior to meat intoxication were dye clear- 
ance of 51 umts and phosphatase of 6 8 units A 
diet of raw horse meat (50 gm/kg ) produced meat 
intoxication in an average of 9 days The average 
dye clearance decreased to 34 umts and the serum 
phosphatase increased to 18 8 units These changes 
are construed as evidence of further liver injury 
in the Eck fistula dog 

Summation of stimuli studied with the aid of 
anticholinesterases Jeake Siskee Frey (by in- 
vitation) and Robert Gesell Dept of Phystologtj, 
Univ of Michigan, Ann Arhor, Mich The carotid 
nerve was stimulated repetitively at frequencies 
ranging from 10 to 60/scc and the effects of this 


stimulation on breathing recorded with the aid of 
a Hutchinson spunmoter Progressive increase of 
frequency of stimulation was attended by an in- 
crease of temporal summation of stimuli as shown 
by the increased respiratory response Similar 
gradation of frequency of stimulation following 
administration of anticholinesterases (physostig- 
nune, DFP, X substance (Army Chemical Center) 
and COs) was attended by an appreciably greater 
summation of stimuli at all frequencies Potentia- 
tion of temporal summation by anticholinesterases 
agrees with an acetylcholine sparing action at 
synapses and a consequent intensification of neu- 
rocellular current which are beheved to generate 
nerve impulses (current report of Hunter, LiUie 
and Gesell) Since anticholinesterases impair con- 
duction of impulses in nerve fibers (Gilman, Nach- 
mansohn, and Lowe and Gesell) it is unlikely that 
they potentiate reflexes by improved conduction 
of nerve impulses in the dendrites and cell body 
For the reason that these reagents potentiate 
rather than depress central nervous activity, our 
experiments support earlier conclusions of Lowe 
and Gesell that impairment of impulse conduction 
in nerve and muscle by antichobnesterases is in- 
compatible with the theory of synaptic conduction 
of nerve impulses It is suggested that our expen- 
ments agree with the concept of speciahzation of 
function m the neuron 

Can transfer rate be calculated from urine iso- 
tope ratio? Herbert D Fmediandeh (by invita- 
tion) and Waiter S Wiedb Physiology Dept , 
Tulane Umv School of Medicine, New Orleans, La 
The expression for calculating transfer rate is 
P*/P =“ AnJ/Ani = AnJ/An 2 = = An‘/Ane 

P*/P is the instantaneous ratio for tagged and for 
total but exchangeable chemical in the plasma 
An*/An is the ratio of the resjiective chemicals, 
as infinitesimals, accumulated in the organs 1, 
2, etc , or m an excreted fluid e, urine, saliva, etc 
The amount of exchange back and forth of intrin- 
sic substance. An, cannot be measured directly in 
most systems It must be calculated from the equa- 
tion Certain excreted fluids such as urine, how- 
ever, represent a continuous one-way' sampling of 
An Thus we measure An* and An directly in unne 
collected over the transfer period and substitute 
them in the equation to calculate Ant in an organ 
This obviates estimation of P* as P* from the area 
under a plasma time-concentration curie for 
tracer 

P*/P and An*/An were compared in 16 rats 
after subcutaneous tracer phospliate Before 35 
minutes PVP exceeds An*/An Non-tracer phos- 
phate lying in the urinary channels at injection 
time probably contaminates An Later An*/An for 
the full period exceeds PVP often threefold cien 
at 150 minutes Goiaerts (Arch Int Pharmacodun 
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76 261) presents evidence or non-e\changeable 
dog plasma phospMte Calculations from his data 
agree with ours P*/P in plasma acid filtrates of 
the rat equals that in magnesia precipitates pre- 
pared in the cold Faster urination of phosphate 
during the plasma peak hardly explains the result 
Radiocalcium data sent by Govaerts yield similar 
PVP and An*/An values 
Inactivation or removal of insulin by the liver 
A Friedman (by invitation), H F Weisberq 
(by invitation) and R Levine Dept of Metabolic 
and Endocrine Research, Medical Research Inst , 
Michael Reese Hospital, Chicago, III Under nor- 
mal circumstances insuhn, after leaving the pan- 
creas, reaches the liver before it goes into the gen- 
eral cuculation We wished to determine whether 
any inactivation or removal of the hormone oc- 
curred during its passage through the hver For 
this purpose we have injected insulin into dogs at 
a constant rate IV (0 1 /i/kg/hr ) over 2-hour per- 
iods, by two injection routes — the splemc vein and 
the femoral vein Blood sugar values were esti- 
mated at 16-30 rmnute intervals Each dog served 
as its own control The results show that insulin 
infused via the splemc vein had, in all cases, a sig- 
mficantly smaller effect on the arterial blood sugar 
levels than did the insulin infused via the femoral 
vein It IS estimated from the areas of the curves 
that the liver led to removal or inactivation of 
about 40% of the injected insulin These experi- 
ments were made ith Lilly insulin which contains 
variable amounts of a hyperglycemic factor which 
might have been the cause of the lessened effect 
of intrasplenic insuhn However, identical experi- 
ments with a brand of insulin (NOVO) which we 
found not to have the h 3 qierglycemic factor, also 
gave the lessened intrasplenic response 

Gastrointestinal motor effects of intestinal ex- 
tracts hi H F Friedman Dept of Physiology, 
Jefferson Medical College, Philadelphia, Penna 
The exyieriments were performed on dogs under 
sodium pentobarbital, ether, or urethane anesthe- 
sia Motor activities were recorded by means of 
tandum balloons and water manometers from the 
antrum, duodenum, terminal ileum, and colon 
All tissue extracts were administered by vein 
Certain preparations of intestinal mucosa, in doses 
of 2 to 10 mg/kg , ala ays increased the tonus and 
force of contractions This effect apparently oc- 
curred thruout the whole gastrointestinal tract 
but not in other smooth muscles The response was 
obtained within a latent period of 2 minutes and 
a as sustained for 10 to 46 minutes Some evidence 
of tachyphylaxis was obtained The motor effects 
a ere not abolished by bilateral vagotomy, splanch- 
nectomy, separation of the intestine into segments, 
or large doses of atropine No synergism between 
effective extracts and pilocarpine or mecholyl was 


noted The motor effects were not due to histamine 
and probably not to choline The effective prin- 
ciple was not found in extracts of gastric mucosa, 
or in other types of intestinal mucosa extracts It 
could be concentrated from intestinal extracts 
made by the method of Greengard et al for the 
preparation of enterogastrone, and was found pres- 
ent m a commercial preparation of “purified en- 
terogastrone” which IS available for the treatment 
of peptic ulcer The results suggest, but do not 
prove, the presence of a gastromtestmal motor 
‘hormone’ in the intestinal mucosa 

Rfile of the adrenal cortex in the excretion of 
purines Meter Friedman, Donald Bernstein 
(by invitation), and Sanford 0 Byers (by in- 
vitation) Harold Brunn Inst for Cardiovascular 
Research, Mount Zion Hospital, San Francisco, 
Calif Twenty-eight rats (maintained on water 
contaimng sucrose 5%) were given 100 u/kg of an 
extract of adrenal cortex (Lipo-Adrenal Cortex- 
Upjohn) by intramuscular mjection It was found 
that the total renal excretion of purine increased 
approximately 26% during the first 24 hours fol- 
lowing the above injection Six rats, injected with 
DOGA (6 mgAg ), showed no appreciable increase 
in purine excretion during the next 24 hours 
Twelve rats ivere nephrectomized and given the 
same amount of Lipo -Adrenal Cortex Four 
nephrectomized rats were given DOGA The total 
purine content of the blood of these 16 ammals 24 
hours after injection vas no greater than that of 
14 control nephrectomized rats These observa- 
tions suggest that Lipio-Adrenal Cortex effects in 
rats an increase in the excretion of purines which is 
of renal origin 

Emotional state on acquired and inborn reac- 
tions satiation on cardiac conditional reflexes 
and unconditional reflexes to food W Horslet 
Gantt Pavlovian Laby , Phipps Psychiatric 
Clinic, Johns Hoplins Univ , Baltimore, Md 
In the laboratory the conditional reflexes maintain 
a mechanical constancy comparable to the physi- 
ological reflexes so that they can be expressed even 
in a formula Outside the laboratory the reactions 
are characterized by extreme variability and 
apparent lawlessness The explanation is to be 
found chiefly in the strict control of the state of 
the animal used in the laboratory Our previous 
investigations showed that the salivary condi- 
tional reflexes (crs) were dependent upon the state 
of hunger of the animal, falling from a maximum 
to zero immediately after satiation The cardiac cr 
has been measured in this laboratory for many 
years to study the inner emotional state of the 
animal contrasted vuth the more specific external 
crs Several dogs with well established food crs 
were allowed to eat to satiation after taking con- 
trol sahvary and cardiac measures to the condi- 
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tional signals for food An immediate decrease of 
the cardiac cr resulted from the satiation The 
cardiac component of the unconditional reflex 
( UE) was only slightly affected (the animal would 
not eat after satiation unless the food w ere forced 
into the mouth) Satiation caused an elevation of 
control cardiac rate For example before satiation 
‘Sechs’ control heart rate = 85, cr = 110, UR = 
110, after satiation control heart rate = 100, cr = 
108, UR = 105 in ‘Peik’ before satiation control 
heart rate = 65, cr = 98, UR = 95 , after satiation 
control heart rate = 85, cr = 95, UR = 110 The 
cardiac component of the inhibitory ers was not 
affected It is thus evident that not only the spe- 
cific salivary ers but the more generalized emo- 
tional cr components, represented by the heart 
rate, may be immediately abolished by a change of 
emotional state of the animal while the URs are 
are much less affected 

Anoxia on conditional reflexes In dogs W 
Hohblet Gantt, George W Thorn and C Dor- 
RANCE Pavlovian Lahy , Phtpps Peychtatnc Cltmc 
and Dept Medicine, Johns Hopkins Umv , Balti- 
more, Md Changes in higher cerebral function 
caused by single exposures to moderate altitudes 
(18,000 ft ) are diflficult to measure because of in- 
adequate testing methods Two dogs aged 11 and 4 
years were exposed 4 hrs to both 18,000 and 25,000 
ft , either by reducing pressure or reducing oxygen 
content One dog was exposed in a pressure cham- 
ber 6 tunes, the other 5 tunes Responses measured 
were based on food (‘Sechs’) or pain (‘Conme’) 
Sechs at 18,000 ft showed a reduction of the con- 
ditional reflex (cr) from 238 u control in the 
pressure chamber to 170 experimental , inhibitory 
cr remained 0 At 25,000 ft the disturbance was 
more severe, excitatory cr = 150 u , inhibitory = 
135 After 24-hr recovery impairment persisted, 
excitatory cr = 206, inhibitory = 48 H Conme 
having ers to painful stimulus, gave as control 83% 
correct motor responses to excitatory cr, 3% to 
inhibitory cr At 18,000 ft no impairment, at 
25,000 ft excitatory cr = 90% correct but in- 
hibitory cr = 60% — disturbed differentiation 
After 24 hr there was complete recovery Although 
differences according to age, temperament and Lind 
of reflex measured, in both dogs there nos marked 
impairment at 25,000 ft , but in the y ounger dog not 
at 18,000 ft Cr measurements can be useful in 
evaluating efiicacy of therapy for altitude toler- 
ance The cr unpairmept appears when there is no 
other observable neurological change 

Spinal cord pathways and connections for 
sensory fibers from the knee joint of the cat 
Ernest Gardner (introduced by M Mason 
Guest) Dept of Anatomy, 11 aync Untv College 
of Medicine, Detroit, Mtch Recordings were made 
from the dorsal surface and ventral roots of the 


spinal cord following electrical stimulation of the 
posterior nerve from the knee joint of the cat 
With single shocks, piotential changes characteris- 
tic of internuncial activity were recorded from 
approximately the 3rd lumbar to the 1st or 2nd 
sacral segments These potentials were maximal in 
the 6th and 7th lumbar levels Reflex discharges 
were recorded from ventral roots of those segments 
in nhich considerable internuncial activity was 
observed Recordings were also made of action 
jiotentials m the piosterior nerve conducted anti- 
dromically after single shocks to dorsal funiculi 
at various levels Results indicate that articular 
fibers, after entering the spinal cord, synapse with 
internuncial neurons in several cord segments 
These neurons in turn relay to motor neurons and 
also to lateral spinothalamic tracts In addition, 
collaterals from the larger of the entering fibers 
ascend in dorsal fumculi as far as the medulla 
oblongata, beyond which they were not traced 
In the lumbar cord, the fastest conduction rates 
were 90-100 m/sec At the cervical cord, however, 
conduction was from 36-60 m/sec The endings 
from which these ascending fibers are derived 
are Ruffim-type endings in the capisule of the 
posterior part of the joint 

Physical and chemical properties of emulsify, 
ing agents in urine Josephine B Garst (by in- 
vitation) and Habrt B Friedgood Dept of Med- 
icine, Umv of Calif at Los Angeles, Calif Inst 
for Cancer Research, Los Angeles, Calif The 
urinary material which stabilizes oil-in-water 
emulsions encountered in extraction of urine with 
orgamc solvents has been separated by full satura- 
tion with ammomum sulfate at pn 5 The flocculent 
brown precipitate which forms can be separated 
more rapidly by addition of ether and shaking 
The precipitate is separated from the urine and 
reprecipitated twice from distilled water by addi- 
tion of acetone to 80% concentration It is then 
washed at the centrifuge with small amounts of 
water When centrifugation no longer sediments 
the material, it is precipitated finally with acetone 
The precipitate is then dried in vacuo over sulfuric 
acid The product is hydrophilic, lias a total nitro- 
gen content of 10%, gives positive Molisch, xantho- 
proteic and biuret tests A solution of the sepa- 
rated precipitate in distilled water stabilizes an 
ether-in-water emulsion On the other hand, the 
residual urine at pH 5, freed of the aboi e material, 
does not form emulsions nith ether Electrophore- 
sis of the product has been conducted at pn 8 G 
in 0 1 molar barbiturate buffer The soluble frac- 
tion consisted of tvo components in the ratio of 
approximately 3 to 1 The characteristics of the 
material suggest that it consists predominately 
of gly co-protein 

Elcclrocorticograms of the cvtoarchltcclural 
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areas of macaca mulatta John S Gahvin and L 
V Amadob (introduced by Pehcival Bailey) 
Dept of Neurology and Neurological Surgery, 
Umv of Illinois College of Medicine, Illinois Neu- 
ropsychiatnc Institute, Chicago, HI Investigators 
have noticed differences in electrical activity from 
various cytoarchitectural areas during other elec- 
troencephalographic experiments Specific studies 
have been made on rabbits and cats The cortex of 
Macaca mulatta was exposed and direct recordings 
made in anesthetized, unanesthetized and cura- 
rized animals Electrical activity from various 
areas revealed marked differences There were 
minor variations between animals, but m general 
the following holds The tracings from areas FA 
(Area 4) and PC (Area 1) are quite distinctive, but 
indistinguishable from each other The entire oc- 
cipital region is lower in amplitude than any other 
region OC, OB and OA (Areas 17, 18, 19) are prac- 
tically ahke except that the amplitude of OA is 
slightly higher Activity is similar throughout all 
of TA (Area 22), and is not characteristic The 
activity of FB (Area 6) is of high amplitude and 
resembles the activity from the infenor parietal 
region, while the activity from FD (Areas 10, 9) and 
FD delta (Area, 46) is of rather low amplitude with 
some faster superimposed activity Tracings from 
some areas, notably PEm (Area 5), PE (Area 7), 
PF (Area 40) and PG (Area 39) were indistin- 
guishable, but were characteristic for those re- 
gions Multiple simultaneous recordings within 
FA revealed ‘Dial bursts’ at one point and not at 
another and at times almost synchronous bursts 
throughout the area No particular difference be- 
tween the unanesthetized, curarized and anes- 
thetized monkeys was observed except that the 
frequency in FA and PC appeared faster under 
curarization and without anesthesia 
Action of D O C A and adrenal cortical extract 
on body water and kidney function Mario 
Gaudino and Maevin F Levitt (introduced by 
Homeb W Sjiith) Dept of Physiology, New York 
Univ College of Medicine, New York City Three 
normal dogs were injected vith 30 mg of D O C A 
for 3 weeks and the changes in extracellular space 
(inulin vol of distribution), total body water 
(D 2 O), intracellular space (difference between 
DiO and inulin vol ), plasma vol (T-1824) and 
renal function (inuhn and PAH clearances, TmpAn) 
were studied frequently There was a marked in- 
crease in the extracellular space with no change or 
slight decrease in the total body water, resultmg 
in a significant decrease in the mtracellular space 
Plasma volume slightly increased or showed no 
change Inulm clearance increased, PAH clear- 
ance increased very shghtly and TmpAH was sig- 
nificantly decreased The first change to appear 
was the increase in extracellular space A fairly 


good correlation exists between the mulm clearance 
and the inuhn space With the prolongation of 
treatment the above changes tended to disappear, 
despite an increase in the dose of D 0 C A After 
the injections were discontinued the return to nor- 
mal was complete Two dogs treated with 16 cc of 
total adrenal cortical extract (Upjohn) revealed a 
completely different effect the extracellular 
space did not change significantly, but the total 
body water increased markedly, reflecting an ab- 
solute increase in the intracellular space Plasma 
volume, inuhn and PAH clearances did not change 
TmpAs increased m one case and decreased in 
another All changes were reversed after the treat- 
ment was discontinued 

Arterial oxygen saturation and intracardiac 
pressures during acceleration in relation to car- 
diac damage 0 Gaijeh (by invitation), J P 
Henry, E E Martin (by invitation), P J 
Maheh (by invitation) Aero Medical Lab , Atr 
Materiel Command, Wright- Palters on Air Force 
Base, Dayton, Ohio A fall in arterial oxygen satu- 
ration has been predicted durmg acceleration m 
view of the marked disturbances m lung circulation 
observed in X-Ray motion pictures Therefore, in 
both human and animal experiments oxygen satu- 
ration in arterial blood has been continuously 
recorded during acceleration A Eramer glass 
cuvette oximeter with an automatic syringe has 
been employed together with Van Slyke determina- 
tions of blood oxygen content A fall from 97% 
to 90% in oxygen saturation was measured in a 
human exposed to 4 6 g positive acceleration for 15 
seconds Experiments in anesthetized dogs sub- 
mitted to both positive and negative acceleration 
shoved changes of the same order during brief 
acceleration and even greater changes during 
prolonged runs (2 mm ) Intracardiao pressures 
were simultaneously recorded in both ventricles 
of nembutalized dogs during negative acceleration, 
using modified pressure sensitive tip Wetterer 
catheters Carotid and jugular pressures were also 
recorded in these experiments These measure- 
ments were an attempt to correlate the above men- 
tioned fall in arterial saturation with the frequent 
development of subendocardial ecchymoses in the 
left and right ventricles during negative accelera 
tion During the acceleration there were changes 
in the contour of the right mtraventricular pres- 
sure wave suggesting that at certain periods durmg 
the cardiac cycle the changes in right intraventric- 
ular pressure may fall out of phase with those 
occurring in the left ventricle Such pressure 
differentials between the heart chambers during 
acceleration indicate a possible mode of origin of 
the above mentioned ecchymoses 
Utilization of fructose by the perfused brain of 
the living cat A Geighh, J MagneS, R M 
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Tatloe and H WAunscH (introduced by H 
Gbundfest) Depts of Btochemtstry and Psycht~ 
atry of New York State Psychiatric Inst , New 
Yorh City Fructose penetrates into the narcotised 
cat’s brain up to concentrations of 60-100 mg/100 
gm , if the fructose concentration of the blood is 
kept very high (1 6-2%) for an hour or more 
YTien the normal blood circulation of the cat's 
brain a as switched over to perfusion with a glu- 
cose-free suspension of erythrocj'tes in a Ringer 
solution containing 100 mg of fructose and 7 gm 
bovine serum albumin/100 cc the following was 
observed The oxygen consumption of the brain 
was about half as great as with the same perfusion 
fluid containing glucose The glucose from the 
brain disappeared at a rate corresponding roughly 
to the rate of oxygen consumption As long as glu- 
cose n as present in the brain the fructose concen- 
tration m it remained unchanged Only after the 
complete disappearance of glucose did the fructose 
concentration slowly dimmish The amount of 
oxygen consumed during this period a as larger 
than that required for the oxidation of fructose 
The larger part of the oxj^gen consumed during the 
glucose-free period could be as preliminary ex- 
periments indicate, accounted for by the disap- 
pearance of glutamin and glutamic acid from the 
brain cortex 

Differences in cortically and subcortically 
induced convulsions Ebnst Gellhokn Lab of 
Neurophysiology, Dept of Physiology Umv of 
Minnesota, Minneapolis, Minn Cortically induced 
convulsions Conmlsive activity induced by top- 
ical application of strychmne does not interfere 
mth the independence and asynchrony of dif- 
ferent cortical areas either under control condi- 
tions or in asphyxia Subcortically induced convuL 
stons First, strychmne is injected into either 
hypothalamus (mammillary body) or thalamus 
(dorsomedian or ventrolateral thalamic nucleus) in 
‘Dial’ cats and local spikes are recorded Hereafter 
asphyvia is initiated which causes the spikes to 
disappear first and the normal potentials later 
During this tune the asynchrony existing between 
vanous cortical and subcortical areas persists 
unchanged After cortical potentials have disap- 
peared a sjmchronous outburst is recorded m cor- 
tex, thalamus, basal nuclei and hj pothalamus and 
lasts for 10 to 30 seconds This discharge consists 
of convulsive spikes and is accompamed bj overt 
convulsions in the non-curanzed cat The experi- 
ments suggest that the subcortical focus does not 
control cortical activity as long as the cortical 
excitabi]it 3 f remains normal If, however, cortical 
potentials disappear the subcortical focus seems 
to be released (removal of cortical inhibition) and 
leads to a generalized synchronous discharge 
Systemic convulsions If generalized convoilsiv'c 


activity 18 induced by intravenous injection of 
picrotoxm asphyxia leads to synchronous cortical 
and subcortical discharges as observed in experi.- 
mental group 8 

A skin resistance recorder or sudomotometer, 
WmtJAM A Geohegan (introduced by Joseph C 
Hinsey) Dept of Anatomy, Cornell Untv MedicaV 
College, New York City Measurement of skin re- 
sistance provides a convenient index of sudomotor 
activity, and recording of skin resistance changes 
is of great value in determimng nervous pathways 
While in some eases an appixiximate measure of 
skin resistance is desirable, in others, it is impor- 
tant to record small changes due to an applied 
stimulus An instrument has been developed which 
permits measurements of both kinds, is simple to 
operate and is safe for application to human sub- 
jects m the operating room A set of interlocking 
push buttons permits connection of any one of 6 
electrodes to a bridge and vacuum tube voltmeter 
which IS calibrated directly m ohms The volt- 
meter output IS connected through a stable d c 
ampbfier to an Esterline Angus recorder Sensi- 
tivity and stability are adequate for recording 
changes as small as 1%, and permit detecting pres- 
ence of relatively few fibers in a stimulated path- 
way A convenient balancing arrangement is pro- 
vided to center the recorder for any resistance 
value from 1000 ohms to 100 megohms The instru- 
ment 18 operated from the 116 volt a c line and 
employs no batteries Electrical and mechamcal 
isolation of the input circuit insure against acci- 
dental application of high voltage to the patient 

Cholinesterase activity of intact nerie, DPP 
inhibition R W Geraed, B Libbt and D 
Cavanaugh Dept of Physiology, Umv of Chicago 
and Marine Biological Lab , Woods Hole, Mass 
The inertness of ACh applied to nerve has been 
attributed to lack of penetration Also, an objection 
raised to the measured ChE inhibition, on grinding 
a nerve soaked in DFP, has been that the inhibitor 
and enzyme react after structural breakdown 
The following experiments invalidate these points 
A frog sciatic or a single squid giant axone is 
threaded through a capillarj’-, with cut ends out- 
side The capillary is filled (about 20 cu mm )«ith 
a dilute ACh solution, or (squid axone) a measured 
drop of the solution is moved to and fro along the 
nerve After desired intervals at room temperature 
the ACh solution is removed and ACh assayed 
With unpoisoned nerve or axone, 65 to ov er SQ% 
of the ACh present (0 1 to 1 28) had disappeared 
in 20 minutes Controls show that no ChE Icavas 
the tissue, so ACh must have reached the enzyme 
m intact fibers Despite adverse conditions (low 
ACh concentration, long diffusion distances, part 
time contact) this corresponds to a QChE of ov cr 
one-fourth the full value of a squid axone Wicn 
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10 mM DFP \sas present m the ACh solution, no 
ACh loss was found in 60 minutes with frog nerve 
Conduction remained normal 
Species reactivity of staphylocoagulase and 
staphylokinase Eabl B Geeheim (by invita- 
tion) and John H Feeghson Dept of Physiology, 
Univ of North Carolina, Chapel HiU, N C A 
study was made of sheep, cattle, rat, dog, horse, 
gumea pig, chicken and rabbit plasmas in con- 
nection with the staphylococcal factors concerned 
in coagulation (prostaphylocoagulase) and l 3 rtic 
activity (staphylokinase) The lengthened staphj'^- 
locoagulation tunes, as well as the complete incoag- 
ulabihty of some plasmas was due to f) an inhib- 
itor to the active clotting agent, staphylocoagulase , 
£) destruction of fibrinogen by proteolytic activity 
due to activation of a proenz 3 une by the factor 
staphylokinase, and S) a possible low co-factor 
content Fractionation of the plasmas with am- 
momum sulfate indicated that the inhibitor 
was quite ubiqmtous, with the globulin fractions 
contaimng the most No fraction of any species 
e\cept rabbit contained as much cofactor 
as could be obtained from human plasma or 
serum The fractionation procedure seemed to 
inactivate a great deal of the inhibitor Parallel 
tests for fibrinolysis with staphylokinase and 
streptokinase were made Staphylokinase, which 
has previously been shown to activate a proenzyme 
in human serum, was reactive with a proenzyme 
found in rabbit, gumea pig and dog serum Strep- 
tokinase did not activate any proenzyme of the 
species tested, except human Staphylokinase dif- 
fers from streptokinase in requiring a long incuba- 
tion period for maximal lytic activity The greatest 
proteolytic activity was developed in dog serum 
Biophysics of the cochlea B E Geenandt 
(by invitation), J S Riesco-McClueb (by in- 
vitation) and H Davis Central Inst for the Deaf, 
St Louts, Mo Aural nucrophomes were recorded 
simultaneously from the round window of guinea 
pigs and from another electrode placed in a verj 
small hole drilled into the scala vestibuli or media 
of the apex or one of the mtermediate turns Pure 
tones of various frequencies were adjusted in in- 
tensity to give a standard response of 20 micro- 
volts at the round window The necessary sound 
intensity was noted, and the corresjxmdmg volt- 
ages of the microphonic at the other electrode were 
measured In several experiments the cochlea was 
then injured through another small hole at some 
intermediate jiosition and measurements repeated 
The logarithms of responses at apex (with round 
window response constant) plotted as a function of 
log frequency yield a smooth curve that is nearly 
horizontal below 1000 cps and falls off more or less 
rapidly as frequency is increased Apical and 
round-window responses are usually equal at about 


3000 to 4000 cps Intermediate positions of the 
electrode yield similar curves with less low-tone 
emphasis Injury abruptly increases the intensity 
required to produce a standard response to the fre- 
quencies that correspond m position to the posi- 
tion of injury The relations of position of elec- 
trodes and of mjuries to frequency correlate well 
with those previously established by Stevens, 
Davis and Lune Even a severe injury, however, 
rarely raises the necessary intensity more than 
20 db The significance of these and related obser- 
vations to the biophysics of the cochlea are dis- 
cussed 

Fractionation of enterogastrone concentrates 
with N-butyl alcohol Leon L Geeshbein (by 
invitation), Hugh M IMileen (by invitation) 
and A C Ivr Dept of Clinical Science, Untv of 
niinots College of Medicine, Chicago, III A num- 
ber of enterogastrone concentrates purified by 
way of the tannate (ET) as well as by subjecting 
the latter to picnc acid treatment (EP), were sub- 
mitted to alcohol fractionation The extraction of 
these products with successive portions of aqueous 
alcohol and absolute methyl alcohol led to high 
recoveries of the starting materials with little en- 
richment of the hormone, as based on the con- 
tinuous histamine assay method However, at least 
a two-fold enrichment occurred with n-butyl al- 
cohol In fact, 50 mg of one concentrate which 
gave a gastric stimulatory response in excess of 
80% yielded a butanol extract eliciting 43% and 
62% inhibition with 26 mg doses The yields of 
these fractions aggregated 13-14% The procedure 
employed is exemplified by the following run 
A mixture of 2 00 gm of ET-16and200ml of butyl 
alcohol was mechanically stirred for 20 minutes at 
32°-38'’C After filtration by centrifugation, the 
supernatant liquid was concentrated to 16 ml 
and treated wath 110 ml of acetone The pre- 
cipitate which was washed by centrifugation with 
portions of acetone, then 1 1 acetone-ether and 
finally ether, weighed 268 mg (13 4% recovery ) 
Further fractionation of the butyl alcohol-soluble 
product was afforded by treatment with methyl 
alcohol The 22% soluble portion was highly stimu- 
latory to the dog, whereas the methylalcohol- 
insoluble fraction in a 25 mg dose inhibited gastric 
secretion to the extent of 70% in the same dog 
Heating of tissues by near and far infrared 
radiation Jeeome W Geesten (by invitation), 
TCuat.it. G Wakim, Richaed W Stow (by invita- 
tion) and Adeien N Poetee (by invitation) 
Sections on Physical Medicine and Physiology, 
Mayo Foundation and Mayo Clinic, Rochester, 
Minn It hna been widely accepted that near- 
infrared radiation is more efficient in heating hu- 
man tissues than is far-infrared Because the evi- 
dence does not seem convincing a comparative 
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study of the heating effects of irradiation with 
energy in the far -infrared and near -infrared ranges 
was made Tissue temperatures were recorded by 
means of copper-constantan thermocouples, and 
the radiant energy densitj at the skin surface was 
determined by means of a radiation thermocouple 
Near-infrared rays were produced by a 250-watt 
mazda bulb, and far-infrared rays by a 450-watt 
carborundum heater The energy absorption/u 
volume of tissue was calculated at the end of one 
minute of heating With both sources of heat, the 
skin absorbed the greatest amount of energy, and 
the muscle the least, as computed/u volume of 
tissue When the radiant flux density at the skin 
surface was almost identical, the energy absorption 
by the tissues was 22% greater with the carborun- 
dum unit than with the mazda bulb The distribu- 
tion of the energy absorption was the same with 
both sources, thus indicating that the effectiveness 
of the carborundum heater was not due to marked 
cutaneous heating mth relatively httle deep heat- 
ing When the output of the carborundum unit was 
decreased by 43 5%, the energy absorption by the 
tissues was decreased 40 8%, thus indicating that 
when the same heater is used the energy absorbed 
IB directly proportional to the energy radiated 
Judged by the increase in temperature of tissues 
to a depth of 16 mm , this study showed that far- 
mfrared radiation is more efficient than near- 
infrared radiation 

Tissue distribution, excretion and metabolic 
fate of chloramphenicol (chloromycetm) An- 
thony J Glazk.0, Loeetta M Wolf (by in- 
vitation) and Wesley A Dill (by invitation) 
Research Labs of Parke, Davis and Company, 
Detroit, Michigan Chloramphenicol is an aromatic 
mtro compound for which chemical and micro- 
biological assay procedures have been developed 
The chemical method is based on reduction of the 
mtro group to a primary amine with metallic zinc 
or titanous chloride, followed by diazotization and 
coupling It IS suitable for determination of total 
drug in biological material, since it includes inac- 
tive degradation products as well as unchanged 
chloramphenicol The drug is rapidly absorbed, 
with serum levels reaching a maximum in about 2 
hours and fallmg gradually during the next 18 
to 24 hours Analysis of tissues in the rat and dog 
reveal high concentrations in the kidney and liver, 
i\ith progressively loner concentrations in the 
lung, spleen, heart, muscle and bram Unchanged 
chloramphenicol has been isolated from the urine 
of man and identified About 5% of the adminis- 
tered dose IS recovered m 24-hour urine specimens 
by microbiological assaj , n hereas 80 to 92% is 
recoi ered bj chemical assaj , indicating the pres- 
ence of large amounts of inactu c mtro compounds 
A simple h 3 drol 3 ’sis product of chloramphenicol 


and a conjugate have been identified in urine 
The conjugate was found to regain antibiotic activ- 
ity following hydrolysis with a glucuronidase prep- 
aration No increase in aryl amine excretion was 
observed in the urine of man or dog, but lower ani- 
mals showed a significant rise Incubation of chlor- 
amphenicol with rat liver slices in wfro resulted in 
loss of activity, with the formation of inactive 
mtro compounds and a small amount of aryl amine 
Site of action of soy bean trypsin inhibitor on 
the coagulation system of blood Maby Beth 
Glendening and Eenest W Page Dept of Ob- 
stetrics and Gynecology, TJniv of California Med- 
ical School, San Francisco, Calif Soy bean trypsin 
inhibitor (SBTI) markedly inhibits the rate of 
blood coagulation, and also protects animals against 
the toxic effects of intravenously administered 
thromboplastm The findings of Tagnon (1946) 
and Macfarlane (1947) that the site of action is on 
some factor mvolved in the conversion of pro- 
thrombin to thrombin have been confirmed The 
effect on thrombin is negligible Initial experi- 
ments with plasma collected in silicone-coated 
apparatus mdicated that the SBTI affected a 
plasma constituent as well as thromboplastm 
A 2-stage techmc with purified prothrombm as sub- 
strate and dilute beef serum as a soiuce of acceler- 
ator globulin was utilized in order to identify this 
constituent Thrombin formation ceases at ap- 
proximately the same time regardless of the pres- 
ence or absence of SBTI The amount of thrombin 
formed, however, varies directly with the con- 
centration of beef serum and inversely with the 
concentration of SBTI Thromboplastin, freed of 
Ac-globulin IS inhibited similarly but the amount 
of thrombm formed is much lower than when beef 
serum is present In the absence of beef serum 
the phosphohpid extracted from purified thrombo- 
plastin will not convert prothrombin to thrombin, 
although it becomes increasingly active with rising 
concentrations of beef serum This suggests that 
an active constituent of beef serum, presumably 
Ac-globulin, can qualitatively substitute for a 
protein portion of tliromboplastin Present evi- 
dence suppwrts the concept that both a phospho- 
lipid and a protein are essential for any appreciable 
conversion of prothrombin to thrombin, and that 
SBTI acts on both the protein moiety of the throm- 
boplastin molecule and the scrum Ac globulin 
Effect of pteroylglutamic acid and 4-amino 
pteroylglufamic acid on the growth of sarcoma 
180 A Goldix (bj invitation), B Goldberg 
(bjf mutation), L G Ortega (bj invitation) and 
L B ScHOENBACH Biologtj Sect , Medical Dit , 
Army Chemical Center, Md , and the Dept of Pre- 
oentne Medicine, The Johns Hop) ms Univ School 
of Medicine, Baltimore, Md The abilitj of folic 
acid (ptcrojlglutamic acid) to re\crsc the effect 
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of aimnopterin (4-aiiuno-pteroylglutamic acid) 
induced inhibition of the growth of sareoma 180 
was tested Groups of mice bearing transplanted 
sarcoma 180 were treated with aminoptenn plus a 
senes of concentrations of folic acid The weights 
of the tumors were compared with the tumors of 
mice which received aminoptenn alone, folic acid 
alone, and with the tumors of control groups A 
partial reversal of the aminoptenn induced in- 
hibition of tumor growth by administration of 
folic acid was a constant finding The tumors of 
aminoptenn treated mice averaged 36% of the 
controls The tumors of mice treated with aminop- 
terin, plus folic acid ranging in concentrations 
from 6-50 mg/kg , were 65-76% of the weight of the 
controls Folic acid itself appeared to produce 
some inhibition of tumor growth when adminis- 
tered at higher concentrations The reversal of 
aminoptenn inhibition by folic acid is reflected in 
the histological appearance of the tumors Tumors 
of mice treated with folic acid did not show the 
marked histological changes resulting from aminop- 
term inhibition, but approximated that of the 
control tumors 

The reflexology of the pudendal nerve field 
Chaeles H Good (introduced by Bebbt Camp- 
bell) Dept of Anatomy, Univ of Minnesota, 
Minneapolis, Minn Previous work on the re- 
flexology of the spinal cord has dealt principally 
with the locomotor apparatus — the lumbo-sacral 
intumescence and the neuro-muscular apparatus 
of the hind lunbs Noteworthy are the fast com- 
ponents of the reflex in these locomotor fields and 
the absence of direct transmission of activity across 
the midline of the cord The pudendal nerve medi- 
ates the sexual reflexes and other reflexes of the 
permeal-anal region The effector structures are 
near the midline and frequently work in con- 
junction with their antimeres Central latency is 
long, crossed return is the rule Stimulation of 
the penis of cats results in an efferent discharge, 
crossed and uncrossed along the Sj and Sj ventral 
roots The total latency to Sj ventral root is 8 2 
msecs of which imecs is afferent conduction 
time Crossed mtersegmental as well as crossed 
segmental return is found The forms of the re- 
flexes are to be shown as well as their conditioned 
activity Parallel anatomical study of the fiber 
spectrum of the pudendal nerve and its roots is 
being made 

Myocardial lactate and pyruvate metabolism 
in dogs under severe stress Walteb T Goodalb 
and Donald B BLackbl (introduced by W 
Fleischmann) Physiology Sect , Medical Div , 
Army Chemical Center, Maryland Development 
in this laboratory of a techmque of coronary 
smus catheterization {Am J Physiol 162 340, 
1948) has made possible the study of myocardial 


metabolism in intact nembutalized and unanes- 
thetized dogs Removal of metabolites from coro- 
nary blood was assumed to represent myocardial 
utilization, which was then calculated from the 
product of two apparently independent variables 
1) Coronary blood flow, measured by the mtrous 
oxide method, and S) Coronary arterio-venous dif- 
ference, estimated from simultaneous femoral ar- 
terial and coronary venous blood samples Severe 
stress from adrenalm infusion, shock, hemor- 
rhage, severe anoxua, convulsions, and severe 
nutritional deficiency all caused a rise m artenal 
lactate levels above normal, but removal of lac- 
tate from coronary blood by the myocardium was 
greatly reduced, occasionally even to zero at 
arterial lactate levels of 40 to 60 mg % Pyruvate 
removal was only moderately reduced Although 
decreased lactate removid may indicate decreased 
myocardial lactate utihzation, adrenalm release 
may be the common denominator in such situa- 
tions of severe stress, leading to glycogenolj'Sis 
within the heart (and hver), with endogenous 
production of lactate as an immediate emergency 
source of energy, with high tissue lactate levels 
produced endogenously, the myocardium should 
remove less lactate from coronary blood as the 
blood-to-tiBsue concentration gradient falls Fail- 
ure of the myocardium to remove lactate from coro- 
nary blood at elevated arterial lactate blood levels 
IS apparently associated with a grave cardiac 
emergency, and often with a threat to survival 
Reduced synthesis of phosphocreatine in tis- 
sue homogenates from alloxan diabetic rats E 
S Gobanson (introduced by R E Hai bt) Dept 
of Physiology, Umv of Toronto, Toronto, Canada 
The phosphorylation of creatme, under aerobic 
conditions, has been studied in homogenates of 
various tissues of the rat, prmcipally brain, in- 
cubated for short periods at 37’’C In the presence 
of added succinate, cytochrome C and adenosine 
triphosphate, the synthesis of phosphocreatine in 
preparations from alloxanized rats is significantly 
less than in those from normal animals Insulin 
injected into the alloxanized rats prior to tissue 
sampling was found to promote an mcreased 
formation of phosphocreatine Similar results have 
been obtained when malate and pyruvate are sub- 
stituted for succinate in the homogenates Insuhn 
had no appreciable effect on the oxygen consump- 
tion in these experiments The results indicate an 
action of insuhn in increasing the efficiency of 
oxidative phosphorylations and the possible par- 
ticipation of insuhn in reactions involving the tri- 
carboxyhc acid cycle 

Relation of the adrenal cortex to the increased 
macrophagic activity induced by starvation 
Albebt S Gobdon and Grace F Katsh (by in- 
vitation) Dept of Biology, Washington Square 
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College of Arts and Science, New York Untv , 
Nexo York City It has beea reported (Gordon and 
EAtsh, Fedcralton Proc 7 42, 1948) that chrome 
inamtion results in an increased phagocytic re- 
sponse of the macrophagio system towards colloidal 
substances, particularly thorium diovide Experi- 
ments were designed to test the possibility that 
this starvation effect is mediated through the 
adrenal cortex Thirty male rats (150-200 gm ) 
were subjected to chronic inamtion (5 gm ration 
daily) for 25-30 days A body weight loss averaging 
31% was experienced at the end of this tune 
Of these 30 animals, IS were adrenalectomized and 
12 served as controls Each of 8 of the adrenaiec- 
tomiied ammals was injected with a total of ^ 
cc of aqueous adrenal cortical extract (Upjohn) 
and 1 cc of lipoadrenal ex-tract (Upjohn), dis- 
tnbuted over a 3-day period before, and 30 hr 
after adrenal removal The other 10 adrenalecto- 
mized rats were injected with 21 cc of 1% sabne, 
spaced in the same manner as abo-^e The 18 
adrenalectomized animals (used 1 day after the 
operation), the 12 unoperated starved and 10 
normal fed rats were injected intravenously with 
0 3 cc thorotrast and killed approximatelj 20 hr 
later Mean values ± standard errors for Th02 
per gm dried spleen n ere 1 ) fed untreated, 58 2 
d: 7 8 mg ,£) starved untreated, 175 5 ± 11 3 mg , 
S) starved adrenalectomized given saline, 70 6 
± 7 1 mg , 4) starved adrenalectomized given 
adrenal cortical extract, 123 5 d: 13 4 mg 
Histological studies of the spleens revealed that 
the increased numbers and marked activity of the 
macrophages, characteristic of the starved rat, 
were diminished by adrenalectomy and that 
adrenal cortical hormone, but not sahne, was 
greatly effective in preventing this impaired con- 
dition in the adrenalectomized ammal 
Effect of insulin on the rate of oxygen con- 
sumption by frog muscle Desmond R H Goim- 
lEY (by invitation) and Kenneth C Fisher 
University of Toronto, Toronto, Canada In the 
presence of citrate, succinate and acetate, insulin 
causes an increase in the rate of oxygen consump- 
tion by isolated intact frog muscle The effect of 
the citrate, succinate, and acetate appears to be 
correlated with the ability of these compounds to 
produce spontaneous contractions in the muscle 
Experimental observations on neural mecha- 
nisms involved m itching David T Graham and 
Helen GooDELL(introducedby HaboldG Wolff) 
New York Hospital and the Depts of Neurology 
and Psychiatry, Cornell Umv Medical College, 
New York City Itching was produced by applica- 
tion of coaliage to skin Two components could be 
distinguished in the resulting itch a superficial 
pricking and a deeper burning sensation Ischemia 
of the forearm, causing loss of pricking pain but 


not of deep burning pain, abolished the superficial 
pricking component, but not the deeper burning 
component Procaine block of a cutaneous nerve, 
resulting m the abolition of burning pain from pm 
prick a ith retention of pricking pam in an area of 
incomplete anesthesia, prevented development of 
burning itch, but allowed pricking itch to develop 
It IS suggested that the two qualities of itch are 
mediated respectively by the rapidly and slowly 
conducting pam fibers from the skin Pm pricks m 
an Itching area, or m areas adjacent to it, or in the 
same dermatome as the itching area, even at a 
distance of 30 cm , abolished itching for 20 to 60 
seconds In a zone of secondary hyperalgesia (de- 
veloping after faradic stimulation over a cutaneous 
nerve), cowhage induced either pain or no sensa- 
tion, but not itch The evidence cited above indi- 
cates that to understand the neural mechanisms 
of Itching It IS necessary to consider not only 
peripheral phenomena, but also processes m the 
central nervous system, presumably in the cord 

Early stages of gastric surface epithelization 
Rhoda Grant (introduced by A C Ivy) Dept 
of Chmeal Science, Untv of Ilhnots College of 
Medicine, Chicago, III Gastric surface epithehza- 
tion uncomplicated by concurrent regeneration 
of glandular epithelium has been studied histolog- 
ically (1-8) hr after a) mild imtants have re- 
moved the surface cells, 6) minute superficial 
cuts Irritants were used if) in cats with gastric 
fistula under acute conditions, or were fed 8) to 
cats by tube, and S) to rats by tube Control cuts 
were biopsied immediately after infliction and 
compared with cuts allowed to heal for varying 
intervals up to 8 hr Serial sections were stained 
with hematoxj'hn and eosm or Mayer’s mucicar- 
mme 

In the early stages of surface regeneration, the 
cells which restore the surface continuitj in de- 
nuded areas mclude parietal cells These are most 
numerous in the walls of crypts reforming at the 
surface level, but occasionally inaj'- bo seen on the 
free surfaces between regenerating crypts and in 
new surfaces forming in cuts at or below midgland 
level The majority of cells m the new surfaces 
stain faintly for mucus and may be from the bases 
of crypts not completely remoied by- the irritant, 
and/or mucous neck cells Evidence points, as in 
former experiments, to restoration of surface con- 
tinuity and of the essential surface tojiograpliy 
before proliferation replaces cells shifted to the 
surface 

Effect of ethyl carbamate on temperature regu- 
lation Ronald Gnixw and AIarilix E Ronnixs 
(introduced by VictokE Hill) Dept of Physiol- 
ogy, Stanford Unit , Stanford Lnivcrsitij, Cahf 
Magoun {Proc Soc Exp Btol lied 37 711, 193S) 
showed tliat poUpneic panting occurs at normal 
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or subnormal body temperatures in some cats anes- 
thetized with urethane We have investigated the 
possibility that urethane promotes heat loss by an 
action on the thermoregulatory centers Rabbits 
anesthetized with urethane (1 0 to 15 gm/Lg in 
20% solution intrapentoneally) show a rapid drop 
of body temperature due to 1) decreased heat 
production, £} vasodilation in the ears, 3) in a 
few cases, polypnea After body temperature has 
fallen 1 to 3°C polypnea ceases, vasoconstriction 
occurs and the fall of temperature is retarded 
Shivering may occur Warrmng restores the vaso- 
dilation and incites polypnea usually at subnormal 
rectal temperatures Despite this evidence that 
urethane lowers the temperature thresholds for 
activation of thermoregulatory mechanisms we 
have concluded that its action is probably not 
upon the primary centers of thermoregulation for 
the following reasons 1 ) whereas vasodilatidn and 
polypnea are practically coincident in normal ani- 
mals urethane usually slows respiration (rather 
than causing polypnea), whde mciting vasodila- 
tion, and thresholds for activation are widelj 
separate in warmed animals, S) intravenous or 
subcutaneous injection rarely causes vasodilation 
or polypnea , 3) inhibition of heat loss mechanisms 
by bacterial pyrogens is unaffected by previous oi 
subsequent intravenous injection of urethane, 
intrapentoneal injection may reverse the inhibi- 
tion of vasodilation without affecting inhibition 
of polypnea 

Influence of repeated artificial pneumothorax 
on hematocrit values and plasma volume Wilson 
C Ghant (introduced by Walter S Root) Dept 
of Physiology, College of Physicians and Surgeons, 
Columbia Umv , N'ew York City Pneumothorax 
vas maintained for 20 to 80 days in 10 unanes- 
thetized dogs, 3 of which were splenectomized 
One hundred to 500 cc of air were injected at in- 
tervals of from 2 to 5 daj’S The volume of the refill 
was always adjusted to maintain the desired ele- 
vated intrathoracic pressure (—2 mm Hg to -1-2 
mm Hg) Pneumothorax was moderate and the 
animals remained in good condition Measure- 
ments were made on jugular venous blood during a 
2- to 3-weeks control period and at 2- to 3-day inter- 
vals in the pneumothorax period, at least S days 
following an insufflation Hematocrit and Oj 
capacity values increased 10 to 30% in 6 to 20 days 
Plasma volume (T-1824) decreased 6 to 28% while 
the refractive index of plasma rose slightly No 
sigmficant increase in reticulocyte percentage was 
observed Approximately the same response was 
observed in the splenectomized dogs Blood values 
returned to those of control level within 1 to 2 
weeks after cessation of pneumothorax Anoxic 
anoxia wss not an imjiortant factor, since normal 
values for arterial 0. saturation were obtained m 


18 out of 20 measurements on 5 dogs during the 
pneumothorax period The animals responded to 
partial collapse by an increased pulmonary ven- 
tilation The response of the blood to repeated 
pneumothorax is, therefore, a relative polycythe- 
mia which can be partially explained by plasma 
loss No clear evidence of increased erythropoiesis 
was found Hemoglobin production following 
pneumothorax is being studied by the Whipple- 
Robbscheitt-Robbins technique on the chronically 
anemic dog 

Non-dependence of tubular sodium reabsorp- 
tion upon glomemlar function D M Green and 
Alfred Farah (bj" invitation) Depls of Medi- 
cine and Pharmacology, Univ of Washington, 
Seattle, Wash The amount of sodium reabsorbed 
by the tubular apparatus has been considered to 
represent a constant fraction of the amount filtered 
(Mokotoff et al (Journal Clin Invest 27 1, 1948) 
Such a hypothesis would make the excretion of 
sodium prunarily dependent upon glomerular func- 
tion However, the ability of many patients to 
maintain sodium balance despite markedly un- 
paired filtration rates would appear more con- 
sistent w ith the supposition that the percentage of 
filtered sodium rejected by the tubular apparatus 
could be regulated independently of the filtration 
function Evidence for the existence of such an 
independent regulation has been secured by meas- 
uring the percentage of filtered sodium excreted 
under different conditions of sodium load Solu- 
tions of sodium chloride var^ung in concentration 
from 0 86 to 30% were infused into dogs at rates of 
1 to 9 cc/min Under such circumstances the test 
animals were found capable of increasing sodium 
excretion several 100-foId, to values which repre- 
sented as much as 40% of the quantity of sodium 
filtered These changes were not accompamed by 
consistent or proportionate alterations in glomeru- 
lar filtration rate or renal plasma flow Calculations 
based on the clearance data indicated that the rise 
in sodium excretion was due almost entirely to a 
decrease in the percentage of its tubular reabsorp- 
tion 

Effects of adrenal resection on hypertension 
and diabetes D M Green, J N Nelson (by 
invitation) and G A Dodds Dept of Medicine, 
Umv of Washington School of Medicine, Seattle, 
Wash Bilateral adrenal resection was performed 
on a 29-year -old female suffermg from hyperten- 
sion and diabetes Diabetes had been present since 
age 6 Daily insulin requirements were 70 to 85 u 
Hospitalization for diabetic complications had 
occupied almost one quarter of the last 3 icars 
Hyqier tension, first recogmzed 8 years previously , 
had become severe and progressive Transitory 
episodes of encephalopathy and myocardial failure 
characterized the last y^ear Preoperative blood 
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pressure averaged 260 mm Hg systolic, 140 mm 
diastolic The heart was enlarged on X-ray Renal 
function was approximately 40% of normal Grade- 
4 retmitis was present At operation, performed 
in 2 stages, not less than 98% of all adrenal tissue 
was removed The immediate postoperative period 
w as marked by paralytic ileus and transitory myo- 
cardial failure Later complications included 
marked weakness, intermittent vomiting and one 
episode of frank crisis The patient became am- 
bulant during the 2nd week and was discharged 
on the 22nd postoperative day Blood pressure fell 
to 110 mm Hg systolic, 80 mm diastoRc 4 hr post- 
operatively Elevated pressures were subsequently 
observed only during brief periods of desoxycor- 
ticosterone overdosage X-ray 3 weeks postoper- 
atively showed normal heart size Cortical extract 
requirements initially exceeded 200 ca/day but 
decreased progressively during conxaleseence In- 
sulin needs roughly paralleled cortical extract 
dosage Six weeks postoperatively the blood pres- 
sure was normal, the dailj' extract requirement 
was 15 cc and the insulin requirement 25 u 
Variation of choline acetylase content of bram 
in stressed and unstressed normal and adrenalec- 
tomized rats Ruvtin Greenbeeg (introduced by 
F A Haetman) Dept of Physiology, Ohio State 
Umv , Columbus, Ohio In adrenal cortical in- 
sufficiency there is a generalized weakness whose 
mechanism is unclear The nerve tissue conduction 
and maintenance is in some way involved The 
choline acetylase content of acetone-dried brain 
powders made of pooled rat brains was measured 
bv the rate at which the powders acetylated 
choline to form acetyl choline (method of Nach- 
mansohn and Machado, 1943) The acetylations by 
bram extracts of adrenalcctomized animals, 
stressed and unstressed, compared to sham- 
operated animals treated in the same way gave 
loanable values in all the groups tested The range 
of x’-alues between the adrenalectomized and 
sham groups and the stressed and unstressed 
groups overlapped The effect of coenzyme (Lip- 
mann, 1945) added to the acetylation substrate 
made for about 100% increase in synthesis This 
increase did not vary significantly between the 
different preparations The effect of adrenalectomy 
and stress, individually or combined, on brain 
tissue does not consistently change either the 
choline acetylase or coenzyme levels These act 
on another part of the acetylcholine mechanism 
or on other mechanisms entirely 
Comparison of effects of a new ganglionic block- 
ing agent and a new sympatholytic K S Grim- 
sox and J R Chittusi (bx imitation) and F H 
Loncino Dcpl of Surgery Duf e University, 
Durham, C Similir studies Iiaxe been per- 
formed testing 2,6 dimctlnl dicthxl pipendimum 


Bromide (SC 1950) and 2-(N,p-tolyl-N-(m'o\y- 
phenyl ) -aminomethyl ) -imidazoline hydrochloride 
(C 7SS7) in dogs and patients In dogs effective 
doses of 1950 ranged from 5 to 10 mg/kg and of 
7S37 from 0 2 to 0 6 mg/kg These amounts reduced 
blood pressures, prevented increase of pressure 
with occlusion of carotid arteries, prevented in- 
crease of blood pressure with anoxia, and reduced 
or blocked increase of blood pressure normally 
followung stimulation of the central end of a di- 
vided vagus nerve Pituitrin increased blood pres- 
sure after effective doses of either drug Differences 
between the two drugs were apparent in other 
tests Pulse rate decreased or did not change with 
1950 and increased temporarily wnth 7SS7 Increase 
of blood pressure following adrenalm was accen- 
tuated after 1950 and blocked after 7S37 With 1950 
an increase of blood pressure occurred one or two 
minutes after discontinmng anoxia This did not 
occur after 7SS7 Prostigmin following 1950 ele- 
vated blood pressure and restored responsiveness 
to vasomotor reflexes, but not following 7SS7 
Chrome neurogemc hypertension in dogs was re- 
duced by either drug Increase of blood pressure 
with increased mtracranial pressure was not pre- 
vented by effective doses of 1950, but was reduced 
or prevented by large doses of 73S7 One to two mg/ 
kg of either 1950 or 7337 injected intravenously in 
patients or 1 to 2 mg/kg of 7337 orally usually 
blocked increases of blood pressure with breath 
holding or with one hand in ice water, and warmed 
extiemities Results of additional clinical studies 
demonstrating differences of effects in patients 
will be presented 

Effect of spinal cord transection on blood acid- 
base balance during exercise Fred S Ghodins 
and Donald P Morgan (by invitation) Dept 
of Physiology, Northwestern Umv Medical School, 
Chicago, III Blood acid-base balance was studied 
in barbitahzed dogs during electrically induced 
exercise of the hind limbs before and after section 
of the spinal cord at TIO The total CO; content and 
pH of arterial plasma were determined at rest and 
during a steady state of exercise, and the cor- 
responding CO; tensions calcnlated from the Hen- 
derson-Hasselbalch equation Percutaneous elec- 
trical stimulation with 60-cycle AC modulated at 
100/rmn was used to produce oxy gen consumptions 
of 2-7 times the resting laluc In 11 experiments on 
8 dogs, there was an average fall of 1 77 mm Hg in 
arterial pCO; during a steady state of exercise 
compared to the resting \alue This mean dif- 
ference was not significantl\ different from zero 
(t = 1 05, P > 10%) In 14 experiments in G dogs 
after cord section, there w is a mean increase of 
3 94 mm Ilg in arterial pCO- during a stead\ slate 
of exercise which was highh significant (t = 4 59, 

P < 1%) Ox\gen consumptions during o\crei»c 
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varied from 2 2 to 6 5 times the resting level in 
both groups Plots of the acid-base pathways re- 
vealed essentially no change in the intact group 
for o\ygen consumptions up to 2 5 times resting 
Above this level, a metabolic acidosis pathway was 
followed The sectioned group followed a pathway 
corresponding to a respiratory acidosis with a met- 
abolic acidosis superimposed 
Distribution of microgram amounts of labeled 
thyroxine in the rat J Gross and C P Leblond 
(introduced by S M Friedman) Dept of Anat- 
omy, McGill Untv , Montreal, Canada Microgram 
amounts of labeled thjToxine weie prepared by 
lodmating DL-diiodothyronine on a micro-sale or 
by extracting thyroxine from the plasma of rats 
previously given radio-iodme The purity of the 
material was checked by isotope dilution The dis- 
tribution studies at 2, 24 and 72 hours after injec- 
tion emphasized the predominant role of the liver 
in storing thyroxine and excreting it into the bile 
Thyroxine is then mostly eliminated in the feces 
In addition, large amounts are present in muscle 
and skin These conclusions probably apply to the 
normal thyroid hormone because it was possible to 
demonstrate the presence of a thyroxine-liko com- 
pound in thyroid tissue, plasma, liver and muscle 
under normal conditions 
Mucoproteins of gastric juice and mucus and 
the mechanism of their secretion Allan Gross- 
berg (by invitation), S A Komarov and Harry 
Shat Samuel S Pels Research Inst , Temple 
Untv School of Medtctne, Pktladelphia, Pa Evi- 
dence has been obtained in support of earlier ob- 
servations (Webster and Komarov, J Btol Ghctn 
96 133, 1932) that at least two different mucopro- 
teins are secreted by the gastric mucosa in the dog 
One of the mucoproteins is characterized by the 
presence of both hexuronic acid and hexosamme, 
apparently in the projiortionB found in mucoitin 
sulfuric acid, and it is present both in alkaline 
mucus and in acid gastric juice, the second muco- 
protein has hexosamme in its molecule but a much 
smaller proportion of hexuronic acid, if any at all 
The prosthetic group of this latter mucoprotoin 
may be identical with the ‘neutral polysaccharide’ 
described by Meyer, Smyth and Palmer (J Btol 
Chem 119 73, 1937) This mucoprotein is particu- 
larly characteristic of the alkaline mucus although 
it IB also present in solution in acid gastric jmeo 
Data were obtained on gastric secretions from 
dogs 7 ) m the resting state , S) prior and subsequent 
to sham-feeding and 3) prior and subsequent to 
the injection of histamine The analytical results 
indicate that 1) the secretion of the twm muco- 
proteins IS stimulated by sham-feeding but to 
different degrees, suggesting some difference in 
the secretory mechanisms involved, 8) the secre- 
tion of the two mucoproteins does not parallel that 


of either pepsin or acid, S) the effect on secretion 
with increased nervous stimulation is greatest for 
pepsin and the least for the hexuronic acid-free 
mucoprotein, with an intermediate effect for the 
other mucoprotein , ^) histamine does not stimulate 
the secretion of cither mucoprotein 
Experimental production of hemorrhages in 
dogs with the use of amlnopterm and their control 
with toluidine blue Burton J Grossman, 
Margaret H Sanderson, and Willadenb Egner 
(introduced by J Garrott Allen) Dept of Sur- 
gery, Untv of Chtcago, Chicago, III The incidence 
of hemorrhage in patients with acute leukemia ap- 
pears to be increased during the early period of 
anainoptenn (4 aminopteroyl glutanuc acid) 
therapy The bleeding tendency is not present 
when the patient is in complete remission Studies 
of the effect of aminopterin on the clotting mecha- 
nism in the normal dog were undertaken These 
included the whole blood clotting time, prothrombin 
time, platelet count, observation for lysis of clot, 
the amount of protamine required to allow stand- 
ard heparinized samples to clot and gross observa- 
tions for the absence or presence of bleeding 
Ten dogs, weighing 8 to 10 kg , were given a daily 
dose of 0 5 mg of aminopterin Bleeding from the 
mouth and gastrointestinal tract occurred in all 
animals betw een the 8th and 11th day At this time 
the platelet count was rarely below 150,000 The 
clotting tunes were normal or slightly prolonged 
The prothrombin activity was unchanged except 
just before death Increased lysis was not observed 
The protaimne requirement of standard heparin- 
ized blood was increased and this increase was out 
of proportion to the slight increase in the whole 
blood clotting time Aminopterin w'as discontinued 
in 2 dogs and bleeding stopped after 4 days Two 
dogs were given a single intravenous dose of tolui- 
dine blue (5 0 mg/kg of body W'eight) and bleeding 
stopped within 6 hr Six dogs were contmued on 
aminopterin and bleeding was controlled with a 
single injection of toluidine blue The protamine 
requirement leturned to normal These animals 
died w'lthin 3 da 3 rB wuthout external evidence of 
hemorrhage, although 2 showed a hemorrhagic 
gastritis 

Clinical and physiological studies on thiomerin 
— a subcutaneously injectable mercurial diuretic 
J Grossman (by invitation), R E Weston, I S 
Edelman (by invitation) and L Lbiter (by invi- 
tation) Medical Division, Montefiore Hospital, 
New York City Approximately 200 subcutaneous 
injections of Thiomerin (Di-sodium-N (y-carboxy- 
methylmercaptomercuri-/3-methoxy) propyl cam- 
phoramate) in more than 40 patients produced 
changes in body weight and daily urinary volume 
and chloride excretion comparable to those follow- 
ing the injections of Mercuzanthin and Mercu- 
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hydrin No sj'stemic reaction or unusual local 
discomfort was observed Only tvo reactions oc- 
curred at the site of injection, one consisted of 
ecohjinosis in a patient u ith a bleeding diathesis 
and the other, of necrosis and sloughing of shin 
when Thiomerin was administered into an area 
of dependent edema Both patients tolerated sub- 
sequent injections without ill-effect In addition, 
simultaneous renal clearances of mannitol, PAH, 
sodium, chloride and uric acid, prior to and follow- 
ing intravenous Thiomenn or Mercuzanthin ad- 
ministration nere determined Except for the 
transient renal hemodynamic response to the Theo- 
phylhne fraction of the Mercuzanthin, no sig- 
nificant differences between the diuretic effects 
of the two drugs were noted In collateral studies 
on other tubular functions, both mercurials were 
found to have qualitatively and quantitatively 
similar depressive actions (i e decreased glucose 
Tit and renal PAH extraction) A comparison 
between the effects of intravenous and subcutane- 
ous administration of Thiomenn m the same pa- 
tients revealed no significant differences except 
in the time of response 
Action of neurohum oral agents m the human 
skin M I Geossman, Henbv D Janowitz (by 
invitation) and R R So^^^^BNSCBCBIN (by invita- 
tation) Dept of Glimcal Science, Univ of III 
College of Medicine, Chicago, III Phi-siological 
activities knon n to be mediated by neurohumoral 
agents are sweating bj acetylcholine, piloerection 
by sympathin, and constnction of small blood 
vessels by sympathin Intradermal injection of 
neurohumoral agents, in addition to stimulation of 
the effector organs just listed, stimulates certain 
nerve endings These include a) sensory nerve 
endings for pain and itch which respond to his- 
tamine, b) motor nerves to the sweat glands and 
piloerector muscles which respond to acetylcholine 
and to nicotine, and c) certain dorsal root ramifying 
systems of nerves involved in vasodilation, hyper- 
algesia and itchy skin, all subject to stimulation 
bj histamine The effects imder b) and c) can be 
classified as axon reflexes and the drugs listed with 
them are capable of imtiating the reflex The neuro- 
humoral effector agent of these axon reflexes is 
know n in the case of 6) but not of c) The nicotinic 
effects can be blocked bj tetraethj iammonium 
(TEA) TEA also blocks the initiation of the axon 
reflex itchj'- skin surrounding a histamine wheal 
but it does not interfere with the local sensation of 
spontaneous itch Pontocame causes local anes- 
thesia concomitantlj with surrounding flare and 
h\-peralgesia, suggesting that it selectnclj anes- 
thetizes pain nerve endings but stimulates, di- 
rect!} or indirectl} , nen os concerned in establish- 
ment of hipcralgcsia and flare The results with 
TE\ m itch} skin and pontocame in h}'peralgcsia 


each demonstrates dissociation between the local 
primary sensation and the altered state of sensi- 
bility surrounding the injection site, thus support- 
ing the hypothesis that the nerve fibers responsible 
for the altered state are not the same ones which 
convey the impulses for the spontaneous sensation 
Pressure changes m the pulmonary artery and 
aorta before and after ligation of the patent ductus 
arteriosus Robert F Grover (by invitation), 
Henbt Swan II (by invitation) and Clarence A 
Maaske Depts of Physiology and Pharmacology ^ 
and of Surgery, Univ of Colorado Medical Center, 
Denver, Colo Measurements of pulmonary artery 
and aortic blood pressures by puncture of the 
vessel at operation were made by means of re- 
sistance type strain gauges m 7 patients just before 
and after ligation of patent ductus arteriosus 
Cardiac catheterization was employed m some of 
these patients and comparisons betw een pulmonary 
arterial blood pressure before and after opening the 
thorax were made Immediately following ligation 
of the patent ductus arteriosus, the mean pul- 
monar} artery pressure fell an average of 11 mm 
Hg for all patients Excepting one patient, pul- 
monary artery pulse pressure was unchanged or 
only slightly increased Followung ligation of the 
duct, mean aortic pressure rose an average of 9 6 
mm Hg, with an associated decrease m pulse pres- 
sure and an elevation of diastolic pressure The 
contours of the pulse waves obtained while the 
ductus was patent were distorted m both the pul- 
monary artery^ and the aorta, probably resultinjg 
from pressure irregularities accompanyung the 
abnormal blood flow Ligation of the ductus gen- 
erally gave pulse waves w'hich approached the 
normal by reduction of these distortions Good 
correlation was seen between the pulmonary' artery 
pressures obtained by' catheterization with the 
chest closed and those obtamed by needle punc- 
ture w ith the chest open More extensive compan- 
Bons of the normal pressures under these two 
conditions have been conducted on dogs 
Excitability changes in dorsal roots produced 
by electrotonic effects from adjacent afferent 
activity BLarrt Grundeest and Jo^ATHA^ 
Magaes (by' invitation) Dept of Neurology, 
College of Physicians <1 Surgeons, Columbia Univ , 
N'ew York City Electrical activity produced in thp 
spinal cord of cats by stimulating a dorsal root 
induces electrotonic potentials in an adjacent, in- 
active root According to Lloyd and McIntyre 
(.Federation Prac 7 74, 1948), the first three 
phases, beginning negatnely , are referable to the 
intramedullary afferent lolicy Following, and 
ONcrlapped by the terminating ncgatiic cord po- 
tential, they found a posituc phase which is “an 
electrotonic extension of the jiotcntial of terminat- 
ing collaterals” of the actnc root, with 3 iii'^tc 
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“half-life ” This sequence of electrotonic po- 
tentials in the inactive root should cause modifica- 
tions of excitability Stimulating electrodes on a 
root, close to the cord, tested the temporal changes 
of excitability during cord activity produced by 
conditioning stimulation of another root (cats, 
nembutal anaesthesia) Excitability was height- 
ened during the first half msec after the condi- 
tioning volley Depression followed, lasting about 
3 msec (maximum between 1 5 and 2 6 msec ) 
Though of shorter duration, this depression is con- 
sonant with the existence of the positive elec- 
trotonic phase of Lloyd and McInt 3 Te, and fuither 
demonstrates its reality The briefer duration may 
be ascribed to the lapid decay of the magnitude of 
the electrotonic potential in the extramedullary 
root These excitability changes have been ob- 
served in approximately 60% of the root pairs 
tested Variability is to be expected since the 
effect depends upon appropriate spatial relations 
between the intramedullary terminations of active 
and inactive fibers 

Action of antitrypsin and antifibrinolysin on the 
first phase of the blood clotting reaction M 
Mason Guest and Thomas E Nelson (by invita- 
tion) Dept of Physiology and Pharmacology , Wayne 
Univ College of Medicine, Detroit, Mich The 
proteolytic enzyme, trypsin, is inactivated by 
either soy bean trypsin inhibitor or beef plasma 
antifibrinolysin (antiplasmin) Similarly, fibrin- 
olysin (plasmin) is inactivated by both trypsin 
inhibitor and antifibrinolysin However, it has 
been found that only one of these inhibitors modi- 
fies the first phase of the blood clotting reaction 
Soy bean antitrypsin (crystalline material pre- 
pared by M Kunitz or the E C Loomis prepaia- 
tion) inhibits the first stage of the clotting reaction 
but antifibrinolysin (E C Loomis preparation) 
has no demonstrable effect upon the rate or char- 
acter of clot formation The failure of antifibrin- 
olysin to alter the clotting reaction suggests that 
this substance is different from soy bean anti- 
trypsin and that proteolytic activity involving 
fibrinolysiu is not a part of the clotting meclianism 
Investigation of the mode of action of antitrypsin 
in inhibiting the first phase of the clotting reaction 
has failed to reveal ii hether this substance acts as 
an antithromboplastin, an antiprothrombin, an 
anti-acccleratoi globulin or ivhether it acts by 
blocking the reaction of these substances Unless 
an inhibitor of thrombin formation can be shovi n to 
react at a measurable rate n ith one of the essential 
components of the first phase of the clotting reac- 
tion, reducing the potency of this component as a 
participant in the thrombin formation reaction, it 
does not appear possible to determine the point of 
action of such an interfering substance with 
methods available at present 
A chromogenic steroid occurring in the urine of 


males after muscular exertion H S Guterman 
and L M Kraus (introduced by R Levine) 
Dept of Metabolic and Endocrine Research, Medical 
Research Inst , Michael Reese Hospital, Chicago, 
III In performing pregnandiol determinations on 
urine samples from normal adult males according 
to the method previously published from this 
laboratory (J Lab A Chn Med 33 356, 1948), 
we found unusually large amounts of ‘pregnandiol’ 
present in some of the specimens Study of the 
chromogen revealed that on extraction it is present 
in the neutral non-ketonic steroid fraction when 
separated with Girard's reagent T Precipitation 
with digitonin indicated that a /3-hydroxyl group 
might be present in the S position Since the Zim- 
mermann reaction produced no color with the 
material after digitonin pi ecipitation, it is believed 
that the presence of ketonic groups in position 3, 
17 and SO can be ruled out Bromine water was 
decolorized by an alcoholic solution of the material, 
and thus the presence of at least one double bond 
nas indicated Thinking that the product might be 
5 6 androstenediol (3p-17a), we applied Bostock’s 
fiuorescent test (Nature 162 577, 1948) The 
material under study gave a green-blue fluorescence 
instead of the violet shade emitted by crystalline 
androstenediol Further studies are being con- 
ducted to characterize this urinary excretion 
product To date, the chromogen has been found 
only in males It appears to be of significance phj'si- 
ologically since it occurs in the unne in rather large 
amounts following muscular exertion 
Lipide studies on whole anterior lobe, nuclei, 
and cytoplasmic particulates of lamb pituitary 
glands M H Hack (introduced by Hubert R 
Catchpole) Dept of Pathology, Umv of Illinois, 
College of Medicine, Chicago, III Lyophihzed whole 
anterior pituitary of lamb and isolated cell frac- 
tions were assayed for free and protein-bound 
phosphatides according to the procedure described 
earlier (J Biol Chem 169 137, 1947) All cell 
fractions were obtained from homogenates prepared 
by Claude’s method The large granule fraction was 
clearly separable into a buff-colored upper layer 
(mitochondria) and a white lower layer (eosino- 
philic granules) The identity of all fractions was 
confirmed histologically A new “acetal” was 
shoum, by means of fuchsin sulfurous acid, to be 
present in the lipides extracted from the intact 
tissue and fiom each of the cell fractions by ace- 
tone, chloroform -methanol (1 1), and by benzene 
Histochemical confirmation i\as effected by means 
of the same technique applied to frozen sections of 
fresh tissue Acetal phosphatide was barely de- 
tectable The distribution of lecithin, cephalin, 
and sphingomyelin, expressed in aM/g™ dry 
weight, and the relative concentration of 'acetal” 
were 



March 1S48 


AilERICAN PHYSIOLOGICAL SOCIETY 


65 



iECI 

tHXS 

CJEPH 

ALIK 

SPIN 

GO 

; KVEtlN 

‘ACC 

TAI.* 

] 

Whole tissue 

1 

75 : 

68 

n 

+ 

Mitochondm 

11" 

87 

46 

++ 

EosinopMio grawvles 

62 

hi 

29 


Slicroaoroes 

162 

150 

40 

+4++ 

Nuclei 

43 

38 

0 

+ 


One-tlurd to one half of both lecithin and 
cephahn nere present as lipoprotein The sphingo- 
mjelin nras largeh free except in the microsome 
fraction As in the case of cell fractions of rat liver, 
each fraction is here shown to be distinct in its 
phosphatide composition 
Myocardial metabolism m thiamme-defficient 
dogs studied by intravenous catheterization of 
the coronary sinus D B Hackbl, W T Goodaub, 
R P Johnson (introduced by W Fueischmann) 
Physiology Section, Medical Division, Army 
Chemical Center, Md Studies of the rajocardial 
utilization of lactate and pjTuvate were made in 
intact normal dogs and in dogs with acute and 
chrome thiamine deficiency , using the technique 
developed by Goodale et al (/tin J Physiol 152 
340, 1948) for cathetenzing the coronary sinus 
Mean artenal pyruvate levels of 1 71 i 0 13 mg 
% mth coronary' M-Y differences of 0 76 d: 0 1 mg 
%, and lactate levels of 12 2 ± 0 96 mg % wnth 
coronary A-V differences of S 3 ± 0 5 mg % were 
obtained in a senes of normal nembutahzed do^ 
Thiamine deficiency was produced by feeding a 
diet of canned dog food which had been autoclaved 
at 15 lb pressure for 12 hours to destroy thiamine, 
and supplemented by other synthetic vitamins of 
the B complex as w ell as Vitamin C Anorexia and 
weight loss began in about 3 weeks, going on to 
convulsions wutb opisthotonus m 8 weeks Com- 
plete relief of sjuuptoms was brought about by the 
intravenous administration of 2 mg of cry stnihne 
thiamine Chronic thiamine deficiency^ was pro- 
duced by supplementing the above diet wnth dady 
intramuscular injection of 68-100 7 of crystalline 
thiamine Small additions to, or subtractions from, 
the daily dose of thiamine were reflected in prompt 
weight changes Acute deficiency resulted in 
decreased pyruvate utilization by the heart, with 
arterial levels up to 5 9 mg %, and almost no 
laciatc utilization, despite artenal levels up to 60 
mg % Determinations done m the course of 
chronic deficiency revealed an uptake by the lieart 
of both lactate and pvwmate which was below the 
ex-pocted normal range 

Effects of shock (low arterial blood pressure) on 
the pulmonary vessel pressures Fbvncis J 
Hxddx (by invitation), Gilbert S Cuipbell (by 
invitation) and hi B ViescfreR Dept of Pktjtiol- 
ogy, Unii' of Minnesota, Minneapolis, Minn 
Studies have been made on 64 dogs ancsthctired 


with nembutal, 30 mg/kg , on pulmonary artery 
and venous pressuics measured with a Statham 
strain-gauge attached to flexible catheters The 
average mean pulmonaiy artery and venous blood 
pressure measured iclativc to the intrathoracic 
pressure in 57 animals with peripheral arterial 
blood pressures above 100 mm Hg was 17 8 and S 5 
mm Hg respectively In 7 animals with blood 
pressures below 100 mm Hg the pressures were 

14 0 and 2 3 ram Hg 1 espectiveiy Separating the 
group of 57 animals into those with peripheral 
artenal blood pressures between 100 and 150 mm 
Hg and those with pressures above 150 mm Hg 
one finds the pulmonary^ arterial and venous pres- 
sures in the former 40 animals to be 16 7 and 7 6 
mm Hg respectively and in the latter 17 animals 
to be 18 5 and 9 7 mm Hg respectively From these 
date, there appears to be a positive correlation 
between the penpheral artenal blood pressure and 
the pulmonary pressures From the same group of 
animals there was found to be no significant differ- 
ence m the pulmonary pressures m males or fe- 
males When broken dow n into ammals wuth body 
weights below 20 kg and those above 20 kg , there 
was noted no significant difference m pulmonary 
arterial or venous pressures in relation to w eight 
It IB likely' that a decreased cardiac output in 
shock. 25 at least partly responsible for the obsei ved 
effecte 

Light flux constancy at the intensity lumn of the 
eye for total receptor cross-sectional areas 
Charles Haig Dept of Physiology and Bio- 
chemistry, New York Medical College, New York, 
N Y By methods previously desenbed {Federa- 
tion Proc 7 47, 1948) it has been demonstrated 
that for homogeneous rod populations, i e , for 
specific retinal regions, the product of the thresh- 
old intensity I and the retinal (stimulus) area A 

15 constant for areas ranging from 0 04 degree 
subtense to 1 0 degree subtense For homogeneous 
cone populations lA is constant for areas up to 0 5 
degree subtense Calculations hav e been made for i 
single eye to determine whether the luminous flux 
is constant for rod and cone cross-scctionai areas in 
non-homogeneous retinal regions, eg, the fovc.i 
as compared wuth penpheral regions The data of 
psterberg (1935) and Polyak (1941) on rod ami 
cone diameters and population densities in various 
retinal regions provide the means for computing 4 
in terms of total rod or cone cross sectional area in 
a giv en retinal (stimulus) arc i For rods it is found 
that I A so computed is constant from 2 degrees out 
to 6 degrees from the fov cal center From 10 out to 
IS degrees lA is again constant at tincc the v »luc 
found closer to t!ic center For the inner cone seg- 
ments it is found tlut JA IS constant from the 
foveal center out to 10 degrees in the porjphcrv, 
beyond w Inch it rises to a v due tw icc as great at IS 
degrees in the penphorv These eaicuiatiotw for 
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one eye indicate that measurements on several 
ejes wiU reveal that the luminous flu\ actually 
incident upon the receptor elements is constant 
for the entire central area 
Oxygen consumption of liver slices from febrile 
and normal rabbits V E Hall, J Fishqold (by 
invitation) and R Grant (by^ invitation) Dept of 
Physiology, Stanford Univ , Stanford, Cahf 
Observations published in the literature suggest 
that during the early stage of fever the temperature 
in or near the liver rises earlier and in greater de- 
gree than the rectal temperature This has been 
interpreted as showing that an increase in liver 
metabolism contributes significantly to the febrile 
temperature nse However, measurement in vitro 
of the Oi consumption of liver slices taken from 
rabbits 15 minutes after the injection of typhoid- 
paratyphoid vaccine (a time when the hver tem- 
perature was said to have been rising) yielded a 
mean Qo, value of 3 71 as compared with a mean of 
4 32 for untreated controls The difference is 
statistically significant and shows that the liver 
metabolism under the conditions employed is 
depressed in tissue taken from febrile animals 
If the heat production of the liver is increased 
early m the fever produced bj' bacterial pyrogen, 
it IS attnbutable to factors inoperative when the 
liver metabolism is studied tn vitro 
Studies of a case of congenital heart disease 
with cyanotic episodes W F Hamilton, J A 
Winslow (by invitation) and W F Hamilton, Jb 
( by invitation) Depts of Physiology, Medicine and 
Roentgenology, Untv of Georgia School of Medicine, 
Augusta, Qa The patient, an 18-year-old girl had 
been through grammar school and was in fair 
health though she had been subject to spells of 
cyanosis and fainting Clinical impression was 
Tetralogy of Fallot During two cardiac cathe- 
tenzations she became intensely cyanotic and 
irrational but not unconscious Pressures m vein 
and auricle were normal Rt ventricle 100/0, 
Aorta 66/30, Femoral 85/40, Pul art 6/0 These 
data confirm patency of the interventricular sep- 
tum and pulmonary stenosis Blood in right ventri- 
cle, pulmonary artery and femoral artery were 
10-20% saturated with A-V difference between 0 
and 1% Oxygen consumption varied around 200 
cc/min though for 2 minutes it apparently ceased 
When not cyanotic Oj consumption was steady at 
160 cc/nun with blood pressure 140/80 and arterial 
O 2 saturation of 70-80% Cardiac index at this time 
was 2 04 L and circulation time 14 sec by dye 
injection method Cyanotic episodes resulted from 
activity, emotion, or vasodilator drugs and were 
accompanied by lowered arterial pressure, oxygen 
saturation, and Oj uptake 
Various explanations may be considered The 
favored one is that the functionally single ventricle 


pushes blood out into the two circulations as 
governed by their respective resistances In this 
case the pulmonary resistance seems to be very 
high and a lowering of the systemic resistance 
causes increasing amounts of the ventricular output 
to pass out of the aorta and less or even no blood to 
perfuse the lungs This caused temporary reduc- 
tion or even cessation of oxygen uptake and varying 
degrees of arterial unsaturation 
Measurement of cardiac volume in the dog from 
X-ray shadow area W F Hamilton, Jr (by 
invitation) and Philip Dow Depts of Physiology 
and Roentgenology, Untv of Georgia School of 
Medicine, Augusta, Ga An effort has been made to 
standardize a cardiac-volume method for use during 
experiments on circulatory dynamics After 
sacrifice experiments, P-A roentgenograms were 
taken of the closed chests of 63 supine dogs The 
chests were opened immediately, the great vessels 
were tied off, and actual cardiac volumes were 
measured by immersion These volumes were com- 
pared with the areas of corresjxinding shadows on 
the films (corrected for tube distance) 

No formula found for dog or human hearts ap- 
proximated the relationships obtained, so a new 
formula was empirically derived The best fit 



the longer dimension of the shadow Parallel projec- 
tion of a prolate spheroid should give a = 0 75 and b 
= 1 5 The oversimplifications in this hypothesis 
are indicated by the empmcal results o ■= 0 4 and 
6 c= 1 7 This formula predicts the volume of dog 
hearts larger than 100 cc with an average error of 
6% (maximum 13%) Predictions for smaller 
hearts are consistently too high or too low (average 
error 22%) Most of these, however, were from 
puppies and do not fall in the range of ammals 
ordinarily used in the experiments Supplementary 
projections were not employed to increase ac- 
curacy, since such would not be feasible during 
experiments for which the method is devised 
Effects of di-isopropyl fluorophosphate (DFP) 
on electroencephalogram and cholinesterase 
activity J L Hampson (by invitation), C F 
Essio (by invitation), Alice Willis (by invitation), 
and H E Himwuch Medical Division, Army 
Chemical Center, Md Di-isopropyl fluorophosphate 
(DFP) was injected into one common carotid 
artery of curanzed rabbits receiving artificial 
respiration A needle electrode was inserted 
through the skull over each cerebral hemisphere 
The electroencephalographic changes were ob- 
served with the Grass apparatus and cholines- 
terase activities of vanous parts of the brain were 
subsequently determined by the method of Michel 
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The cerebral parts included the cortex, midbroin, 
medulla and cerebellum The electroencephalo- 
graphic changes were placed in five categories of 
increasing seventy 1 ) No permanent change from 
the control S) l^rly permanent, alterations in- 
cluding slight increases in regularity, ampbtude 
and rate S) Intermediate, phase 1, marked changes 
limited houever chiefiy to the right hemisphere 
4) Intermediate, phase 2, marked changes (short 
of grand mal) appeanng in both cerebral hemi- 
spheres 5) Continued grand mal-like activity on 
both sides 

In general, with succeeding categories, cholin- 
esterase activity decreased more profoundly until 
the fourth category was obtained Statistical 
analyses of cholinesterase activities revealed how- 
ever no differences between no permanent and 
early permanent But between early permanent 
and intermediate phase 1 all differences were 
sigmficant while between intermediate phase 2 and 
grand mal no significant differences were noted 
Though a rough correlation between cholines- 
terase activities and abnormalities of the electro- 
encephalogram was observed the extent of the fall 
in the chohnesterase activity is not sufficient to 
explain the degree of the abnormality in the 
electroencephalogram 

Hemoglobm iron as a stimulus for the produc- 
tion of ferritin JohnK Hampton, Jr (introduced 
by H S Materson) Dept of Physiology, School 
of Medicine Tulane Univ , New Orleans, La 
Studies by Gramck and others have shown that 
iron IS stored chiefly in the liver, spleen and bone 
marrow as the protem-iron compiound, ferritin 
Evidence is also available to mdicate the presence 
of femtin in crystallizable amounts in the kidneys 
of the cat, dog, and human Its presence in horse 
kidney has been demonstrated in minute amounts 
The present experiments extend these findings to 
the mouse and rabbit kidney It has proved difficult 
to crystallize femtin from the kidney by the usual 
CdSOi method from animals on the usual labora- 
tory regime or after nunimal doses of hemoglobin 
However, when increasing amounts of hemoglobin 
are injected intrapentoneally, correspondingly 
larger amounts of femtin appear m the mouse and 
rabbit kidneys With optimal doses of hemoglobin 
iron, all animals show the presence of femtin in 
their kidneys More femtin is found in the liver 
than in the kidney when small doses of Hb are 
used, but when larger (and optimal) doses are 
used, the amounts of femtin in the liver and kid- 
nej tend to be similar Experiments in progress are 
designed to investigate these relationships in the 
human kidney 

Effect of stimulation of sympathetic nerves on 
capillary filtration Esther Hardevbzrgh and 
J uuES V M vnoNET, Jr (introduced by' William 


H Forbes) Dept of Physiology, Harvard School of 
Public Health, Boston, Mass Variations in lymph 
flow and composition have been used in studying 
the effects of stimulation of sympathetic nerves on 
capillary filtration in the head and hind limb 
regions of the dog After cannulation of the regional 
lymphatic vessels, control collections were made 
during standardized passive movement of the part 
The effectiveness of sympathetic nerve stimula- 
tion was indicated by skin temperature changes 
The quantity of lymph was increased 60-100% over 
control values during stimulation, while the pro- 
tein concentration was somewhat reduced In the 
hind paw most of the increase occurred in the first 
10 minutes of stimulation Such an mcrease ap- 
pears surprising smce the filtration pressure should 
be decreased by the intense precapillary vaso- 
constriction produced by the stimulation Several 
explanations have been considered 1) a lymph 
reservou which is somehow ‘squeezed out’ is 
rendered unhkely by the fact that there is no post- 
stimulation decrease in flon , S) increased post- 
capiUary resistance is rendered unlikely by the fact 
that lymph flow is increased even when capillary 
pressures have already been raised by venous 
obstruction, S) gross changes in capillary bed due 
to closing of arterio-venous anastomoses does not 
affect the result, since the increase m lymph flow 
occurs V, hen the paw is immersed in a water bath 
at 16 degrees Centigrade There appears to be an 
increase m capiUary filtration during stimulation 
of sympathetic nerves, but the exact mechanism 
IS not extabhshed 

Renal excretion of creatinme in man Kendrick 
Hare, Harold Goldstein (by invitation) , Henry 
L Barnett (by invitation), Helen McNamara 
(by invitation), and Ruth S Hare (by invita- 
tion) Dept of Pediatrics, The N'ew York Hospital 
and Cornell Umv Medical College, New York 
City IJsmg the adsorption-elution method of Hare 
and Hare for creatinine determinations, we have 
compared the renal plasma clearance of endog- 
enous creatmine with simultaneous mulin clear- 
ances in 24 observations on 22 normal subjects 
ranging from 1 week to 40 jears of age Each 
observation included 3-9 clearance periods of 10-20 
imnutes duration The average creatinine/inulin 
clearance ratio was 1 03 mth a range of 0 82-1 20 
The clearance of exogenous creatinine, given bv 
mouth or b^ vein, vas similarlj studied in 9 experi- 
ments on 6 normal subjects for a total of 70 periods 
The axTiage creatimne/inuhn clearance ratio was 
1 OS nith a range of 0 97-1 20 In chronic renal 
insufficicnc 3 the clearance of both endogenous and 
exogenous creatinine is elexated aboxe the inulin 
clearance to give creatinine/inuhn clearance ratios 
of 1 29-2 04 
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Determination of creatinine in blood and nnne 

Ruth S Haee (by invitation) and Kendnck 
Hare Dept of Pediatrics, The New York Hospital 
and Cornell Umv Medical College, New York City 
Pure creatimne solutions of 0 05-0 40 mg % develop 
mavimal color with alkaline picrate witkin 20 
minutes and remain stable, tungstic, picric, tri- 
chloracetic acid or cadmium, zinc or iron filtrates 
of serum or plasma continue to develop color, as 
measured at 500 m/j in a Beckman spectrophotom- 
eter, for 2 hours or more The interference of the 
non-creatinine chromogens can be avoided by 
adsorbmg the creatimne on Lloyd’s reagent and 
eluting with alkaline picrate solution (Borsook, 
J Biol Chem 110 481,1935) This procedure gives 
98-101% recovery of creatinine added to serum or 
urine, synthetic creatimne, containing radioactive 
carbon, is completely adsorbed by Lloyd’s reagent 
from unne and from plasma filtrates Approvi- 
mately 80% of the material in normal human serum 
giving the Jaffe reaction is creatimne , 90-100% of 
the urinary chromogen is creatimne The serum 
ereatimne falls from 0 8 mg % in the first week of 
life to 0 3 mg % at one month, begins to rise at two 
j ears and reaches the adult level of 0 8 mg % at 
16-18 years In chronic renal insufficiency, the 
serum creatimne constitutes 90% or more of the 
total chromogen 

Effects of lanatoside C upon ectopic ventricular 
activity following coronary occlusion A Sidnbt 
Habris and Robert H Kokernot (by invita- 
tion) Baylor Univ College of Medicine, Houston, 
Texas The threshold intravenous dose of lanato- 
side C foi the production of ventricular ectopic 
discharges in unoperated dogs anesthetized with 
morphine and light barbital sodium was found to 
be about 0 125 mg/kg nhen admmistered in tno 
equal parts separated bj one hour The anterior 
descending arteries u ere ligated near their origins 
The ectopic rhythms produced by coronary oc- 
clusion were present during the period from about 
8 hours to 3 days following the operation La- 
natoside C in varied doses u os given at intervals 
ranging from 10 hours to 13 days after occlusion 
When given during the fiist 4 days, the ectopic 
threshold dose, either in the presence or absence of 
a preexisting ectopic rhythm, uas found to be 
lowered to 0 1 mg/kg or slightly less, i e , about 70 
to 80% of the control thi eshold After 4 days the 
ectopic threshold was not loner than the pre- 
operative control except in foui dogs which at the 
beginning of the test exhibited electrocardiographic 
patterns interpreted as aberrant conduction 
Tests with 0 06 mg/kg produced no ectopic dis- 
charges at any time Evidence from other sources 
indicates that this dose is more than sufficient to 
increase work output in a failing heart, therefore 
these findings may indicate that danger associated 


with ventricular ectopic activity follonung coro- 
nary occlusion IS not increased by' conservative use 
of lanatoside C The dose required to produce 
retching and vomiting was consistently' loner tlian 
that nhich produced ectopic beats m unanesthe- 
tized dogs 

Late development of ectopic ventricular activity 
following coronary occlusion A Sidney Harris 
and Robert H Kokernot (by invitation) 
Dept of Physiology, Baylor Untv College of 
Medicine, Houston, Texas The anterior descend- 
ing arteries of the hearts of 25 dogs were ligated 
proximal to any large branch The dogs were 
anesthetized with morphine and a minimal dose of 
barbital sodium (ISO mg/kg ) Under such anes- 
thesia the hearts are fully susceptible to the de- 
velopment of ventricular ectopic systoles To pre- 
vent the occurrenne of raoid ectopic discharges and 
death via ventricular fibrillation w'lthm the first 
10 minutes following occlusion, the occlusion was 
made in 2 stages Partial occlusion was followed 30 
minutes later by total obstruction No ammals so 
operated were lost during the early period in 
which, following one-stage occlusion, the usual 
mortality is near 50% Frequent electrocardio- 
graphic observations and records nere made 
Ventricular ectopic systoles began to appear in 
significant numbers after periods of 6 to 12 hours 
in the different experiments Eight hours was the 
most common time for the beginning of the rise of 
ectopic activity beyond an occasional premature 
bent At the end of 12 hours ectopic activity was 
prominent in every animal studied through the 
period except one that maintained a sinus rhy thm 
One animal had a moderate ectopic frequency from 
the time of occlusion Typically , a maximal ventric- 
ular tachycardia nas reached between 10 and 21 
hours, and ectopic activity persisted from 2 to 4 
days Large highly necrotic gross infarcts were 
found in almost all hearts upon sacrifice (10 to 22 
days) 

The uptake of radiocalcmm by the skeleton 
Harold E Happison and Helen C Harrison 
(introduced by Nathan W Shock) Dept of 
Pediatrics, The Johns Hopkins Univ Medical 
School, and Pediatric Division, Baltimore City 
Hospitals, Baltimore, Md The equilibrium between 
skeletal calcium and calcium of the body fluids nas 
studied by determinations of the uptake of Ca** by 
the bone of animals given Ca“Cli solution Groups 
of rachitic rats, rachitic rats treated w ith vitamin 
D., and control rats were used During the experi- 
mental period, some of the animals received a high 
calcium diet and others, a diet low in calcium The 
animals were sacrificed at intervals from 2 hours 
to 2 u eeks following administration of Ca“ Meas- 
urements of the radioactivitx of the calcium of 
blood serum and the skeleton were made, and the 
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ratio of Ca^^ to Ca^“ e\pi eased in teims of counts 
per second per mgm calcium Equilibrium between 
bod} fluid calcium and bone calcium occurs rapidh 
and in some instances is reached b} 72 hours Epi- 
ph}'seal bone calcium attains equilibi lum n ith se- 
rum calcium more rapidly than that of diaphyseal 
bone, and the rate of equilibrium is not related to 
the rate of bone salt deposition The uptake of Ca“ 
bA the skeleton is not a measure of new bone salt 
addition Following introduction of Ca** into the 
bod} fluids exchange of Ca<® of the skeleton for 
Ca<’ of the body fluids occurs until the ratio of 
these isotopes is the same in both phases 

Effect of cinchophen on the secretory activity 
of Brunner’s glands K Haktial'i (by invitation) 
and M I Grossman Dept of Chntcal Science, 
Umv of nitnois College of Medicine, Chicago, III 
Experiments were earned out to determine 
whether cinchophen when given in doses known 
to produce ulcers in the dogs has any effect on the 
Brunner’s gland secretion The juice was obtained 
either from pouches or everted flaps made from the 
first part of the duodenum The original blood sup- 
pl} and nerve connections were maintained 200 mg 
of cinchophen per kg of bod} weight was given 
orally daily for 4 days to 6 dogs It was noted that 
the basal secretion was marked!} affected after the 
cinchophen admimstration The alterations took 
place usually after the second day and in some 
cases even in the first da} after the ingestion of 
ding The total output of juice dinumshed to less 
than a half of the volume of that of the controls 
Both the alkali content and the pH w ere decreased 
although the great decrease in the total alkah out- 
put was mostly a result of the decreased amount of 
juice secreted The raucous content wras not ana- 
1} sed but in the cases most affected by cinchophen 
the juice became thinner and was wraterish There 
was also a decrease in the volume of juice secreted 
in response to a standard test meal (Pard, milk, 
white bread) 

Inhibition of activity of visual receptors by 
illuminating nearby retinal areas in the Limulus 
eye H K HARTLI^E Dept of Biophysics, Johns 
Hopkins Univ , Baltimore, Md and the Johnson 
Research Foundation, Umv of Pennsylvania, 
Philadelphia, Penna A discharge of impulses 
in a given single optic nerve fiber from the exe 
of Limulus can be elicited onh bi the illumi- 
nation of some one particular facet of the eve, 
containing the receptor that gives rise to that 
nerve fiber It has been found that illumination of 
neighboring areas of the ey e, w hilc unable to initi- 
ate aetivitv in a giv en fiber, can nev ertheless affect 
the responses to illumination of its receptor A 
stcadv discharge of impulses was obtained bv a 
small spot of light confined to the appropnate 
facet, illuminating nearbv facets then caused a 


slowing of the discliaigc The frequency dropped 
maikedly^ at first (after a latency of 2-4 sec ), 
then rose somewhat, on tuining off the adjacent 
illumination, the fiequency increased and within 
4 sec had recovered its original value This in- 
hibitoiy effect was greater the higher the intensity 
and the greater the area illuminated , it decreased 
with increasing distance between the particular 
facet and the neighboring area illuminated The 
role of this effect in enhancing visual contrast is 
obvious brightly illuminated areas inhibit the 
activity^ from dimly lighted regions more than the 
latter inhibit the activity from the former In 
Limulus, axons of the receptor cells enter a non- 
gangliomc plexus before leaving the eye via the 
optic nerve , by recording from fibers between the 
receptors and the plexus, it could be shown that 
the inhibitory effect of adjacent illumination 
depended on the integrity of the nervous connec- 
tion between the receptor and the plexus 

Effects of experimental anaemia on the circula- 
tion bi dogs J D Hatcher (by invitation), F 
SuNAHARA (by invitation), J C van Noordwijk 
(by invitation) and 0 G Edholm Dept of Phys- 
iology, Untv of Western Ontario, London, Canada 
The cardiac output, peripheral blood flow, and 
blood volume have been measured before, dm mg 
and after the development of anaemia by small 
daily haemonhages 1711116 the haemoglobin level 
18 falling, there is a slight decrease in cardiac out- 
put and right auricular pressure This is con- 
sidered to correspond to the hy podynamic phase of 
Howarth and Sharpey'-Schafer When the haemo- 
globin level falls to 50% or less of the initial value, 
the cardiac output and the right auricular pressure 
increase abruptly At this stage, the daily haemor- 
rhages are stopped, the cardiac output rises to 
reach a peak value av'eraging 160% of the pre- 
haemorrhage outputs The greatest cardiac out- 
put IS obtained approximately 2-4 day s after the 
cessation of haemorrhage, at a time when tiic 
haemoglobin value is still at its lowest level The 
hv perdv nanuc phase persists for 2-5 day s and then 
the cardiac output declines reaching a normal lev cl 
at a time w hen the haemoglobin lev cl has recov cred 
to 75-500% of the pre-haemorrhage value Oxvgon 
consumption is increased significantly during flic 
hy perdvnamic phase The saturation of the mixed 
venous blood diminishes during the hyqxidv inniic 
phase and rises in the hy perdvnamic phase The 
total blood volume decreases approximateh 25% 
during the period of haemorrhage, while the plasma 
volume remains relativ civ unchanged Tlie pi isnia 
volume and total blood volume n=t during the 
hvperdynamic phase, but the ovcrdl clungcs are 
not marked 

Consciousness and reflex potentialities of dogs 
during immersion hypothermia H O IlATinie- 
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and A H Hegnauer Dept of Physiology, Boston 
Umv School of Medicine, Boston, Mass Random 
observations on CNS activity on more than 160 dogs 
dunng immersion hypothermia are worthy of 
record The choice of pre-cooling anesthetic is of 
paramount importance Light ether or cyclopro- 
pane, withdrawn periodically, reveals mth con- 
siderable accuracy the rectal temperature (R T ) 
at which consciousness is abolished by cold narco- 
sis This vanes from 22 5° to 26° R T (24 5° to 28° 
cerebral temperature) The 22 6° observation was 
made dunng rewarming, at which point the dog 
nghted his head and attempted standing Failure 
to stand was due to intense shivenng and limb 
spasticity In one experiment after withdrawal of 
cyclopropane the dog strained at his bonds at R T 
20 5 and again at 16 8 (cerebral temperatures 23 6° 
and 20 5° resp ) Spontaneous reflex activity was 
noted as follows shivering, which under pento- 
thal-Na is rarely observed below 21°, may under 
bght ether be evident at 16° or 17°, vocalization 
(whimpering, whimng, moamng) to 17°, barking 
in one case at 20° , spontaneous jaw, head or limb 
movements to 17° (exceptional case 15 8°) , spon- 
taneous respiration in one preparation at 11 8° 
(2/imn ), in 2 preparations below 13 6°, and a total 
of 12 dogs breathed at R T 16° or lower (cerebral 
temperature 20° or less) After pentothal alone 
consciousness during rev arming is never observed 
at rectal temperatures below the thirties, although 
the last injection may have been made some 2 or 3 
hours earher Furthermore, the temperatures at 
which the above reflexes disappear are all higher 
than those recorded 

Ascorbic acid metabolism in patients with 
certain gingival disturbances Raymond Hates 
(by invitation), Walter M Booker and Mari- 
anna B Sewell (by invitation) Dept of Oral 
Medicine, College of Dentistry, and Department of 
Pharmacology, College of Medicine, Howard Umv , 
Washington, D C Fasting plasma ascorbic acid in 
patients suffering with various types of gmgivitis 
was found to be significantly lower than in a control 
normal group of patients The cell ascorbic acid 
levels of the blood in the same patients was equal 
to or in some instances greater than that of the 
control groups By and large, only when there is 
deficiency in both plasma and coll ascorbic acid 
were climcal signs of gingivitis striking or even 
present When ascorbic acid is adnumstered (orally 
or intravenously) to patients and to normal sub- 
jects, the plasma level rises faster than the cell 
level, suggesting something of a barrier betneen 
the plasma and the cells Many of the patients 
excrete ascorbic acid in the urine in greater quan- 
tity and at faster rate than the normal subjects 
Efforts are in progress to compare the rate of 
urinary excretion with the climcal state of the 


patient regarding gingivitis There are presented 
some outstanding examples of extremely low 
kidney threshold regarding ascorbic acid excretion 
among some of the patients The low kidney 
threshold to ascorbic acid apparently bears no 
relationship to the general nutritional state of the 
patient in terms of plasma proteins and blood 
sugar Diminution of serum chlorides upon the 
intravenous or oral admimstration of 100 to 300 
mg of ascorbic acid is seen in all patients and m 
normal subjects 

Effect of pituitary adrenocorticotropm on the 
plasma hypertensinogen concentration of dogs 
F W Haynes, P H Forsham (by mvitation), 
G W Thorn and L Dexter (by invitation) 
Dept of Medicine, Harvard Medical School, and 
the Medical Cltmc, Peter Beni Bngham Hospital, 
Boston, Mass The effect of purified hog anterior 
pituitary adrenocorticotropm (ACTH, Armour) 
on plasma hypertensinogen was studied in trained, 
unanesthetized dogs ACTH, without appreciable 
contamination with thyrotropic, gonadotropic and 
giondh hormones, but containing posterior pitm- 
tary activity up to 0 08 units per mg , was used in 
daily doses equivalent to 20 to 80 mg of Armour 
standard (LA-l-A) Hypertensmogen was deter- 
mined by incubation of plasma with an excess of 
hog renin and cat assay of the hypertensin formed 
Data are based on the mean of at least 4 satisfactory 
assays on each plasma sample In 5 experiments on 
normal dogs receiving ACTH, either intramuscu- 
larly in divided doses over a 3-day period or intra- 
venously as an infusion over several hours, the 
hypertensmogen concentration increased for sev- 
eral days and then returned to its previous level 
The control hypertensmogen levels of these dogs 
(1 7-3 1 cat units per cc of plasma) were increased 
by 0 6 to 2 9 cat units after ACTH Adrenocortical 
activation uas suggested by a significant fall in 
eosinophils during ACTH admimstration ACTH 
failed to influence the hjqiertensmogen concentra- 
tion in an adrenalectomized dog Hypertensmogen 
and eosinophil levels failed to show a sigmficant 
change m control experiments designed to test the 
effect of sampling and of posterior pituitary con- 
tamination in a normal dog 

Corticosteroid release from the isolated adrenal 
gland Oscar Hechter Worcester Foundation for 
Exptl Biology, Shrewsbury, Mass Isolated beef and 
sheep adrenal glands were perfused with homolo- 
gous citrated blood Follovung the addition of 
adrenocorticotrophic hormone (ACTH) it was con- 
sistently observed that the venous blood contains 
an increased amount of formaldehy degenic sub- 
stances (F S ) in the neutral chloroform fraction 
designed to concentrate adrenocortical steroids 
These F S may be obtained from perfusates by 
extraction of the acidified blood with chloroform or 
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chloroform-ethanol mixtures or by chloroform 
extraction of dialysates of blood With both meth- 
ods, it has been found that there is either slight 
or no release of F S from glands perfused in the 
absence of ACTH In 5 expeiimcnts with beef 
glands, folloiving the addition of \CTH (20 to 200 
jLig per cc ) there is an average i elease of F S 
correspondmg to 26 iig (Range 10-42) equivalents 
of ll-desoxycorticosterone per minute per gland 
(weights 15-20 gm ) In some glands, moreased 
F S output a as maintained for as long as 4 hours 
In 2 experiments with sheep glands the release of 
F S following ACTH was of the same order of 
magnitude per gm gland Assa}’’ of fractions, from 
four different beef adrenal persates for glycogenic 
activit}'', usmg the method of Olson et al (Endo- 
crinology 35 430, 1944) revealed two to be active , 
60 and 100 /ig F S equivalent to 60 and 60 ng 
Compd E Kendall respective!} The other two 
extracts were inactive at a level of 100 and 400 /ig 
F S In 4 experiments, despite wide variations in 
dosage, the intrartenal injection of epmephrine 
consistently failed to release F S from perfused 
glands The significance of these tn vitro findings 
mil be discussed 

Temperature gradients m dogs m immersion 
hypothermia A H Hegnauer Dept of Physio- 
logy, Boston Umv School of Medicine, Boston, 
Mass The procedure followed in this laboratory 
for producing rapid, drastic hyqiotherniia in dogs 
(after preliminary anesthetization and required 
surgery — animals in supine position on dog board) 
IS immersion to the neck m an iced bath at 2°-4'’ C 
With the head end of the board a fen inches higher 
than the foot the portion of the animal unimmersed 
includes the head, the ventral third of the thorax 
and all but the nape of the neck The proportion of 
exposed to submerged body is approximately that 
obtaining when a man floats on water in a “Mae 
West’ life vest Under these conditions there occur 
not only core to surface, but also cerebral (C T ) to 
rectal temperature (R T ) gradients Cerebral, 
mediastinal (M T ) , right heart blood (B T ) and 
rectal temperature as well as muscle and skin 
temperature (or some combination of these) is 
recorded continuous!} iia Speedomax (Leeds & 
Northrup) Plotting R T linear!} as abscissa and 
deviations therefrom as ordinate, curves are ob- 
tained from vhich the following conclusions may 
be drawn 1 ) C T is higher than R T , and pro- 
gressn el} so with decreasing R T 5) M T , ini- 
tiall} slightl} below rectal, is equal to the latter at 
R T 36° and subsequent!} parallels the curve for 
C T , about 1° lower S) Right heart blood (B T ) 
18 initiall} i° less than R T , falls further on im- 
mersion and then crosses R T when latter reaches 
2S°, and thence parallels C T and M T When R T 
reaches 12° the C T , M T , and B T are 1S°, 17°, 


and 16° respectively Skin temperature from sub- 
merged area rapidly approaches bath temperature 
Muscle temperature (hind leg) cools more slowly 
than skin, but much more rapidly than R T 
Pulse rale and blood pressure of dogs m im- 
mersion hypothermia A H HEONAtiER and H 0 
BLatebius Dept of Physiology, Boston Umv 
School of Medicine, Boston, Mass Average pulse 
rate (P R ) and blood pressure of 18 lightly anes- 
thetized dogs (sodium pentothal) obtained during 
cooling m an iced bath (2°-4° C ) were plotted 
against the right heart blood temperature (B T ) 
A thermocouple was placed in right heart nith 
continuous recording on Speedomax in degrees 
centigrade The pre-unmersion P R was 155 
Disregarding the initial abrupt increase and de- 
crease m rate from moment of immersion to B T 
36° the rate follons a smooth regression curve to 
B T 15° at which point the PR is 15 Between 
B T 36° and 26° the apparent Qio = 21, and in- 
creases to 5 6 between 25° and 15° Plotting log 
P R. vs 1/T° abs revealed no sharp breaks Tenta- 
tively as a working hypothesis a regression curve 
(Qj 6 = 2 5) was constructed, passing through the 
origin of the experimental curve (at P R 155) The 
computed curve again comcides with the P R curve 
at B T 19°, when the two follow a similar course 
Between B T 39° and 19° the P R curves lies well 
above the computed curve, and it is suggested the 
elevation is a measure of s}-mpathetic activity at 
these temperatures 

Action of heparin on protoplasmic gelation 
L V EtEiLBRtrNN Dept of Zoology, Umv of 
Pennsylvania, Philadelphia, Penna Earlier studies 
from this laboratory have indicated that the 
gelation of protoplasm is sinular to the clotting of 
blood Before a cell divides, its protoplasm gels 
and the appearance of the mitotic spindle is pre- 
ceded by the so-called mitotic gelation In the egg 
of the worm Chaetopterus, this mitotic gelation is 
prevented by immersion of the eggs in dilute 
solutions of heparin Suppression of mitotic gela- 
tion results in an inhibition of cleavage Similar 
results were obtamed with frog eggs The initiation 
of mitosis in these eggs tends to be prevented bv 
the presence of heparin There is an indication, 
therefore, that in living cells the colloidal bchav lor 
of the protoplasm is to some extent at least deter- 
mined by the equilibrium between thrombin-like 
substances and hcpann or heparin-likc substances 
Actuall} , m the Chaetopterus egg there is direct 
ev idence for the presence of either heparin or some 
substance which stains like it 

The role of the Sertoli cell in the tcstis-pituilary 
axis in men Carl G Heller, Y iixi am 0 Mad- 
DOCK (b} invitation), Edwin C Jungce (b^ in- 
vitation), and YAimEs 0 Nelson Dcpls of 
Medicine and Physiology, Lmv of Oregon ^[cd 
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School, Portland, Oregon, and Dept of Anatomy, 
Untv of Iowa Med School, Iowa City, la The sup- 
porting cell of Sertoli is claimed to elaborate a 
non-androgenic hormone whoso role is to inhibit 
the secretion of pituitary gonadotrophin If this is 
correct, no alterations in gonadotrophic output 
should occur in instances in which Sertoli cells re- 
main intact and germinal cells disappear Testic- 
ular biopsies in men with azoospermia or oligo- 
spenma have revealed 34 cases in vhich at least 
some of the seminiferous tubules i\ ere devoid of all 
germinal elements except the Seitoli cell Such 
tubules constituted 10% to 100% of the total 
seminiferous tubules and ueie associated with 
either hyalinization of the basement membrane or 
with tubules having germinal cells present, oi both 
Despite the intact Sertoli cells, elevation above 
normal m the gonadotrophin titers nas legularly 
encountered in cases having less than 70% of 
active tubules A roughlj diiect proportionality 
exists between the height of the titeis and the 
degree of spermatogenic failui c This suggests that 
the Sertoli cell docs not enter into tcstis-pituitai j’’ 
regulation, but suggests that during active spcima- 
togenesis, gonadotrophins arc inactivated in the 
presence of incomplete oi failing spermatogenesis, 
a smaller amount of gonadotroplun is utilized, 
allownng foi a rise in titer 
Adrenal cortical function and the effect of 
adrenocorticotropin in myasthenia gravis Leon 
Helliian (introduced by R E Weston) jilcdtcal 
Division, Montefiore Hospital, New Tori City 
Hypertrophy of the Ijmiphoid tissues and the 
thymus occurs in many patients w ith myasthenia 
gravis and in patients and animals with adienal 
cortical hypofunction Atrophy of the thymus can 
be induced in animals by the administration of 
adrenocorticotropin (ACTH) Since surgical re- 
moval of the usually enlarged thymus appears to 
benefit patients wnth myasthenia gravis, ACTH 
was adnumstered to patients with myasthenia 
gravis in an attempt to ‘hormonally’ remove then 
thymuses Several adrenal cortical functions were 
studied in these patients The subjects were 5 
patients with classical myasthenia gravis, re- 
sponsive to prostigmine, none of whom had demon- 
strable thymic tumors Injection of 35 mg ACTH 
(Armour) produced the responses choi acteristic of 
normal adrenal function Ciiculating eosinophils 
fell over 60%, circulating lymphocytes fell over 
40%, and uric acid-creatimnc ratio increased ovei 
70% Sodium restriction to 100 mg dailj for 10 
days did not produce adverse effects or a tendency 
to lose sodium 17-ketosteroids w ere normal in 3 of 
the patients tested 0 2 mg epinephrine produced a 
60% fall in circulating eosmophils Adrmmstration 
of 125 mg ACTH daily for 4 days to 3 patients 
produced the changes associated inth adrenal 


cortical hypei function If anything, the patients’ 
climcal courses w ere adversely affected This may 
be related to the potassium diuresis or the altered 
intracellular-extracellular N'a-E ratio produced by 
ACTH Admimstration of 600 mg synthetic 
Compound A (supplied by Merck and Company) 
to 2 patients produced a temporary dramatic 
restoration of musculai function 
Effect of adrenocorticotropin m human chronic 
lymphatic leukemia Leon Hellman (introduced 
by R E Weston) Medical Division, Montefiore 
Hospital, New YorL City The administration of 
adrenocorticotropin (ACTH) produced a decrease 
in circulating Ijmphocjtes and eosinophils in the 
human and adrenal coitical extracts are said to 
produce a lymphopenia and regression of lymphoid 
tissue in mice wnth spontaneous lymphatic leu- 
kemia proved by marrow aspiration were injected 
wnth 25-126 mg ACTH (Armour) The initial 
peripheral white count ranged from 3000-400,000 
WBC, the majority being in the upper range, and 
the lymphocytes were usually over 90% of the 
total WBC After ACTH, no leukemic patient 
show cd a significant decrease in circulating lympho- 
cy'tes, but all excepj; 2 showed a fall in circulating 
eosinophils of over 60% Initial eosinophil counts 
tended to be low Total WBC remained unchanged 
while the uric acid-ci eatimne ratio was usually 
increased over 60% No changes were observed in 
ly mph nodes removed from tw o patients before and 
after the ACTH In contrast, 26 normal controls 
given simultaneous injections of equal amounts of 
the same ACTH, showed a fall of over 40% in 
circulating lymiphocytes, a decrease of over 60% in 
circulating eosinophils, an increase in total WBC 
of 50-120%, and an absolute polymorphonuclear 
leukocytosis w'lth a shift to the left 25 cc hpo- 
adrenal cortex extract (supplied by the Upjohn 
Company) produced changes in normals and 
leukemics similar to ACTH The effect of 4.CTH 
on the peripheral blood may be useful as a biologic 
test for lymphoid leukemia and has been used 
successfully in two patients with aplastic anenua 
It IS suggested that mouse lymphoid leukemia 
differs significantly from the human variety 
The concurrent feeding of amino acids Richahd 
Henderson (by invitation) and Robert S Har- 
ris Nutritional Biochemistry Labys , Massachu- 
setts Inst of Teehnology, Cambridge, Mass 
Groups of weanling rats w ere fed a basal diet con- 
taining casein (30), corn starch (66 4), hydrogen- 
ated fat (10), tryptophan (0 17), histidine (0 13), 
saltmixture (4) and vitamin mixtures (0 36) 
Control groups received the basal diet + 1% 
lysine Test groups received the basal diet and the 
basal diet -f 2% lysine at alternate feedings The 
lysine replaced equal weights of corn starch in the 
diet Groups weer fed (l) one hour and fasted 7 
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hours, (2) one hour and fasted 5 hours and (3) one 
hour and fasted 3 hours throughout successive 
experiments lasting 27 days A time-interval feeder 
was de\used for the automatic opening and closing 
of the feeding jars Sigmficant differences vere 
noted in mtrogen retention and in bodj-weight 
gain, weight gain per gram of diet eaten, weight 
gain per gram of Ijsine eaten These differences 
were greater as the feeding intervals lengthened 
Thus a delay of three hours oi longer, in the feeding 
of hsine as a supplement to a lysine-low diet inter- 
fered with metabolism Lj^sine must be fed con- 
currently with other amino acids in the diet for 
most efficient utilization by the rat 
Factors determining cerebral oxygen supply 
during positive acceleration J P Henry, O 
Gaxjeb (by invitation), E E Martin (by invita- 
tion), S S Kett (by invitation) and K Kramer 
(by invitation) Aero Medical Laby , Air 
Material Command, Wright-P alter eon Air Force 
Base, Dayton, Ohio Extraordinarily low mean 
cephalic arterial pressures of less than 20-30 nun 
Hg (blackout) can be endured during positive 
accelerations lasting as long as 3 rmnutes without 
loss of consciousness When Compared with the 
effects of a comparable drop in pressure during 
hemorrhagic shock, there is an unexpected reten- 
tion of mental performance and orientation In 
order more clearly to define the mechanisms in- 
\olved, radial artenal and cerebral venous pres- 
sures, and artenal and cerebral venous oxj'gen 
saturations were measured in man during accelera- 
tion These parameters nere measured two at a 
time using electncally operated gauges for the 
pressures and a Kramer glass cuvette oximeter for 
the oxj'gen saturations The fall in arterial pressure 
at head level induced bv the acceleration was 
closely followed by a drop in jugular venous pres- 
sure In spite of black-out (4 5 g'j one subject still 
had 60 mm Hg mean pressure differential across 
the brain The venous pressure became less nega- 
tive as artenal pressure rose during the cardio- 
vascular response to the sharp fall in artenal 
pressure induced in the carotid sinus by the ac- 
celeration Artenal oxygen saturation also started 
to fall approximately 7 seconds after acceleration 
commenced and by the end of the 15 second run at 
4 5 f? it had attained approxamateh 90% Further, 
after a 6-7 second delay the venous oxygen satura- 
tion fell and showed fluctuations paralleling the 
arterial and venous pressure changes Ty^pical 
changes in \ enous oxy gen content were from 10 5 
\ols % resting to 7 5 \ ols % at blackout Thus 
arterial as veil as venous oxxgen content should be 
knon n to determine the o\\ gen supply' of the brain 
during prolonged acceleration The extent of the 
fall in cerebral xenons oxxgen content at blackout 
points to an inadequacx of cerebral ox\*gen supplx 


Some responses of man to internal thermal 
stimulation Austin Henschbl, Henry Long- 
street Taylor and Angel Keys Laby of Phys- 
iological Hygiene, Univ of Minnesota, Min- 
neapolis, Minn The gastric motility, blood sugar 
concentration, blood pressure, pulse rate and 
finger skin temperature responses to internal 
thermal stimulation were measured on a total of 
16 y'oung men uho were free from signs of gastro- 
intestinal and cardiovascular abnormalities The 
thermal stimulus was a standard ice cream mixture 
to which 16% barium sulphate x\as added Either 
400 or 100 gm portions of the test meal was eaten 
in exactly 5 minutes, the test meal temperature 
x\as — 8°C , 26°C or 65°C Gastric motility as 
measured by gastric emptymg time was not altered 
by the temperature of the test meal The blood 
sugar concentration increased a maximum of 22 
mg % 30 minutes after the — 80°C test meal, the 
maximum after the 65°C test meal was 12 mg % 
Finger skin temperature decreased an average of 
3 25°C at 10 minutes after the — 8°C test meal 
and was not back to normal at 50 minutes, the 
26°C and 65°C test meals had no effect An in- 
crease of 14 8 mm Hg systolic and 17 6 mm Hg 
diastolic blood pressure and 20 2 beats per minute 
pulse rate occurred during ingestion of the 400 
gram test meal at — 8°C The values were normal 
xnthin 2 minutes after completion of the meal 
There was no blood pressure, pulse rate or skin 
temperature response to the 100 gram test meal 
served at — S^C 

Thermistors as applied to temperature measure- 
ments in animals J F Herrick and E Glar- 
BORG The Mayo Foundation, Rochester, Mmn The 
thermistor (thermally^ sensitix'e resistor) has 
proven a convenient, simple, rugged and accurate 
method foi measunng the temperature of various 
animal tissues in our laboratory Tins tx'pe of 
thermometer introduces a nen order of sensitivity 
so far ns resistance thermometers arc concerned 
We are using thermistors for measunng tempera- 
tures as low as — 40°C in certain investigations on 
frost-bite and also temperatures as higli as animal 
tissues can be heated without irrex'ersible changes 
being produced The thermistor is particularh 
suitable for measunng temperature changes in Ixinc 
and bone marrtm Rectal temperatures of small 
ammals can be recorded continuouslx quite con- 
venientlx The thermistor can be introduced 
easilx into artenes, x eins, muscle and subcutaneous 
tissue and left in place throughout the dax when 
studxing changes in temperature caused by various 
methods of heating or cooling '\\c liaxe been using 
the thermistor for measuring changes in skin tem- 
peratures of the dog for almost two xcars and find 
it a X erx conx ement method All temperatures in ix 
be recorded on moving photographic film or 1) 
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direct observation Temperatures may also be 
observed at a considerable distance from the site 
of measurement The various types of thermostors, 
the necessary equipment for measuring tempera- 
tures and the method of calibration will be de- 
scribed, and representative data discussed 
Mechanism and management of edema George 
R HEBBMAjra, John W Chbiss, E H Schwab 
and Paul M Sims Umv of Texas Medical School, 
Galveston, Texas The newer conceptions of cardiac 
output and renal blood flow in the genesis of sodium 
retention and edema formation are discussed The 
influence of mercunals on sodium output is 
stressed Thiomenn — an orgamc mercurial mth a 
sulfhydnl radical and a new diuretic with low 
toxicity — is discussed Satisfactory diuresis has 
been obtained folio wmg both subcutaneous and 
intravenous injections Thiomenn given intra- 
venously has also been studied for any significant 
electrocardiographic changes 
Myocardial msufficiency and lis management 
with especial reference to a new and safe mercu- 
rial diuretic George R Herrmann, John W 
Chbiss, E H Schwab, Mh/ton R Hejtmancik 
and Paul M Sims Umv of Texas Medical School, 
Galveston, Texas Sodium retention is the most 
important factor m edema formation in congestive 
heart failure Decreased cardiac output results in 
dimimshed renal circulation, with 90-fold sodium 
reabsorption Sodium, with its retained nater 
added to the extracellular fluids, produces edema 
Orgamc mercurial decrease tubular reabsorption of 
electrolytes and water, producing diuresis A 70- 
fold sodium excretion accompanies mercurial 
diuresis Intravenous mercurial diuretics have re- 
sulted in sudden death, with ventricular fibrilla- 
tion demonstrated in 2 cases, and 20% of patients 
shoR cardiac mechanism disorders In attempting 
to counteract this myocardial toxicity, a sulfhydnl 
group was substituted for theophylline This 
mercapto, thiomenn, is less toxic than any other 
mercunal diuretic Thiomenn is nell tolerated 
subcutaneously, and produces satisfactory diiue- 
sis Intravenous use to compare its eflfects on the 
heart mth that of other mercunals has resulted in 
a minimum of even slight reactions This drug is 
potent, less irritating, and practical to use 
An estimation of the regional distribution of the 
cutaneous heat losses Alrick B Hertzman and 
Walter C Randall Dept of Physiology, Si 
Louts Umv School of Medicine, St Louts, Mo 
We have explored the possibility of calculating 
the total heat losses from the surface of the body 
and their regional distribution from the estima- 
tions of cutaneous blood flows (photoelcctncally 
recorded skin pulses) and the A-V temperature 
differences (oral temperature minus skin tempera- 
ture) in the various skin regions Total heat losses 


thus estimated approximate those which are 
calculated from 0^ consumptions and changes in 
average body temperature The corresponding 
fractions of the total heat losses as contributed by 
the various skin regions of the resting nude subject 
are approxunatelj trunk 26, leg 19 6, arm 14 2, 
face 16 5, hand 16 2, foot 10 7% These fractions 
vary from subject to subject, with the metabolic 
rate and environmental conditions The \Tinous 
skin regions may be grouped (in resting nude 
subjects) into tno divisions one group (face, palm, 
plantar surface and digit pads) characterized by 
high rates of blood flow (above 0 06 cc/cm®/min ) 
and high rates of heat loss (above 0 2 calories/cm’/ 
min ) , the other group (trunk, leg, arm and dorsal 
surfaces of hand and foot) characterized by low 
rates of blood flow (below 0 03 cc/emVnun ) and 
low rates of heat loss (below 0 08 calones/cm*/ 
min ) The value of the fraction, blood flow divided 
by the difference in temperatures of skin and air, 
shoRS a similar regional distribution, suggesting 
that differences in evaporative rates may set flow 
levels in the corresponding skin regions 

Deferminalion of acetylcholine in cell-free 
enzyme systems by a colorimetric method Shlomo 
Hestrin and Emilt F Hedal (introduced by 
David Nachmansohn) Dept of Neurology, Col- 
lege of Physicians & Surgeons, Columbia Umv , 
New York City The development of a chemical 
micro-method for acetylcholine has permitted 
assay of this ester in the presence of chobne and 
acetate in large excess The method utilizes the 
fact that esters are rapidly converted at alkahne 
pH by hydroxylanune into corresponding hydro- 
xamic acids The latter may be determined colon- 
metrically aS in the procedure for acyl assay which 
has been described by Lipmann and Tuttle 

Results obtained with the use of this method in 
experiments on synthesis of acetylcholine by 
acety Icholine-esterase and choline acetylase Rill be 
discussed 

The antagonism of cinchona alkaloids to the 
circulatory effects of intravenous epinephrin 
Edrhn P Hiatt Dept of Physiology, Untv of 
Dorth Carolina, Chapel Hill, N C The effect of 
standard intravenous doses of epinephrin (0 6 cc 
of 1 10,000) on arterial blood pressures of un- 
anesthetized dogs was recorded photographically 
using a membrane manometer The dogs r ere then 
given several oral doses of quinine or quinidine 
sulfate (16 "mg/kg at intervals of several hrs ) 
attaining a sustained plasma concentration of 6 
to 10 mg/1 Those drugs abolished both the pressor 
effect and the changes in rate which usually" follow 
epinephrin injection Lower concentrations of the 
alkaloids had less effect and larger doses of epi- 
nephrin overcame the inhibitory effect of the alka- 
loids These results confirm the effects reported 
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repeatedly since 1919 bj m\ estigators using intra- 
venous injections of the cinchona alkaloids without 
measurement of plasma alkaloid concentrations 
The reciprocal effect nas shown by Dreisback and 
Hanzlik (Jour Pkarm &, Exp Therap 83 167, 
1945) and others, using epmephrm to counteract 
the depressor effect of intravenously injected 
cinchona alkaloids We have previously demon- 
strated that these drugs cause renal vasodilatation 
and decrease the blood pressure of dogs with experi- 
mental neurogemc hj'pertension Perhaps these 
effects are due to an inhibitor\ effect on adrenergic 
sj^mpathetic endings Since it has been demon- 
strated that these alkaloids can inhibit certain 
parasympathetic endings as n ell as motor fibers to 
skeletal muscles (Jour Pharm d, Exp Therap 
85 55, 1945), it may be these agents can inhibit all 
motor nerve endings 

Effect of prostlgmlne and urechollne on human 
gastric motility N C Hightower, Jn (by invita- 
tion), C F Code, F T Maher (b 3 invitation) and 
C G Mohlock (by invitation) Seclton on Physi- 
ology, Mayo Foundation and Division of Medicine, 
Mayo Clinic, Rochester, Minn Gastric motilitj'- n as 
recorded by means of a 3% stem consisting of an un- 
diBtended balloon containing approximately 28 cc 
of water and an air cushion of 122 cc between the 
water-filled balloon and a glass-spoon pressure re- 
corder The volume pressure coefficient of the sys- 
tem uas 0 13 The pressures developed m the 
balloon were recorded photographically, 1 cm of 
H}0 pressure producing I mm of deflection m the 
record Studies were made m normal human beings 
during fasting, and after the intramuscular injec- 
tion of 0 6 mg of prostigmine and after the oral ad- 
mimstration of 5 mg of urec holme A quontitatixm 
analysis of the photographic records has been 
attempted, and the results of this analysis have 
been summarized statisticalh The data show that 
the rate of tyqie II contractions (propulsive type) 
never exceeded the rate of the smaller tyqie I con- 
tractions (‘20 second rfarthra’cr Carlson), and that 
the administration of the drugs in question did not 
alter this relationship Neither drug changed sig- 
nificantly the total amount of motility activity in 
the stomach, nor did thev affect the incidence of 
the various types of motihtv The drugs produced a 
slight increase in the mean height of the type II 
contractions, but the significance of this change is 
questioned The studv supports the hypothesis 
that the small tvqjc I contractions represent a basic 
fundamental rhythmic sequence of motihtv ac- 
tmty m the stomach 

Effect of tndione on convulsions caused bv di- 
isopropyl fiuorophosphate (DFP) H E Hiitmcn, 
C P Essig (by invatation), and J L Hvmpsox 
(b\ invitation) irmy Chemical Center, Medical 
Dniiton, Edgcicaod, Md In a senes of more than 


100 experiments di-isopropy I fluorophosphate 
(DFP ) was injected into one common carotid artery 
of curanzed rabbits under artifiicial respiration 
With the small amounts of atropine required to pro- 
tect the heart from succumbing to excessive acetyl- 
choline, it was possible to give DFP in dosage large 
enough to produce convulsions and still maintain 
life Changes were noted in the cleotroonccphalo- 
gram which m their most severe form resembled the 
condition of status epilepticus Since the subse- 
quent analysis of the brain tissues disclosed a great 
fall in the action of cholinesterase, the enzyme 
which hydrolyzes acetylcholine,the changes in the 
brain waves were presumably produced b> ex- 
cessive acetylcholine In 10 experiments the intra- 
v'enous administration of tndione corrected the 
grand mal type of electroencephalogram in doses of 
0 1 to 0 3 gm/kg and restored the electroencephalo- 
gram to normal with doses of 0 2 to 0 4 gm/kg In 
other experiments, in which tndione was injected 
before DFP, tndione exhibited a preventive ac- 
tion for approximately 4 hours Though the grand 
mal electneal pattern was prevented the normal 
electroencepahlogram was not maintained and in- 
creased actmty was observed The administration 
of tndione m no a ay influenced the profound fall in 
cholinesterase actmty It would seem therefore 
that tndione counteracts the effects of excessive 
concentrations of acetylcholine m the brain 

Cholinergic nature of the vestibular receptor 
mechanism, forced ciccUtig movements (motion 
picture). H E HinnvicH, C F Essia (by invi- 
tation), J L Hampson (by invitation), P D 
Bales (by invitation) and A M Freedmax (by 
invitation) Medical Division, Army Chemical 
Center, Md Di-isopropyl fluorophosphate (DFP) 
was injected into the common carotid artery of 
animals belonging to four species Rabbits, cats, 
dogs and monkeys Though the dosage required 
varied with the species, the results were similar 
The head turned to the side opposite to that of 
injection and compulsive circling movements were 
made to the side opposite, hence the name ad- 
versiv e symdrome I^byTinthectomy or section of 
the eighth nerve prevented the dev clopment of 
the sy ndrome u hen the injection was made on the 
operated aide but not a hen the DFP was intro- 
duced into the other common carotid arterv 
Either atropine or scopolamine cured the syn- 
drome 

Ketosis in diabetic humans in response to the 
stress of interpersonal adjustment Lxwtiexce E 
HiNiiLE, Jr and George T Conger (introduced 
fay Stewart Wolf) Deptc of Medicine and 
Psychiatry of the \cw York Hospital and Cornell 
Unit Medical College, \cw Yorl City Eleven 
diabetic individuals were subjected to experi- 
mental studv Increased glycosuria andlctosis 
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were observed repeatedly during conflicts asso- 
ciated with fear, depression, frustrated anger and, 
as far as could be ascertained m the absence of 
significant changes in diet, insulin or activity 
Accordingly, 2 of these subjects were studied in 
the hospital where diet, insuhn and activity v ere 
carefully controlled A marked increase in glyco- 
suria in one, and clinically typical keto-acidosis in 
the other, were induced when the individuals were 
subjected to significant threats to their emotional 
security Three of the subjects were studied in 
short-term experiments under sodium amytal nar- 
cosis In all a significant rise in the concentration of 
ketone bodies in the peripheral blood occurred 
during a discussion of their pei-sonal conflicts 
Following reassurance, m each case the ketones fell 
to lower levels Ketone measurements were made 
by the micro-method of Greenberg and Lester 
Blood samples were also obtained from a catheter 
introduced directly into the hepatic vein Sig- 
nificant elevations of ketone content during tension 
and conflict with return to control levels during 
reassurance nere demonstrated 
Acute renal cortical ischemia produced by 
stimulation of the pressor area of the cerebral 
cortex E C Hoff,! F Kell, Jr (by invitation). 
Nelson Hastings (bj’’ invitation), E H Gbat (by 
invitation) and D M Shores (by invitation) 
Neurological Science Laby of the Medical College of 
Virginia, Richmond, Va Green and Hoff (Am J 
Physiol 118 641, 1937) reported in cats and 
monkeys that limb volume usually increased while 
kidney volume diminished during pressor responses 
evoked by electrical stimulation of the cerebral cor- 
tex Denervation of the kidney abolished this renal 
vasoconstriction so that the kidnej' passivclj’’ di- 
lated durmg the mean blood pressure rise In the 
present experiments, acute blood pressure uses, 
lasting 15 to 90 seconds, were evoked by stimula- 
tion, unilaterally, of foci on gyrus proreus, gyrus 
sigmoideus, and orbital and mesial surfaces of the 
cat’s cerebral cortex In each experiment, one side 
only of the cerebral cortex was stimulated re- 
peatedly for 1 to 2 hours using an inductorium or 
square-wave generator Finally, during the height 
of a maintained pressor response, 30 to 60 cc of 
India Ink solution were injected into the right 
common carotid artery towards the aorta There 
was pronounced vasoconstriction m the cortex of 
both kidneys as evidenced by virtual exclusion of 
the ink from the renal cortical vascular bed This 
was m sharp contrast to findings in unstimulated 
control animals, in which both kidneys were deeply 
injected throughout It is concluded that bilateral 
renal cortical ischeima results from excitation of 
the pressor area of the cerebral cortex, and that this 
vasoconstriction is part of the generalized vaso- 
motor respionse underlying the acute experimental 


blood pressure rise Possibly certain abnormal 
cerebral activity in man may result in persistent or 
recurrent renal cortical ischemia, and this mecha- 
nism may be at the basis of essentia] hypertension 
Nature of apneusis and the pontine influence on 
respiration Hebbel E Hoff and C G Brecken- 
ridge (by invitation) Dept of Physiology, Bai/loT 
Univ College of Medicine, Houston, Texas Dogs 
decerebrated by transection after occlusion of the 
carotids and the basdar artery at the loiVer border 
of the pons universally exhibit apneustic breathmg, 
after transection encroaching on the pons and 
vagotomy Apneustic breathing, consisting of 
alternate periods of inspiratory spasm and expira- 
tion at slow rates (1 or 2/min or less) , is in the dog 
capable of mamtaimng life for several hours When 
the carotids are occluded only during transection, 
pontme section and vagotomy produce apneusis in 
the majority of experiments, but certain animals 
show ‘normal’ respiration Animals showing ap- 
neustic breathing resume ‘normal’ breathing 
terminally as the preparation detenorates When a 
further section encroaching on the medulla is made 
in ‘apneustic’ animals, the phases of inspiratory 
spasm are converted into periods of phasic ‘normal’ 
inspiration and expiration akin to Biot’s breathing, 
often reverting to ‘normal,’ or ‘normal’ breathing 
appears immediately Intravenous injection of 
cj'anide produces apneusis or prolonp and in- 
tensifies it When the carotid bodies and sinuses 
are denervated, apneusis does not appear after 
pontine decerebration and vagotomy, ‘normal’ or 
Biot’s breathing alone occurs 
It IS concluded that a) the medullary respiratory 
center can maintain penodio respiration in the 
absence of the pons and the vagi , b) apneusis repre- 
sents an exaggerated inspiratory response to anoxe- 
mic stimulation via the carotid bodies ‘occluding’ 
the normal respiratory action of the medullary 
center, and c) such enhancement probablj repre- 
sents unchecked activity of the pontine portion of 
the nudbrain facihtatory center 
Failure of topical calcium and magnesium to pre- 
vent eugenol-induced desquamation of gastric 
mucous epithelium Franklin Hollanbeb and 
Shielbt D Kraus (by invitation) Gastroenter- 
ology Research Laby , Mount Sinai Hospital, 
New York City Previous studies have demon- 
strated that the mucigogue action of topical stimuli 
on the gastric mucosa of Heidenhain pouch dogs is 
usually accompanied by extensive desquamation of 
the surface epithelium, progably because of a 
loosemng of the cement substance A similar, 
though less marked, decrease in cellular cohesion 
may also underlie the invasive character of can- 
cerous tissue, and evidence is accumulating in the 
literature that Ca- and Mg-ions are of considerable 
importance for maintaining the integrity of the cell- 
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binding mechanism in such tissue — as well as in 
several varieties of normal tissue from Ion er forms 
of life Therefore, the present study nas designed 
to determine whether the shedding of gastric 
mucous epithelium, induced by 1% aqueous 
eugenol alone, can be influenced markedly by the 
addition to this mucigogue-desquamating agent of 
CaClj (0 02, 0 04, and 0 06%) , alone or n ith MgCli 
(0 01 and 0 03%) NaHCOa was added to adjust the 
pH to about 7 Mucus specimens, collected m 4 
half-hour intervals following stimulation, were 
evammed for viscosity, opacity, and the presence 
of cells (nucroscopically) No essential difference 
m these characteristics was observed between these 
evperiments and controls without inorgamc salts 
Further experimentation is required to show 
whether the desquamating effect of eugenol emul- 
sion IS entirely independent of Ca- and Mg-ions, 
even though these maj' be part of the cement sub- 
stance, or whether this effect is so powerful, even 
with 1% concentration, that it completely over- 
comes the influence of those ions under the condi- 
tions of these experiments 
Effect of sympathetic blocking procedures and 
of sympathectomy on peripheral blood flow S W 
Hoobler,J W A'vbba,W J Little, M M Peet 
and R C Bassett (introduced by A H Smith) 
Depts of Medtctne and Surgery, Umv of Mtchtgan 
Hospital, Ann Arbor, Mich Certain sympathetic 
blocking techmques all of which abolished toe-thigh 
temperature gradients were studied by means of 
the venous occlusion plethysmograph Resting 
blood flow in the foot averaged 0 7 cc/100 cc limb 
volume/minute (range 0 5-4 0) Average maximum 
flow after reflex body heating was 4 6 cc (range 
2-7) , after 500 mg tetraethylammomum chloride 
intravenously 7 6 cc (2 S-10 3) , after umlateral 
paravertebral block (L1-L3) 18 cc (11-26) , after 
caudal anesthesia (1 5% metycaine to D3) or 
spinal anesthesia 34 cc (16-60) , mthin 12 hours 
after lumbar sympathectomy in 3 cases 30 1 cc 
(12-36) In the latter instances the early post- 
operative result corresponded well with pre- 
operative paravertebral block of spinal anesthesia 
The disparity beta een increase in digital tempera- 
ture and increase in blood flow as determined in the 
plethj'smograph nas emphasized by' an obserxTition 
under caudal anesthesia utilizing 0 75% mety came 
In this hyqiert-ensive patient skin temperature 
gradient was abolished and anesthesia to pin prick 
as n ell as anhy drosis occurred to a Ie\ el of D2 The 
blood pressure did not fall nor n as there a measur- 
able increase m blood flon in the foot It may be 
concluded that complete block of the appropriate 
sympathetic ganglia or spinal xaisomotor outflow 
can produce xery great increases in foot blood 
flow , but that total block can not be assumed from 


abolition of skin temperature gradient or of sudo- 
motor activity alone 

After 3 out of 4 sympathectomies, plethysmo- 
graphic measurements showed a reduction to pre- 
operative levels in 3 to 7 days This u as maintained 
thereafter for periods up to 16 months despite con- 
tinued elevation of the digital temperature and 
anhy'drosis 

Blood temperature m the heart and blood 
vessels of the dog Steven M Horvath, E L 
Fonrz (by invitation), A Rubin (by invitation) 
and B K Hutt (by invitation) Dept of Physical 
Medicine, Graduate School of Medicine and the 
Dept of Pharmacology, School of Medicine, Umv 
of Pennsylvania, Philadelphia, Penna Tempera- 
tures of the blood, tissues, skm and rectum in 
anesthetized dogs were determined Cournand type 
catheters with thermocouples at the tip were 
placed roentgenoscopicaUy in the coronary sinus 
and the right ventricle or pulmonary artery 
Smaller catheters were similarly inserted into the 
femoral artery and vein The emf developed by the 
thermocouple was measured with a type K-2 Leeds 
and Northrup potentiometer Smee morphine- 
nembutal anesthesia has a tendency to lower body 
temperature, it was possible to study the tem- 
perature gradients at different rectal temperatures 
The table below presents the mean temperatures 
and gradients obtained m 19 exTieriments on 11 
ammals The rectal temperature was used as the 
point of reference in determimng the gradients 


rOCATION OF CATHETTK 

1 

Atx-s) 

Bectum 

Sfl 1 


Bt ventnde 

98 7 

i -0 4t 

Pulmonary arterj' 

1 98 7 

1 -0 40 

Coronary amua 

98 9 

-0 20 

Femoral arter>' 

08 3 

1 -0 84 

Femoral \em 

90 6 

-2 51 

Thigh musclo 

97 6 

-1 47 

Thigh, subcutaneous 

90 5 

j -2 04 

Thigh, skm 

92 1 

[ -7 04 


The work of the heart n as altered variously i\ ith 
intrax'enous injections of epinephrine, nmino- 
phylline and methedrinc and with inhalations of 
amyl nitrite The temperature of the blood m the 
right heart dunng the action of these drugs nas 
determined and the data mil be discussed 
Determination of filtration rate and renal 
plasma flow in dogs without analysis of urine 
C Rilet Houck Dninonof Physiology, Umv of 
Tennessee, Memphis, Tcnn The renal plasma 
clearances of sodium p-aminohippurate (P MI) and 
mannitol n ere defermincd simultaneoush b\ 7) the 
plasma slope method without urine anahsis, and 
5) the conventional urine collection iiKthod, and 
the values compircd \ccording to Ncwniin, 
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Bordley, and Wintermtz (Bull Johns Hopkins 
Hosp 76 253, 1944), the renal clearance (C) of a 
substance is the product of its volume of distribu- 
tion in the body (Vc) and the rate of disappearance 
from plasma (S) Under nembutal anesthesia, 4 
■dogs were injected intravenously with 5 gm of 
manmtol and 760 mg of PAH through a calibrated 
syringe After 40 rmnutes, 6 lO-minute blood 
samples were drawn, during which time urme was 
collected through an indweUing bladder catheter 
In order to test for extra-renal loss of these sub- 
stances, the dogs were subsequently bilaterally 
nephrectomized and 6 more 10-minute blood 
samples drawn The unne clearance/slope clearance 
ratios for the 4 dogs were for mannitol 0 940, 
0 923, 0 956, and 0 781 (av 0 90) , and for PAH, (no 
determination on first dog), 1 052, 0 956, and 0 872 
(av 0 96), respectively In every case, extra-renal 
•disappearance of PAH and manmtol was zero 
Except for one dog, it is apparent that the slope 
clearance of either PAH or manmtol can be substi- 
tuted for the respective unne clearance Conse- 
quently, it may be concluded tentatively that 
glomerular filtration rate and renal plasma flow can 
be determined in dogs by the analysis of plasma 
alone without the collection and analysis of urine 
Disappearance of mannitol and PAH from 
plasma of bilaterally nephrectomized dogs 
C Rilbt Houck Dtvtston of Physiology, XJnw of 
Tennessee, Memphis, Tenn For manmtol and 
sodium p-aminohippurate (PAH), the volume of 
distnbution (Vc), the rate of disappearances from 
plasma (slope or proportion of Vo cleared of each 
substance per minute), and the clearance (extra- 
renal) (C) were determined in 16 bilaterally 
nephrectomized dogs under nembutal anesthesia 
according to the procedure of Newman, Bordley, 
and Wintermtz (Bull Johns Hopkins Hosp 76 
253, 1944) Immediately after nephreotbmy, 65 
mg of PAH (16 dogs) and/or 1700 mg of manmtol 
(8 dogs) were injected rapidly intravenously from 
a calibrated syringe After 40 minutes, from 6 to 8 
venous blood samples were drawn at 10-minute 
intervals and analyzed For mannitol, Vc = 246 
cc/kg, S = 0 0785%/min, C(= VcS) = 0 168 
cc/min/kg For PAH, Vc = 280 cc/kg , S = 

0 289%/min , C = 0 796 cc/min/kg It is apparent 
that the volumes of distribution of PAH and 
mannitol are very similar Furthermore, the extra- 
renal loss of PAH from plasma is greater than the 
loss of manmtol When compared to the total urine 
(renal 4- extra-ienal) clearances in normal dogs 
(Houck, Fedcraiioa Proc 7 339, 1948), the manni- 
tol clearance in these nephrectomized dogs (extra- 
renal clearance) is only 4%, and the PAH extra- 
renal clearance only 6% of the respective total 
urine clearance Consequently, in calculating the 
clearance of PAH and manmtol in mtact normal 


animals, by use of the slope method, the extra-renal 
clearances can be ignored because the extra-renal 
loss IS negligible 

Vascular perfusion of the prostate gland of the 
dog Pehet B Hudson (by invitation), W W S 
Bvtleb III (by invitation), Hehbeht Bhendler 
(by invitation) and W W Scoit James Buchanan 
Brady Urological Inst , Johns Hopkins Hospital, 
Baltimore, Md For the first time a reliable surgical 
technique has been devised which allows perfusion 
of the prostate gland through its normal artenal 
and venous channels This preparation is accom- 
plished by ligation of all branches of the abdominal 
aorta and inferior vena cava except for the artenes 
and veins on each side which constitute the vascu- 
lar supply to the prostate gland The autonomic 
nerve supply may be preserved The urethra is 
preserved permitting cannulation for collection of 
prostatic fluid durmg perfusion of the gland This 
preparation is proving useful in the study of the 
metabohsm of the dog prostate gland, offenng 
certain advantages over purely in vitro techniques 

Active Balt transport and its regulation in the 
isolated frog skin Ernst G Hut (mtroduced by 
Ernst Fischer) Baruch Center of Physical 
Medicine and Dept of Physiology, Medical College 
of Virginia, Richmond, Va Freshly isolated frog 
skin actively transports salt from its natural out- 
side to its natural inside (accumulation effect) 
Experiments have been carried out using ‘inside 
out’ skin bags, formed of the skin of the hind limbs 
The bags were filled with 6 ml of Ringer solution 
and immersed in 2 6 1 of Ringer solution of the 
same concentration, this was vaned m different 
expenments from 4 tunes up to 2 0 times its normal 
concentration After 12 hours, less fluid of a lowered 
salt concentration was left in the bag The weight 
of the filled bag at the end of the experiment was 
always lower than the weight at the beginning, 
indicatmg a transjxirt of fluid through the skin 
An increase in weight of the bag was observed in 
experiments where the Rmger solution was 
poisoned with NaCN ( 001 m) In this case the 
amount and the concentration of the Rmger solu- 
tion placed in the bag was not diimmshed appreci- 
ably at the end of the 12-hour period The accumu- 
lation effect IB greatest when the skin is exposed to 
diluted Ringer solution and decreases with in- 
creasing concentration of the Rmger Bolntion 
Apparently the concentration of the salt solution 
regulates the mechamsm of accumulation of salt 
The endocrme and the nervous system seem to 
have little regulatory influence 

Toxins of Streptococcus pyogenes and cell res- 
piration F R Hunter (introduced by A K 
Parpart) Dept of Zoological Sciences, Univ of 
Oklahoma, Norman, Okla The effect of toxins of 
Streptococcus pyogenes scarlaienae on the rate of 
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Os consumption of several types of cells was 
studied Almost complete inhibition was found 
using chicken erythrocytes, dogfish {MiLstelue 
cants) erythrocytes, Astenas eggs and fertilized 
Arbacia eggs, the rate of respiration in the last 
instance being essentially the same as that of un- 
fertilized eggs Since it has previously been sug- 
gested that unfertilized Arbacta eggs respire 
through a non-ferrous, autoxidizable carrier while 
fertilized eggs have an active cytochrome system, 
the present data would suggest that the scarlatenal 
toxm reacts in some way with the cytochrome sys- 
tem Confirmation of this suggestion was obtained 
from experiments mvolving chicken erythrocytes 
and the respiratory carriers, pyocyamne and 
methylene blue The rate of O 2 consumption of 
control chicken erythrocytes was increased slightly 
by the addition of pyocyamne or methylene blue 
while the rate of respiration of er 3 rthroc 3 dies which 
had been inhibited by the toxin was accelerated to 
the same level as the controls by the addition of 
these camera These experiments demonstrate 
that the toxms of Sir pyogenes inhibit the respira- 
tion of several different types of cells by reacting 
with the cytochrome system 
Electrical and functional activity of spmal motor 
neurons John Httnteb, Richahd Lillie (by invi- 
tation), and Robeet Gesell Dept of Physiology, 
Univ of Michigan, Ann Arbor, Mich The ventral 
root of the phremc nerve of the dog exhibits two 
characteristic types of electrical activity 1) slow 
periodic waves which increase and decrease in nega- 
tivity with inspiration and expiration respectively , 
and 2) quick potential changes superimpKised upon 
the inspiratory fraction of the slow waves The slow 
potentials dimimsh in magnitude with distance 
from the cord and are thus concluded to spread from 
the cord by electrotonus The quick potentials 
suffer no decrement and are concluded to represent 
the inspiratory action potentials Continuing un- 
broken electrotomc activity in the phremc root 
indicates that the dendrites and cell body are 
alwaj s negative with respect to the neuraxon and 
that neurocellar currents consequentlj circulate 
between dendrites and neuraxon via internal and 
external circuits Waxing and waning of this con- 
tinuing current produces periodic changes of in- 
tensity of the slow electrotomc compionent in the 
phrenic root Rise of negativity of the slow com- 
ponent is attended bj increasing numbers of action 
potentials Sporadicallj and artificial!} increased 
depth of inspiration are attended bj increased 
magnitude of the electrotomc component and by 
corresponding!} increased numbers of action po- 
tentials It is postulated that the current circu- 
lating between the dendrites and neuraxon gener- 
ates nerve impulses at or in the proxinut} of the 
axon hillock The current is therefore designated 


‘generating current’ It is suggested that our con- 
cept of specialization of function of the neuron 
questions the need of retaining the theory of 
synaptic transmission of nerve impulses and subse- 
quent conduction along dendrites and cell body 
Proprioception and convulsions J Hyde, J 
Gat and E Gellhorn Laby of Neurophysiology, 
Dept of Physiology, Univ of Minnesota, Minne- 
apolis, Minn The influence of proprioceptive im- 
pulses on cortically induced afterdischarge and on 
chemically induced convulsions has been studied 
on cats and monkeys (Macacus Rhesus) in dial 
anesthesia Fixation of a joint so as to prevent 
shortemng of a muscle during contraction leads to 
an mcreased afterdischarge as well as increased 
amphtude of EMG in response to a standard corti- 
cal stimulus In contrast to this propnoceptive 
facihtation of afterdischarge, removal of proprio- 
ception by appropriate posterior root section 
decreases afterdischarge and in some cases qualita- 
tively changes it from a tome to a dome form 
Afferent proprioceptive impulses mduced by 
stimulation of the penpheral end of the motor root 
Si liave been seen to alter convulsive spikes induced 
by topical apphcation of strychnine on the cortex 
The effect is largely confined to the contralateral 
senson-motor cortex and is greater in the hindleg 
than in the foreleg and face area It consists in 
either increase or decrease in frequency of the 
strychmne potentials Finally, convulsive move- 
ments mduced by applying str}clmine to the 
exposed dorsal columns of the cord are reduced or 
eliminated by deafferentation although not sig- 
mficantly altered by removal of cutaneous im- 
pulses The experiments furmsh evidence for the 
fact that convulsive potentials and movements are 
greatly influenced by proprioceptive impulses 
Determination of cardiac output by an improved 
electrical conductivity method Ratmond C 
Inghahau Dept of Physiology, Unw of Illinois, 
College of Medicine, Chicago, III Basicall} the 
present method follows H L White’s recent 
modification rather close!} A small quantity of 
hx-pertomc salt solution is injected as rapidly as 
jxissible into the right atrium Conductnitv 
changes are recorded in blood flowing through a 
speciall} designed conductivit} cannula tied in a 
penpheral artery The output of the bridge, of 
which the conductivitx cannula constitutes one 
arm, is amplified, rectified and then recorded by 
the deflection of a suitable sensitiie reflecting 
gah’anometer The degree of bridge imlialancc is 
optically recorded and later translated to concen- 
tration changes of sodium chloride l)\ the construc- 
tion of a calibration curie The iniproi ements in 
the present method are cssentialh in the design of 
all constituent parts so that it accomplishes the 
desired purpose to a degree consistent w ith mo lorn 
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electronic methods Comparison of cardiac output 
as determined by this method in the intact ammal 
with the direct Fick and d 3 c injection method has 
juelded results that compaie verj favoiably 
Determinations ere made simultaneously It was 
found that the improved design required the use of 
a smaller amount of a more dilute solution of sodium 
chloride than previous applications of this method 
have required This minimizes the error duo to salt 
loss in passage through the lungs Recireulation 
can be recognized, if it occurs, and corrections 
made This method thus allows for continuous re- 
cordmg of cardiac output data and also simul- 
taneous optical recordings of pressure variations in 
any accessible portion of the cardio-vascular 
sj^tem 

Dynamics of evaporative heat loss for a rapidly 
cooling human body Tohrtt Inoute (by invita- 
tion), Nathakiel Glickiian, and Robert W 
KAbton Dept of Medicine, Untv of Illinois, 
Chicago, III The dynamics of evaporative heat loss 
for a rapidly cooling human body in a ‘comfortable’ 
environment after having been evpiosed to a hot 
environment was studied on 6 healthy young men 
The subjects were clothed in 90% cotton union suits 
contaimng variable amounts of moisture accumu- 
lated as a result of 1 or 2-hour exposures to a hot 
environment The hot room uas maintained at 
37°C with a water vapor pressure of 41 1 X W 
dynes/cm * and the ‘comfortable’ room at 24 4°C 
vnth uater vapor pressures of 9 1 X 10’, 18 2 X 10*, 
and 24 3 X 10’ dynes/cm ’ with air velocity mini- 
mal and constant Observations included weight 
loss and skm temperatures obtained at short in- 
tervals for 1 hour The equation govermng evapio- 
rative heat loss was theoretically derived for the 
dvnamic state Hitherto, this was applied only on 
subjects in approximate equilibrium with the 
environment with the introduction of wettedness 
as a calculated factor to account for an indetermi- 
nate variable Under dynamic conditions, available 
moisture in the union suit and on the skin was 
found to adequately express w ettedness The in- 
clusion in the equation of the amount of available 
moisture yielded a linear correlation for each of the 
36 tests with an average correlation coefficient of 
0 992 Thus, for subjects under rapidly changing 
phj siological conditions, the amount of evapora- 
tive heat loss was proportional to the gradient of 
water vapor pressure between the skin and the 
ambient environment, amount of available moisture 
on the skm and in the union suit, surface area and 
time 

Developmental relationships between electrical 
activity and histogenesis of the cerebellum 
John Jacobs and Rat S Sniber (introduced by 
H W Magoun) Depts of Pathology and Anatomy, 
Northwestern Univ Medical School, Chicago, III 


Correlation studies have been made between the 
first appearance of the fast intrinsic spontaneous 
electrical activity in the cerebellum of the newborn 
and the histogenesis of the cerebellar cortex 
Anesthetized or acutely decerebrated newborn 
guinea pigs and rats betw een 1 and 28 days, as well 
as rat fetuses, were used A complete comparative 
neuro-electrogenetic study on reptiles, avians and 
mammals, including primates, is in progress Elec- 
trical activity Was visualized and photographed 
from a cathode ray tube after amplification through 
a Grass Model III amphfier Both bipolar and 
monopolar silver wore and cotton wick electrodes 
were used For histogenetic studies silver, Nissl, 
Golgi and Feulgen (for thynionucleic acid) stains 
were used on Purkinje, granule and basket cells 
Typical cerebellar electrical activity of 10-60 
microvolts wuth a frequency^ of 150-250/sec first 
appears about the 12th day postpartum in the rat 
and IS present in the newborn guinea pig Several 
histogenetic changes take place in the cerebellum of 
the rat about the 12th day 1) connections of the 
granule cell glomerulus are established, 2) nuclear 
chromatin of the Purkinje cell first appears Feulgen 
positive , 3) Purkinje cell nucleolus shows a trace of 
thymonucleic acid, 4) cytoplasm of the Purkinje 
cell IS Feulgen negative but gives a positive Nissl 
reaction as early' as 10 days Granule cells are 
Feulgen positive as early as 9 days Data are not 
complete on basket cells 
Antihemolytic action of a hemolytic agent 
M H Jacobs, jMarian Willis LeFevre (by invi- 
tation) and Carolyn Srotrr (by invitation) Dept 
of Physiology, Univ of Pennsylvania, Philadel- 
phia, Penna Sodium oleate shows a notoriously 
complex 1 elation betw een concentration and hemo- 
lydic activity and according to circumstances in- 
creasing its concentration may either increase or 
decrease the rate of hemolysis This and other 
complications are due, at least in part, to the co- 
existence of a hemolydic and an antihemolydic 
effect of the oleate The hemoly tic effect has the 
general characteristics of an induced cation per- 
meabilitv, as shown by shrinkage of the cells in 
isosmotic sucrose, protection by' low concentrations 
of sucrose, rapid return of volume after shrinkage 
by concentrated NaCl and swelling in alkaline 
solutions This effect, which increases wath con- 
centration, IS more or less disguised by the anti- 
hemolytic effect, which also increases with con- 
centration and seems to be due to the prevention by 
oleate at the cell surface either of sw elling of the 
cells or escape of hemoglobin, or both The anti- 
hemoly tic effect is w ell showai in photographically 
recorded hemolysis curves If during hemolysis by 
weak oleate, more oleate is suddenly' added the 
process may instantly , though temporarily , be 
stopped Osmotic hemoly-sis may similarlv bo 
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checked Conversely, removal of protective oleate 
by appropriate dilution with isotomc NaCl causes 
immediate hemolysis, provided that the imtial ex- 
posure has been sufficient to render the cells cation 
permeable A more striking waj of showing the 
same thing is by the addition of n ashed normal 
erythrocjdes to a suspension of other erythrocji;es 
that have been altered but simultaneously pro- 
tected by oleate , under properly chosen conditions 
hemol3'8is of the treated cells then immediately 
occurs 

Influence of niacin on the excretion of ketone 
bodies in normal fasted rats R G Janes and 
J BRAnT (by invitation) Dept of Anatomy, State 
Umv of Iowa, Iowa City, la In previous experi- 
ments we have shown that relativelj large amounts 
of niacin wdl produce a ketonuria in severely 
diabetic male rats In the present studj^ it has been 
found that the dady adnunistration of 35 mg of 
macin to normal female rats was ineffective in 
altering acetone body excretion However, if female 
rats were given daily intraperitoneal injections of 
macin dunng a 6-day fasting period, a marked 
ketonuna occurred Control fasted rats receiving 
injections of physiological sahne failed to show a 
pathological level of ketone bodj excretion Niacin 
has been given to rats at levels of 5, 20, 35 or 50 mg 
per daj All of these animals shoiis ed greater acetone 
bodj excretion levels than control rats but the 
35- and 50-mg dosages appeared to produce a more 
marked ketogenic response although some variation 
was seen in each group 

Regulation of food intake in normal and 
esophagostomized dogs Henry D Janowitz (by 
inmtation) and M I Grossman Dept of Cltntcal 
Science, Untv of Illinois College of Medicine, 
Chicago, III Factors concerned in regulating intake 
of food were investigated in dogs by noting I) 
effects of intragastric feeding on normal feeding in 
dogs with gastric fistulas, 2) effects of real and sham 
feeding on eating time in dogs with esopha- 
gostomies and 3) effects of oral supplemental^ 
prefeeding on food intake in intact animals 

Under standardized conditions, intragastnc 
feeding of 50% or more of the average dailj^ meal 
had an immediate sigmficant but not equimlent de- 
pressing effect on oral food intake If time was 
alloR ed for gastric evacuation (4 hours) the feeding 
had no such inhibitorj effect Divusion of the ex- 
teriorized esophagus in otherwise normal dogs led 
to immediate sigmficant prolongation of eatmg 
time Satietv conferred bj sham feeding was of 
short duration, usually less than two hours Bej ond 
this pioint, increasing food dcpnv ation or lengthen- 
ing intervals between sham feeding did not increase 
the duration of sham feeding Intragastric feeding 
and absorption of such feeding (up to 4 hours) had 
no inhibitorj effect on sham feeding time Sham 


feeding time was shortened but not reduced to 
normal by simultaneous sham and intragastric 
feeding Gastnc distention by ballon reduced sham 
feeding time onl3'' when obvious nausea was in- 
duced The oral prefeeding of a fraction of the 
daily meal reduced food intake b3 a corresponding 
amount in mtact ammals 

These studies disclose two sets of factors which 
under these standardized conditons influence regu- 
lation of intake of food 1) oral factors (‘gustatory 
satiety’) and S) gastnc distention factors, which 
to be effective must act simultaneously with the 
oral factors 

Action of Phenylindanedione on prothrombm 
tune L B Jaqttes, E Taylor (by invitation) 
and E Lepp (by invitation) Dept of Physiology, 
Untv of Saskatchewan, Saskatoon, Sask , Canada 
Meumer, Mentzer and Molho {Compt rend Acad 
d sc 224 1666, 1947) have reported that 2-phenyl 
indane dione-1,3 (PH)) is a more rapidly acting 
prothrombopemc agent than dicumarol The effect 
of PH) on prothrombm time was tested in dogs and 
rabbits Single doses showed a rapid but shght 
effect on prothrombm time Repeated administra- 
tion of the drug at frequent intervals caused a 
marked effect on the prothrombm time S 3 mg/kg 
every 8 hours gav e a prothrombm time of infimty, 
1 mg/kg/8 hours doubled the prothrombm time 
Withdrawal of PH) caused the prothrombm time 
to return to normal within 36 hours Vitamin K 
had no effect on the action of PIT) 

The prolonged prothrombm time following ad- 
ministration of PH) was accompanied by a normal 
concentration of prothrombm in the blood but 
there occurred a very marked diminution in Factor 
V activit3^ (Owren) The concentration of Factor V 
itself was not reduced, suggesting the presence of 
an inhibitor of Factor V PID itself had little effect 
on the components of the clotting S3 stem Large 
doses of the drug over a long period of time plus 
other faetors produced a hemorrhagic condition 
similar to that of dicumarol ov'erdosage With- 
drawal of the drugrapidh reversed this condition 
No toxac effects w ere obsorv ed vvath 8 3 mg/kg 
given ever3 8 hours for 48 davs to dogs The PID 
was excreted bv the kidncvs 

Studies on ‘dumping syndrome’ in the dog fol- 
lowing anastomotic operations and vagotomy 
N C Jefferson (b3 invitation), C W Pun lips 
(by invitation), R Lbvtne and H Nechlles 
Dept of Gastrointestinal Research, Medical Re- 
search Inst , Michael Reese Hospital, Chiago, III 
Followang a studv on patients suffering from the so- 
called dumping svndromc after subtotal gastrecto- 
my {Gastroenterol Feb 1949), the present studv on 
dogs was done in order to obtain more controlled 
conditions Intravenous and oral glucose anfl 
fructose tolerance tc^ts were performed before and 
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after operation, and in Bome tests emptying time 
was detenmned with the banum meal The follow- 
ing anastomotic operations were done Polya, 
Hofmeister, gastro-enterostomy, pyloro-plasty, 
entero-enterostomy and additional vagotomies 
The following results were obtamed in no normal 
control dog did hypoglycemia develop with any of 
the tolerance tests In none of the operated animals 
did the tolerance test evoke hypoglycemia Subse- 
quent to anastomotic operations the oral glucose 
tolerance curve showed a persistent increase in 
height and duration In most animals in which bi- 
lateral transthoracic vagotomy was performed with 
or subsequent to anastomotic operations, the oral 
glucose tolerance curve showed an additional in- 
crease in blood sugar levels Oral glucose tolerance 
tests on 2 dogs with subtotal gastrectomy held in 
the upright position during the test revealed in- 
creased height of the glucose tolerance curve In 2 
ammals with anastomotic operations in whom fol- 
lowmg vagotomy an increased glucose tolerance 
curve occurred, atrophy of the pancreas was found 
at autopsy 

Further studies on electrical analogs of the 
circulatory system Kenneth E Jochim Dept of 
Physiology, Untv of Kansas, Lawrence, Kansas 
In a previous report simplified electncal analogs of 
the circulatory system were described, and results 
of an analytical and experimental study of their 
behavior were presented These circuits consisted 
of single or multiple mesh networks which were 
energized with half sine wave current pulses, and in 
which the distensibility of the arterial system was 
represented by one or more parallel condensers 

This study was extended by introduomg two addi- 
tional comphcations which simulated more closely 
the conditions in the circulatory sy'stem 1) the 
networks were energized with current pulses of 
various wave-forms, and for each one it was shown, 
experimentally and analytically, that the ratio of 
pulse volume, or maximum arterial uptake, to 
stroke volume (using hemodynamic terminology) 
fell between 0 60 and 0 66 over a wide range of 
values of the circuit parameters A graphical 
method vas evolved for computing this ratio for 
any input nave-form, whether its equation is 
known or not 8) It has been shown by Hamilton 
and by the author that the distensibility curves of 
rubber tubes and arterial segments depend on the 
rate of change and direction of change of applied 
tension This type of distensibility variation was 
simulated electrically and its effect on the pulse 
volume/stroke volume ratio was shown, analyti- 
cally^ and experimentally, to be insignificant within 
certain linuts 

Cause of injury in rapid deceleration Milton 
JoFFE (by invitation) and Fred A Hitchcock 
Dept of Physiology, Ohio State Umv , Columbus, 


Ohio Experiments have been earned out on ca- 
davers and anesthetized dogs to determine the 
effects of rapid deceleration Acceleration was 
accomplished by falhng weights attached by a 
steel cable to the lower extremity of the test body 
Rapid deceleration was produced by a safety 
harness attached around the waist and connected 
by means of a tail hne to the cross member of a 
T-shaped channel iron frame The G forces pro- 
duced were recorded photographically from vacuum 
tube type accelerometers The decelerative forces 
were less than those expected from calculation, 
which was probably due to the lack of rigidity in 
the tube attachments It was observed that there 
was no damping effect of tissues on the transnus- 
Bion of forces from the belt to the heart 

Seven dogs were subjected to multiple decelera- 
tions Senal electrocardiograms were made on all 
dogs over a penod ranging up to 9 days or until 
death Autopsies were performed at death Results 
of serial electrocardiograms on dogs showed in- 
versions or other abnormahties of the T-wave m 
one or more of the 3 standard leads X-ray heart 
shadow in one case, autopsy in all 7 cases, showed a 
dilatation of the heart with thinmng of right ven- 
tricular wall Four of 7 dogs also showed pulmonary, 
hepatic or renal vascular engorgement The findings 
pomted to a condition of right heart failure — the 
traumatic heart injury symdrome 

Influence of hydrostatic pressure and of urethan 
on the thermal inactivation rate of bacteriophage 
Frank H Johnson and Ruth A C Foster (by 
invitation) Biological Laby , Princeton Univ , 
Princeton, N J The activity of Escherichia colt 
bacteriophages T-1, T-2, T-5 and T-7 is destroyed 
at 60 to BS^C in nutrient broth, pH 6 6, at rates 
which change with time during the exposure to 
heat Addition of 0 006 m MgClj retards the rate of 
destruction of infective centers of T-1, T-2, T-6, 
but not of T-7, and results in a first order rate of 
destruction of T-5 Urethan m concentrations of 
0 06 to 0 6 M accelerates the rate of thermal de- 
struction of all 4 of these bacteriophages Increased 
hydrostatic pressure, up to 10,000 lb p s i , retards 
the rate of thermal inactivation of T-1, T-2, and 
T-6, but slightly accelerates that of T-7 In pres- 
ence of urethan, pressure opposes the rate of 
destruction of T-5 but has little effect on that of 
T-7 

An intact mammalian muscle preparation for use 
in studies on respiratory metaboiism Shirley A 
Johnson (by invitation) and Kenneth C Fisher, 
Untv of Toronto, Toronto, Canada An examination 
of the properties of the isolated rat diaphragm lead 
to the conclusion that this preparation is far from 
representing normal resting muscle We have there- 
fore given consideration to other, possibly more 
normal, preparations It has been found that the 
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e^tenBor digitorum longus from the lower leg of 
50 to 70-gm rats is a verj' satisfactory preparation 
At 30°C it always remains excitable for at least 
6-S hours, and in pure oxygen the rate of diffusion 
of oxygen into the preparation is sufficient to main- 
tain the normal rates of consumption Though this 
muscle appears to be more satisfactory for use than 
18 the diaphragm, even it is probably not stnctly 
resting tissue 

Suppression of urinary chonomc gonadotrophin, 
symptoms and pulmonary metastases m chonon- 
epithelioma by diethylstilbestrol Edwin C 
JuNGCK (by invitation) , William 0 Haddock (by 
invitation), Clifford L Fearl (by invitation), 
and Carl G Heller Hepts o/ Physiology, Gyne- 
cology and Medicine, Univ of Oregon Med School, 
Portland, Oregon Large doses of stilbestrol are 
effective in suppressing anterior pituitary gonado- 
trophin secretion m post-menopausal and castrated 
women Therefore, stilbestrol was administered to 
a 28-year -old woman with pulmonary metastases 
from a uterme chorionepithehoma, in hope of 
similarly depressing the gonadotrophins of 
chonomc ongin, and with the vague hope that 
suppression of function might be accompamed by 
morphological regression of the malignant cells 
At the time the primary tumor was removed (total 
utero-salpingo-oophorectomy), no pulmonary 
metastases were visualized Four months later, 
multiple pulmonary lesions characteristic of 
metastatic chononepithelioma were noted along 
with weight loss, asthenia and hemoptysis Six 
months after operation, urinary excretion of 
chonomc gonadotrophin was 3200 i tr /24 hours 
After 4 weeks of daily intramuscular mjections of 
10 mg of stilbestrol m oil, chonomc gonadotrophin 
excretion dropped to 640 i u , symptoms disap- 
peared and pulmonary metastases were regressing 
In 9 weeks, hormone titers were 6-16 1 u /24 hours 
and remained at that level as long as daily inj ections 
were continued , radiological evidence of pulmonary 
metastases was no longer present Stilbestrol, 10 
mg m water suspension, was as effective as the oil 
preparation when given intramuscularly After 6i 
months, 25 mg stilbestrol daily by mouth was 
substituted for the injections A slight rise in titer 
was observed, which disappeared when the dose 
was increased to 50 mg daily by mouth 
The above findings could be due to coincidence , 
however, they suggest that 1) stilbestrol may in- 
hibit chonomc as well as pituitary gonadotrophins 
and 2) morphological and functional regression 
may accompany each other when stilbestrol is 
administered in chononepithelioma 

Site of achon of myanesin (tolserol) in the 
central nervous system B R Kaada (intro- 
duced by John F Fultox) Loby of Physiology, 
Yale Untv School of Medicine, New Haven, Conn 


Following the announcement of the muscular 
relaxation effect of Myanesin (3-ortho-tolosy-l,2- 
Propanediol) by Berger and Bradley in 1946 there 
has been marked interest in the potential value of 
this drug as an adjuvant to anesthesia and in the 
treatment of neuro-muscular disorders such as 
rigidity, spasticity, muscle spasm and involuntary 
movements The site of action of this drug, partic- 
ularly in climcal doses (20-30 mg/kg ), is as yet 
unknown With such doses of Myanesin it bna been 
confirmed that hypenmtable spinal reflexes (in 
our study experimentally produced in cats and 
monkeys under light chloralose anesthesia, by 
injection of prostigmine and strychnine) can be 
reduced, but are without any effect on normal 
reflexes In the present study it has been shown 
that at higher nlosage (40-50 mg/kg , i v ) the 
multi -neuron reflex discharges are depressed before 
the two-neuron ones, and correspondingly flexion 
and crossed extension reflexes are depressed earher 
than the knee jerk In spinal animals strychnine 
increases predominantly the multmeuron reflex 
discharge, which can be reduced to nor mal 
promptly with Myanesin Complete inhibition of 
strychmne convulsions has also been obtained from 
electrical stimulation of the bulbo-reticular sup- 
pressor region and facibtation of subconvulsive 
doses from the facihtatory region The multi- 
neuron discharges can be inhibited or facihtated 
at lower stimulus intensities than the two-neuron 
reflex discharge from these regions The threshold 
for obtaimng suppression or facilitation of spinal 
reflexes from stimulation of the bulbar suppressor 
and facihtatory centers was measured before and 
after the administration of climcal doses of Myane- 
sm The threshold was found decreased for the 
suppressor and increased for the facihtatory 
stimuh, indicating that Myanesin in some way 
affects the balance between inhibitory and facih- 
tatory impulses playing upon the spinal neurons in 
favor of the former The possibihtj that Myanesin 
at least partly may act via or on the same structures 
as the suppressor or facilitatorj' systems is sug- 
gested 

Bespiratorji’ and vascular responses in monkejs 
from temporal pole, insula, orbital surface and 
cingulate B R Kaada, K H PniBHA^t and J 
A Epstein (introduced bj John F Fulton) 
Laby of Physiology, Yale hniv School of Medicine, 
New Haicn, Conn The results of electrical stim- 
ulation of the cortex of the temporal and frontal 
lobes and the insula of monkej, wath recording of 
vascular and respiratori rcsjKinscs arc reported 
Square waie pulses of low intensitj (3-S \olts) 
and of \ar\ing frequency and pulse duration were 
used From the temporal pole blood pressure altera- 
tions and respirator! inhibition were obtained 
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The optimal parameteis of stimulation were found 
to be a frequency of about 40/sec and long pulse 
durations (10 msec ) With these optimal param- 
eters similar vascular and respiratory responses 
were obtained from a continuous cortical region 
extending through the anterior insula, the jxisterior 
orbital surface of the frontal lobe, the subcallosal 
region to the rostral limbic gyrus and also including 
basal olfactory structures (uncus, limen insulae, 
anterior perforated space) The lateral surface of 
the frontal lobe mcluding the depths of the arcuate 
and pnncipal sulci were explored, but only incon- 
stant respiratory changes were obtained from the 
cortex dorsal to the superior limb of the arcuate 
sulcus and ventral to its inferior limb The con- 
tinuous resjxmsive region is covered either by 
allocortex or by agranular or sparsely granular iso- 
cortex showing some charactenstics of the nearness 
of allocortex The relevant connections of these 
areas are discussed 

Radioactive diiodofyrosine in studies of thy- 
roidal and tissue organic iodine Gopal Karan- 
DiKAR (introduced by William T Salter) Dept of 
Pharmacology, Yale Univ School of Medicine, 
New Haven, Conn All mammalian tissues contain 
orgamc iodine (so-called ‘thyrenzyme’)) except 
when hypothyroidism follows thyroidectomy or 
prolonged treatment with a goitrogen When radio- 
active iodide IS administered, the thyroid gland 
forms radioactive diiodotyrosine , later the organic 
iodine in peripheral tissues increases while the 
radioactive iodide declines After the administra- 
tion of radioactive diiodotyrosine intraperitoneally 
to rats (both normal and goitrous), part of the 
ensumg changes m iodine metabolism is due to 
iodide originating from decomposed diiodotyrosine 
This feature is dependent quantitatively upon the 
dosage employed, because in larger dosage rela- 
tively less diiodotyrosine is de-iodinated Both 
thyroid gland and peripheral tissue share in the 
newly acquired iodine In less than an hour after 
duodotyrosme is injected the total iodine in pe- 
ripheral tissues increases Besides iodide, duodo- 
tyrosme contributes to the mcrease, but in the 
early stages its association with protein fractions is 
largely by adsorption Eventually some of the 
newly acquired iodine is incorporated in the tissue 
protein (e g , muscle, liver), although the distribu- 
tion IB not uniform throughout the several muscle 
protem fractions In the building up of the genuine 
(‘thyrenzyme’) peripheral protein-bound iodine 
the thyroid gland plays an impiortant role, m Inch is 
influenced by goitrogenic substances 
Bile action on the volume and content of gastric 
juice in triple histamine experiments Jerzt 
Katjlbeesz and Rtszabd Bilski Dept of Phys- 
iology, Jagellontan University, Cracow, Poland 
This study is a continuation of previous v ork done 


at Wayne Umv College of Medicme by one of us 
(J K ), which revealed in single histamine experi- 
ments {Federation Proc 1 45, 1942) that bile 
increases the secretion from the Pavlov pouches 
and gastric fistulas, while it seemed to have httle 
if any effect on the secretion from the Heidenham 
pouches Beamer, Fnedman, Thomas and Rehfuss 
{Federation Proc 3 3, 1944) noted that bile intro- 
duced into the stomachs of dogs with fistula results 
in a secretion of gastric juice, and instiUed directly 
into the intestine it increases the gastric secretory 
response to proteoses 

In the present investigation a triple histamine 
method on dogs with Heidenham pouches was 
employed, mth one bile plus histamine and two 
histamine control tests on each day of the experi- 
ment The total output of HCl and peptic power 
was determined When histamine alone uas ad- 
nunistered 3 times a day m 24 experiments the 
average mEq of the first and third penods were 
identical, those of the second period 6% lower 
Bile solution (6-10% ox bde) was introduced 
through agastric tube in 54 tnple histamine experi- 
ments, 18 times in each period It evoked an in- 
crease of the volume of secretion from the Heiden- 
hain pouches, affecting only slightly the acidity 
and the peptic power The average mEq were 
16-27% higher than those of the controls Bile also 
exerts in dogs with Heidenham pouches a slight 
stimulatory effect on the gastric secretion after 
histamine, which maj not be easy to detect in 
single histamine experiments because of the daily 
variations in the HCl output In cases of hjqier- 
secretion, the regurgitation of bile mto the stom- 
ach may present a source of continuous stimula- 
tion 

Functional disturbances and their compensation 
following circumscribed lesions of the vestibular 
nuclei S R Eemberling (by invitation) and E 
A Spiegel Depts of Expil Neurology and of 
Pediatrics, Temple Univ School of Medicine and 
Hospital, Philadelphia, Penna Circumscribed 
lesions of the left vestibular nuclei (V N ) were 
produced m 46 cats , m 29 the symptomatology was 
studied up to 5 months Defimte vestibular symp- 
toms developed in 5 cats wnthout abnormal head 
posture In 4 others torticollis remained the only 
sjrmptom except for slight homolateral hjqxitonia 
demonstrable by measurements only The localiz- 
ing value of this dissociation remains to be analj''zed 
histologically Postrotatory nystagmus tested in 12 
cats showed no disturbance in one, reduction to 
left in 5, transitory loss to left and replacement by 
a few jerks to light in 2 (appearance of latent 
spontaneous nystagmus to right?) Definite com- 
pensatory phenomena as observed following laby- 
rinthectomy (Ruttin) were absent In 4 cases 
induced nystagmus to left was increased (effect of 
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ktent tcndcnci toward spontaneous nystagmus to 
left?) Residual slight i eduction of e\tensor tone 
could be demonstrated only by measurements m 3 
cats Despite incomplete i-ecoveiy of tone, de- 
cerebration could produce definite e\tenBor rigidity 
of the forelirabs Following decdrebiation theie 
was in 3 cats no or onl}' minimal difference of 
posture of the forelegs with, slightly diminished 
extensor tone demonstrable by measurements only 
In one cat measurements failed to leveal diffei- 
encca of left and rightsided extensor tone In one 
instance maximum extensor tone (elbow) was 
higher on the operated side and tw ice extension w as 
more pronounced in the left than the right hindleg 
(apparently overcompensation) The experiments 
point to the importance of the reticulate substance 
besides the V N for maintenance of tonus (Spiegel 
and Berms, Arfeetien iVewrof Inst Vienna, 1925) 
Effect of oxygen administration on the sur- 
vival of dogs explosively decompressed to 30 
mm Hg John P Kemph (by mvitation) and 
F A Hitchcock Dept of Phyatolagv, Ohio State 
Untveratty, Columbiis, Ohio It has previously been 
reported from this laboratory that dogs survive 
exposure to a barometric pressure of 30 mm Hg for 
not more than 2 minutes A senes of experiments 
has been earned out in which ox-ygen was ad- 
mimstered by insufflation to dogs explosively de- 
compressed to this pressure These dogs usually 
Burxuved exposures of 3 minutes to this pressure 
Insufflation was begun immediately after explosive 
decompression and continued until after the 
animal was returned to atmospheric pressure Im- 
mediately upon recompresBion there xvas a brady- 
cardia The heart rate then gradually increased to 
a tachycardia, followed by a gradual decrease to a 
normal rate Spontaneous respiration began about 
60 seconds after insufflation was stopped Oc- 
casionally animals survived 2 such explosions In 
the animals which did not survive 3-mmute ex- 
posures, several spasmodic ventricular beats were 
noted and autopsy occasionally showed the auncles 
to be contracting rhjiihmicaUy It is believed that 
this procedure is beneficial in two ways 1) the 
pOs of alveolar air is increased and S') the intra- 
pulmonary pressure is maintained at a level suffi- 
cient to prevent the rapid evaporation of body 
fluids and to delay the formation of intravascular 
bubbles 

Influence of hesperidm methyl chalcone on the 
action of cardiac, striated and< smooth muscles 
W JoHx Kenjteld and Dxvid F Bohr (intro- 
duced by Robert Geseil) Dcpl of Physiology, 
Univ of Michigan, Ann Arbor, Mich Observations 
hax o been made to determine the effects of hespen- 
dm methxl chalconc (HMC) on the action of 
xanous isolated muscle tissues One of the pnmary 
goals of this stud} luis been to determine if tiic drug 


has any actmty as a general piotoplasmic toxin 
The influence of HMC on the isolated sartorius 
muscle of the frog was studied by comparing the 
shape of its fatigue curves obtained m the presence 
of HMC with the shape of contiol fatigue curves 
The presence of 0 2 mg HMC per cc m the Rm- 
gei ’s bath did not change the shape of the fatigue 
curves A study was made of the amplitude of 
contraction of the turtle’s ventricle perfused with 
Ringer’s solution contaimng various concentrations 
of EDMC No decrease in amplitude of contraction 
was observed wnth concentrations varying from 
0 02 mg pel cc to 0 2 mg per cc The influence of 
HMC on the activity of smooth muscle was studied 
by observing its effects on isolated longitudinal 
muscle of the rabbit duodenum In concentrations 
varynng from 0 01 to 2 0 mg/cc of Tyrode’s solu- 
tion, HMC caused a decrease m both muscle tone 
and amplitude of intrinsic rhythmie contractions 
These changes were completely reversible Al- 
though defimte changes in the physiological activ- 
ity of smooth muscle were observed, no evidence 
was obtained to indicate that HMC has a toxic 
effect on isolated tissues 

Factors influencing the demonstration of renal 
tubular potassium secretion in the normal dog 
Thomas J Kenned t, Jr , James G Hilton, and 
Robert W Bekunbr (introduced by James A 
Shannon) Research Service, First (Columbia 
Umv ) Divmon, Goldwater Memorial Hospital, 
and the Dept of Medicine, College of Physicians 
and Surgeons, Columbia University, New York 
City Evidence of renal tubular secretion of potas- 
sium has been previously presented (Berliner and 
Kennedy, Proc Soc Exptl Biol & Med 67 542, 
1948, Mudge, Foulhs and Gilman, Ibid, p 545) 
Experiments involving infusion of K salts have 
been done on 10 normal dogs Excreted potassium 
was compared with filtered potassium, estimated 
as the product of plasma K and glomerular filtra- 
tion rate The latter was measured as the clearance 
of creatimne, inulin, or thiosulfate which, meas- 
ured simultaneously, give identical results under 
the circumstances of these studies Direct cxi- 
dence of secretion, manifested b> an excess of 
excreted over filtered K, has been obtained in all 10 
dogs la only one of 8 dogs could this be demon- 
strated without previous oral administration of K 
salts Exon in K-tolerant dogs there are consider- 
able individual differences m the magnitude of the 
excess of excreted over filtered The ratio of ex- 
creted to filtered is a function of the anion with 
which IC IS infused — non-rcabsorbib!c anions sucb 
as thiosulfate or fcrToc}anidc gixc considcrabh 
higher ratios than chloride Within the range of 
plasma K safclj attainable, there is no c\ idence of 
depression of the ratioof excreted to filtered as tin. 
rate of infusion of K is increased 
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'Sub-estrons response to dietary restriction and 
ireversal in castrate C3H mice Joseph T King, 
‘Cabmen B Casas (by invitation) and M B 
WiBSCHEB Dept of Physiology, Untv of Minne- 
sota, Minneapolis, Minn The sub-estrous response 
seen in certain strains of ovanectomized mice when 
fed ad libitum can be inhibited by restncting the 
caloric intake to about 66% of normal (Casas, King 
and Visscher, Federation Proc , 6 87, 1947) 

Groups of 10 or more C3H mice, ovanectomized at 
19-21 days of age, have been studied to determine 
the estrous response to full feeding after penods of 
restriction from 1 to 6 months, other groups were 
reversed from full feeding to restriction at penods 
up to 4 months Control groups always full fed or 
always restncted were also studied Restnction 
was to about 66% of the calories eaten by controls 
fed ad libitum, the absolute amounts of protein, 
salts and vitamins were essentially the same os 
taken by the control group Smears were taken by 
the lavage method In general restncted nuce de- 
veloped dense, im\ed smears in 4-12 weeks after 
reversal to ad libitum feeding , there is considerable 
individual variation in the time required to de- 
velop a positive smear Mice placed on restnction 
after fuU feeding show a positive smear for 2-5 
months If the period of full feeding is not longer 
than 1 month the mice usually remain in oneatrous 
Related weight changes are discussed 

Mixing rate within the mobile phosphate pool of 
cows Max Kleiber, A H Smith (by invitation), 
N P Ralston (by invitation) and D E Jasper 
{by invitation) College of Agriculture, Untv of 
California, Davis, Calif Intravenous injection of 
P’* into cows allowed the measurement of turnover 
rates for various processes of phosphate transfer 
These rates characterize the mobility of the phos- 
phate pool The turnover time for nuMiig the 
mobile phosphate in blood with that of the extra 
cellular tissue fluid of the cow is of the order of 10 
minutes 

Procedure for the in vitro study of hormonal 
influences in nitrogen metabolism Daniel L 
Kune (introduced by Jane A Russell) Dept of 
Physiological Chemistry, Yale Univ School of 
Medicine, N ew Haven, Conn Rat diaphragm and 
liver slices were incubated m 4 cc of Krebs-Ringer- 
bicarbonate solution at 38°C and the nitrogen 
which appeared in the medium was determined at 
15 and 195 minutes To obtain results which were 
consistent and biologically meaningful, it was 
necessary to centrifuge from the medium fragments 
which separated from the tissues during incuba- 
tion The N which appeared in the medium during 
the first 15 minutes was non-metabohc in origin, 
arising chiefly as debris from slicing Thus was 
shown by the failure of ionic, osmotic and tempera- 
ture changes to affect the 15-minute value, whereas 


cutting the tissue into more pieces of the same 
thickness increased this value The output of N 
during a period of 3 hours after an initial 16-minute 
equilibration period is believed to be metabolic in 
origin since the rate of addition of N to the medium 
during this time was lessened by lowenng the 
temperature of incubation and was increased by 
the exclusion of O 2 and the addition of lodoacetate 
to the medium 

For normal animals the addition of total N to the 
medium between 15 minutes and 195 minutes was 
0 31 ± 01 mg/100 mg of wet diaphragm and 0 35 
zfc 02 mg/100 mg of wet liver slices The ammo N 
increment in the medium was 52 zfc 3 mcgm/100 
mg of diaphragm and 44 zfc 2 mcgm/100 mg of liver 
In hypophysectomized rats the increments of total 
N were 0 IS zfc 02 mg/100 mg of diaphragm and 
0 24 rt 03 mg/100 mg of liver The amino N incre- 
ments wore 29 zfc 2 mcgm/100 mg of diaphragm and 
28 zfc 2 mcgm/100 mg of liver These values are 
significantly different from those obtamed m the 
normal senes 

Isolation of legcoproporphyrin Henbich KlO- 
VER Division of the Biological Sciences, Umv of 
Chicago, Chicago, III In a study of the prophynns 
in the root nodules of legumes we have found that 
the nodules of Phaseolus vulgans (var Red Kidney 
bean) contain a porphynn which appears to be 
characteristically different from previously de- 
senbed naturally occurring porphynns The 
absorption and fluorescence spectra of the free 
porphyrin and of its methyl ester as well as of 
vanous metal complexes are practically identical 
with those of coproporphyrin As regards solu- 
bility, the legcoproporphynn behaves hke the 
Waldenstrom type of uroporphyrin It can be 
transferred from aqueous extracts to ethyl acetate 
at a pH of 3 2 to 3 5 The legcoproporphynn ob- 
tained from the nodules of plants 4-5 weeks old is 
chromatographically separable into two porphynns 
on a CaCOj column Different extraction pro- 
cedures and rechromatography do not affect this 
separation into two porphynns It has not been 
possible to distingiush the two components spectro- 
scopically Our attempts at crystallizing the 
legcoproporphynn ester or its components have 
failed although we have succeeded in crystallizing 
the esters of protoporphynn and mesoporphyrin 
denved from the heme compounds in the same 
nodules Microscopic and microspectroscopic ex- 
aminations of sections through root nodules under 
ultraviolet clearly indicate that the legcopropor- 
phynn IS confined to the cjdoplasm of the infected 
cells Future studies of symbiotic mtrogen fixation 
must consider not only the presence of leghemo- 
globin in the infected cells, but also the presence 
of such substances as legcoproporphyrin It is of 
further interest that the organs and body fluids of 
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porphjTia patients may contain a porphyrin which 
seems to possess the characteristics of legcopro- 
porphyrin 

Oximetric method for determination of the 
oxygen saturation of mixed venous blood in man 
Julian Knutson (by invitation), Bowen E 
Tatlor (by invitation), and Earl H Wood 
Section on Physiology, Mayo Foundation, Untv of 
Minnesota, Rochester, Minn Artenal oxygen satu- 
ration was recorded continuously and simul- 
taneously in 6 subjects by both the modified ear- 
piece oximeter and a whole-blood oximeter attached 
to an indwelling radial artery needle The instru- 
mental time lag was 2 6 and 2 seconds for the ear- 
piece and whole-blood oximeter, respectively 
Both oximeters were cahbrated against Van Slyke 
analyses of arterial samples obtained when each 
subject breathed air, 14% oxygen and 100% oxy- 
gen The Matthes procedure as modified by Elam 
and co-workers was used This consists of deep 
expiration followed first by a deep inspiration of 
hehum and, second, expiration to mid-position 
followed by about 30 seconds of breath-holding 

After the inspiration of helium, the initial de- 
crease in artenal saturation (circulation time) oc- 
curred at 4 5 (^7) seconds at the ear and at 4 6 
(4-6) seconds at the wnst Saturation decreased 
17 (13-23) % m 10 (6-16) seconds and then reached 
a plateau m 3 of the subjects, or decreased grad- 
ually in the remainder imtil 4 8 (3-7) seconds (eat) 
and 7 5 (4-10) seconds (wnst) after the inspiration 
of air The average duration and saturation at the 
artenal plateau was 4 (3-5) seconds and 78 (77-79) 
% at the ear and 4 (3-6) seconds and 75 (75-79) % 
at the UTist In the 3 subjects in whom an arterial 
plateau was obtained, the cardiac index calculated 
by the Fick pnnciple (assuming the plateau value 
equalled the saturation of mixed venous blood) was 
3 1 (2 6-3 5) L/MVmin The contour of the changes 
in artenal oxygen saturation recorded photo- 
electncally at the ear and directly on the artenal 
blood at the wnst were similar in every instance, 
indicating that the ear oximeter can be used suc- 
cessfully for determination of the artenal satura- 
tion plateau by the Matthes procedure 
Function of the ear in health and disease (mo- 
tion picture) H G Kobrae, Joseph E Hind (by 
invitation) and Robert B Miller (by invitation) 
Univ of Chicago, Chicago, III The purpose of the 
film is to demonstrate the response of the ear to 
sound in health and disease A method vas de- 
veloped at The Universitj’- of Chicago by which it 
was possible to photograph the acoustic vibrations 
of the ear during the process of hearing The 
method consists in proper optical magnification 
combined mth stroboscopic illumination The first 
part demonstrates the normal ear Ear drum 
^’lbratlons in response to sound stimulation are 


shown Movements of ossicular chain and the 
vibrations of the round window membrane are 
demonstrated The phase difference between the 
movements of the stapes in the oval wmdow and 
the round window membrane is visualized Dis- 
eases of the middle ear are demonstrated on fresh 
temporal bones Pathological function due to 
inflammatory adhesions and due to stapes fixation 
are demonstrated Hearing curves of certain t 3 q)ea 
of deafness are shown and the response of the ear 
demonstrated By using electronic filters, the 
sound perception of a diseased ear is given m the 
sound track similar to the actual heating defect 
Therefore, the audience is able to see the patho- 
logic function on the screen and simultaneously 
hear the distorted acoustic signal which the patient 
perceives The action of hearing aids and intensity 
changes due to the action of the hearing aid is 
demonstrated The acoustical vibrations of a 
surgical 'fenestra’ in the lateral semicircular canal 
are demonstrated In the final scene, the response 
of the ossicular chain to a piece of orchestral music 
IS given 

Some factors influencing the contractile process 
Saul R Kobby (introduced by David Nach- 
mansohn) Dept of Neurology, College of Phy- 
sicians and Surgeons, Columbia Univ , New York 
City Investigations have been initiated to test 
factors which influence the contractile mechanism 
of the muscle fiber in contrast to those acting on 
the conductive mechanism A most smtable ma- 
terial for studies on the contractile system are the 
muscle fibers prepared according to the method of 
Szent-Gyorgyi In these fibers, kept in gljcerol, 
conduction is abolished whereas contraction can be 
produced by ATP but not by electrical stimulation 
Among a great number of chemical compounds 
tested, none were found to be able to produce con- 
traction This specificity of ATP supports Szent- 
Gyorgju’s assumption that the effect observed is 
basically identical vith the physiological mecha- 
nism of contraction Among the compounds v hich 
had no effect were adrenalin, acetylcholine and 
esenne The activity of several enzymes in these 
fibers was studied, especially' that of ATPase 
Their relation to the contractile process mil bo 
discussed The effect of some enzy-me inhibitors 
was also mvestigated Inhibitors of sulfhydral 
groups abolish the effect of ATP The action of 
these inhibitors was found to be rciersiblc The 
possible interpretation of this obseriation mil bo 
discussed 

Skin resistance patterns associated mth vis- 
ceral disease Irv'ix M Korr Kirl wtllc College 
of Osteopathy and Surgerg, Kiri mile, Mo Tins 
abstract reports the results of a prcliniin ir\ in- 
vestigation of the part that visccnl discn'^c and 
irritations may play in determining the electrical 
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skin resistance patterns previously described 
(Federation Proc 7 67, 1948, and this issue) 
Two classes of patients having visceral disease 
have been explored with the dermohmmeter 
(Jasper) and found to have low-resistance areas 
(LRA) which not only showed segmental relation 
to the viBCUB mvolved, but were fairly consistent 
for a given disease entity and were related to 
the referred pain pattern Patients who had had 
myocardial infarcts had LRA over 2 or more of the 
upper 4 thoracic vertebrae, near the sternum at 
correspondmg nb levels, and over the medial edges 
of one or both scapulae in the corresponding 
dermatomes In one subject, repeatedly examined 
over a penod of months, such areas were first 
observed 3 weeks prior to a coronary occlusion 
Patients with duodenal cap ulcer had areas of 
markedly lowered resistance over the spinal 
muscles, on the right side, opposite vertebrae T-5 
to T-8, over corresjionding nbs on the anterior 
chest wall and to the right of the umbilicus In both 
diseases LRA appeared to coincide v ith or overlie 
the most painful or tender parts of the reference 
zone 

Experimental alterations in segmental sym- 
pathetic (sweat gland) activity through myofascial 
and postural disturbances Ibvin M Korr 
Ktrksvtlle College of Osteopathy and Surgery, 
Kirksvtlle, Mo It was previously shown (Federa- 
tion Proc 7 67, 1948) tliat patterns of electiical 
skin resistance over the trunk varied from indi- 
vidual to individual, but that areas of reduced 
resistance (hyperactive sweat glands), especially 
in or near the midline, remained relatively con- 
stant in each individual for weeks or months , the 
low -resistance areas (LRA) often showed a derma- 
tomal distribution, were correlated in some sub- 
jects with reduced segmental motor reflex 
thresholds , o\ erlay or adjoined areas of deep hyper- 
esthesia, frequently showed ‘trigger zone’ char- 
acteristics Subsequent investigations have been 
directed at the factors related to or contributing to 
segmental sweat gland hyperactivity Dermohm- 
meter exploration of many subjects has shown the 
following 1 ) LRA occurred in segments in which 
there were known myofascial tenderness or rigid- 
ity, abnormal intervertebral relations, vertebral 
pathology, or other somatic or visceral irritations 
in the correspondmg spinal segments S) Clinical 
improvement was accompamed by elevation of the 
skin resistance and shrinking of LRA S) Injection 
of 0 3 ml 6% NaCl into erector spinae oi inter- 
costal muscle caused appearance of LRA through- 
out the corresponding dermatomes (spine to 
sternum) which outlasted the referred pain by 
many hours J) Experimental postural imbalance 
induced by wearing a 'lift’ under one heel for 
several hours produced new LRA in the segments 


in which pain and tenderness appeared, enlarged 
pre-exusting LRA in other, often distant, segments 
and further reduced their resistance These ob- 
servations support the hypothesis tliat myofascial 
and postural disturbances are accompamed by and 
may mduce or maintain segmental hyperactivity 
in the sympathetic nervous system 
Further studies on the effect of ‘neurotripsy’ 
on the partially denervated muscle of the dog A 
J Kosman and J N Frederick (introduced b\ 
J S Grat) Dept of Physiology, Northwestern 
Umv Medical School, Chicago, III In a previous 
communication (Proc Soc Exptl Biol & Med , 
in press) we had reported that ‘neurotripsy^’ 
(traumatic massage of a muscle) was ineffective in 
arresting the loss of strength and mass of the 
partially denervated anterior tibial muscle of the 
dog The present investigation was undertaken in 
order to determine the effect of the ‘neurotripsy’ 
procedure upon muscles subjected to a more ex- 
tensive denervation and observed for a longer 
period of time Partial denervation of the anterior 
tibial muscles of S dogs was accomplished by the 
removal of the motor roots of Lj and L« bilaterally^ 
Closed manual ‘neurotripsy ’ was performed on the 
antenor tibial muscle of one side 3 months following 
the initial lesion and the animals w ere then sacri- 
ficed 4 months followung the ‘neurotnpsv’ At the 
time of death the mean tension and weight of the 
treated muscles were 2500 gm and 7 29 gm , 
respectively , and of the untreated muscles, 2250 
gm and C 77 gm respectively These differences 
are not statistically significant 
The spleen as a blood reservoir during hypoxia 
Ktjrt Kramer and Ulrich C Lutt (introduced 
by Harrt F Adler) Dept of Physiology, USAF 
School of Aviation Medicine, Randolph Field, 
Texas The response of the spleen to different 
types of hypoxia was studied m 20 dogs under light 
nembutal anesthesia Continuous recordings were 
taken photoelectncally of arterial blood 0- satura- 
tion and hemoglobin content The spleen was ex- 
posed without interfering with vascular and nerv- 
ous attachments and its weight recorded with an 
electnc balance Blood pressure tracings were 
taken by strain gage manometer In acute hypoxia 
induced by breathing pure nitrogen the spleen did 
not lose w eight until the arterial O 2 saturation was 
approaching zero After that the organ contracted 
visibly and lost considerable weight Simultane- 
ously the systemic hemoglobm content increased 
During recovery breathmg air the spleen regamed 
its imtial size in about 20 minutes In less abrupt 
hypoxia using the rebreathing method two phases 
of splenic activity were observed Slow contraction 
commenced when the arterial Oi saturation drop- 
ped below 40% Shortly before failure of respira- 
tion and after the aaphyxial rise in blood pressure 
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tlic spleen dischai ged a lai-gci amount of blood as 
evidenced a drop in v eight of approximately 
150 gm and a use in circulating liomoglobm of 3 
gm % The inverse 1 elationship betveen spleen 

V eight and systemic hemoglobin v as also observed 
during subsequent recovei j w hen the excess hemo- 
globin disappeared vhile the spleen vas refilling 
In blood samples taken from the splenic vein dur- 
ing contraction hemoglobin concentration v as 30-40 
% higher than in artei lal blood Control animals in 
which the splenic vessels were ligated before the 
hjpoxic episode shoved no change of hemoglobin 
concentration in the general circulation 

Dark adaptation m lesions of the optic path- 
rrajs Howabd P Khiegeb (by invitation) 
and M0EBI8 B Bendeb Psychophystological 
Laby , Dept of Neurology, Neio York Utuv 
College of Medicine, New York City A study 
of the visual threshold for a luminous target, pre- 
sented in a dark room, v as made in patients with 
lesions of the optic pathvaj^s These patients did 
not have disease of the retina Prehminar}'- pen- 
metne studies, made under 7-foot candle illumina- 
tion, revealed consistent defects in the fields of 
nsion Three patients had homon3'^mous hemi- 
anapsias, a fourth an almost complete double 
hemianopsia and a fifth a temporal hemianopsia of 
the left eje The machine used for testing vas 
Wald’s modification of the Hecht-Schlaer adaptom- 
eter It was so altered that the source of hght 

V hich acted ns the target could be placed at any 
angle along any mendian m the subject’s field of 
vision All measurements were made on one eye 
at a time and in a dark room Examination under 
these conditions disclosed that the luminous target 
was perceived by the patient in the apparently 
blind half-field However, the final threshold in 
this region vas about 500 times higher than in the 
corresponding normal region Other sigmficant 
findings V ere a great fluctuation in the threshold of 
the abihty to see the target and a marked lag m the 
rate of dark adaptation The patient mth bilateral 
homonymous field defects shoved similar changes 
m both fields of vision The patient with the 
unilateral temporal field defect shoved a change 
in the dark adaptation of the 8eenungl3" preserved 
temporal half Parallel changes vere found in 
other visual and sensoiy functions In summar3 it 
was found 1) that patients vnth lesions of the 
optic pathva3'S vere able to see a luminous target, 
presented in the dark, in then fields of vision 
vhich vere apparenth blind upon perimetric 
examination and 5) that fields, apparent^ norma! 
upon penmetne examination, nia3 have changes in 
their dark adaptation process 

Control of early hypertension vith dihjdro- 
genated ergot derivatives and the physiological 
significance W G IxtsicEK, F J Koitke ved 


Mildred E Olson (by invitation) Dept of 
Physical Medicine, Umv of Minnesota, Minne- 
apolis, Minn A significant reduction in arterial 
blood pressure was produced in young hypertensive 
patients following administration of dihydro- 
ergocorume methancsulfonate (DHO 180) A 
decrease of 10 to 20 mm Hg in diastolic pressui e 
peiTsisted for the duration of the drug therapy 
(2-3 weeks) and giadually increased to the control 
level aftei removal of the drug Since DHO 180 
IS known to have sympathicol3d;ic and adrenolytic 
actions the above observations indicate that 
S3Tnpathetic nervous system activity may con- 
tribute to the establishment of early hyperten- 
sion Renal clearance tests 1 evealed normal kidney 
function in these patients 
Adsorption and fluorescence characteristics of 
crustacean sinus gland extracts Eloise Kuntz 
(introduced by Ibwin W Sizes) Arnold Biolo- 
gical Laby , Brown Untv , Providence, R I The 
sinus glands of Crustacea secrete one or more 
hormones which affect chiomatophore activity, 
moltmg, oxygen consumption, phosphate metab- 
olism, etc Abramowitz (/ Biol Chem 132 501, 
1940) obtamed a partially purified preparation 
vhich had the properties of a basic amine This 
paper includes two methods of separation based on 
cation adsorption column techniques An active 
pnnciple is adsorbed by the sodium form of Amber- 
lite IRC-50 at pa 6 It can be eluted voth 0 1 N 
HCl Another effective adsorbent is Folin-permutit 
V hich lias been prewashed with 0 1% acetic acid 
Elution 18 accomplished with 10% KCl The stiong 
fluorescence exhibited by the hormone in the 
oxidized form (maximum fluorescence with exciting 
hght of 3450 A) has been used to estimate the rela- 
tive concentration of minute quantities of the puri- 
fied sinus gland e\-tract and can also be used to 
follow punfication procedures There is a Iineai 
relationship between concentration and intcnsit3 
of fluorescence The hormone is casiR'^ oxidized and 
reduced by mild redox systems Glutathione 
oxidizes the reduced foim This oxndation is 
readil3 reversed b3’’ addition of sodium li3dro- 
sulfite to the hormonc-glutathioiic mixture So- 
dium 113 diDsulfitc alone is ineffective in acid 01 
neutral solutions but can 1 educe the oxidized form 
of the hormone in alkaline medium 
Mass speclrographic studies on expired and 
alveolar air Geobge H Kinnlll (bx invitation) 
and Fbed A Hitchcock Dept of Physiology, Ohio 
Stale University, Columbus, Ohio Studies nude 
with the mass spcctrogriph dc\ eloped in this 
laboratorx for the continuous recording of tlic 
partial pressures of O* and CO ind aircadx rc- 
iwrtcd liaxe shovm tint the pO., the pCO. and the 
R Q of ahcolar an arc all a function of the dura- 
tion of exhalation This vork has been continued 
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'111(1 extended In reeent cxpenmentH inaxiinal 
exhalatioim made in tliice BOfonds have been eoni- 
p tred with Hiinilar exlialationB laating for 10 BCCondH 
or lonj'er In the longer exhalatioiiH the final jiOj ib 
alvuyB lover and tlie jiCOt higlier than in the 
Bhorter ( xhalatioim 'J’he dilTerenee ih often 10 inm 
or inorr In the longer cxlmlutionB the curves of 
l>oth the Oj and the COj approach a plateau al- 
though they do not completely level off Calcula- 
tions of the R Q at one second intervals confirm 
the previous rcjwrt of Iliteluock and Stacy that 
the quotient during the firat second is high and 
tends to decrease as flu exhalation progresses The 
value of the R Q toward the end of a maximal 
exhalation but not necessarily at the extreme end 
shows thf best agreement with the R Q of exhaled 
air 

Transition of fibrinogen to fibrin ICocoman 
Laki (introduced by Whiiam I Bowijn) /nst 
of Biochemislry , Jiudapeel Lahy of Phyntcul 
Biology, Ej-pll Biology and Medicine Inal 
National Innlv of Ilcallh, Belhcuda, Md d’ho 
transition of fibiinogen to fibrin, brought alxmt by 
the action of thrombin, proceeds in 2 stages 
Thrombin acting erirymatically is involved only 
in the first strp, and its role is to modify the 
fibrinogen mohfules In the second step, tho 
altered fibrinogdi molecules iKilymeriro to the 
fibrin clot lodination of tibrinogon results in 
preparations that do not polymerize any more but 
still resjKind to the action of thrombin with a shift 
in the isoihetrie ikiiiiI This shift very lilcely 
means that some acidic groups of the fibrinogen 
molecule are split off by thrombin A diffeienco 
between the ac id-base titration curve of fibiinogen 
and that of fibrin shows that some groups of tho 
fibrinogen moh eulcs with a pK of about 9 are in- 
volved in the jiolyinci izatioii process I’licso could 
be either — NIIj groups or the phenolic group of 
tyrosine The polymeri/atioii is not simply an end- 
to end association of the altered fibrinogen molo- 
eulcs I'lrst these molecules polymcriro to a unit 
with a partu le weight of about 1 fi million and then 
these units, probably (onnected by olectiostatic 
forci h, build up th( primary fibiils In this respect, 
th( jwlyini rization of fibrinogen seems to bo 
strikingly similar to the iiolymcri/ation of actin, a 
protein of musdf fibiil 

Altcmpl at direct mcnsurcmcnl of values re- 
quired for calculating the pulmonary diffusion 
coefficient for oxygen CiritissrAN J LAMnnitrsoN, 
Joiix X C/AiiK (by invitation), Vominoo M 
Aviaoo, In (by invitation), Ronnur G Ponsiuh 
(by invitation), Jsaui S Baiikhi (by invitation) 
and John Moyhi (by invitation) Lahy of 
Pharmaeology , Univ of Pennsylvania, Phila- 
delphia, Penna Simultaneous, direct mcasuro- 
ments were made of alveolar, arterial blood and 


mixed Venous blood gas tensions and into of Oj 
eonsiimption in a giouji of normal human subjects 
in an attempt to obtain data required for lalculat- 
ing of tho pulmonary diffusion coeffuient for oxy- 
gen Subjects were studied while breathing air, 8% 
and 100% oxygen 'I’he data obtained illustrated 
tho important practical and theoretical difficulties 
to be I xpected in attempting direct miasurcmcnt 
of the jiulmonaiy diffusion coefficient foi oxygen 
The data provides values for alveolar and arterial 
Oi tensions during tho breathing of air, 8% and 
100% oxygen, and a comparison of the several 
methods of alveolai gas tension determination em- 
ployed d’ho removal of nitrogen from tho lungs by 
100% oxygmi inhalation suggested the feasibility of 
using the end expiratory Jlaldanc-Pncstly sam- 
pling method toobtaina closoapproximation toincan 
alveolar pOj in subjects breathing pure oxygen 
since, under these conditions, all alveoli should 
lontain nearly equal and constant Oj tensions 
The difference in pOj between alveolar and arterial 
samples in C subjects breathing 100% oxygen 
ranged from 4 to Ifi mm Jig, indicating that a 
maximum of alwiit 1% of tho cardiac output has not 
been exposed to oxygen in the alveoli Thu use of 
air, low oxygen and high oxygen inhalation may 
permit estimation of the relative iinjiortnnco of 
poorly ventilating alveoli and addition to jiul- 
monary venous blood of blood which does not jiiiss 
through alveolar capillaiics 
The low relating blood flow to perfusion pres- 
sure IIaiiolii LAMi’onr Lahy of PhyBiology, Yale 
Univ Bchool of Medicine, New Haven, Conn Blood 
flow (I) in tho hindlimb of a dog vanes with tho nth 
power of perfusion piessuro (P) When vascular 
lone rises, n increases and tlio constant (0) m tho 
formula, I = CP", shifts in a manner which needs 
to bo correlated with tho corrcsiionding changes in 
vessel dimensions This logarithmic jirossiiro flow 
curve charactcrires pscudojilastic fluids When 
slippage in tho fluid docs not occur (a discontinuous 
change in its flow charact<>r), tho law of flow in a 
capillary of length Land radius R for jisoudojilastic 

irR’m ( RP\" 
fluids IS I = — -r ( -gr ) ' 
n -f- o \ •AiJ / 

constants for the fluid in (ho tube Perhaps blood, 
at high flow rates, should bo considered to ‘slip’, tho 
central streaming red colls with their longer 
dimension oriented axially being distinct fixim tho 
surrounding jilasma sheath However, a gradual 
change in the flow character of tho blood from 
vessel wall to axis seems more likely Since tho 
pressure-flow relation of blood is fiiiily well de- 
scribed by tho same logai ithinic expression which is 
effective for pscudoplastic fluids without slipjiugo 
(oil-water emulsions analogous to blood are an 
example), tho dovelopinont for tho glass capillary 
has been applied to tho blood vascular system 
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After allowing for the effects of branching of 
vessels, etc , an equation results which tested 
satisfactorily in a set of four pressure-flow curves 
on the same preparation under different degrees of 
vasoconstriction 

Telraethylaminonium and gastric motility of 
the dog Ardelle Lane (by invitation), C R 
Robertson (by mvitation), and M I Grossman 
Depi of Clinical Science, Univ of Illinois College 
of Medicine, Chicago, III Gastric motflity in the 
human is inhibited by tetraethylammomum 
(TEA) As the gastric secretory response to hista- 
mine IS decreased by TEA in the human and not in 
the dog, this study was undertaken to determine if 
this species difference exists in regard to the effect 
of TEA on gastric motility A series of x-ray 
studies on dogs given a banum meal was made with 
and without TEA (10 mg/kg IV) Films were 
taken immediately after the meal and m the case 
of TEA adnunistration immediately after the drug 
was given and at half hour intervals fora period of 
2 hours and at hourly intervals until the stomach 
was empty A senes of x-ray studies on dogs di- 
rectly after a biinum meal and simultaneous 
administration of atropme and epmephrme (1 mg 
of each) were taken as a control procedure for com- 
parison with the effects of TEA Gastnc motihty 
tracmgs before and after mtravenous administra- 
tion of TEA were made in gastric fistula dogs by 
the balloon water manometer method In the x-ray 
studies gastric tone and emptying tune were not 
appreciably changed by the administration of TEA 
In the experiments in which atropine and epi- 
nephrine were given gastric tone fell as shown by 
\-ray The kymographic records of gastric motility 
showed individual variation through motility was 
either unaltered or shghtly inhibited for a few 
minutes These studies mdicate that m the dog 
gastnc motility does not respond as in the human 
to the administration of TEA 

Electrocardiographic findings m anthracosdico- 
sls Leonard P Lang (by mvitation) and Huheet 
L Motlet Dept of Medicine, Jefferson Medical 
College and Cardio-Respiratory Laby , Barton 
Memorial Division of Jefferson Hospital, Phila- 
delphia, Penna The mcidence of nght heart strain 
as manifest by electrocardiographic changes was 
correlated with physiological studies of pulmonary 
function, chest roentgenograms and fluoroscopic 
exanunation m over 150 patients with respira- 
tory complaints and a history of prolonged exposure 
to dust inside coal mines (20-46 years) Post- 
mortem exammations of miners have revealed that 
there is a high incidence of right ventricular hy - 
pertrophy and that many eventually' die in cardiac 
failure The phy'Siological studies used for com- 
panson with the electrocardiographic findings 
included maximal breathmg capacity', total lung 


volume, the degree of emphysema as measured by 
expressing the volume of residual air as percentage 
of total lung volume, and the mean partial pressure 
of Oj in arterial blood (Riley method) Cardiac 
fluoroscopy was of little value in the study of these 
miners because the dense fibrous tissue masses in 
the hilar areas obscured the cardiac borders Fixed 
rotation of the heart and fibrous adhesions com- 
plicated the interpretation of an electrocardio- 
graphic diagnosis of right ventricle hypertrophy 
No apparent correlation was noted between the x- 
ray stage of sdicosis as classified from the roent- 
genogram and the electrocardiographic changes 
However, a relationship was observed between the 
incidence of right heart stram and the degree of 
emphysema based on quantitative measurements 
of residual air In general the lower the resting 
mean arterial pOj, the higher the incidence of 
right heart strain, however, short induced periods 
of acute hypoxia produced minimal electrocardio- 
graphic changes 

The effect of handometer exercise upon normal 
gnp strength Eleanor M Larsen (introduced 
by W J Meek) Dept of Physiology, Univ of 
Wisconsin Medical School, Madison, TT'’ts The 
usual gnp strength of normal individuals is deter- 
mined largely by their occupation If normal gnp 
strength may be increased by Handometer exercise, 
the hand strength of individuals weakened by 
injury or disease might be expected to improve by 
employing the same method The purpose of this 
investigation was to determine the effect of Hand- 
ometer exercise upon normal gnp strength The 
usual hand strength of 14 young adult women, 
right-handed with one exception, was measured by 
a grip dynamometer before and after 20 bouts of 
work performed bi-weekly The exercise apparatus 
was the Handometer which consists essentially of a 
sphy'gmomanometer-type hand bulb attached to 
an adjustable air-pressure sy’stem gauge The work 
of compressing the bulb against a constant resist- 
ance of 30 lb pressure was continued at the rate of 
60 contractions per minute until the needle could 
no longer be held constant The number of con- 
tractions were counted and recorded for each hand. 
The results for every subject consist of 3 grip 
dynamometer readings for each hand pre- and post- 
exercise, and 20 sets of Handometer data for each 
hand The gnp dynamometer data were analvsed 
statistically The results indicate that the usual 
nght hand gnp strength is stronger than the left , 
and that the Handometer exercise increased the 
gnp strength in both nght and left hands, vitli a 
shghtly greater increase in the strength of the left 
hand 

Renal mechanism of albumin excretion in 
patients with nephrotic sjmdrome Hexpi D 
Latjsox, FrvxcisP CnixvRn (by invitation), and 
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bulm levels and tbiouracil increases In cr protein 
HiTwtbjToidism m adrcnalectomized rats main- 
tained vnth XaCl or nith OCA vas studied bj 
feeding 0 25% thiouracd for 20 dai-s and comparing 
results mth pair fed adrenalectomizcd and normal 
rats Food intake was reduced bi thiouracil with 
bodj weight loss resulting Total plasma protein 
and plasma globulin levels increased following 
thiouracil YPX was also higher w hereas hemato- 
cni decreased Thi-roid and liver weights were 
significantlj above those of controls and analj-sis of 
the liver revealed a normal water content but a 
significant increase in total and relati\ e amounts of 
hier protein m thiouracil fed rats Adrenalec- 
tomized control rats maintained liver protem as 
n ell as pair fed normal rats Thus, adrenalectomj 
does not alter the action of thiouracil on plasma 
and liver proteins 

Predisposition to vasodepressor properties of 
morplune induced by hemorrhagic hypotension 
Richabd E Lee (bv invitation) and Bexjaviix 
Y ZwEirACtt Depi of Pharmacology, Syracuse 
Medical College, Syracuse, X Y and Dept of 
Medicine, Xew York Hospital, Xew York City 
Seaeral investigations concermng the action of 
morphine m hemorrhagic shock have not shown 
ana consistent notable a asodepressor action The 
agent was administered either prior to hemorrhage 
or during the earh phases of a prolonged hj-po- 
tension Xeither situation adequateh’ dupheates 
the usual clinical sequence of e\ onts In this studj 
the morphine was adnumstered following restora- 
tion of normal blood pressures ba blood transfusion 
after a prolonged hemorrhagic haixitension , as well 
as prior to and during earh 'shock ’ Based on blood 
pressure recordmgs and direct nsual obsenation 
of omental peripheral blood tcssels, usual doses of 
raorphme (1-3 lagfLg mtravenoush ) m unhemor- 
rhaged dogs produce no significant or persistent 
lasomotor disturbances When given early m 
hemorrhagic shock (1-2 hr after initial bleedmg) 
morphine administration is followed bi a transient 
fall m blood pressure, accompamed b% temporarv 
aasodilatation with slowing of peripheral blood 
flow In spite of restoring normal blood pressure by 
transfusion, after prolonged hemorrhagic shock, 
morphine m these doses is followed in all instances 
by a sharp severe fall m blood pressure This 
comcides with observed arteriolar ddatation, de- 
pression of arteriolar reaction to topicalli appbed 
epinephrine, and a severe slowing of peripheral 
blood flow, with stagnation occurring m the venular 
components of the capillan bed Although im- 
mediate further transfusions were given each 
ammal, 3 of the 12 dogs died in profound pe- 
ripheral % oscular collapse wilhm 15 minutes 
after rccenung morphine 


Physiological effects of bacterial polysacchar- 
ides upon (he card! o- vascular and neuro-muscular 
systems Chester E Leese and K Virginia 
Greene (Ijj imatation) Depi of Physiology, 
School of Medicine, George Washington Umv , 
Washington, D C Eabbits were given doses of 
polysaccharide from 2 to 25 ganiina/kg Most of the 
animals showed a strong pyTogemc response as- 
sociated with the usual maladjustments Many 
animals lost the use of their bodj -righting re- 
flexes Lethal doses produced comoilsive seizures, 
urination, defecation, and vomiting preceding 
death Cats were less affected by the dosage level 
effective m rabbits Pyrogenic reaction was noted 
before decerebration Decerebration was often fatal 
when the animal vras under the influence of the 
drug If the drug was withheld until the animal 
recov ered from decerebration, it tolerated a higher 
dosage vnthout pyrogenic response The cat showed 
loweringof arterial blood pressure, and an increased 
venous pressure Both electrical and chemical 
stimulation of the vascular reflexes indicated a loss 
in the controlling power of the autonomic nervous 
system, or a lesser ability of smooth muscle to 
accept the stimuli The vagus, splanchnic, and 
cardiosympathetic nerves required an increased 
strength of stimulus under polysaccharide influ- 
ence Assays with adrenalin, acety Ichohne, pitres- 
sm, and histamine pointed to a loss m nervous 
response, rather than a decrease in the ability of 
smooth muscle to accept stimulation Turtles 
perfused with polysacchande showed cardiac 
changes First to appear w as an occasional dropped 
beat, followed by the various stages of heart block, 
and finally , complete dissociation Tremendous 
dilation of both auricles and ventricles was noted 
There occurs a progressu e loss m the cffectn cncss 
of adrenahn or acetylcholine when added to the 
perfusate Stimulation of the vagus also becomes 
less effective 

Food packages as a supplement to the German 
nutrition G Lehmvxx (introduced by D B 
Dill) Max Plane! ~ Inst fucr Arbcihpbyswlogic, 
Dortmund, Germany The German nutntion of a 
man doing no heavy work reaches ISoO cal per dav 
This includes 47 gm of protein, of which only 11 
gm arc of animal ongin, and about 20 gm of f it 
A food parcel raising the nutrition of i famih of 4 
for one week to a normal level thertforc, should 
contain foodstuffs rich in protein and fat, for 
instance the following 2 5 lb of corned beef I lb 
of whole milk powder 1 lb of clue^e 0 5 lb of 
powdered egg, and 1 lb of nurg-snne Inste'ul of 
corned beef dried and smokvd mrat could be u-ed 
In contrast to the view of ‘=on!c nuiritionnts tin 
housew ifc vs ill not take sov beans or olhi r h trumf - 
os I valuable substitute for mral The Gimin 
housewife is not fond of pn etrjbed oied-* bn 
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prefers basic foodstuffs The German nutrition is 
verj rich in carbohydrates Therefore, foodstuffs 
that are predominately carbohydrate should be 
avoided Chocolate and cocoa are very welcomed 
and useful Coffee and tea are important because of 
their stimulating effect The addition of fruit juices 
marmalade, sneets, spices, etc is less a matter of 
nutrition than a matter of making people happier 
We are wrong in looking upon the question of food 
parcels from the point of view of the scientist only 
Apart from raising the German nutrition to a nor- 
mal level, they have the ideal task of intensifying 
friendship and understanding between men and 
nations 

Central hyperglycemic action of 1- ^3,4-dihy- 
droxyphenyl) 2-isopropylaminoethanol (isnprel) 
A LEiRfDORFEH Dept of Pharmacology, Loyola 
Untv , Chicago, III In dogs, under nembutal, the 
effects of intravenous (i v ) and intracisternal (i c ) 
injection of isuprel on blood-sugar, blood pressure, 
and electrocardiogram were studied Nembutal it- 
self produced no changes in blood sugar After i v 
isuprel, 76 micrograms/kg , only a small, short 
lasting mcrease in blood-sugar occurred (onset 
about 16 mmutes after injection, highest increase 
40 mg per 100 ml ) The preinjection level was 
reached 46 to 60 minutes afrer injection In con- 
trast, after i c injection of the same amount, a 
much greater and long lasting increase in blood- 
sugar was found (onset about 16 minutes after the 
injection), the blood-sugar contmued to rise for 
entue period of the observation (3i hours), at that 
time It had risen to ISO mg per 100 ml 

After I V isuprel, a marked fall in blood pressure, 
a marked tachycardia and an extremely deep de- 
pression of the S-T segments were recorded These 
changes were much smaller after i c isuprel There 
seemed to be no direct relation between changes in 
blood-sugar and those in blood pressure and heart 
rate Of importance might be the fact that after i c 
isuprel the blood-sugar was continuously rising 
whereas the changes in blood pressure and electro- 
cardiogram were approaching the pre-injection 
levels This fact and the particular blood-sugar 
curve after i c isuprel in contrast to that following 
1 v isuprel suggest that the action of i c injection 
of isuprel in raising blood-sugar implies action on 
structures (centers) bathed by cerebrospinal fluid 
These observations about isuprel which has an 
action like sympathin I are in conformity with our 
previous findings 

A method for ( ollecting end-expiratory air from 
the oral cavity Gerson Lesser, Mortor Gaed- 
STON, and Maruxin Pruss (introduced by J 
Murray Steele) Research Service, Third New 
York Univ Medical Division, Goldwater Memorial 
Hospital, New I ork City In elderly or diseased pa- 
tients it has often been impossible to collect 
alveolar air sai oles by the Haldane-Priestley 


method due to their inability to cooperate m per- 
formance of the necessary respiratory maneuvers 
To overcome this difficulty and to maintain an un- 
disturbed respuatory pattern, a simple, inex- 
pensive method for collecting end-expiratory 
samples is being studied Air samples are drawn at 
the end of a usual expiration through a narrow, 
semi-ngid tube, threaded through a rubber mouth- 
piece with its proximal open end 4-6 cm within the 
oral cavity The other end of the tube is connected 
to a small 3-way stopcock which is attached to the 
end of an evacuated merciuy gas sample bottle The 
stopcock permits washing out the tube with expired 
air just prior to collection of the end-expiratory 
sample Preliminary evaluation of 40 observations 
in 4 young, healthy subjects suggests that for each 
individual there is a consistent relationship be- 
tween the composition of end-expiratory air and 
alveolar au (Haldane-Priestley, end-expiratory) 
The pCOi was always lower (mdividual means of 
A pCOa were 1 6 to 4 1 mm Hg) , and pO j was always 
higher (individual means of A pOt were 2 4 to 7 9 
mm Hg) in end-expiratory than in alveolar air 
In any given subject the greatest variation of a 
single observation from his mean was 3 6 mm Hg 
pCO» and 6 4 mm Hg pOs for end-expiratory air 
(26 observations) , and 1 1 mm Hg pCOi and 2 7 
mm pOs for alveolar air (14 observations) 
Analysis of the electrocardiographic pattern 
produced by mjection of epinephrine and nor- 
epinephrine in cats Eugene Lepeschkin and W 
Raab (introduced by F J Sichel) Division of 
Bxptl Medicine, Univ of Vermont CoUege of Medi- 
cine, Burlington, Vi Two to 6 seconds after intra- 
venous injection of 20—10 micrograms epinephrine 
or nor-epinephrine in 4 cc Ringer, a transient ele- 
vation of the T-vave in unipolar precordial or di- 
rect leads from both ventricles is observed This 
elevation lasts 2-7 seconds, appears on injection of 
correspondmg amounts of plam Ringer, and is due 
to cooling of the subendocardial ventricular muscle 
layers The subsequent changes are due to the 
epinephrine or nor-epinephnne proper Ten to 15 
seconds after injection T becomes depressed over 
the right ventricle and elevated anew over the left 
ventricle (Phase I) During Phase II (until the 
40th-50th second), T is inverted over the right 
ventricle, flattened (sometimes inxerted) over the 
left ventricle Phase III extends until the 120th- 
160th second and is characterized by marked eleva- 
tion of T over both ventricles In some cats T may 
agam become temporarily inverted over the left 
ventricle between the 300th-400th seconds (Phase 
rV) These changes of the T-v ave are independent 
of the changes of the heart rate They are not due to 
blood pressure elevation (increased heart v ork), as 
they appear even if this elevation is abolished or 
reversed through previous admmistrationof certain 
sympatholjdic drugs (933F, SY28, DHE180, 
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Priscol) Other sympatholytic drugs (DHE 45, 
SY30) inhibit both the hj^ierteiisive reaction and 
the electrocardiographic changes The latter cannot 
be due to direct action of epinephrine on subendo- 
cardial muscle layers of the right ventricle, as they 
appear in similar sequence and magmtude on m- 
jection of epinephrine into the left auricle 
Lecithinase activity of epiphyseal cartilage of 
the foetal pig Milton D Levine and Richard H 
Follis, Jr (mtroduced by John Eager Howard ) 
Depls of Medicine and Pathology, Johns Hopkins 
Univ , Baltimore, Md Lecithinase of the type de- 
scribed by Macfarlane and King {Biochem J 35 
884, 1941) has been demonstrated m the epiphyseal 
cartilage of foetal pigs Homogenates of such carti- 
lage, when incubated with lecithin suspension 
substrates in the presence of Ca++, results in the 
liberation of neutral fat and free cholme while the 
phosphorus of the substrate goes from the fat 
soluble to the water soluble state The mechanism 
is thought to be as follows Lecithinase splits 
lecithm into phosphocholine and neutral fat Phos- 
phocholine is a substrate for phosphatase , hence we 
have a hitherto undescribed source of phosphate 
ion. Lecithin and the appearance of neutral fat in 
cartilage null be discussed 
Nature of the action of insulin on the level of 
serum inorganic phosphate R Levine, S D 
Loxjbe (by mvitation) and H F Weisberg (by 
invitation) Dept of Metabolic and Endocrine Re- 
search, Medical Research Inst , Michael Reese Hos- 
pital, Chicago, HI It is well known that the 
administration of insulin, glucose or adrenaline 
causes a fall in the level of inorganic phosphate of 
the serum We have previously shown (Am J 
Physiol 134 40, 1941) that no decrease in serum 
phosphate occurs after the administration of glu- 
cose or adrenaline to depancreatized dogs, indicat- 
ing that the phosphate lowering effect of these 
substances is mediated by insulin It was then con- 
cluded that the fall in serum phosphate is one of the 
direct actions of insulin The fate of entry of 
fructose into tissues, as measured by the rate of 
disposal of intravenous fructose, is not diminished 
by the complete absence of insubn (pancreatec- 
tomy) (Federation Proc 6 21, 1947) We have, 
therefore, determined the effect of intravenous 
fructose on the serum phosphate level of untreated 
depancreatized dogs In 9 of 10 animals there was a 
sigmficant drop in inorganic phosphate of the serum 
following fructose administration Under smular 
circumstances intravenous glucose does not affect 
the phosphate le\ el It is, therefore, concluded that 
the fall in serum phosphate is an expression of the 
rate at which a hexose enters the tissues Insulin 
enhances this rate for glucose Fructose, which 
enters tissues at a rapid rate e\en in the complete 
absence of insulin, causes a phosphate fall inde- 
pendent of the hormone We can therefore no 


longer consider the fall in serum phosphate as a 
direct action of insulin The only presently proven 
primary action of insulin is the increase in the rate 
of entry of glucose into tissue, specifically skeletal 
muscle 

Three dimensional electrocardiography 
Raphael B Levine (by invitation) and Oiro H 
ScHiniT Depis of Zoology and Physics, Univ of 
Minnesota, Minneapolis, Minn Much of the 
diflSculty in the interpretation of electrocardio- 
grams lies in correlating records of the several dif- 
ferent jxitential variations which occur simul- 
taneously If it were possible to combine all of the 
information contamed in the numerous individual- 
lead electrocardiograms into a single interpretable 
pattern, compactness would be obtained with no 
loss in generality The ‘vector cardiogram’ of 
Wilson and Johnston is an approach in two dimen- 
sions to this ideal Development of the 3-dimen- 
sional cathode ray oscilloscope has made possible 
the extension of electrocardiographic presentation 
to three dimensions This instrument is capable of 
utilizing three electrical signals in such a way as to 
form a picture which to the eyes is a stereoscopi- 
cally correct perspective pattern in space An 
application of such an oscilloscope which imme- 
diately suggests Itself is the presentation of a true 
3-dimensional vector electro-cardiogram This re- 
quires development of orthogonal leads or their 
electrical equivalent In practice, it may prove 
entirely satisfactory to present data from con- 
ventional non-orthogonal leads in orthogonal form 
As a further improvement, a computer currently 
under development will permit rotation and transla- 
tion at will of any three-dimensional display to the 
angle and range most advantageous for viewing 
These S-dimensional displays can readily be photo- 
graphed on standard film for stereoscopic viewing, 
and lend themselves well to the preparation of wire 
models 

Fat metabolism in Alaskan Eskimos Victor E 
Levine and Charles G Wilber Arctic Research 
Laby , Office of Naval Research, Point Barrow, 
Alaska The blood sera of Point Barrow Eskimos 
(adults and children of both sexes) nere taken for 
estimation of vanous lipid components To date 50 
analj'ses have been completed Mean values arc as 
follows 
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The folIoM ing were calculated cholesterol/lipid 
phosphorus, 21 4 , free cholesterol/total cholesterol, 
0 66, cholcsterol/fatty acid, 0 31 Our results com- 
pared with normal values for whites are high The 
blood vas taken late in August and early in Sep- 
tember 1948, during which time walrus and seal 
were plentiful The Eskimos were living close to 
their native diet The values may, therefore, re- 
flect a pronounced ‘alimentary fat tide’ due to the 
ingestion of fat rich meals Oui findings arc not in 
accord w'lth those of Corcoran and Rabinowitch 
{Btochetn J 31 343, 1937) w'ho found low lipid 
values in the bloods of 27 Canadian Eskimos taken 
at random They did, how'ever, report higher lipid 
values for natives on a meat diet compared to those 
for natives on a im\ed diet Under field conditions 
in the Arctic it is extremely difficult to collect 
blood in true fasting condition Oui results reflect a 
high fat intake, w'hile those of the Canadian in- 
vestigators may reflect a low fat intake or even a 
diet close to a starvation level 
Measurement of the intracellular cation in the 
dog Mabvin F Levitt and Mario Gaudino 
(introduced by Homer W Smith) DepL of 
Physiology, New York Untv College of Medicine, 
New York City The measurement of the intra- 
cellular concentration of any cation in the living 
animal requires the determination of the volume of 
intracellular fliud and of the total intraccllulai 
cation In our present experiments the intraccllulai 
flmd was calculated as the difference betw cen total 
body water (DjO space) and extracellular fluid 
(mulin space, Proc Soc Expll Biol A. Med 68 
507, 1948) The total amount of bodj cation (Na oi 
K) was measured by in vivo dilution of Na'* and 
K*' A known amount of isotope was injected intra- 
venously and the ratio of isotope to total cation in 
the plasma was followed until equilibrium was 
attained Equilibrium requiies 3 houis for NA-* 
(Kaltreider et al J Expll Med 74 569, 1941), and, 
according to our present observations, 9 hours for 
K*5 in the dog Observations w ith carefully pui ificd 
K** indicate that this cation penetrates tissues so 
rapidly that 86% of equilibrium is reached within 3 
hours At equilibrium, the counts retained in the 
body (considering urinary loss) divided by the 
total counts per niEq of Na or K in the plasma, 
gives the total Na or K in the animal In 2 dogs the 
average values w ere 


ELECmoLVTE CONCENTEATIONI(uEQ/I ) 



Na 

K 

Total 

Extracellular (plasma) 

160 

4 

154 

Intracellular 

84 

ill 

146 


Inhibition of a proteolytic enzyme system of 
blood Jessicx H Lewis (by invitation) and John 
H Ferguson Depl of Physiology, Untv of North 
Carolina, Chapel Hill, N C In certain human 
pathological conditions such as shock, anoxia, and 
severe liver disease, the phenomenon of liquefac- 
tion of a formed blood clot (fibrinolysis) has occa- 
sionally been observed Normal serum contains no 
active lysin, the enzyme causing fibrinolysis, but 
does contain large amounts of the inactive pre- 
cursor, prolj'sm, and a potent inhibitor, antiljsin 
The present report, dealing with certain reactions 
of antilysin, is part of a senes of studies by which 
we are endeavoring to shed some light upon the 
mechanism of fibrinolysis in various human dis- 
orders and hemorihagic shock in dogs Stapdard 
curves are presented for the determination of 
potency of lysins pai tially purified from dog, hu- 
man, and bovine sera, as measured by the 1} sis of a 
standard fibi in clot The three curves arc ap 
parently identical There is no detectible species 
specificity of each antiljsm for its homologous 
ly^in, as tested by the antilysin assay method here 
presented Serum antilysins do differ in unpiortant 
particulars from ceitain purified proteolytic en- 
zyme inhibitors isolated from soybean, navy' bean, 
and pancreas Contrary' to the suggestion that 
proteolytic enzymes may be inhibited by the prod- 
ucts of protein digestion, it is shown that serum 
lysm is not inhibited by' the products of fibrinoly- 
sis Attempts w ere made to study the nature of the 
enzyme-inhibitor complex It could not be split by 
differential heat destruction of the enzyme nor by 
chloroform treatment which has long been know'n 
to remove inhibitor from such prolysm-antilysin 
mixtures as sci um 

Studies on lipoprotein in dog serum Lena A 
Lewis and IrmneH Pvge Research Division and 
the Bunts Inst of the Cleveland Clinic Foundation, 
Cleveland, Ohio Four protein peaks can be demon- 
strated by ultracentrifugation of dog serum pre- 
viously diluted and dialyzed against 1 0, 1 5 or 2 0 
M NaCl They arc similar to those described by 
Pedeiscn for human serum The peak with the 
slow est sedimentation i ate is not demonstrated at 
salt concentrations of 0 6 m NaCl or less, and is only 
pooily resolved with 0 75 m NaCl Using 20 M 
NaCl — 2% dog serum protein solution, prolonged 
centrifugation in the preparative rotor was done 
The top lay er w Inch liad a ‘milky appearance’ was 
removed and studied by electrophoresis and ultra- 
ccntrifugation With phosphate buffer pH 7 8, ionic 
strength 0 16 n, two fractions were demonstrated 
by' electrophoi csis One had a mobility similar to 
that of serum albumin (dog) and represented 67% 
of the total area The slower movmg component 
had a mobihty similar to that of «2 globulin (dog) 
and represented 43% The albumm in the dog 
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serum \\-a8 47 9% and Oie a- globulin 0 2% of ita 
total protein The slow sedimenting lipoprotein of 
human serum has the electrophoretic mobility of 
3i-globulm In the ultracentnfuge two peaks were 
demonstrated in the lipopiotem concentrate when 
salt concentrations of 1 0 and 15 m NaCl w ere used 
The faster sedimenting component had a sedi- 
mentation rate similar to serum albumin and repre- 
sented 62% of the total area The slower sediment- 
ing fraction represented 38% A slow sedimenting 
lipoprotein with the electrophoretic mobility of 
aa-globulvn can be demonstrated and coucentrated 
from dog serum by ultraccntnfugation when salt 
concentrations between 10 and 2 0 ii NaCl aie 
used 

Metabolism of lactate by the isolated dog 
gastrocnemius studied with a, 9- and carboxyl- 
labeled lactate NATmoy Lifson, Ajeiha Omachi 
(by invitation), and Shirlet L Michel (by invi- 
tation) Dept of Physiology, Umv of Minnesota, 
Minneapolis, Minn The isolated gastrocnemius of 
a nembutalized dog w as perfused at ph) siological 
pressures and temperatuies by means of a closed, 
pump-ovjgenator circuit, the animal’s own hepa- 
rimzed blood serving as the perfusion fluid The 
muscle w as either at rest or w as stimulated via the 
sciatic nerve with maximal single shocks at a fre- 
quenc}'' of 2/3gc for 2-3 hours Either a,P' or 
carboxj I-labeled racemic — sodium lactate was 
administered to increase the blood level b} approxi- 
matelj 14raM/100cc In 3 experiments with stimu- 
lated muscle it could be calculated from 


atom % excess m respwatory COs 
atom % excess in administered lactate 

that 0 5G-0 94 rtui/lOO gm of musclo/hr of ad- 
ministered lactate was converted torespiratory 
COi The addition of non-isotopic acetate or 
succinate to give blood Icxols of about 0 8 raxi/lOO 
cc reduced these values bj at least 50% In these 
latter experiments acetate, succinate, and lactate 
wore recovered from blood and/or muscle and 
anal j zed for C” Resting muscles, to which was 
administered glucose with or without insulin, also 
com erted administered lactate to respiratory CO* 
but at slower rates than did stimulated muscles 
In the stimulation expenments the glj cogen con- 
tent of the perfused muscle decreased m compari- 
son with that of the corresponding unporfused 
muscle of the other side In the experiments with 
resting muscles, the glycogen content increased 
when insulin was administered Howeier, in no 
instance was definite significant excess C” found 
m the muscle gl\ cogen From the abox e data it is 


concluded that /) laelatc is converted to COs by 
both resting and actnc mammalian skeletal mus- 
cle, ■0) the presence of other substrates (acetate 
and succinate) decreases the rate of conversion of 
administered lactate to CO», and 5) unequivocal 
evidence foi the conversion of lactate to gly cogen 
in either contracting or resting muscle was not 
obtained 

Further studies on the single muscle fiber mem- 
brane potential G Ling and R W Gbrabo Depi 
of Physiology, Untv of Chicago, Chicago, III 
Studies on the membrane piotential of frog sar- 
torious fibers, singly impaled with a capillary 
electrode (Ling, Ling and Gerard), have been ex- 
tended The A potential fraction, between 54 and 
78 mY, has been show n to parallel fairly well the 
actual CrP content under the influence of tetamza- 
tion, methylene blue, cyanide, azide, hydroxyl- 
anune, lodoacetate alone oi w ith lactate The B po- 
tential, between 0 and 54 mV, is not directly de- 
pendent on metabolism but varies with K+, in- 
creased K+ low era the plateau between A and B 
potentials which appears when the A potential has 
been abolished by some of the above conditions 
Continuous irrigation of the muscle surface is 
necessary to avoid accumulation of leaking IC+ 
Thus, in unstirred K-free solutions, the potential 
rises irregularly, seldom above 90 mV, m flowing 
ones, it can rise to 108 mV 4l80, the fall in Nj is less 
in flowing than still solutions, and that m I\A 
starts later In general, potential x'anes inversely as 
log of external Iv+ concentration (slope « 44 mV 
per tenfold change) to —7 0 mV at 4 times isotonic 
K+ The slope of the K*-potential curve is seem- 
ingly altered by addition of Ba^'*' but not by 
Exposure to CO;, in contrast to nerve, lowers the 
normal value by 5 to 10 mV during 1 to 2 houis, 
return in air is complete in I hour In 20% or 100% 
COj, alike, the A potential is lost in half to one 
hour, returns in a few minutes Absence of Ix + 
from the irrigation fluid does not alter the size of 
the CO. depression Conclusions can be draw n from 
these data as to the n ituro of the membrane 
Effect of temperature on the membrane po- 
tential of the frog sarlortus muscle G Lixc md 
J W WooDBUKX (introduced by R W GEn-vnn) 
Dept of Physiology, I «it of Chicago, Chicago, III , 
and Dept of Physiology, Lint of Utah, Salt Laic 
City, Utah Variations of membrane potential with 
lenapcrature were measured m the sartorjus muscle 
of Dana pipicns b\ inserting a micro electrode di- 
rectly into a single fiber Four to eight potent) d 
measurements were unde on lath niuscle at from 
4 to C different temperatures between 3° and 4FC 
on a total of 2$ niu'cEs The muscles were allow tii 
to equilibrate at each tcinjieralurt for at Ici*-t 21) 
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nunutes Temperature was progressively increased 
in 14 experiments, decreased in ten, and first in- 
creased then decreased in four The averaged data 
from 8 muscles (temperature increasing) are tabu- 
lated below 


T^C 

6 

1 

16 

20 

1 1 

1 23 1 

1 

30 

37 

39 

40 

40 6| 

41 

V mv 

71 

80 

83 

8fi 

87 

85 

83 

80 

71 

63 


For progressively increasing temperature from 
6°C to 25 °C the relation between log voltage and 
reciprocal of absolute temperature uas approxi- 
mately linear with a Qio of 1 1 (activation energy 
1700 calories) The mean Qio for all muscles was 
1 08 (1400 calories) Membrane potential reached a 
peak at approximately 30°C and fell precipitously 
and irreversibly above 35°C , in association with 
contracture The low temperature co-efficient may 
possibly represent the difference beta een energies 
of activation for penetration of the membrane by 
positive and negative ions produced by metabobo 
processes 

A modified procedure for inulin determination 
in plasma and urine J Maxwell Little, June 
Habris (by invitation) and Lewis Franklin (by 
invitation) Dept of Phyeiology and Pharmacology, 
Bowman Oray School of Medicine of Wake Forest 
College, Winston-Salem, N C Oxidative destruc- 
tion of glucose by heating in the presence of NaOH 
has been utilized to replace the usual destruction 
by yeasting (Selkurt Methods in Medical Research 
1 197, The Year Book Publishers, Inc , Chicago, 
1948) The effects of NaOH concentration and 
duration of heating in boihng xvater upon glucose 
and inuhn were studied Incomplete glucose de- 
struction (with 60-300 mg % solutions) or produc- 
tion of an absorbing intermediate compound was 
indicated by light transmissions of 93-99% when 
compared with a water blank set on 100% This 
residual absorption was almost completelj rectified 
by the addition of 1 0 cc of 100 mg % glucose to the 
blank, which was set on 100% Procedure plasma, 
or diluted urine, containing 5-30 mg % inulin, is 
precipitated with CdSO< and NaOH after the addi- 
tion of 1 0 cc of 100 mg % glucose solution Shake 
the mixture vigorously for 10 minutes, centrifuge, 
and filter through washed cotton To 4 0 cc of 
filtrate, in a large test tube, add 1 0 cc of 4 0 n 
NaOH, cover with marbles and immerse in boiling 
water for 10 minutes Cool, add 10 cc of diphenyl- 
amine reagent and immerse in boiling water for 30 
minutes Cool the tubes and read in an Eveljn 
colorimeter using filter 620 Blank tubes contain 
plasma or urme without inuhn Mean recoveries 


and standard deviations with theoretical concen- 
trations of 5, 10, 15, 20, and 30 mg % inulin for 
plasma were respectively 5 10 ± 0 293, 9 93 ± 
0 357, 16 21 ± 0 664, 20 25 ± 0 846, and 30 63 ± 
0 700, for unne 4 98 ± 0 235, 9 78 ± 0 272, 14 94 ± 
0 224, 20 16 ± 0 479, and 30 49 ± 0 623 
Atrial hemodynamics in the presence of ex- 
perimentally produced interatrial septal defects 
R C Little (by invitation), J G Hawley (by 
invitation) and D F Opdtkb Dept of Physi- 
ology, Western Reserve Univ Medical School, 
Cleveland, Ohio Interatrial septal defects were pro- 
duced in open chest dogs Right and left atnal 
pressures were recorded simultaneously The re- 
sults of expen mental alteration of atnal pressures 
before and after producing the defect are compared 
The left-to-nght pressure difference between the 
atna which was observed previously in similar 
preparations without septal defects persists after 
producing the defect, although the differential 
appears to be decreased Rapid saline infusion ele- 
vates both left and right atnal pressures in the 
presence of an interatnal defect, but does not 
appear to increase left pressure as effectively as in 
the control Hon ever, right pressure does not ex- 
ceed left, although the two pressures tend to 
equalize after a considerable volume of infusion 

As in the control series, positive pressure infla- 
tion of the lungs (open-chest) results in an eleva- 
tion of both right and left atnal pressure, but nght 
increases more than left with a subsequent reduc- 
tion of the pressure differential Persistence of a 
pressure differential is probably due to a difference 
between the volume-elasticity charactenstics of 
the atna At eqmlibnum the volume flow into each 
atrium is equal Smee the left atnum has the 
greater volume-elasticity coefficient, the pressure 
will be greater than that in the nght atnum Ex- 
penments with a physical model indicate that this 
IS a major factor in maintaimng the pressure 
difference 

Effects of breathmg COj on blood pressure and 
renal circulation in normotensive and hyper- 
tensive subjects W J Little, J W Avera and 
S W Hoobler (introduced by M H See vers) 
Dept of Medicine, Univ of Michigan Hospital, 
Ann Arbor, Mich The mean blood pressure in- 
creased 21% in 6 normotensive subjects and 16% 
in 5 hypertensive subjects dunng inhalation of a 
gas mixture contaimng 10% CO- and 90% Oj Tlus 
rise was theoretically due to increased vasomotor 
tone, but was probably m part the result of an in- 
crease in cardiac output, since it occurred after 
caudal anesthesia had been estabhshed to dorsal 3 
The procedure was also associated usually with 
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renal vasoconstiiction, while control studies uti- 
lizing hypervent lation of room air and rebreathing 
100% ovygen had little effect on renal cii culation 
The following table summarizes observations mth 
6 normals and 5 hy pertensives, showing the average 
(and range) percentage change dunng COj inha- 
lation 



^ vovnotensmB 

I HYPEBTENSIVES 

RPF 

-13% (0 to -39%) 

-23% (-9 to -66%) 

RR 

-H6% (+7 to +110%) 

+76% (+23 to +228%) 

GFR 

-2% (-31 to +16%) i 

-12% (-69 to +12%) 

FF i 

+10% (0 to +17%) 

+17% (+9 to +25%) 


RPP 18 renal plasma flow (PAH) , EH is renal re- 
sistance (hlean BP/RPF), GFR is glomerular 
filtration rate (mannitol) , and PF is filtration frac- 
tion (GFR/RPF) The changes were usuallyabrupt 
in onset and offset, occurring only during the 10 
min period of COj breathing The failure of a ‘re- 
bound’ phenomenon to occur in the ensuing unne 
collection periods e\cluded the possibility that the 
changes n ere due to retention of unne in the renal 
pelvis The evidence seems to indicate that the 
renal vasoconstriction observed in the human sub- 
ject, during inhalation of 10% COj, is primarily the 
result of an increase in neurogenic vasoconstrictor 
activity 

Posf-fefamc potentiation of presynaptic actions 
m the spmal cord David P C Llotd Labys of 
The Rockefeller Imt for Medical Research, New 
York City Monosynaptic refleves of a given muscle 
are greatly increased forseveral minutes following 
brief tetanization of the nerve afferent for that 
muscle, the phenomenon reserabhng that studied 
in ganglia by Larrabee and Bronk, in frog by 
Bremer and Kleyrntjens Tetamzing afferent path- 
ways, from other muscles or skin, that converge, 
directly' or after internuncial relay, mth the mono- 
symaptic pathway of the given muscle may in- 
fluence transmission therein for 15 seconds, but 
prolonged potentiation is not realized Further- 
more, penetration into motoneuron somata of anti- 
dromic volley's, depressed for several seconds 
follomng presynaptic tetam, is not further in- 
fluenced If, honever, the nerves of two muscles, 
synergists or antagonists mthin a myotatic unit, 
are stimulated by single shocks so related in time 
that the \ollcy in one nerve, through monosymaptic 
connection, facilitates or inhibits the monosy naptic 
reflex elicited bi stimulation of the other ner\e, 
then, following tetanization of the first-mentioned 
nenc, its conditioning action, facilitatory or in- 
hibitory , upon the test reflex, is enhanced for 


several minutes, the teat reflex in isolation remain- 
ing unaffected Now, since any activity evoked by 
means othei than stimulation of the tetanized 
afferent fibers is not potentiated, and since the 
known synaptic actions of those afferent fibers all 
are, it follows that the process underlying post- 
tetanic potentiation must be sought in the rhyth- 
mically stimulated afferent fibers themselves Re- 
cordings from the intramedullary afferent fibers of 
post-tetanically increased impulses displayung 
subnormal velocity suggest that hyperpolanzation 
(positive after-potential) by increasing in size the 
presynaptic impulses causes them to be more effec- 
tive synaptic agents 

EflTect of sham-feeding on gastric motor ac- 
tmty of the dog Stanley H Lorbeh (by invita- 
tion), S A Komarov and Harry Shat Samuel S 
Feh Research Inst , Temple Untv School of Medi- 
cine, Philadelphia, Penna The effect of sham-feed- 
mg on the gastnc motor activity of a dog with an 
esophagotomy and gastrostomy has been studied by 
a balloon-kymograph technique A balloon was 
mtroduced into the gastnc antrum through the 
gastrostomy opening and, after a 30-60 minute 
period of observation, the dog was sham fed Re- 
sults observed were of two types and depended 
upon the basal motor activity In the active stom- 
ach, sham-feeding abolished penstaltic waves and 
diminished or abolished tonus waves The diastole 
of tonus activity was not altered appreciably The 
above effects occurred promptly at the start of 
sham-feeding and preceded acid secretion by 5-7 
minutes The motor inhibition lasted for several 
hours In the inactive stomach, sham-feeding re- 
sulted in the initiation of motor activity' and m an 
increase in tonus The waves induced were pre- 
dominately of the tonus ty pe but for a few minutes 
after sham-feeding peristaltic waves also occurred 
The effects preceded or immediately' followed the 
termination of sham-feeding The results indicate 
that sham-feeding can induce or inhibit gastric 
motilitj' depending upon the state of basal gastnc 
activity 

Conversion of propionate carbon to liver glyco- 
gen in the intact rat, studied with C",C”.IabcIed 
propionate Victor Lorber, M xrg xret Cook (by 
imutation) and JuLiEX Bordexua (by imitation) 
Dcpl of Biochemistry, Il^cstcrn Reserve Univ 
School of Medicine, Clcicland, Ohio Solutions of 
C’^HjC^’HiCOO-Xa and glucose were gncii to 
fasted rats by stomach tube Resulting li\ cr gly co- 
gen was isolated, hydrohred to glucose and tlio 
position of C‘* and C’’ in the glucose molecule dc- 
ternuned (_J Biol Chem 159 475, 1915) Prior 
experiments (Federation Proc G 272, 1917), 
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Lorber, Lifson, Sakanu, and Wood, unpublished) in 
iihich CH,C»HjCOO-Na and C»H,CHiCOO-Na 
^\ere fed to different animals have indicated that 
isotope adnumstered separatclj in the u and /3 
carbons appears in both cases mainly in the 1 , 6 and 
2, 5 carbons of glucose from liver glycogen, and is 
equally distributed betn een these positions In the 
present experiments in n hich it was possible to 
study the fate of isotope from both the a and ff 
carbons of propionate simultaneously in the same 
animal, the above result has been confirmed Fol- 
lowing feeding of GHjC^’HOHCOO-Na, the isotope 
IS incompletely randomized between carbons 1,6 
and 2,6 of the glucose from liver glycogen (Lorber, 
Lifson, Wood, and Sakami, Proc Am Physiol Soc , 
in press ) , positions 2, 5 predominating The results 
vnth propionate may therefore be interpreted to 
mean that for the conversion of propionate to 
pNTUvate some pathwaj other than a direct con- 
xersion via a oxidation must exist 
Role of insulin in the metabolism of amino acids 
\\ iLLiAii D Lotspeich Syrocusc Untv College of 
Medicine, Syracuse, N Y It has been repeatedly 
demonstrated that the injection of insulin results 
in a fall in the plasma amino acid nitrogen The best 
evidence to date indicates that amino acids arc 
being synthesized into protein under the influence 
of insulin In order to further clarif} this problem 
the following studj nas undei taken Normal adult 
female dogs, fasted for 12 hours, vere injected 
intravenously i\ith insulin (Iletin-Lilly) in doses 
of 2 u/kg body weight The m hole blood levels of 
the natural forms of the 10 essential amino acids 
V ere followed for 1 hour thereafter All anuno acids 
11 ere determined on tungstic acid filtrates of whole 
blood by microbiological assay techniques using 
Slreptococcus fecalts-R, Leuconosioc mesenieroides 
and Lactohacillus arabiiwsus as the test orgamsms 
It vas found that the blood levels of all amino acids 
fell at different rates Ariangcd in the order of dc- 
ci easing extent of fall the ammo acids were leu- 
cine, lysine, isoleucinc, valine, threonine, argimne, 
phenjdalamne, histidine, methionine and trjpto- 
phane It was further found that there existed a 
direct correlation betveen the quantity of each 
amino acid leaving the blood after insulin and the 
concentration of that same amino acid in dog skele- 
tal muscle protein This n as taken as presumptive 
ei idence that insuhn pla} s a role in the synthesis 
of protein from circulating free amilm acids 
Action of epmephrine on the pyloric sphincter as 
recorded by the pyloric inductograph Hortensb 
Louckes (by invitation), Daniel A Bhodt (by 
imitation) and J P Quiglex Division of Physi- 
ology, Univ of Tennessee, Memphis, Tenn We have 
emploved a modified form of the pyloric inducto- 


graph of Brody and Quigley (/ Lab tt Clin Med 
29 3 1944) By increasing the primary coil input 
from 60 to 1500 cycles per minute the 50 ohms re- 
sistence coils become more sensitive and much 
smaller coils have adequate sensitivity The ampli- 
fier output has been rectified so that coil or sphinc- 
ter movements are recorded as a line insead of a 
band This facilitates interpretation of the records 
Normal dogs, thoroughly trained to participate in 
the studies, were provided with two coils of 60 ohms 
resistance sutured at the pylonc sphincter dia- 
metrically opposite each other The py lone sphinc- 
ter of the dog usually exhibited spontaneous 
rhythmic contractions hav mg a 10-14 second cy cle 
This interval was not altered by the fasting or post- 
prandial state but the contractions became more 
regular, of greater rmplitude and spontaneous 
periods of inactivity were rare when the stomach 
contained food The intravenous injection of epi- 
nephnne (0 5-4 gamma/kg completely abohshed 
postprandial motility for 30 to 85 seconds respec- 
tively' and depressed motility for an additional 10 
to 60 seconds respectively During the recovery 
period the frequency of sphincter contractions re- 
turned to the pre-injection rate Epinephrine in- 
ci cased the sphincter tone and this increase iias of 
longer duration (30 to 240 seconds) than the motor 
inhibition The latent period of epinephrine effect 
ranged from 15 to 25 seconds A reduction in pulse 
rate paralled the decreased sphincter motility 
Doses less tlian 0 5 gamma/kg epinephrine ap- 
peared to be subthrcshold for they produced 
questionable inhibition of sphincter motility , no 
effect on tonus and a slight decrease m pulse rate 
Absorption of sulfamylon E W McChesxet, 
M E Auerbach (by invitation) and H W 
Eckert (by invitation) Sterling-Winihrop Re- 
search Inst , Rensselaer, iV F Studies on the ab- 
sorption of Sulfamy'lon (homosulfamlamide, 
marfaml) have been retarded by' the lack of a satis- 
factory method for its determination m blood The 
method of Heidcman and Rutledge {J Pharmacol 
(HExptl Thcrap 93 451 , 1948) is open to several 
criticisms, principally on the ground that the 

metabolic product, p carboxy benzenesulfomumde, 

also absorbs light m the region 265-270 mp, and 
absorbs it more strongly than Sulfamylon An 
alternate method for the determination will be pre- 
sented, based on the Ehrlich and Herter reaction 
for cr-aimno groups (Z physiol Chem 41 i 
1904) The method involves precipitation of tne 
whole blood proteins with trichloroacetic acid, ad- 
justment of the filtrate to pn 9, and reaction wth 
^-naphthoqmnone sulfonate The yellow derivative 
IB extracted vith methyl n-amy 1 ketone, and is de- 
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tcrmmed in the photoelectric colorimeter using a 
420 m/i filter This method has been applied in 
studies of absorption of the drug Dogs given 626 
mg/kg by intravenous infusion showed blood 
levels ranging from 16 to 80 mg %, 30 minutes after 
the end of the infusion , the blood was esaentiallj’^ 
cleared of Sulfamylon in 5 hours When the same 
dose was given orally, the peak blood levels ranged 
from 7 to 35 mg %, 2 to 3 hours after medication 
In human subjects an oral dose of about 110 mg/kg 
gave peak blood levels of the order of 7 mg %, 1 to 2 
hours after medication 

Inhibition of the knee jerk from tendon spmdles 
ofcrureus G P McCouch, I D Deebing (byin- 
ntation) , W B Stewart and W W Chambers 
(bi inntation) Depts of Physiology and Anatomy, 
Untv of Pennsylvania, Philadelphia, Penna In 
decerebrate cats, the muscles of the lower e\- 
tremity were silenced by denervation or tenotomy 
except for quadriceps and usuallj sermtendinosus 
The limb nas fixed bj drills and a pelvic clamp 
Muscle tension was recorded isometncally and 
action potentials, from a bare needle through rectus 
and crureus The knee jerk nas elicited by a me- 
chanical tapper, which stretched the muscle bj 
raising the lever shank Conditioning volleys, 
usuallj belon and never significantly above thresh- 
old for direct or neuromyal response, were dehvered 
througli bare needles of n hich one passed through 
the patellar ligament, the other transverselj 
through vastocrureus a fea nullimeters proximal to 
the tendon of crureus Inhibition curves may be 
preceded by facilitation at intervals between con- 
ditioning and test stimuli up to 2 msec This is fol- 
low ed by a descending limb, relatively constant in 
shape and duration, i\hich reaches maximal depth 
V. ithin 8 or 9 msec Toatl duration of inhibition is 
\ amble, being greater ivith more proximal elec- 
trode positions, which involve more receptors, than 
with distal positions, which engage fewer end or- 
gans It ranges from 20 to 100 msec Two factors 
ma\ be postulated to account for the shape of the 
curve The first is facilitation from the inevitable 
invoh ement of muscle spindles bj the conditioning 
stimulus The second results from the multisjTiap- 
tic character of the inhibitorj arc and its conse- 
quent afterdischarge 

Vascular changes in the warmed ear during 
oximetry W J McCra.ckex (introduced bj J K 
W Ferguson) Dept of Pharmacology, Univ of 
Toronto, Toronto, Canada A photoelectric oxim- 
eter developed bj Dr W Piul employs ampb- 
fication and meters such that fluctuations of blood 
content of the ear (‘ear thickness’) are observable 
w ith each pulse beat and amount to 0 25-1 5 ma 
The reading with the ear compressed and bloodless 


is less than one ma , w'hile fully warmed ears give 
readings of 9-15 ma , or about 8 ma more than un- 
warmed ears Over and above fluctuations with the 
pulse, changes have been observed after a) com- 
pression of the ear (tissue anoxia for 3-5 mm ), 6) 
hyperventilation, c) anoxia by holding the breath, 
and d) bicathmg oxygen After compression of the 
ear the euri ent increased by 0-3 ma in 19 subjects 
(av 1 ma ) above the precompression reading, and 
returned to the precompression reading in 3-5 
minutes This is interpreted as reactive hyperemia 
which temporarily increased the blood content of 
the ear by an average of about 20% Hyperventila- 
tion in 2 subjects proudeed vascular constriction, 
as shown by a decreased current of about 1 ma 
Subsequent anoxia by breath -hoi ding without in- 
creased intrathoracic pressure caused an increased 
current of about 4 ma above normal, indicating 
additional vasodilatation in the ear Breathing O 2 
(50, 75, and 99%) caused a deciease of current of 
0-2 ma in 19 subjects (av 0 75 ma ) The magni- 
tude of this vasoconstriction did not seem to vary 
with Oi% from 50-99% 

Experimental studies with psoriatic blood 
David I Macht Dept of Pharmaeology , Labys of 
Sinat Hospital, Baltimore, Md For 25 years, the 
author has been employing plant-physioIogical 
methods for studjnng pharmacological properties of 
blood In this way by testing 1% solutions of sera in 
plant physiological saline on root growth of Lnpimis 
albus seedhngs, the presence of toxic substances 
was demonstrated in mensttual blood and in the 
blood of permciouB anemia, pemphigus, leprosj , 
and trachoma Numerous experiments with psoria- 
sis blood however on normal seedlings gave readings 
exactly the same as w ith normal blood sera Three 
years ago, the author began experiments on the 
action of drugs and sera on seedlings which had 
been previously vernalized He found that ethyl - 
carbamate wns much more toxic for vernalized 
seedhngs than for normal ones Similarly it w as 
discovered that psoriatic serum was toxic for verna- 
lized seedhngs but not for normal seedlings, all the 
other phytotoxic sera mentioned above did not 
show such a difference 

Vernalization (or ‘yarovization’) in these cxjicn- 
ments was produced by chilling seedlings at 42°r 
in the dark (Miller, S C Plant Physiology, 1938) 
This finding in psoriasis is useful for diagnosis and 
also for the evaluation of therapeutic procedure; 
Thus exposure of psoriatic sera to x-rays ui iitro, or 
to ultra-violet ray s in quartz produce detoxification 
of psoriatic blood These plnsical agents are em- 
ployed with Eomd success in the treatment of th it 
disease Extracts of Smilai sarsapinlli al=o ih 
toxif\ psoriatic scrum in Mtro, md that driiL he 
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also been employed clinically {New England J 
Med 227 128, 1942) 

Physiological, pharmacological and biochemical 
studies on blood of animals in rage David I 
Macht and Thomas Hohfmasteb (by invitation) 
Dept of Pharmacology, Labys of Stnat Hospital, 
Baltimore, Md Six different experimental studies 
were made on the blood of rabbits and cats before 
and after enraging them 1 ) clotting time of whole 
blood measured by the Lee White method , S) pro- 
thrombin time estimated by Quick’s method, 3) 
blood sugar determined by nucrochemical meth- 
ods , 4) phytotoxic effects on root-growth of seed- 
lings measured on Lupinus albus by Macht’s 
method , B) reducing power of blood sera for meth- 
ylene blue studied m a substratum of crushed 
vegetable cells by Thunberg’s method, 6) similar 
studies with serum on brain and muscle tissues, 
made by Thunberg’s method 

Coagulation time of whole blood in rage is mark- 
edly reduced, as much as 60% or more Prothrombm 
time IS but slightly affected, the fluctuations being 
of httle significance Blood sugar is markedly in- 
creased for 6 hours or more Phytotoxic properties 
of sera after rage are very striking and are exhibited 
by them even after refngerating the blood speci- 
mens for 3 days Control experiments with intra- 
venous injections of epinephnnealso shorten coagu- 
lation time and produce hyperglj cenua, but render 
the blood phytotoxic only when tested a few hours 
after drawing it, the phytotoxicity disappears, 
probably through oxidation, on standing several 
hours Significant differences also are shown be- 
tween the reducing piower of the sera after rage and 
after injections of epinephrine, respectively The 
results indicate that the blood changes in rage 
cannot be attributed entirely to adrenal effects, but 
involve other metabolic or endocrine disturbances 

A new chemical method for the determination of 
histamine in biological materials Flotd C 
McIntire, Mhbiel Spbohll, and Fbancbs B 
White (introduced byR K Richabds) Dept of 
Biochemistry, Abbott Research Labys , North 
Chicago, III The reaction between histamine and 
2,4-dinitrofluorobenzene may now be used for the 
determination of histamine in biological materials 
The histamine to be determined is purified by the 
cotton acid succinate method (McIntire, Roth, and 
Shaw, J Biol Chem 170 637, 1947) The cotton 
acid succinate eluate is not neutralized, but is 
evaporated to dryness The dry residue is dissolved 
in a small amount of an alkahne buffer, an alcoholic 
solution of dimtrofluorobenzene is added and after 
20 minutes at room temperature the solution is 
acidified Under the conditions emplojmd, hista- 
mine reacts with dimtrofluorobenzene to yield 


fi- (4-iniidazolyl-N- (2, 4-dim trophenyl ) ethj lamine 
This histamine derivative is separated from the 
excess reagent and from a number of dinitrophenyl- 
ammo compounds by a micro counter-current ex- 
traction procedure Interference from histidine and 
diamino acids is eliminated by a second counter- 
current extraction under alkaline conditions The 
quantity of histamine derivative is determined by 
measuring optical density at 368 m/i in a Beckman 
spectrophotometer By employing microceUs in the 
spectrophotometer it is possible to determine as 
little as 0 2 /ig of histanune with an accuracy of 
±5% The histanune derivative is very stable and 
the results are highly reproducible In our applica- 
tion of this method to rabbit whole blood and 
plasma, the chemical method has given good agree- 
ment with bioassays The method is particularly 
smted for the handling of a large number of samples 
at one time 

Changes in Ihe amonnl of prolamme sulfate 
required to re-establish in vitro clotting of 
heparinized blood in certain pathologic states 
Chabees L McICeen, Richard M Elghammbr 
and Peter V Mohedee (introduced by J Gabrott 
Allen) Dept of Surgery, Univ of Chicago, Chi- 
cago, III The amount of protamine sulfate required 
to allow coagulation of standardly heparinized 
blood is constant in normal human beings and dogs 
In certain human pathologic conditions, and in 
artiflcially produced toxic states in dogs, this 
protamine sulfate requirement increases In hu- 
mans, this phenomenon has been observed in 
leukemia, menorrhagia and in certain patients with 
coagulation disturbances, otherwise unclassified, 
it has also been seen following internal and external 
irradiation and aminopterin and mtrogen mustard 
therapy It has been produced in dogs by total 
body irradiation, aminoptenn and nitrogen mus- 
tard In these instances of changed protamine re- 
quirements, clotting tunes, though usually mildly 
prolonged, are only occasionally normal and rarely 
incoagulable This changed protamine requirement 
is independent of the thrombocyte count Intra- 
venous or intramuscular protamine sulfate and 
mtravenous toluidine blue return the in vitro 
protamine sulfate requirement to, or toward ' 
normal 

Concurrent estimates of blood volume in rabbits 
by bleeding and dye methods Paul L McLain, 

C H William Ruhe (by invitation) and T K T 
Kkuse Dept of Physiology and Pharmacology, 
School of Medicine, Untv of Pittsburgh, Pitts- 
burgh, Po In 20 rabbits, the blood volume by 
Guthrie's modified Welcker method averaged 126 2 
±3 21 ml or 4 28 ±0 078% of the body weight 
The animals were bled and simultaneously infused 
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with sahne so as to reduce the circulating hemo- 
globin as much as possible before failure of the 
heart Infusion was continued, with manual pump- 
ing of the heart, until the hemoglobm concentra- 
tion of the effluent •s\'as well below 1% of the ong- 
inal Finally, the hmbs i\ere massaged, all large 
vessels slashed, and the animal drained All pre- 
cautions were taken to insure that no significant 
amount of hemoglobin was left in the animal In 15 
of these animals, plasma volume was estimated 
concurrently b}’’ the dye T-1S24 The Ime estab- 
lished by 3 points on the dye disappearance curve 
was extrapolated to zero time both rectilinearly 
and loganthmicallj' Blood volume was estimated 
from plasma volume and arterial hematocrit 
Ordinary plotting yielded blood volumes 7 23 ± 
0 29% of the body weight, logarithmic plotting 
5 67 ± 0 1S% Estimates by the 2 dye methods 
differed sigmficantly from each other and from 
those obtained by hemorrhage, and were much less 
consistent when related to bodj-- weight The 
a^erage plasma volume obtained by rectilinear 
plotting exceeded the average whole blood volume 
estimated by the bleeding technique The dis- 
crepancies betw cen the results of hemoglobin and 
dj c procedures seem too large for exqilanation by 
reasonable differences betw een arterial and ‘body’ 
hematocrit, and suggest serious loss of dye from the 
circulating plasma shortly after injection 
Assay of FSH, ICSH, and luteotrophm m the 
hypophysectomized rat clinical applications 
William 0 IMaddock (bj' invitation), Edwin C 
JuNGCK (bj’’ invitation), Demeteios A Rigas (by 
in\ntation), and CahlG Heller Depls of Phys- 
iology and Medicine, Univ of Oregon Med School, 
Portland, Oregon Current methods for assessing 
gonadotrophins in clinical materials usually indi- 
cate w hethcr titers are greater or less than normal, 
but rarclj' indicate w hich of the 3 gonadotrophins 
are present or predominate Purified FSH alone 
does not cause ovarian secretion FSH plus ICSH 
stimulates o\arian secretion of estrogen, and the 
addition of luteotrophm stimulates progesterone 
secretion This series as a basis for the qualitative 
assay of a mixture of gonadotrophins Thus, if an 
unknown extract causes estrogen elaboration from 
the oi’ary , FSH and ICSH must be present, if, in 
addition, progesterone secretion is produced, 
luteotrophin must also be present in the extract 
Estrogen and progesterone secretion can be deter- 
mined bi the effects of these hormones on the im- 
mature rat uterus Alpha-estradiol, administered 
to castrate or intact immature rats, produced thin- 
wallcd, translucent uten, uniformly ballooned 
with fluid Doses of alpha-ostradiol 1000 times an 
cffectuc dose still produced thin-wallcd, trans- 


lucent, fluid-filled uteri Simultaneous administra- 
tion of estradiol and progesterone produced 
thickw'alled, opaque uten, devoid of fluid Admin- 
istration of extracts containing predominantly FSH 
and ICSH to hypophysectomized rats with intact 
ovanes produced fluid-containing uten The same 
extracts plus luteotrophin produced stimulated 
uteri devoid of fluid Administration of extracts 
of the urine of castrate and normal men have pro- 
duced uten devoid of fluid, similar to those pro- 
duced by estrogen plus progesterone treatment, or 
by administration of extracts containmg FSH, 
ICSH and luteotrophin It is concluded that all 3 
gonadotrophins are excreted by normal and cas- 
trated men 

Possible relationship between cinchophen 
ulceration of the stomach or duodenum and the 
choleretic response to cinchophen D F Magee 
(by mvitation), K S ICtai (by invitation) and 
A C IvT Dept of Clinical Science, Univ of 
Illinois College of Medicine, Chicago, III Cmcho- 
phen in dogs is both ulcerogenic and choleretic, 
whereas in rabbits neither action is observed The 
object of this investigation was to determine if this 
relationship existed in other species Tw^o sets of 
experiments were made using cats, rabbits, guinea 
pigs and rats 1) Acute Under ‘nembutal’ anesthe- 
sia the common bile duct was cannulated, the gall 
bladder tied off and the half hourly bile output 
collected and measured The differences in volume 
betw'een the basal flows and those after 100 mg/kg 
of intravenously administered cinchophen dis- 
solved m N/10 sodium hydroxide were determined 
As a test of reactability intravenous ‘decholin’ w^as 
given The basal bile flow in cats was 0 5 ml/kg/hr 
in guinea pigs 10 ml/kg/hr Increases after cincho- 
phen of 50% and 60% respectively were observed 
The basal flow in rabbits was 4 mlAg/hr in rats 
2 ml/kg/hr No choleresis was observed after 
cinchophen, but it occurred after ‘decholin ’ S) 
Feeding experiments Capsules containing 100 
and 200 mg/kg w ere administered daily The rats 
were fed the same per kg dose dissolved in N/10 
sodium hj droxnde by stomach tube Equal quan- 
tities without cinchophen were given to the con- 
trol rats Consistent ulceration was produced only 
in the cat Some rabbits and guinea pigs developed 
gastritis and duodenitis but no ulcers were histo- 
logically demonstrable All the animals, except the 
rats, fed the sodium salt, died in from one to eight 
weeks of cinchophen feeding There is apparently 
no relation between cinchophen induced choleresis 
and cinchophen ulcer 

Effect of blood composition on the metabolic 
activity of the perfused brain in the living cat 
J Magxes, R iVI TATLOEand A Geiger (Intro- 
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duced by H Geundfest) Dept of Psychiatry, 
College of Physicians and Surgeons, Columbia 
Umv , New York City In continuation of experi- 
ments on the metabolism of the perfused cat’s 
brain, attempts were made to facilitate the iden- 
tification of essential brain metabolites by simpli- 
fying the composition of the perfusion blood 
Perfusion experiments nere made with 1) fresh, 
defibnnated, heparinized beef blood passed through 
an isolated cat liver for removal of vasoconstrictor 
substances , S) the same blood but dialyzed against 
0 9% NaCl solution in the cold for 6 days, and re- 
constituted with electroljdes and glucose, S) ex- 
haustively washed beef blood corpuscles suspended 
in a Ringer’s solution containing 7% bovine serum 
albumin All 3 preparations maintain bi am func- 
tions Preparation (5) shows no vasoconstrictor 
pioperties Cerebral oxygen consumption and blood 
flow were highest with (3) and lowest n ith (t) n ith 
equally good functional activit}' of the brain The 
rate of O 2 consumption of the brain is related to the 
functional actnitj of the brain as long as reflexes 
can be ehcitcd , but the actual rate n 1 th (t ) is between 
4-6 ml O 2 consumed by 100 gm brain pei minute, 
while with (S) it IS betneen 7-11 ml Phjsiologi- 
cally inactive brains may also shon a relatively 
high Oi consumption nith (3) It is suggested that 
by washing the blood corpuscles and by substitut- 
ing a Ringer-albuinin solution for plasma an 
inhibitor of brain metabolism is eliminated 
Venous pressure as a factor limiting tolerance 
of acceleration in the prone position P J Maher, 
Je (bj invitation), 0 Gauee (by invitation), E 
E IMaetin (by invitation), J P Heney Aero 
Medical Laby , Aii Materiel Command, Wnght- 
Patterson Air Force Base, Dayton, Ohio Practical 
considerations of flight control has stimulated the 
modification of the full prone position in ordci to 
permit better forward vision The torso is raised 
until the head and chest make an angle of 25" w ith 
the horizontal Standard light tests of visual 
symptoms and electrocardiograph recordings were 
carried Out with 7 unrelaxed subjects in the range 
of 10-12 g Visual symptoms w ere absent or mild 
The electrocardiographic changes w ere of the same 
type and degree as those found during positive 
acceleration of approximately three g in the upright 
seated posture However, 6 (6) subjects com- 
plained of intense pain in the legs or forearms dui - 
ing high accelerations Petechiae were observed in 
3 subjects, extending up the arms to the biceps 
region Venous pressures were measured directly 
in 2 (2) subjects at 10 g using a vein in the forearm 
and recording pressures by means of a tnmount 
inductance gauge Pressures of 176 mm Hg were 
recorded in both cases Since the vertical heart-leg 
distance was 60% greater than the heart-arm dis- 


tance of approximately 19 cm , even larger pies- 
sures probablj’^ occur in the legs These results sug- 
gest that pain in the extremities maj determine the 
upper limit of g-tolerance in the prone position 
Repeated explosive decompressions David I 
Mahoney (introduced by J W Wilson) Aero 
Medical Laboratory, Air Materiel Command, 
Wnght-Patierson Air Force Base, Dayton, Ohio 
As a result of increasing interest in the explosive 
decompression of pressurized aircraft, the ques- 
tion has arisen concerning the possibility of pro- 
ducing irreversible damage in individuals ex-posed 
to explosive decompressions of moderate intensity 
repeatedly earned out wuthin a period of several 
hours In order to test this possibilit 3 , a senes of 
expenments was conducted using dogs as subjects 
Thirteen test animals w ere used during the studj 
and were subjected to no surgical procedure The 
ammals singlj' or in pairs, were placed in a small 
cabin which was located within a low-pressure 
chamber The small chamber w'as held at ground 
level until the huge chamber was evacuated to the 
altitude required to give the desired pressure 
differential (6 55 psi) A membrane of several 
layers of brown wwapping paper covering a lOJ in 
diameter orifice in the small chamber was biokcn 
at the desHcd time of decompression The chamber 
was then immediately brought to ground level to 
preclude anj' effects of hypoxia The time foi all 
explosions x'aricd betw een 0 120 to 0 126 seconds 
The total tune elapsing during a series of 7 explo- 
sive decompressions on each dog ranged from 45 to 
76 minutes There was no evidence of ill effects 
from the e-^plosive decompressions in any of the 
dogs either immediatclj'' after the decompressions 
01 during a subsequent observation period of 2 
w ecks The lack of evidence of irreversible damage 
in this senes plus the results of Hitchcock ct al 
(J Av Med 17 6, 1946) lead to the conclusion that 
lepeated explosive decompressions of moderate 
intensity are not a significant factor tliat may lead 
to mortality in dogs 

Behavior of actomyosin threads Saitoel Mal- 
Lov (by invitation) and Jane Sands Robb Dept 
of Pharmacology , Syracuse Univ College of Medi- 
cine, Syracuse, N Y Actomyosin from skeletal 
muscle of the rabbit, dog and gumea pig has been 
extracted and also purified by methods described 
by Szent Gyorgji hlineing favors greater output 
in shorter time but renders further sejiaration 
more difficult Purified actomyosin is stable for 
several weeks Threads can be drawn but in con- 
trast to unpurificd threads, these respond to ATP 
only if calcium and/or niagnesium ions are added 
and even then the degree of shortemng is less 
Images of these contracting threads have been 
projected to a screen and moving pictures taken 
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iMovement, generally beginning at the ends, is 
preceded b> increase in densitj As shortening 
proceeds, spiraling occurs It is our impression that 
threads drawn into about 0 015% magnesium 
chloride develop tightei spirals (than is the case 
when dravn m potassium chloride) and that 
shortening is follow ed bj^ jiartial relaxation Be- 
liavior of threads drawn into 1 2,000,000 solution 
of crj stalline cardiac glycoside is standard If the 
glycoside is mixed with actomjosm and allowed to 
stand for an hour or two before threads are drawn 
considerable relaxation precedes contraction, 
spiraling is pronounced and maximum shortening 
appears We have not been able to demonstrate 
actn ation by barium w hich w as attempted because 
of the report of Deutsch and Lundin that it is 
barium and not ATP which is responsible for auto- 
matic cardiac activity Using standard methods, 
less actomyosin can be extracted from a given 
amount of heart muscle , it is less viscid, forms 
threads less w ell, and these in spite of being thinner 
aie less reactive than threads composed of skeletal 
actomj osm 

Intestinal Perfusion in a patient with chronic 
uremia N S R hlAXitjF SutqicoI Rcscatch Unrly 
Broot c General Hospital, Fori Sam Houston, 
Texas Intestinal perfusion w as tested in a severely 
uremic patient by the triple-bore tube Thirty-one 
liters of 2 to 2 27% anh> drous sodium sulfate w ere 
dripped in 24 hours for intestinal and, then, gastric 
irrigation The small cjuantitj of licjuid which 
regurgitated into the stomach while the intestine 
was being perfused was sucked through a gastric 
tube admitted through the other nostril , this com- 
plctclj prexented vomiting Incxitable leakage 
through the anus w as through a rubber-tube (1 6 
cm O D , 1 1 cm ID) inserted into the rectum 
and attached to the buttocks bx adhesive tape, 
this almost totally prevented soiling Perfusion 
ax eraged22 2 cc/min , w hich w as much slower than 
prexiouslx used in non-uremic patients (hlaluf, 
194S, Federation Proc 7 77, 10-lS, J Urology 60 
307, 194S) Because of the high plasma-urea and 
slow perfusion, the urea clearance was onlj 1 S 
cc/min Nexertheless, 50 gm of urea were ex- 
tracted in 24 hours and plasma-urea fell from 357 
to 246 mg/100 cc in spite of intestinal perfusion 
ucciipxnng onlj 10 5 hours, the remaining 13 hours 
being txclusixelj gastric irrigation Intestinal 
irng-itioii wras at least S times more effcctix e in 
elimin iting urea than gastric Edema, ascites and 
weight dropped markedlx in spite of 6 5 liters 
liquid 1 X Elcxated arterial pressure fell and the 
patient was mentalh improved 662 mg of Ca, 2 3 
gin of K and 4S 3 gm of Cl were lost m the per- 
fu^ ite Plasma Cl ( i= X iCl ' fell from 574 6 to 


523 9 mg/100 cc Besides dex-trose, water and 
xutamins, 16 gm NaCl and 4 gm calcium gluconate 
were given intravenouslj’’ 

Inactivation of thromboplastin by serum F D 
Mann and Mabgajiet Huen (Introduced by T B 
Magath) Division of Clinical Lahys , Mayo 
Clime, Rochester, Minn Most of the thrombo- 
plostic activity of extract of rabbit brain disap- 
peared on incubation wuth an equal volume of 
human serum for 1 hour at 37°C By dilution and 
acidification of the mixture, thromboplastin was 
precipitated and recovered in active form De- 
calcification of the serum with oxalate largely 
prevented the inactix-ation of thromboplastin 
Over the pn range 7 to 8, alkali decidedly favored 
and acid inhibited the inactivation of thrombo- 
plastin bj serum A rather similar pn effect was 
observed for conversion of prothrombin to throm- 
bin in the two-stage system 
Effect of dibenamine on ventricular fibrillation 
following sudden coronary occlusion G W Man- 
ning R C A F Institute of Aviation Medicine, To- 
ronto, and the Dept of Physiology, Untv of Western 
Ontario, Ontario, Canada In 76% of normal con- 
scious dogs sudden occlusion of the left circumflex 
coronarx arterj results in ventricular tachycardia 
followed by ventricular fibrillation and death It 
has been shown that cardiac sympathetic denerva- 
tion and the sj mpathcticoly tic drug, di hydro 
ergotamine, significant!} inhibits the development 
of this fatal ectopic rh} thm In view of the results 
reported bx Nickerson et al , with dibenamme, the 
effect of this sympathetic blocking agent on the 
immediate mortalit} due to x cntricular fibrillation 
was studied Under anesthesia a loose ligature was 
placed around the left circumflex coronar} artery 
Dibenamme (20 mg/kg ) was gix'cn intravenously 
111 250 cc of normal saline, oxer a period of ^ to J 
of an hour E C G and blood pressures, in some 
cases, were recorded before and after dibenamme 
and before, during and after ligation Sudden 
ligation in the conscious dog was carried out the 
follow mg dax bx traction on the ends of the ligature 
which had been brought out through the chest wall 
(at a tangent to the heart ) In the EGG the most 
constant changes noted were an increase in the 
heart rate, and increase in amplitude of the T and 
P waxes and a reduction of the amplitude of the 
R waxes occurred m some experiments following 
the injection of dibenamme Following ligation of 
the left circumflex the usual sequence of ex ents w as 
noted m the EGG There was i progressixe 
elex ation of the S-T segments, frequent cxtras}'s- 
tolcsand bouts of ventricular tachycardia followed 
bx fatal ventricular fibnllation m 55% of the 
animals wathm the 24-hour period following 
ligation — (all occurred within the first 12 minutes 
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except in one ammal -wliich died in 10-12 hours 
follomng ligation) In the control senes the same 
changes were observed and 76% of the animals 
died in ventricular fibrillation within the 24-hour 
penod Although an insigmficant reduction in 
mortality occurred, the frequency of extrasystoles 
and ventricular tachycardia appeared to be no 
different from that seen in untreated control 
ammals It would appear from these experiments 
that dibenamine is not an effective agent in pre- 
venting the fatal ectopic cardiac rhythm which 
occurs following sudden coronary occlusion in the 
conscious dog 

Characteristics of the thigh muscles with a 
double action J E Marked and Maude Wil- 
ijAMS (by invitation) Dept of Anatomy, Duke 
Vmv School of Medicine, Durham, N C and 
Division of Physiology, Womens College of Univ 
North Carolina, Greensboro, N C Previously, 
evidence was presented that muscles which pass 
over both the knee and hip function as double 
muscles, one part shortens to move the hip, an- 
other part shortens to move the thigh This differ- 
ent participation of the separately innervated 
areas of the biceps femons, semitendenosus, 
semimembranosus, rectus femons, sartonus and 
gracilis occur during 1) direct stimulation of the 
nerve branches, S) reflex flexion and crossed ex- 
tension ehcited in decerebrate preparations, and 
S) flexion and extension induced by cortical stimu- 
lation In the present investigation, evidence is 
presented indicating that these thigh muscles 
which act as double muscles possess the functional 
characteristics of simple flexor and extensor mus- 
cles That IS, one part of the biceps femons flexes 
the knee and resembles a simple flexor muscle in 
that it fatigues rapidly and develops less tension 
per umt of iv eight In addition the development of 
effective tension occurs through a longer propor- 
tion of the range of shortening of the fibers On the 
other hand, the part of the biceps femons which 
extends the hip resembles muscles which are sim- 
ple extensors in that this part fatigues less 
rapidly and develops more tension per umt of 
weight In addition the development of tension is 
more dependent on the length of the fiber in the 
ex-tensor portion of the muscle The flexor and 
extensor portions of the semitendenosus and 
gracilis respectively possess these flexor and ex- 
tensor characteristics 

Specific resistance of regenerating Dugesia in 
different media and the electrical work of polarity 
control Gordon Marsh and Jean Duimitt (by 
invitation) Zoological Labys , State TJniv of Iowa, 
Iowa City, la Pieces of Dugesia tignna, regener- 
ated 3 days in solutions of different specific re- 
sistance, were transferred individually to a cham- 
ber 0 149 mm deep, which confined them at 
virtually umform thickness The voltage difference 


producing constant current with and without the 
piece, divided by that current, gives the difference 
in resistance, under the two conditions, of a cham- 
ber segment of length equal to the piece Dunng 
current flow the orientation, geometric shape and 
cntical dimensions of the piece were determined, 
enabling calculation of the ‘specific resistances’ 
(ohm-cm at 24‘’C ) 
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Midpieces showed the highest and posterior pieces 
the lowest resistance, with sigmficance doubtful 
Resistance was independent of current strength, 
which was usually that capable of reversing polar- 
ity The previously demonstrated constancy of 
potential gradient producing a given morpho- 
genetic effect in media of varying resistance, gams 
significance from the fact that the internal current 
varies The electncal energy expended in a 1 mm * 
piece regenerating 4 days in the current varies 
from 0 06 to 0 25 cal , depending upon specific 
resistance and potential gradient (regressive 
bipolarity 1 78 volts/cm , reversal 2 17 volts/cm ) 
Assuming 1 06 for piece density and 5 cal/cc 
caloric equivalent for oxygen, these energies would 
represent the Qoj’s above if provided by the 
regenerating material All lie within the limits of 
published data 

Purification and possible histochenucal local- 
ization of renin John Marbhadl (by invitation) 
and G E Warerun Depis of Physiology and 
Pathology , Univ of Illinois College of Medicine, 
Chicago, III Purified hog remn was prepared by an 
extension of the ethanol fractionation method 
previously described (^Federation Proc 7 78, 

1948), with a resulting yield of 22,000 du (Gold- 
blatt) at a punty of 126 Du/mg N This prepara- 
tion gave a polysaccharide reactiob to the Hotch- 
kiss technique (Arch Biochem 16 131, 1948) 
Accordingly, sections of 22 dog kidneys of widely 
varyung renin content were stained by the Hotch- 
kiss method Remn content varied from 0 to22Du/- 
gm The results showed a good correlation between 
the remn content and granules containing glyco 
protein in the juxtaglomerular apparatus The 
solubihty of the glycoprotein granules in the juxta- 
glomerular apparatus of tissues prepared by freez- 
ing and drying was compared with that of dog 
renm Using the same procedures employed for the 
fractional separation of purified remn, it was found 
that the solubilities of both substances mentioned 
above corresponded Both were insoluble at 0°C , 
lomc strength 0 005, pH 5 10, at 20% ethanol con- 
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centrations or higher, and were soluble at lower reaction reduces and ehminates the primary sur- 
ethanol concentrations face positive cortical components The first cortical 

Presence ofmulhple cortical foci in the primary synaptic reaction is the last to be completely 
sensory projection systems of the cat Wade H eliminated In the rabbit it is certain that the 
Mabshall National Institutes of Health, Bethesda reaction affects only the purely cortical events 
Md In connection with work on the recovery cycle Subcortical or intracortical block of afferent im- 
of the somatic sensory system of the cat, this pulses does not occur, only the primary cortical 
author located 3 cortical regions at which responses events subsequent to radiation activity are af- 


occurrcd follov mg tactile stimulation of the con- 
tralateral forefoot These regions were specified m 
a joint paper on cortical reactions (Marshall et al , 

J Nciirophysiol 4 1, 1941) Adrian (J Physiol 
100 159, 1941) has questioned the presence of 3 
such regions Woolsey, in his published vork on 
mapping the somatic sensory cortev of the cat, has 
discussed only 2 of these regions One, the sensory 
region of Campbell, he has logically labeled Somatic 
I, the other, the anterior ectosy Ivian region, he has 
labeled Somatic II The question of the third he 
does not discuss The point has been reexamined 
and the author’s original findings have been con- 
firmed There is a third area extending laterally 
from the region of the junction of ansate and 
lateral sulci across the posterior part of the Somatic 

I face area ton ard the antenor ectosy Ivian Somatic 

II Multiple primary projection foci are not 
peculiar to the somatic sensory system The visual 
sy stem in the cat contains 2 demonstrable areas in 
addition to the striate and contiguous boundary 
region One of these is in the posterior suprasylvian 
gyTus The other region is in the middle ectosylvian 
gyrus extending medially across the suprasylnan 
sulcus onto the dorsal surface of the suprasylvian 
gyTus 

Suppressor action on prunary sensory projec- 
tion reactions Wade H hlABSHALL National 
Institutes of Health, Bethesda, Md Previous work 
by the author has shon n significant bilateral inter- 
fiber interaction in optic tract and radiations of the 
cat It was considered desirable to determine if 
cortical suppression (suppressor reaction of Leao, 
and Leao and Morrison) would exercise a suppres- 
sor action on the radiation terminations A decision 
on this question necessarily inxolves simultaneous 
obscri'ations on the primary relay nuclei of the 
thalamus This has been done in the geniculate- 
strnte sisteni of the rabbit and cat In the rabbit 
no change has been obserx cd in geniculate reactions 
or in the ridi ition spike complex as recorded on, in 
or under the cortex The decision in the cat is not 
xet clear because of the difficult! in eliciting 
regular ind repeated suppressor cycles in that 
animal The radiation amplitude has shown reduc- 
tion in 'Dmc experiments accompanied b% a reduc- 
tion m Literal geniculate postsynaptic reaction 
Howexer u IS certain, in the case of the cat, that 
radi it ion amplitude is reduced not more than 10%, 
if nix such reduction occurs due to the suppressor 
tx iction In both cat and rabbit the suppressor 


fected 

Static assessment of the relative efficiency of 
anti-G suits E E Martin (by invitation), G 
ScHBOER (by invitation), J P Henry Aero 
Medical Laby , Air Materiel Command, Wnght- 
Patterson Air Force Base, Dayton, Ohio Attempts 
to estimate the effectiveness of anti-G suits while 
at rest by measuring the changes they induce in 
blood pressure have shoxvn mcrements proportion- 
ate to the relative efficiency of these dexuces during 
acceleration (Air Materiel Command Memor- 
andum Report MCREXD-689-2C, dated July 
1948 ) The results suggest that tests of G-suit 
efficiency could be devised which do not require 
the use of a human centrifuge With this end in 
view, 3 further measurements were made venous 
pressure, xntal capacity and teeter board weight 
shift Venous pressure was measured at the ante- 
cubital fossa w hen the legs only of the G-3A, G-4A, 
and G-5 suits were inflated A teeter board was 
employed to measure the weight shift induced by 
the inflation The changes in vital capacity were 
measured under the same conditions Eight 
senes of 3 tests each were carried out on 6 subjects 
The following table shows the changes induced by^ 
suit inflation 



G-3A 

G-4A 

G 5 

Venous pressure increase 
(cm H-O) 

0 3± 0 2 

1 9± 0 0 

4 3±0 6 

Vita) capacitj decrease 
(cc ) 

250 ±G0 

325 ± 70 

400 ±C0 

Teeter Board xvcight shift 
(pounds) 

0 3± 0 1 

0 0 2 

0 5±0 3 


These differences are qualitatively confirmed by 
the results of tests of these suits on the human 
centrifuge In the G-34. suit mean protection us 
estimated from blood pressure changes was 1 OG, 
G-4A suit 2 2G, and the G-5 suit 2 3G 

Occurrence of potassium U/P ratios lower than 
10 P Mateeb (bx inxitation), L Greexsiax (b\ 
inxntation), J H Petebs (bx inxitation), R C 
Gow (bx inxitation), and T S Danowski Dept 
of Pc^carch Medicine, Unti of Pittsburgh School of 
Medicine, Pittsburgh, Penna It has been demon- 
strated that during periods of reduced or ab'^ent 
intake of food and water the urinarx excretion of 
sodium decreases to zero v liile ix>tas=ium continuco 
to bo present in the urine (J Chn Inve-l 23 
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except in one animal which died in 10-12 hours 
following ligation) In the control senes the same 
changes were observed and 76% of the animals 
died in ventricular fibnllation within the 24-hour 
penod Although an insignificant reduction in 
mortality occurred, the frequency of extrasystoles 
and ventricular tachycardia appeared to be no 
different from that seen in untreated control 
ammals It would appear from these expenments 
that dibenamine is not an effective agent in pre- 
venting the fatal ectopic cardiac rhythm which 
occurs following sudden coronary occlusion in the 
conscious dog 

Characteristics of the thigh muscles with a 
double action J E Makkee and Maude Wii> 
LiAJis (by invitation) Dept of Anatomy, Duke 
Umv School of Medicine, Durham, N C and 
Division of Physiology, Womens College of Umv 
North Carolina, Greensboro, N C Previously, 
evidence was presented that muscles which pass 
over both the knee and hip function as double 
muscles , one part shortens to move the hip , an- 
other part shortens to move the thigh This differ- 
ent participation of the separately innervated 
areas of the biceps femons, semitendenosus, 
semimembranosus, rectus femons, sartonus and 
gracilis occur during 1) direct stimulation of the 
nerve branches, £) reflex flexion and crossed ex- 
tension ehcited in decerebrate preparations, and 
S) flexion and extension induced by cortical stimu- 
lation In the present investigation, evidence is 
presented indicating that these thigh muscles 
which act as double muscles possess the functional 
characteristics of simple flexor and ex'tensor mus- 
cles That IS, one part of the biceps femons flexes 
the knee and resembles a simple flexor muscle in 
that it fatigues rapidly and develops less tension 
per umt of n eight In addition the development of 
effective tension occurs through a longer propor- 
tion of the range of shortemng of the fibers On the 
other hand, the part of the biceps femons which 
extends the hip resembles muscles which are sim- 
ple extensors in that this part fatigues less 
rapidly and develops more tension per unit of 
weight In addition the development of tension is 
more dependent on the length of the fiber in the 
extensor portion of the muscle The flexor and 
extensor portions of the semitendenosus and 
gracilis respectively possess these flexor and ex- 
tensor characteristics 

Specific resistance of regenerating Dugesia m 
different media and the electncal work of polarity 
control Gordon Marsh and Jean DiMMiTr (by 
invitation) Zoological Labys , State Umv of Iowa, 
Iowa City, la Pieces of Dugesia tignna, regener- 
ated 3 days in solutions of different specific re- 
sistance, were transferred individually to a cham- 
ber 0 149 mm deep, which confined them at 
virtually umform thickness The voltage difference 


producing constant current with and without the 
piece, divided by that current, gives the difference 
in resistance, under the two conditions, of a cham- 
ber segment of length equal to the piece During 
current flow the orientation, geometric shape and 
critical dimensions of the piece were determined, 
enabling calculation of the 'specific resistances’ 
(ohm-cm at 24 “’C ) 


SP UEDIUM 

1 

^SP VES DUGESIA^ 

NO CASES 

1 

QCh 

923 

1682 ± 178 

9 

169-474 

2280 

1687 ± 203 

10 

140-400 

6180 

2370 ± 330 

12 

122-349 

10,900 1 

4638 ± 461 

13 

113-332 


Midpieces showed the highest and posterior pieces 
the lowest resistance, with significance doubtful 
Resistance was independent of current strength, 
which was usually that capable of reversing polar- 
ity The previously demonstrated constancy of 
potential gradient producing a given morpho- 
genetic effect in media of varying resistance, gams 
sigmficance from the fact that the mtemal current 
vanes The electncal energ}”- expended in a 1 mm * 
piece regenerating 4 days in the current vanes 
from 0 06 to 0 26 cal , depending upon specific 
resistance and potential gradient (regressive 
bipolarity 1 78 volts/cm , reversal 2 17 volts/cm ) 
Assuming 1 06 for piece density and 6 cal/cc 
caloric equivalent for oxygen, these energies would 
represent the Qoj’s above if provided by the 
regenerating material All he within the limits of 
published data 

Purificalion and possible histochemical local- 
ization of renin John Marshall (by invitation) 
and G E Wakeelin Depts of Physiology and 
Pathology, Untv of Illinois College of Medicine, 
Chicago, III Punfied hog remn was prepared by an 
extension of the ethanol fractionation method 
previously described {Federation Proc 7 78, 

1948), with a resultmg yield of 22,000 du (Gold- 
blatt) at a punty of 126 Du/mg N This prepara- 
tion gave a polysaccharide reactioti to the Hotch- 
kiss techmque (Arch Biochem 16 131, 1948) 

Accordingly, sections of 22 dog kidneys of widely 
varyung remn content were stained by the Hotch- 
kiss method Remn content varied from 0 to 22 du/- 
gm The results showed a good correlation between 
the remn content and granules contaimng glyco- 
protein in the juxtaglomerular apparatus The 
solubility of the glycoprotein granules m the juxta- 
glomerular apparatus of tissues prepared by freez- 
ing and drying was compared with that of dog 
remn Using the same procedures employed for the 
fractional separation of purified remn, it was found 
that the solubilities of both substances mentioned 
above corresponded Both were insoluble at 0 C , 
lomc strength 0 006, pH 6 10, at 20% ethanol con- 
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centjations or hagker, and were soluble at lower 
etbanol concentrations 

Presence of multiple cortical foci in the primary 
sensory projection systems of the cat Wade H 
Mahshall National Institutes of Health, Belheeda 
Md In connection with work on the recovery cycle 
of the somatic sensory system of the cat, this 
author located 3 cortical regions at which responses 
occurred following tactile stimulation of the con- 
tralateral forefoot These regions were specified m 
a joint paper on cortical reactions (Marshall et al , 
J Neurophysiol 4 1, 1941) Adrian (/ Physiol 
100 159, 1941) has questioned the presence of 3 
such regions Woolsey, in his published irark on 
mapping the somatic sensory cortex of the cat, has 
discussed only 2 of these regions One, the sensory 
region of Campbell, he has logically labeled Somatic 
I, the other, the antenor ectosylvian region, he has 
labeled Somatic II The question of the third he 
does not discuss The point has been reevamined 
and the author’s original findings have been con- 
firmed There is a third area extending laterally 
from the region of the junction of ansate and 
lateral sulci across the postenor part of the Somatic 

I face area toward the antenor ectosylvian Somatic 

II Multiple primary projection foci are not 
pecuhar to the somatic sensory system The visual 
system in the cat contains 2 demonstrable areas in 
addition to the striate and contiguous boundary 
region One of these is in the posterior suprasylvian 
gjTus The other region is in the middle ectosylvian 
gjTus extending medially across the suprasylvian 
sulcus onto the dorsal surface of the suprasylvian 
gJTUS 

Suppressor action on primary sensory projec- 
tion reactions Wade H Makshall National 
Institutes of Health, Beihesda, Md Previous nork 
bj the author has shown significant bilateral inter- 
fiber interaction in optic tract and radiations of the 
cat It nas considered desirable to determine if 
cortical suppression (suppressor reaction of LeSo, 
and Leao and Momson) would exercise a suppres- 
sor action on the radiation terminations A decision 
on this question necessarily involves simultaneous 
obsermtions on the primary relay nuclei of the 
thalamus This has been done in the gemculate- 
striate sy stem of the rabbit and cat In the rabbit 
no change has been observed in gemculate reactions 
or in the radiation spike complex as recorded on, in 
or under the cortex The decision in the cat is not 
xet clear because of the difficulty m eliciting 
regular and repeated suppressor cycles in that 
animal The radiation amplitude has shown reduc- 
tion in some cx-penments accompamed by a reduc- 
tion in lateral gemculate postsynaptic reaction 
Howexcr, it is certain, in the case of the cat, that 
radiation amplitude is reduced not more than 10%, 
if an\ such reduction occurs due to the suppressor 
reaction In both cat and rabbit the suppressor 


reaction reduces and eliminates the primary sur- 
face positive cortical components The first cortical 
synaptic reaction is the last to be completely 
eliminated In the rabbit it is certain that the 
reaction affects only the purely cortical events 
Subcortical or intracortical block of afferent im- 
pulses does not occur, only the primary cortical 
events subsequent to radiation activity are af- 
fected 

Static assessment of the relative efficiency of 
auti-G suits E E Maetin (by invitation), G 
ScHBOBR (by invitation), J P EtBuBT Aero 
Medical Laby , Air Materiel Command, Wnght- 
Patterson Air Force Base, Dayton, Ohio Attempts 
to estimate the effectiveness of anti-G suits while 
at rest by measuring the changes they induce in 
blood pressure have shown increments proportion- 
ate to the relative efficiency of these devices during 
acceleration (Air Materiel Command Memor- 
andum Report MCBEXD-689-2C, dated July 
1948 ) The results suggest that tests of G-suit 
efficiency could be devised which do not require 
the use of a human centrifuge With this end in 
view, 3 further measurements were made venous 
pressure, vital capacity and teeter board weight 
shift Venous pressure was measured at the ante- 
cubital fossa when the legs only of the G-3A, G-4A, 
and G-5 suits were inflated A teeter board was 
employed to measure the weight shift induced by 
the inflation The changes m vital capacity were 
measured under the same conditions Eight 
series of 3 tests each were carried out on 6 subjects 
The following table shows the changes induced by 
suit inflation 



G-3A 

G"4A 

G5 

Venous pressure mcresae 
(cm HjO) 

1 

0 3± 0 2 

i 

1 0 6 

4 3±0 6 

Vital capacity decrease 
(cc) 

250 ±60 

325 ±70 

400 ±60 

Teeter Board weight shift 
(pounds) 

0 3± 0 1 

0 4± 0 2 

0 5±0 3 


These differences are qualitatively confirmed by 
the results of tests of these smts on the human 
centrifuge In the G-3A suit mean protection as 
estimated from blood pressure changes was 1 OG, 
G-4A smt 2 2G, and the G-5 suit 2 3G 
Occurrence of potassium U/P ratios lower than 
10 F Mateer (by invitation), L Gbeemiax (by 
imutation), J H Peters (by invitation), R C 
Gow (by invitation), and T S Danowski Dept 
of Research Medicine, Untv of Pittsburgh School of 
Medicine, Pittsburgh, Penna It has been demon- 
strated that during periods of reduced or absent 
intake of food and water the urinary excretion of 
sodium decreases to zero w bile potassium continues 
to be present in the unne (J Clin Invest 23 
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807, 1944) This diminished excretion of sodium has 
been mterpreted as a salt-conserving response 
preventing sodium depletion The continued 
unnary loss of potassium is often associated with 
transfers of potassium out of cells, in part with the 
negative balance of portein and m part with de- 
hydration (J Clin Invest 23 93, 1944) These 
transfers may not occur during renal suppression 
(J Cltn Invest 27 74, 1948) If urine is elabor- 
ated, excretion of potassium continues, theieby 
pernutting movement of cellular potassium with- 
out production of toxic extracellular levels This 
unnary loss of potassium frequently continues even 
in the presence of h 3 fpopotassemia and is one of the 
important routes of loss resulting in potassium 
depletion (/ Clin Invest 27 657, 1948) This 
would suggest that the kidney is incapable of con- 
servmg potassium when body stores of this cation 
are depleted Our studies of subjects with hypo- 
kalemia indicate, however, that the urinary loss of 
potassium may sometimes be markedly reduced, 
resulting in potassium U/P ratios lower than 1 0 
In the 6 instances in which this was observed, 3 
patients recovering from diabetic acidosis and 3 
infants with protracted vomiting, the decrease in 
urine potassium concentrations below those in 
serum did not necessarily appear coincidental with 
hypopotassemia but rather became evident aftei 
several da 3 r 8 of persistent deficits of potassium 
Measurement of renal venous pressure in 
normal man and in patients with congestive heart 
failure M Harrisov Maxwell, Ernest S Breed 
and Irving L Schwartz (introduced by Homer 
W Smith) Dept of Physiology, Neio YoiL Univ 
College of Medicine, New York City Direct meas- 
urements of renal venous pressure were recoided 
in 7 normal male subjects and in 5 male patients in 
severe chronic congestive heart failure by means of 
a no 10 Cournand radio-opaque catheter passed 
under fluoroscopy from an antecubital vein into the 
right renal vein A saline manometer w as used with 
repeated elevation above eqmhbnum The normal 
subjects were all supine, the cardiacs supine or 
semi-recumbent An arbitrary zero point of 10 cm 
above the table top was assumed in all cases 
Lateral X-rays taken on 6 subjects showed the tip 
of the catheter in situ varied from 5 3 to 15 2 cm 
above the table top, with an average of 9 9 Since 
the true zero point coincided so closely with the 
assumed one, no corrections were necessary The 
renal venous pressure in normal subjects ranged 
from 13 0 to 19 8 cm of saline, with an average of 
15 4 , in failure the pressure ranged from 16 5 to 
28 0 cm , with an average of 24 3 In 6 normal 
patients and 3 cardiac patients, right atrial pres- 
sures were recorded during withdrawal of the 
catheter, the zero point being taken as 6 cm below' 
the angle of Louis The normal subjects had pres- 
sures varying from 0 to 5 3 cm of saline, with an 


average of 2 5 The cardiac subjects had pressures 
varying from llOtolSOcm, with an average of 
13 0 

Determination of blood flow through the finger 
at high rates of flow Jere IMead and Robert C 
ScHOENFELD (mtroduced by H S Belding) The 
Quartermaster Corps, Climatic Research Labora- 
tory, Lawrence, Mass When venous occlusion is 
accomplished in the finger without occlusion arte- 
fact, the slope of the tracing at the instant following 
occlusion depicts a volume rate of change which is 
thealgebraic sum of two components 1) the volume 
rate of change varying through each cardiac cycle 
to produce the finger pulse , 2) the volume rate of 
change which relates directly to the obstruction of 
outflow from the Anger If the instantaneous pulse 
slope derived from corresponding points on pre- 
ceding pulse waves is subtracted algebraically from 
the imtial occlusion slope, the volume rate of 
change of the Anger independent of the pulse vol- 
ume rate of change is obtained This represents the 
instantaneous rate of blood flow through the finger 

Utilizing an electric solenoid air valve ‘triggered’ 
through a variable time delay circmt by the QRS 
potential of the ECG, venous occlusions were pro- 
duced at specific points through the cardiac cycle, 
and variations in blood flow during the finger pulse 
cycle were studied In vasodilated individuals the 
rate of flow in the terminal phalanx of the finger 
increased during the rising phase of the pulse to 
maximum values as high as 200 cc/100 cc of tissue/ 
mmute, and decreased during the diminishing 
phase of the pulse to roughlj J of the maximum 
flow Average flow s over the pulse cycle as high as 
160 cc/100 cc of tissue/minute were computed 
The markedly pulsatile character of blood flow 
through the terminal phalanx of the finger suggests 
that a considerable part of the finger’s blood flow 
may be through the arteriovenous shunts de- 
scribed in this region 

Effect of carbohydrate on starvation metabolism 
in the presence of a high caloric deficit G W 
Mellinger (introduced by J W Heim) Aero 
Medical Laboratory, Air Materiel Command, 
Wright-P alter son Air Force Base, Dayton, Ohio 
During a study of airborne survival ratios, meta- 
bobc observations were made to determine the 
effect of feeding 100 gm of carbohydrate daily on 
the body protein loss, Ictosw, water balance and 
ph 3 mical efliiciency of men performing strenuous 
physical exertion in a cold environment Tw’o 
subjects resided continuously in an all-weather 
chamber at -29‘’C for 6 days Durmg this period 
they expended 4000 to 4500 calories while ingesting 
only 100 gm of carbohydrate (400 cal ) daily 
Clothing consisted of an experimental arctic 
clothing assembly having a do value of approxi- 
mately four Sleeping bags were used at night 
As a control, +he subjects performed a similai 
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amount of work for 6 days ^hile fasting The serum 
carbon dio\ide, organic acids, urinary ammonia 
and titratible aciditj"^ showed that there was a 
moderate degree of ketosis during the fasting 
experiments, but that all but slight changes were 
prevented by carbohj drate in amounts of 100 gm 
daily Body protein loss was spared to the extent of 
40-50% of the fasting loss when the carbohydrate 
nas given The water balance "nas favorably 
affected by 100 gm of carbohydrate as was shown 
by the marked reduction in the minimum urine 
water and total urine solutes, and by the moderate 
reduction in the minimum water intake While 
maximum efficiency was not mamtamed durmg the 
experiments, the subjects were in sufficiently good 
condition at the end of the 6 days to perform tasks 
necessary for survival 

Further studies on complete parenteral ali- 
mentation H C IMexg (introduced by Howaud 
J Curtis) Dept of Physiology, Vanderbilt Untv 
Medical School, Nashville, Tenn A fat emulsion 
has been prepared for intravenous feedmg (de- 
scribed elsewhere), and the present report de- 
scribes the nutritional value and toxicity of this 
emulsion in dogs and rabbits In the control period, 
5 adult dogs nere fed a complete basal diet by 
mouth Immediately following this they were fed 
entirely by vein for 4 weeks and then killed for 
pathological examination Four were given the same 
diet as during the control period, of which 34% of 
the calories nere from fat, nhile the 5th dog re- 
ceived the same carbohydrate and protein diet but 
Ti ithout the fat The dogs on the complete diet n ere 
normal and health j in all respects, and all labo- 
ratorj findings were negative The dog on the fat- 
free diet lost 14% of his weight and v as very weak 
and apathetic The injection of relatively large 
amounts of the emulsion in rabbits produced no 
appreciable pjTogenic effects Further, the daily 
injection in rabbits of large quantities of both the 
emulsion and the emulsifying agents for as long as 
4 i\ eeks produced no deleterious effects As tested 
in rabbits, it has been found that the emulsion is 
not antigenic It is concluded that this emulsion is 
non toxic and that the body is capable of utilizing 
fat in this form 

Phvsiologic effects of bilateral simultaneous 
removal of Brodmann cytoarchitectural areas in 
the human Fred A ^Mettler Dept of Neurology, 
College of Physicians and Surgeons, Columbia 
Univ , New Yorl City In the 'combined-opera- 
tions’ study , know n as the Columbia-Greystone 
Project, the physiology of 23 psychotic indmduals 
from vhom localized areas of frontal cortex were 
simultaneously , bilaterally remoi ed, was studied 
pro- and postoperatuely Data ncre collected 
relating to formed elements of the blood, blood 
chemist r\ blood pressure, body weight, gastro- 
iiitcslinal motility , clcctroeaccphalographx , xasion 


audition, somatosensation, reflex state, motor 
function and higher cerebral functions The studies 
were begun 40 days prior to operation and have been 
continued, when pertinent, for over li years In 
certain physiologic flelds (basal metabolism, so- 
matic activity) no data could be ob tamed 

Bilateral removal of Brodmann areas of granular 
frontal cortex or of various combinations of these 
produced no definite, enduring, physiologic changes 
m any of the fields noted above except, in some 
cases, electroencephalography Temporary effects 
were short-lived and generally not of such a nature 
as to demonstrate a causal effect between the 
nature of the ablation and the physiologic dis- 
turbance Aphasia does not follow removal of area 
44 The effects of removal of agranular cortex were 
also relatively unproductive As previously re- 
ported for the simian (by Hines et al and by the 
present author) cortex of area 6 may be removed 
without evoking evidence of spasticity Neither 
does such a procedure necessarily produce forced 
grasp in the human 

in Effect of low barometric pressure on the 
brains of five vertebrates Bernard Metz (in- 
troduced by Charles G Wilber) Biological 
Laby , Fordham Univ , New Yorl City Five 
vertebrates (the goldfish, Carassius auratus, the 
frog, Rana pipiens, the painted turtle, Chrysemys 
ptcla, the pigeon, Columba livia, and the Wistar 
rat, Raiitis norvegicus) nere subjected to simu- 
lated altitudes of 18,000, 33,000, 48,000, 64,000 and 
90,000 feet, respectively The survival rates, 
behavior and effects upon the vasctilar tissue and 
nervous elements of the brain were studied The 
methods used and the survival rates nere pre- 
viously reported by Metz and Wilber (Anat Rec 
99 676, 1947, 101 738, 1948, in the latter paper, 
survival rates for rats at 48,000 feet should be 
amended to read 66 2 seconds, not 66 2 minutes) 
Concerning the effects upon the brain, the most 
striking pathological changes are the intracranial 
hemorrhages (table 1) Visible damage to the nerv- 
ous elements was noted only in a few cases This 
nerve cell damage, as in the case of the hemor- 
rhages, was widely dispersed in the optic lobes (in 
the fish, frog and turtle), cerebrum, cerebellum 
and medulla oblongata 


Table J Kurnbere of caees ehowinff patholopical ebanjee 

ACTUAL 

^o or 

! EXPTEI 
, ilEVTAL 
A.'niAlS 

HEMOZ- 

HHACES 

NEE\T CELL 
D\ilACE 

Goldesh 

50 

36 

5 

Frofi 

50 

23 

3 

Turtle 

50 

25 

0 

Pigeon 

50 

21 

1 

Rat 

50 

Ti 

s 
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The fact that there was only a small number of 
cases showing nerve cell damage does not imply 
that the nervous elements of the brains of the 
other experimental animals escaped unharmed 
There exists the possibibty that the changes which 
may have occufred are not morphological in nature, 
but rather are biochenueal phenomena at a sub- 
microscopic level (Page Chemistry of the Brain, 
1937) 

Renal hemodynamics durmg short and long 
periods of salt poor albumin administration 
Alexajjdeh J Michie (by invitation), Nicholas 
S Gimbel (by invitation) and Cecilia Riegel 
Hameon Dept of Surgical Research, Schools of 
Medicine, Univ of Pennsylvania, Philadelphia, 
Penna The daily intravenous admimstration of 
salt-poor albunun to normal subjects caused a 
progressive expansion in plasma volume, an en- 
largement in extracellular flmd volume, an in- 
creasing venous pressure, a dilation of the roentgen 
heart shadow and an engorgement of the liver The 
distended plasma volume produced a renal hyper- 
emia and relaxation of efferent arteriolar tone In 
renal hyperemia absence of a maximal filtration rate 
might be indicative of some systemic circulatory 
derangement One week after termination of the al- 
bumin therapy and in the presence of a continued 
renal hyperemia the filtration rate increased as 
plasma volume and venous pressure dropped Five 
months later the same subject was given 76 0 gm of 
salt-poor albumin intravenously in 20 minutes Re- 
nal plasma flow was raised 700 cc/min , and filtra- 
tion rate showed a maximal increase of 40 0 cc/min 
above the control values The filtration fraction 
was decreased to a low of 0 117 The protracted 
renal hyperemia apparently led to an increase in 
TmpAH As the albumin was slowly metabolized 
during the 2- to 3-week experimental period, these 
subjects approached a protein -free diet, which in 
the experimental animal tends to dimmish filtra- 
tion rate, renal plasma flow and tubular mass In 
the acute experiment 75 0 gm of albumin caused no 
sigmficant change in TmpAH or Tma The un- 
changed Tmo shows that no aglomenilar arterio- 
venous shunts were opened by this hyperemia and 
that the dmunution m the PAH extraction ratio is 
probably due to increased albumin binding 
Influence of adrenalme on the cardiodepressor 
effect of acetylcholine and the vagus nerve S 
Middleton and J Talesnik (introduced by 
Habold C Wiggebs) Physiological Institute, 
Univ of Chile, Santiago, Chile In isolated guinea 
pig and cat hearts adrenaline perfusion with con- 
centrations of 3-20 ag/l produced a marked in- 
crease of submaximal cardiodepressor (negative 
chrono and inotropic) effects of acetylcholine 
(0 05-0 5 fig ) This augmenting effect was less 
marked with concentrations of adrenalme of 30 
fig/1 or more, while concentrations of 1 fig/1 or less 


were ineffective The effects of adrenahne were not 
influenced when nicotine in concentrations of 1-2 
fig/l was added to the perfusion flmd This would 
indicate that adrenalme acts by modifying the 
sensitivity of the cardiac effectors (peripheral 
effect), an influence on the intracardiac gangha 
should be discarded Adrenahne did not influence 
the cardiodepressor action of KCl 

In 28 experiments performed on isolated cat 
hearts, perfusion with adrenaline in concentrations 
of 0 05-0 1 figA produced a very marked increase 
of submaximal cardiodepressor effects induced by 
electrical excitation of the vagus nerves Smaller 
concentrations of adrenaline were ineffective 
Concentrations of 1 ag/1 or more produced a de- 
crease of the vagal effects In view of the above- 
descnbed results with nicotine the effect of high 
concentrations of adrenalme are probably due to a 
blocking action on the intracardiac ganglia Eight 
experiments were performed on frogs, m which 
perfusion of the isolated heart (Straub’s heart with 
Krayer cannula) with adrenaline (0 5-1 ugA ) 
produced a marked increase of the cardiodepressor 
effect of the vagus 

Influence of the cardiac sympathetic nerves on 
the cardiodepressor action of the vagus nerve 
S hliDDLETON and J Talesnik (introduced by 
Habold C Wiggebs) Physiological Institute, 
Univ of Chile, Santiago, Chile Twenty-five 
experiments were performed on isolated cat hearts, 
which were removed vuth the vagi and part of the 
surrounding mediastinal structures (including the 
stellate ganglia and adjacent thoracic sjunpathetic 
chains) attached The preparations were made in 
such a way that, when desired, the stellate ganghon 
could also be perfused In various experiments the 
vagi or the pregangliomc or postgangliomc sym- 
pathetic nerves were electrically stimulated It 
was observed that stimulation of the cardiac pre- 
or postganglionic S3mipathetics in 6 experiments 
induced increase of submaximal cardiodepressor 
effect of the vagus In 8 experiments, however, the 
sympathetic produced depression of the vagal 
effects and in 11 experiments the latter were not 
sigmficantly modified Nine experiments were 
conducted on mtact cats Much more regular re- 
sults were obtained in this senes, compared with 
the isolated heart In all the animals, stimulation 
of the sympathetic cardiac nerves which did not by 
themselves produce changes in cardiac rate (sub- 
threshold), induced, however, marked increases of 
submaximal bradycardic effects of the vagus 
Similar results were obtained with threshold 
stimulation of the sympathetic It seems inter- 
esting to point out that in the intact cat the cardiac 
response to stimulation of the sympathetic nerves 
IS very minimal and rare Usually only negligible 
effects Here observed even vith supramaximal 
stimulation In the isolated heart, on the contrary , 
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the effects of the sjTnpathetic nerves on cardiac 
actmty are verj manifest 
Effect of pH on the three -waves of the protein 
polarogram G J Mtllar (introduced by L B 
Jaqtjes) Depl of Physiology, Umv of Saskatche- 
rcan,Saskaioon,Sask , Canada Protein added to an 
ammonia buffer containing cobalt yields a polaro- 
gram evhibiting 3 -naves (Jurka, Collection Czech 
Chem Commun 11 210, 1939, Millar, Proc Can 
Physiol Soc 1947) When the pn of the medium 
18 altered, the magnitudes of the first tvo waves 
are either unaffected or are decreased as the pH 
falls, n hile that of the third (‘prenatrium’) wave is 
enhanced The follomng modification of Brdicka’s 
reactions is proposed to account for the beha-viour 
of the second na\e — SH e — > — S“ -f H, 

— S“ -1- ILO'’’ — SH d- HiO The observed pH 

effect seems to depend on the concentration of co- 
balt — NHj complex The cobaltous complex dis- 
sociates easily as the pa is Ion ered In the presence 
of the stable cobaltic complex, the pH of the 
medium maj be lowered to 3 5 mth little effect on 
the height of the first two waves Hence, these 
nav'cs are onlj indirectly dependent on pH 
Experiments mth acetylated proteins and some 
organic compounds suggest that the third -wave 
depends on the free amino groups of the protein 
and possibly on histidine residues The follomng 
reactions are proposed — NHi"*" -f- e — > — NHj -f- H , 
— NH: + ILO+ — NH,-^ + H-O When the 

pn 18 lowered a greater proportion of free ammo 
groups are in the zmtterion form and the third 
nav^e is enhanced to a ma-amal value Its height is 
probablj related to the protein dissociation curve 
Effect of bacitracin on renal function John H 
Miller (bj imitation), Roger K McDonalb (by 
invntation) and Nathax W Shock Section on 
Cardioiascular Diseases and Gerontology, National 
Heart Institute, National Institutes of Health, 
Bethesda, Md , and the Baltimore City Hospitals, 
Baltimore, Md The parenteral administration of 
bacitracin is productiv e of proteinuna in patients 
treated for \ anous infections In the present studj , 
serial renal function tests were performed on 12 
subjects, free of infection, who received intra- 
muscular injections of 1500 n of bacitracin per kilo- 
gram bodv v\ eight on two successive davs Pro- 
teinuria appeared m all indmduals at 48-00 hours 
after the first injection, vas maximal during the 
first 24—48 hours after its appearance (range of 
maximal 24-hour proteinuna nas 0 7-9 7 gm ), and 
persisted for an average of 10 davs Microscopic 
cxaminition of the urine revealed numerous tubu- 
lar epithelial cells and an absence of red cells at 
the time of maximal proteinuna Tmpui was 
decreased at the time of maximal proteinuna 
from 15-85^ (mean S‘4'^) Tmc was decreased 
from 20-<Ci‘^ (mean 52^) The maximal tubular 
excrctorv cajiacitv for PAH and the ma-vimal tubu- 


lar reabsorptive capacity for glucose returned 
gradually over a penod of 3 to 8 n eeks to 88% or 
more of the basehne value in 10 to 12 subjects In 
the other 2 subjects, TmpAH was still depressed 
25% at 8 weeks Inulm clearance was decreased 
from 2-76% (mean 32%), and the PAH clearance 
was depressed from 0-76% (mean 24%) during 
maximal proteinuna Both PAH and inulin clear- 
ances tended to return to baseline levels more rap- 
idly than did the Tm values Unless the nephro- 
toxic principle contained m present preparations 
of bacitracin is an impunty which can be elimin- 
ated, these findings preclude the general use of this 
antibiotic by parenteral administration 
Effects of growth hormone on the blood sugar 
and msulm sensitivity of the rat AnneE Miliian 
(by invitation) and Jane A Russell Depl of 
Physiologieal Chemistry, Yale Untv , New Haven, 
Conn Observations were made concerning the 
effects of a highly purified preparation of growth 
hormone (prepared by Wilhelmi, Fishman, and 
Russell) on the blood sugar and on the insulin 
sensitmty of fasted normal and diabetic rats 
When doses of 3 to 6 mg/100 gm were injected 
intrapentoneaUy into mature, normal or adrenalec- 
tomized male animals, a significant and prolonged 
depression of the blood sugar followed In allox- 
anized or partially depancreatized rats, on the 
other hand, these same preparations of grondh 
hormone produced a marked nee in blood sugar 
This occurred in animals which were only mildly 
diabetic as v ell as those with more severe symp- 
toms Normal animals pretreated vnth growth 
hormone 4 to 6 hours before v ere less sensitive to 
insulin Similar!} , in diabetic ammals, the dura- 
tion of the blood sugar lowering effect of subcuta- 
neouslj administered protamine-zinc-insulin was 
curtailed bv injections of growth hormone (given 
2-3 hours after the insulin) Grondh hormone did 
not appear to alter the glucose tolerance of normal 
animals under our ex-penmental conditions Bio- 
assa} of some of the gron th liormone preparations 
showed traces of adrcnotrophic hormone to be 
present, these amounts of ACTH w ere found to be 
to be insuflBcient to reproduce the effects observed 
in diabetic ammals These results suggest that in 
the normal rat, the administration of growth 
hormone may provoke secretion of extra insulin 
In the animal lacking sufficient islet tissue, hvper- 
glvcemic or contra-insulin effects of the growth 
hormone are seen instead 
Influence of intestinal motihty on intestinal 
blood flow M SiDKT Mohvmed (b\ invitation) 
and John W Beax Dept of Physiology, Unit of 
Michigan, Ann Arbor, Mich The arterv and vein 
to a loop of intestine of dogs anesthetized with 
pcntotlial were cannuLated and the isolated loop 
set up in a perfusion apparatus Owgeiutcd 
heparinized dog blood was supplied to the tissue 
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under constant oi pulsatile pressure The venous 
outfloiv of blood was continuously recorded and the 
motility of the loop recorded from the lumen by 
tambour On initiating the perfusion of quiescent 
gut the venous outflow was continuous but with the 
return of rhythmical contractions it became inter- 
mittent, increasing sharpl} during the contraction 
phase, decreasing or even momentarily stopping 
with relaxation Since flov speeded up during the 
contraction phase the intermittence cannot be due 
simply to a cutting off of the arterial supplj bj 
occlusion of the vessels during the contraction, 
thus indicating the gut contraction causes an active 
propulsion of the blood from the tissue Interrup- 
tion of rhythmic contractions by periods of relative 
quiescence, at which time the arterial pressure 
should be most effective in increasing the flow, 
resulted in a decreased flow The flow nas also 
markedly augmented during the contraction phase 
of the longer tonic waves upon which the rhj thnuc 
contractions are superimposed but excessively 
strong tome contractions, after initially increasing 
the flow, stopped the flov completely during period 
of high tonus presumably^ by passive vascular oc- 
clusion On experimental occlusion of the venous 
outfloiv, venous pressure increased progressively 
and intermittently , coincident mth successive 
rhythmical contraction phases The experiments 
demonstrate the importance of intestinal motility 
in blood flow through the gut Similar effects n ere 
mth pulsatile and constant perfusion pressure 
Studies on vasotropic principles in blood (ITSM 
and VDM) and renal hemodynamics in chronic 
heart failure R Mokotoff, D J W Escher, I S 
Edelman, J Grossman and L Leiter (all by 
invitation) and R E Weston, B W Zweifach 
and E Shorr Medical Division, Moniefiore Hospi- 
tal, and the Dept of Medicine, Cornell Umv 
Medical College, the New York Hospital, New York 
City Since the increased renal arteriolar constric- 
tion in chronic congestive heart failure is probably 
not neurogenic, the possible role ofVEM and VDM, 
newly described vasotropic principles, was in- 
\estigated Blood samples from the renal and 
hepatic veins, and the femoral artery or normal 
controls and of patients in cluomc failure, were 
assayed for VEM and ^GDM by the rat meso- 
appendix test, in which the potentiation or inhibi- 
tion of the arteriolar responsix encss to epinephrine 
18 measured Simultaneous renal hemodynamic and 
renal and hepatic oxygen extraction studies were 
performed In all cases of congestive failure were 
both an increased filtration fraction and an in- 
creased oxygen extraction ratio i\ ere demonstrated, 
there were significant amounts of vasoexcitor 
principle (VEM) in the renal vein blood In con- 
trast, with one exception, almost no VEM was 
detected in the controls The cardiacs had mar- 
kedly reduced glomerular filtration rates and renal 


blood flows with renal oxygen extraction increased 
to 14-29% as compared to 5-9% m the controls 
Pronounced vasodepressor activity (VDM) was 
found in all hepatic vein samples of congestive 
failure patients Only one control showed mild 
VDM Although femoral arterial blood containing 
a mixture of ITSM and WDM showed a slight pre 
dominance of the vasoexcitor pnnciple in the 
majority of cardiacs, several did show a penpheral 
blood VDM predominance This is important in 
view of the recent demonstration by Baez, Mazur 
and Shorr, that VDM has a profound antidiuretic 
effect The relation of these principles to impaired 
renal hemodynamics in congestive failure will be 
discussed 

Method for the determination of heparin in 
blood F C Monkhouse (by invitation). Mart 
Stewart (by invitation) and L B Jaques 
Dept of Physiology, Umv of Saskatchewan, 
Saskatoon, Sask , Canada A method for the deter- 
mination of heparin in blood has been developed 
It IS applicable to the estimation of raised quanti 
tics of heparin in blood, as after intravenous injec 
tion, or anaphylactic shock Blood is received mto 
citrate and the heparin precipitated from the 
plasma with 7% octylamme hydrochlonde The 
precipitate is hy droly sed mth 0 In NaOH and the 
octylamme removed with ether The hepann is 
then precipitated mth 5% brucine phosphate at 
pH 6 0, and the brucine-hepann is washed with 
alcohol and ether and dried The hepann present 
18 assayed for its mctachromatic activity with 
Azure- A. using the method of Jaques, Mitford and 
Ricker {Rev Can Biol C 740, 1947) or for anti- 
thrombin nctivitv Using the metachromatic 
method of assay , rccov enes of 80-90% were ob- 
tained for hepann added to blood in concentrations 
of 0 2 to 3 6 mg/100 ml , w hile complete recovery of 
heparin was obtained from plasma Normal human 
blood without added hepann gave a value equivn 
lent to 0 009 mg % of hepann by this method 
Owing to the extrcmelv small amounts of hepann 
thus found in normal blood, certain modifications 
of the method are indicated in apply mg it to the 
estimation of normal blood hoparm 
Further studies on the stimulating effects of 
light on sexual activity of the female opossum 
during the nonbreeding season Charles F 
Morgan Dept of Physiology and Biophysics, 
Georgetown Umv School of Medicine, Washington, 

D C Opossums were subjected to radiant energy 

from incandescent lamps, some wath and some 
without monochromatic filters The filters use 
were ‘black’ infra-red (X8500), red (X6400) and 

green (X6460) The radiant energy was determined 

by means of a chromel-constantan thermopile con 
nected to a sensitive Rubicon galvanometer In 
crease in the size and weight of the reproductive 
tract appeared directly projxirtional to the amoun 
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of radiant energy received through lamps with and 
without filters Thus radiant energy changes show 
greater effect than changes in wave lengths 

One group of opossums was exposed to a total 
amount of unfiltered radiant energy given 10 hours 
per day and compared with another group of 
opossums given the same total amount of radiant 
energj' extending 20 hours per day with both groups 
receiving the treatment the same number of days 
The sizes and weights of the reproductive tracts in 
both groups were similar The degree of stimulation 
was the same as above when the animals received 
an equal amount of radiant energy from flashing 
lights given over a 20-hour dailj period Direct 
observations of the ovaries at laparotomy revealed 
ovulations in some animals receiving the stimulat- 
ing effects of infra-red radiations Ovulations have 
not been obtained in ammals injected with varjnng 
amounts of gonadotropic hormones 

Sudden increases of radiant energ 3 ’^ to a greater 
constant daily amount resulted in stimulation as 
great as that obtained in experiments previously 
reported (Morgan, Chas F Federation Proc 6 
359, 1947) in which incandescent light was in- 
creased by small increments each day such as oc- 
curs in nature 

Effect of spinal cord transection on the ventila- 
tory response to exercise Donald P Morgan 
(bj invitation) and Feed S Geodins Dept of 
Physiology, Northwestern Univ Medical School, 
Chicago, III The ventilatory response to electri- 
cally induced exercise of the hind limbs in bar- 
bitalized dogs was studied before and after section 
of the spinal cord at Tio Respiratory rate, minute 
volume and oxygen consumption were determined 
at rest and during a steady state of exercise Per- 
cutaneous electrical stimulation with 60-cycle AC 
modulated at 100 /min was used to produce oxygen 
consumptions up to seven tunes the resting value 
A bnear relationship was found between ventila- 
tion and Oj consumption in 56 tests on 11 intact dogs 
The regression equation was Y = 0 56 -f 0 031X, 
whore Y is ventilation in 1/mm , BPTS, and X 
is oxygen consumption in cc/min , STPD The 
correlation coefficient was 0 97 A linear relation- 
ship was also found in 50 tests on 11 dogs after cord 
section The regression equation was Y = 2 31 
+ 0 027X and r was 0 7S Covariance analysis 
showed no significant difference between the 
regression coefficients, but a significantly higher 
adjusted mean ventilation in the sectioned am- 
mals The latter was most apparent in the con- 
siderably higher resting ventilation after section 
Respiratory patterns were different in the two- 
groups, the tidal volume being less and the rate 
correspondingly greater at a given total ventilation 
in the sectioned animals 
Activity of single units in the cerebellar cortex 
G hloRUzzr (by invitation), John M Bbookhaut 


and R S Snidee From the Depis of Anatomy and 
Physiology, Northwestern Umv Medical School, 
Chicago, Til Spike potentials have been recorded 
from smgle units having somas located in the 
cerebellar cortex Glass micropipette electrodes 
having tip diameters of 6 to 20 microns have been 
used for umpolar recordings in unanesthetized 
decerebrate cats The recorded spikes have the 
following characteristics 1) duration of approxi- 
mately 1 msec , 8) amplitudes reaching 250 micro- 
volts, about 3 times the amplitude of the largest 
spontaneous cerebellar waves, S) unbroken con- 
tour with nsmg phase shorter than falling phase 
The unitary origin is indicated by f ) constancy of 
amplitude and contour, 8) possibility of identifying 
multiple umts in the same record and 3) parallel 
modulation of amplitude of two umts by slight 
cerebellar movements Modification of spike 
frequency by local apphcation of strychnine gives 
evidence of cortical localization of soma 
Spike activity falls into three classes 1) injury, 
8) normal spontaneous, and 3) convulsive Injury 
discharges are characterized by no rmal spike con- 
tour, by frequencies higher than 100/sec and by 
durations usually less than one mmute Normal 
spontaneous spikes have been recorded at fre- 
quencies from 26 to 160/sec for many minutes, 
they usually occur in outbursts of variable dura- 
tion Occasionally, spike discharges have been 
evoked or inhibited by sensory stimulation Con- 
vulsive outbursts of spikes have been produced by 
local strychmnization of the cerebellar cortex 
After an imtial increase in frequency, resulting 
from strychmne, characteristic outbursts of con- 
vulsive activity occur, starting at frequencies 
above 200/sec , increasing to ternunal frequencies 
up to 500/sec , and terminating abruptly 
Influence of bulbo-reticular stimulation upon 
electrical activity of cerebral cortex G Mobuzzi 
(by mvitation) and H W hlAGOUN Dept of 
Anatomy, Northwestern Vniv Medical School, 
Chicago, III The effect of stimulating the sup- 
pressor bulbar reticular formation upon cortical 
electrical activity has been investigated in cats 
under chlorolosane anesthesia The high voltage, 
5/sec waves, characteristically pronounced in the 
senson -motor area with this anesthesia, were 
abolished during such bulbar stimulation, while 
lower voltage, faster, background actimty con- 
tmued This effect was most complete in the 
ipsilateral sensori-motor cortex, but was observed 
also in the nsual area and contralaterally It was 
prevented by^ section of the midbram tegmentum, 
but not by section of the tectum or both bases 
peduncuh It remained after complete paralysis 
wuth curare, and was not reproduced by antidromic 
stimulation of the bulbar pyramid This effect was 
obtamed wnth stimuli to the reticular formation of 
300/sec and 2-3 V with individual shocks of 1 



March 1949 


AMEEICAN PHYSIOLOGICAL SOCIETY 


115 


heparimzed blood, usually have a moderately in- 
creased clotting tune, and only rarely is it incoagu- 
lable The blood is unusually dark and in most 
instances gelation precedes coagulation Normal 
color, ‘normal clot’, normal or nearly normal 
clotting tune and a decrease to or toward normal of 
the amount of titrating protaimne are produced by 
administration of toluidine blue or protamine 
sulfate Strikingly dissimilar, however, are the 
protamine titration changes relative to the clotting 
time Only 0 75 mgAg body weight of mtravenous 
hepann is reqmred to make the blood of a normal 
dog mcoagulable (15 minutes after injection) The 
protamine requirement is increased when 10 
mg/kg of body w eight or more is given, and 3-5 mg 
must be injected to produce the changes similar to 
those seen in the patients and dogs 
Thalamic representation of tactile sensibility m 
the Macaque monkey Vehnon Mountcastlb and 
Elwood Henneuan (introduced by Peoltp Bakd) 
Dept of Physiology, Johns Hopkins Umv , School 
of Medicine, Baltimore, Md The thalamic termina- 
tions of afferent systems conveying cutaneous tac- 
tile sensation have been mapped by an application 
of the evoked potential technique The responsive 
area is contained mthin the nuclei ventralis 
posterolateralis and posteromedialis No responses 
were recorded from lateral, medial or antenor 
nuclear groups The contralateral body surface is 
represented in nucleus ventralis posterolateralis in 
dermatonuc sequence, the caudal segments being 
most lateral, followed by lumbar, thoracic, and 
cervical segments in successively more medial posi- 
tions Those portions of the body most heavily in- 
nervated by sensory neurons, the apices of the 
limbs, receive greatest volume representation in 
the thalamus The enlargement of the thalamic 
zone for the lower cervical segments (hand) has 
separated the zone for the upper cervical segments 
(head and neck) from that for the trigeminal nerve 
The face and mouth are represented in nucleus 
■ventralis posteromedialis The pattern suggests a 
para-oral, segmental representation of the trigemi- 
nal fields, wnth lips and mouth placed medially 
The intra-oral structures are represented bi- 
lateral^’’ In the most medial position is a small area 
for ipsilateral face Responses to tactile stimulation 
of Ipsilateral body and face have been recorded from 
points in and near the external medullary lamina, 
but a zone of thalamic transfer of impulses destmed 
for the second somatic area of the cerebral cortev 
has not been located definitely 
Studies on the renal secretion of potassium in 
the dog Gilbert H M-odge (by invntation), 
J i>MEs G FoimKS (by invntation), Adelbest Ames, 
III (by invitation), and A,lfrei> G^LiI•v^ Dept of 
Pharmacology, College of Physicians and Surgeons, 
Columbia Lnn , New York City Potassium (K) 
clearances (CK) greater than simultaneous creati- 


mne or thiosulfate clearances (CF) are considered 
evidence that a part of urinary K results from renal 
tubular secretion CK/CF ratios over unity are 
most readily obtained by the intravenous infusion 
of K salts, a procedure which yields averse ratios 
of approvimately 1 3, occasionally rising higher 
The intravenous infusion of hypertonic solutions 
or urea and sodium chloride also promotes the ex- 
cretion of K During water diuresis CK/CF remains 
low A variety of drugs known to affect renal func- 
tion has been studied for their effects on K excre- 
tion Mercurial diuretics were the only agents to 
possess a sigmficant action These sharply dimin- 
ished the excretion of K during K admimstration 
and during states of hypertomcity, and slightly 
elevated CK/CF during water diuresis The effects 
of mercury were rapidly reversed by BAL Al- 
though it is not possible from the data thus far 
obtained to determine the exact contribution of the 
secretory process to the excretion of K, the avail- 
able results may be explained by the hypothesis 
that tubular secretion is a response to hyper- 
tomcity or to elevated cellular K following K infu- 
sion and that the action of Hg'*^+ is to depress this 
process If this hypothesis is correct it follows that 
a major portion of excreted K results from secretion 
Polarographically determined protein index 
Nature of the cobalt-catalyzed reaction of cys- 
teine Otto H MiiuLEB Dept of Physiology, 
Syracuse Umv College of Medicine, Syracuse, 
N Y In continuation of the studies of the ‘protein 
index’ (iVIhller and Davis, Arch Biochem 15 39, 
1947) it became necessary' to know more about the 
nature of the electrode reaction which produces the 
catalytic wave of sulfhydryl groups in the presence 
of a buffered cobalt solution Consequently cys- 
teine w'aa polarographed over a large range of con- 
centrations in solutions containing 0 1 N NHiOH, 
0 1 N NH4CI and several different concentrations of 
CoClj The catalydiic w'ave was observed at cysteine 
concentrations as low as 2 X M Its height is 
proportional to the surface area of the mercury drop 
but it IS not a hnear function of the concentra- 
tion It plotted against the logarithm of the cys- 
teihe concentration, it yields an S-ahaped curve, 
typical of catalytic reactions At higher cysteine 
concentrations a new wave was discovered which 
just precedes the above catalytic wave, it usually 
overlaps with it at lower concentrations The 
height of this new wave is proportional to the con- 
centration of Co'^ ions and to the sixth root of the 
drop time, which suggests a type of diffusion cur- 
rent, its relationship to the cysteine concentration 
IS more complex From this and other evidence it is 
concluded that the first mentioned wave is pro- 
duced by the cataly tic action of the cobalt amalgam 
w hich is formed at the dropping mercury electrode, 
whereas the new wav e is produced by the action of a 
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number of factors upon which these differences 
depend, in vtiro as well as in vivo Even working 
inth the virtually pure enzjTiie solution, the reac- 
tion rate depends at least on three vanables en- 
zyme, inhibitor and substrate Variations of the 
concentration of each of these three components 
affect markedly the inhibitory effect Considerable 
differences arc observed between reversible and 
irreversible inhibitors, but even compounds be- 
longing to the same group may show entirely dif- 
ferent behavior A few examples will be discussed 
Still more factors determine the effect tn vivo Of 
special importance is the structural barrier sur- 
rounding the axons Lipid insoluble compounds act 
only upon the sjmapse But between lipid soluble 
inhibitors exist interesting differences Some 
physiological implications of these observations 
mil be discussed 

The spread of excitation and the order of de- 
polarization m the human heart L H Nahum and 
H hi Cheenoff (bj invitation) Laby of Physi- 
ology, Yale Untv School of Medicine, New Haven, 
Conn To determine the nature of VR, VL and VF 
in man it is necessarj to know the ‘proximal’ and 
‘distal’ zones of each lead This information was 
obtained by projecting solid cones from the posi- 
tion of each electrode upon the heart, the area sub- 
tended being considered the proximal zone The 
position of the heart was taken from X-ray views 
obtained at vanous angles A geographic map was 
then constructed, showing the overlapping of the 
proximal and distal zones By analyzing the posi- 
tions of the beams from moment to moment in the 
simultaneously recorded QRS complex of each lead, 
the order of arnval of the excitation process at the 
various segments of the heart nas determined 

The region first to receive the excitation process 
nas Ion er anterior septum Excitation then spread 
rapidlj to involve anterior and posterior right ven- 
tricle, then to left apex and left posterior ventricle 
Excitation terminallj involved a region of the right 
anterior ventricle (conus area) This order of 
spread corresponds to that ahead}" described in the 
dog and agrees mth observations made upon the 
exposed human heart The order of repolanzation 
n as determined from analv zmg the position of the 
ST'Segment and direction of the T-wave in uni- 
polar cvtremitj leads and in simultaneously re- 
corded CVl to CV6 It nas found that the apical 
and diaphragmatic region of the heart is the site of 
fastest repolanzation 

Nitrogenous excretion in Colpidmm campylnm 
Roi VXD M Nvbdoxe (introduced bv Charles G 
Vilber) Biological Laby, Fordharn Umv ,l\cw 
Tor) City Wilberand Seamen (Biol Bull ,93 214, 
1947) found that Colpidium campv lum can sv nthc- 
sizc fat from protein The follonang investigation 
was undertaken in an attempt to ascertain the 
nature of nitrogenous excretion in Colpidium 


campylum when grown on a protein medium (pro- 
teose-peptone) Quantitative analyses for am- 
monia, in pure, stenle cultures of colpidia, were 
made using the permutit method (J Btol Chem 
29 329, 1917) No ammonia was found 24 hours 
after mnoculation A straight line increase in am- 
monia with tune was obtained from the 2nd day 
after mnoculation to the 14th day after innocula- 
tion The mean population reached a maximum of 
approximately 68,000 organisms per ml of culture 
on the 9th day after mnoculation The population 
then decreased gradually to approximately 41,000 
colpidia per ml on the 14th day after mnoculation 
The results shown below are mean values of 6 
analyses each day 
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Using a qualitative spot test (Feigl), no uric acid 
was detected throughout the expenment Urea, 
however, was produced during the logarithmic 
phase of growth 

Effects of esenne and pilocarpine on the para- 
sympathetically denervated ins of the cat Enid A 
Neidle (introduced by Walter S Root) Dept of 
Physiology, College of Physicians and Surgeons, 
Columbia Umv , New York City According to 
Anderson (1905) the ins of the cat which, imme- 
diately after removal of the cihar}' ganglion, re- 
sponds to esenne soon ceases to do so and remains 
unresponsive There is then a gradual return of the 
esenne response m the denervated sphincter Tins 
has been taken as evidence for nerv e regeneration 
In 5 cats in which one ciliarj ganglion had been re- 
mov'ed and which showed a return of responsive- 
ness to esenne, the oculomotor nerv c was sectioned 
intracramallj Ten days later, the response of the 
sphincter was tested b> instilling 0 4 mg of esenne 
salicjlate into the conjunctiv d sac In every in- 
stance there was complete or partial lo‘"s of re- 
spone This supports the belief of Anderson (1905j 
that preganglionic cholinergic fibers can replace 
postganglionic cholinergic fibers Instillation of 
0 04 ing of pilocarpine nitrate in the conjunctival 
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sac produces marked constriction of the ganglio- 
nectomized iris but has no effect on the normal iris 
The sensitivity of the denervated ins to pilocarpine 
dimimshes shghtly but sigmficantly with tune after 
operation Section of the oculomotor nerve, some 
tune after removal of the cihary ganghon, is 
followed by a complete or partial restoration of 
sensitivity to topically applied pilocarpine It is 
suggested that the decrease in sensitivity to pilo- 
carpine may be related to the occurrence of regen- 
eration to the denervated sphincter of the ins 
Effect of hydration on the survival of fasting 
rats Dobotht Nelson (mtroduced by A C Ivy) 
Dept of Climcal Science, Untv of Illinois College 
of Medicine, Chicago, III Rats deprived of food 
dehydrate themselves even m the presence of ade- 
quate water There is considerable evidence in sup- 
port of the hypothesis that rats ingest any available 
matenal that is of benefit to them In sharp dis- 
agreement, a growing literature indicates that in 
many situations rats fail to make advantageous 
selection of foods Is the voluntary dehydration of 
the fasting rat protective or detrimental? To clarify 
this point we have compared the survival of several 
groups of mature females With no food or water the 
rats lived about 11 days The injection of 7 5 cc of 
0 6% NaCl solution every 12 hours prolonged hfe 
about 3 days, a sigmficant increase Similar injec- 
tion of 0 9% NaCl solution had no effect on survival, 
though less weight was lost than in the control 
groups It appears from this, that the rat’s refusal 
to drink in the absence of food, does not represent 
an attempt to mamtain an optimal water balance, 
but probably results from a break down of the 
mechamsms for fluid adjustment 
Effect of elemental iodine and lodocasein in 
hypothyroidism induced by methyl thiouracil 
Wabhen 0 Nelson and Eileen B Hines (by in- 
vitation) Dept of Anatomy, Stale Univ of Iowa, 
Iowa City, Iowa Young male and female rats 
weighing 40-60 gm were placed on a stock diet con- 
taimng 0 2% methyl thiouracil After 30 days the 
animals in each experiment were divided into 3 
groups One continued on the methyl thiouracil 
diet , a second received the same diet with 0 033% 
lodocasem , while the third received the same diet, 
but in addition received 4 0 or 6 0 mg elemental 
lodme daily by subcutaneous injection The second 
phase of the experiment was contmued for 30 or 60 
days Control animals received the regular stock 
diet throughout the experimental period For males 
in the longer experiments the averages for final 
body weight and total length were respectively 
normal controls, 375 gm 41 cm , methyl thiouracil 
only, 95 gm , 28 5 cm , methyl thiouracil and iodine, 
175 gm , 33 cm , methyl thiouracd and lodocasein, 
252 gm , 38 cm The animals which received methyl 
thiouracd only showed markedly reduced testicular 
function, both gametogemc and endocrine The 
adrenals, thymus, spleen, liver, heart, submaxil- 


lary glands and kidneys all showed marked reduc- 
tion in weight as compared to the controls How- 
ever, all of these except the thymus corresponded 
to the reduction in body weight Iodine induced 
defimte improvement in testicular function and in 
organ weights, but was less efficacious than lodo- 
casem Females of the several groups showed the 
same trends for body weight, body length, ovanan 
function and organ weights Estrous cycles were 
markedly improved by both iodine and lodocasem 
Determinations of plasma protein-bound iodine re- 
vealed high levels for animals which received iodine 
or lodocasem 

Transmission spectra of the human ear (pinna 
and lobe) at arterial occlusive pressures J F 
Neville, Jb , J 0 Elam, K Suqioka, and A 
Rods (introduced by H L White) Laby of 
Applied Thoracic Physiology (Surgery) and Dept 
of Physiology, Washington Univ School of Medi- 
cine, St Louts, Mo Factors related to the accuracy 
of the oximeter have been investigated by spectro- 
photometry of the intact human ear Instrumenta- 
tion consisted of a Littrow type monochromator 
(resolution of 80 A), S-4 and S-1 response photo- 
tubes, AC ampbfier, and continuous mk recorder 
The monochromatic beam was directed via quartz 
to the ear of the recumbent subject The recording 
spectrophotometer automatically scanned the spec- 
trum between 4000 and 11000 A Ear tissue was 
compressed with translucent rubber diaphragm by 
pneumatic inflation to 200 mm Hg Spectra were 
calculated as percentage absolute transmission 

J 

(%T= 7 X 100, where lo = phototube response) 

J-0 

Data obtained in 10 male and 2 female normal white 
subjects mdicated 1) the bloodless pinna and lobe 
transmissions were zero at wavelengths shorter 
than 6100 A, S) the maximal transmissions of the 
bloodless pmnae were uniformly at 8800 A , 5) the 
maximal transmissions of the bloodless lobes 
covered a broad spectral band from 6500 to 10000 A 
4) the absolute transmissions of the bloodle^ 
pinnae averaged 15% between 6000 and 10000 A 
while comjiarable values for the lobes averaged 
26%, 6) the spectra of the bloodless pinnae indi- 
cated marked fight scattering between 8800 and 
5100 A (decreasing transmission with decreasmg 
wavelength) while this effect was much less evi- 
dent in the lobe spectra, and 6) the absorption 
band of water between 8600 and 9800 A was evident 
particularly in the pinna spectra The lobe of the 
ear appears to offer optical advantages superior to 
the pinna as the site for oximetry 

Effect of diets containing certain tissues on 
liver regeneration in the rat E Newman (by invi- 
tation) and A C Ivy Dept of Clinical Science, 
Univ of Illinois College of Medicine, Chicago, III 
Previous studies in this laboratory had shown that 
liver regeneration in partially hepatectomized rats 
was more rapid in rats fed whole cooked liver or 
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dried whole hver than in those fed casein or beef 
heart The growth promoting factor was shown not 
to be in crude hver extracts In order further to 
analyze this effect diets containing certain organs 
other than liver were fed to partially hepatecto- 
xnized rata The organs studied included spleen, 
kidney and duodenum None of these organs were 
equal to liver m promoting liver regeneration 
Studies were also made using nucleic acid or uracil 
supplements to a standard synthetic diet Nucleic 
acid (derived from yeast) was as effective as whole 
liver in promoting hver regeneration Uracil had 
no effect 

A ‘vertical tnfae’ method for the study of pres- 
sure-flow relations in vascular beds J Nichol 
(by invitation), P Gieling (by invitation) and 
A C Bubton Dept of Biophysics, Umv of 
Wesiem Ontario, London, Canada In the perfused 
preparation, as the isolated rabbit’s ear, a vertical 
small-bore glass tube is connected (as a ‘T’) to the 
arterial cannula through which perfusion is made, 
while in the ‘intact’ preparation, as the hmd-hmb 
it IS connected to a T-cannula inserted into the 
artery In the latter case, the fluid in the vertical 
tube is separated from the flowing blood by a slack 
rubber membrane The liquid in the tube stands at 
a height giving the pressure in the artery at that 
point The artery, or tube from the perfusion bottle, 
is then clamped on the high pressure side of the T 
The circulation in the preparation then proceeds, 
maintained by ‘bleeding’ from the vertical tube, at 
a steadily diminishing driving pressure The height 
of the vertical column is plotted against tune, 
giving an exponential-like curve Tangents drawn 
to the curve at specific pressures give the flow 
through the vascular bed at any pressure It can be 
shown that the length of the sub-tangent is a direct 
measure of the resistance to flow Complete pres- 
sure-flow relations are thus obtained These agree 
with those obtained by altering the pressure head 
and measuring flow by a micro-flow meter, but the 
vertical tube method is much more convenient and 
very accurate at low pressures and flows, where 
theoretical interest is greatest 

Tune course of failure of the visual pathway in 
rabbits during anoxia Wernek K Noele and 
Hbhman I Chinn (introduced by Harry F 
Adler) USAF School of Aviation Medicine, 
Randolph Field, Texas In order to determine the 
factors responsible for the sequence of anoxic 
failure, potentials resulting from illumination of 
the eye and from electrical stimulation of the optic 
nerve were recorded from different parts of the 
Visual pathway Amplitude and timing of these 
responses were measured during nitrogen breath- 
ing The curves for the decline m responsiveness 
thus obtained reveal, as one factor, the effective- 
ness of a decreased excitability on differently 
organized neuronal systems Complete irrespon- 
siveness at the surface of the stnate area to either 


photic or electrical stimuli was reached after 88 
seconds of nitrogen breathing (blood was oxygen 
free within 30 to 45 seconds) The immediate post- 
synaptic potentials from the geniculate disap- 
peared after 113 seconds Potentials of the optic 
tract to strong photic stimuli became undetectable 
after 256 seconds and to maximal electrical stimuli, 
after 293 seconds One portion of the b-ivave of the 
electroretinogram decreased simultaneously noth 
the optic tract potentials, 25 minutes were re- 
quired until all positive components of the eiectro- 
retmogram had disappeared A small negative 
electroretinogram persisted for many hours All 
figures represent mean values Intravenous ad- 
ministration of lodoacetate quickly abolished 
retinal excitability during air breathing Neither 
the anoxic decline of cortical responsiveness nor 
the failure of the optic nerve to direct stimulation 
was hastened Lethal doses of fluoride did not 
specifically affect retinal excitability immediately 
after injection However, dunng subsequent 
anoxia all positivity of the electroretinogram dis- 
appeared more rapidly, while the survival times of 
cortex and optic nerve were not decreased 
Incorporation of glycine in the tissues of acutely 
starved rats T R Noonan, K I Awman, G W 
Casarett, and K Salomon (introduced by Wil- 
liam P Bale) Depi of Radiation Biology, School 
of Medicine and Dentistry, Umv of Rochester, 
Rochester, N Y The effects of acute starvation 
upon the incorporation in tissues of glycine, 
labelled in its alpha-carbon atom with Cu, have 
been studied m the rat One microeune of labelled 
glycme (specific activity 1 83 Mc/mg ) was injected 
intravenously into normal rats and into rats which 
had been starved for 6 to 7 days , 24 hours after in- 
jection, the animals were killed and tissue samples 
secured for analysis of Cn content Samples from 
the hver, gastrointestinal tract, kidne 3 fs, testes, 
and brain of animals starved for 5 or 7 days showed 
a markedly higher radioactivity per gram than 
corresponding samples from control rats On a unit 
weight basis, the muscles of starved animals showed 
lower Cu concentration than control animals, this 
effect being more marked after 7 days of starvation 
When calculated on the basis of percent of injected 
Cm activity found per total organ, the starved am- 
mals showed a pattern of decreased incorporation 
m muscular tissue with an unchanged or even in- 
creased incorporation m visceral tissues 
Time-dose study of biochemical responses of 
rats to x-radiation N North (by invitation) and 
L F Niiis Broohhaven National Laby , Upton, 
L I , N Y A tune-dose study of biochemical re- 
sponses of the adrenal-pituitary system in fasted 
rats following whole body x-radiation indicates a 
pattern of changes comparable to that following 
other stresses IMale albino rats were subjected to 
radiation doses of 500 to 2000 k at a rate of oO b per 
minute and sacrificed at periods of time rangmg 
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from 3 to 48 hours followung exposure Analyses of 
tissue constituents show an immediate and pro- 
gressive increase in hver glycogen and no change in 
testis glycogen There is a simultaneous decrease in 
the adrenal and liver cholesterol but httle change 
in the testis cholesterol and a late increase in the 
plasma cholesterol The adrenals also show an 
initial decrease in ascorbic acid content with a sub- 
sequent return to normal, while little variation 
from the unirradiated controls is seen in pituitary, 
hver or testis ascorbic acid Thrre are no evident 
effects of radiation on total body, adrenal or pitui- 
tar}^ weights in fasted animals 
Acclimatization to histotoxic anoxia David W 
Nobthtip and Ross Bell, Jb (by invitation) 
Depl of Physiology, School of Medicine, West 
ViTgiTiiG Utiiv , MovgoTitown, Fn In order to 
determine whether acclimatization to histotoxic 
anoxia occurs in a manner similar to that seen dur- 
ing anoxic anoxia, the red cell count, reticulocy1;e 
count, and hemoglobin concentration of the blood 
of three rabbits were follon ed during the adminis- 
tration of potassium cyanide Determinations were 
made daily during an 11 -day control period and 
then KCN nas adnumstored subcutaneously in 
doses ranging from 1 0 to 3 1 mgAg/day, the dose 
being increased as the animals developed tolerance 
(Sufficient cyanide v as given to produce distress ) 
The average red cell count of the 3 rabbits rose 
from 4 97 million during the control penod to 5 37 
million during the period of cyanide administra- 
tion, significant at the 0 1% level , the hemoglobin 
from 10 95 gm to 11 92 gm significant at the 0 1% 
level , the retieuloc} te count from 1 0% to 2 3% 
significant at the 0 1% level The results indicate' 
that the rabbit responds to histotoxic anoxia by in- 
creased activity of the bone marrow 
Inside the cell Part I Enzymes in intracellular 
chemistry (Motion picture) Alex B Novieoff 
(introduced by F J Sichel) Depl of Pathology, 
Umv of Vermont College of Medicine, Burlington, 

U Produced by the United States Army Medical 
lustration Service, under the supervision of the 
burgeon General, this film is intended for teaching 
professional medical personnel of the Services and 
civilian medical and university students It sug- 
g^ts the importance to medical practice of a knowl- 
edge of enzymes and cell metabolism After briefly 
sketching the historical development of our knowl- 
edge of enzymes, the film deals in detail mth the 
knoiin steps of glucose metabolism, including 
glycolysis, the tricarboxylic acid cylce, hydrogen 
trans^rt via the cyixichrome system, and the 
r cycle It suggests points of con- 

ac o Me metabolism of carbohydrates and other 
foodstuffs, and it indicates the relation of vitamins 
and minerals to enzyme structure Most of the film 
13 in color animation There are also live action 
demonstrations of several sections, photographed 
in the laboratoiics of the individuals mentioned 


J B Sumner shows the essential steps m the 
crystallization of urease Otto Meyerhof demon- 
strates the need of DPN and ATP in glycolysis 
Severe Ochoa shows the enzymatic decarboxyla- 
tion of oxalosuccinic acid and the oxidation of 
isocitrio acid Carl F Con and Gerty Chin demon- 
strate the tn vitro synthesis of glycogen and starch 
Carl F Con and M E Ixrahl show the effect of 
insulin and adrenal hormone on the uptake of 
glucose by diaphragm muscle Van R Potter 
demonstrates the low succinic dehydrogenase 
activity of tumor homogenates as compared with 
those of normal organs 

Response to intravenous injection of small 
quantities of insulin John A Nuetzel (by invi- 
tation) and Nobjian S Olsen Dept of Internal 
Medicine and the Oscar Johnson Inst , Washington 
Univ School of Medicine and Barnes Hospital, 
St Louis, Mo A modified intravenous insuhn 
tolerance test, using jV unit of insulin/kg body 
weight, was performed m a senes of normal, hyper- 
tensive, and other patients Blood sugar levels were 
determined at 0, 15, 30 and 60 minutes after intra- 
venous injection, by the method of Nelson The 
data were analy zed on the basis of the percentage 
fall from the fasting level Certain clinical groups 
were resistant to the action of intravenously ad- 
ministered insulin in that they showed significantly 
less fall m 15 and 30 minutes than did the normal 
group These groups consisted of patients with 
malignant hypertension, with hypertension and 
severe complications (such ns stroke and heart 
failure), with advanced neoplastic diseases, liver 
diseases, collagen diseases, and jisychosomatic dis- 
orders Resistance was also found, as expected, in 
active infections and certain endocrine disorders 
Hypertensive patients having an endocrine or 
neurogenic basis and not in a malignant phase were 
not resistant 

Blood pressure after nephrectomy Enic 
Ogden, Eleanohe Tbipp (by invitation) and 
Geoege Constant (by invitation) Depl of 
Physiology, Univ of Texas Medical Branch, 
Oalveslon, Texas Grollmau reported occasional 
elevations of blood pressure in rats and dogs after 
unilateral nephrectomy In the present group of 5 
well-trained dogs senes of measurements were 
made before and 6 months after removal of the left 
kidney The table indicates the average values for 
the individual dogs 
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Blood pressure was computed from records made 
Vvithout anesthesia by puncture of the femoral 
artery n ith the needle connected to a glass spoon 
manometer with optical recording, the pulse 
counts were computed from the same records It 
18 beheved that the lowered pulse rates aftci 
nephrectomy are indications that the dogs were 
better trained The elevation of both systohe and 
diastohc pressures in each animal considered 
separately w'as statistically examined and found 
unlikely to be due to chance That such an oc- 
currance would appear in 5 consecutive ammals is 
over-whelmingly hkely to be due to something 
other than chance even though the changes are 
small and only two of the dogs showed blood 
pressure levels which might be considered mildly 
hypertensive 

Treatment and prophylaxis of experimental 
hypertension with amines E A Ohler (by 
invitation), G E Wakerlin and G A Alles (by 
invitation) Dept of Physiology, Umv of Illinois 
College of Medicine, Chicago, III Paredrme HBr 
has been previously reported (Federation Proc 
7 87, 1948) to be effective therapeutically in ex- 
perimental renal hypertension Since our last 
report 3 neurogemc (debuffered) hypertensive dogs 
have been treated with 4 mg/kg of Paredrme orally 
for periods of 3 to 6 months Two neurogemc dogs 
showed excellent reductions in blood pressure, 
one, a good response Of 5 dogs treated prophylac- 
tically with 4 mg/kg of Paredrme orally daily for 
periods of 3 to 6 months, all showed a rise m blood 
pleasure following bilateral renal artery constric- 
tion Two animals exhibited rises of 65 mm Hg, 
one dog developed malignant hypertension and 
died, and the remaining 2 show ed rises of 20 mm 
Hg or more The following compounds, closely 
related chemically to Paredrme, have faded thus 
far to exhibit any antihypertensive activity 
2 ammo-l-cyclohex'ylpropane, levoamphetanune, 
ephedrmo, hydro xy-tyramine, hydroxy-paredrme, 
and dl-l-parahydroxyphenyl-3-ammobutane Ty- 
ramme m a dosage of 2 mg/kg IM daily pro- 
duced a modest fall m the blood pressure of 1 
renal hypertensive ammal Of 3 renal hypertensive 
dogs treated wath Paredrmol (dl-l-parahydroxy- 
phenjd-2-methyl-aminopropane) m a 4 mg/kg dose 
orally only one show ed a reduction in blood pres- 
sure Tuamme (2-aininoheptane) at a dosage level 
of 4 mg/kg IM has proved ineffective in 2 hy per- 
tcnsixe ammals 

Diuretic response of normal and edematous 
dogs to intravenous administration of succinate 
and fumarate sodium salts Elizabeth O’Leary 
(by m\itation) and Samuel \ Corson Dept 
of Physiology, School of Medicine, Howard Umv , 
hi ashington , D C Hypertonic solutions ( 14 x 1 ) 
of disodium sucemate and fumarate salts were 
administered intravenously to trained unanesthe- 
tizcd dogs by moans of a constant infusion pump 


at the rate of 2 6 ml/min , injecting a total dose 
of 10 ml/kg of body weight Such an infusion in- 
creased the rate of urine flow fiom an average 
control value of 0 4 ml /min to an average value of 
4 2 ml /mm for a period of about 300 minutes The 
net quantity of fluid lost by the animals as a result 
of the administration of these salts (after sub- 
tractmg the quantity of fluid injected and the 
quantity of urine that would normally have been 
excreted) was on the average 67 ml/kg body 
weight Administration of these salts to dogs with 
experimental hypoprotcinemic edema (produced 
by a combination of massive plasmaphereses and 
a low protein diet) led to a net average mcreasc in 
urine output of 76 nil/kg body wmight We must 
therefore conclude that the diuretic responses of 
dogs with hypoprotememic edema to the mtra- 
venous injection of succinate and fumarate salts 
are of the same order of magmtude as (or possibly 
greater than) those of normal animals 

Graphic measurement of arterial pressure m 
the intact rat F Olmstead and O Glassbr 
(introduced by A C Corcoran) Research 
Division of the Cleveland Clinic Foundation and 
the Bunts Institute, Cleveland, Ohio The method 
previously described (Federation Proc 7 88, 
1948) for measurement of systohe pressure from 
the foot pulse of rats had been modified for greater 
accuracy and convemence A light weight pickup 
has been developed which consists of 2 mmature 
coils separated by a small layer of sponge rubber 
This device is readily attached to the front or hind 
foot of the rat and substitutes for the stram gauge 
previously employed A frequency discrimination 
circuit IS used to transfer the pulse into electrical 
change For greater compactness and accuracy in 
recording cuff pressure, a Selsym generator and 
motor are used The generator is driven by a large 
metal beUow The motor is mounted in the Brush 
ink oscillograph and drives a recording pen 
Seventy-five simultaneous optical recordings were 
made of carotid pressure by a Hamilton mano- 
metei and of foot systolic pressure as indicated 
from the foot pulse The mean deviation of in- 
dicated pressure in the hind foot from that in the 
carotid artery was — 5 4 mm Hg Vanation around 
this mean w os ± 3 5 mm Hg These measurements 
were made over a range of systolic pressure from 
52 to 170 mm Hg 

Effect of IntrapuJmomc and intrathoracic 
pressure variations on left atnai pressure D F 
OrDTKE and G A Beecher (by invitation) 
Dept of Physiology, Western Rcserie Umv Medical 
School, Cleveland, Ohio Mechanical factors of 
extra-cardiac origin which exert pressure on the 
heart chambers become of great importance in 
determining pressure-flow gradients in the presence 
of mtra cardiac shunts If these extraneous forces 
do not affect all cavities equally it is possible that 
their effect may be directly opposite to that 
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desirable for physiologic compensation Experi- 
ments have been undertaken to assess the effects 
of tvo of these factors, intrapulmomc and in- 
trathoracic pressure, on left atrial pressure, since 
the pressure variations in this heart chamber have 
been so little studied 

Positive pressure inflation of the lungs in an 
open chest dog results in an increase of both right 
and left atnal pressure with a decrease in aortic 
pressure This effect is intensified by maintenance 
of the lungs in the inspiratory position for a few 
seconds Right pressure increases considerably 
more than left Ventral traction on the peri- 
cardium, lung roots, aorta, and other thoracic 
structures does not reproduce this effect Experi- 
ments dealing with the effect of intrathoracic 
pressure changes and with the effects of positive 
pressure breathmg on left atrial pressure in the 
closed chest dog are described and the results 
presented 

Diuretic effect of adrenal cortical hormones m 
mildly hydrated and dehydrated animals C M 
OsBOHN and W J Eversole (introduced by 
Robert Ga.unt) Depi of Zoology, Syracuse Univ , 
Syracuse, N F Experiments were made to de- 
termine the conditions under which the diuretic 
action of adrenal cortical hormones could be demon- 
strated in intact rats In previous experiments 
with water given ad lib, desoxycorticosterone 
acetate (DC A) caused a diabetes insipidus-like 
state (Selye and Bassett) , this condition was 
intensified by addition of salt to the diet (Corey 
and Britton, Ragan ei al Richter) When large 
multiple doses of water were force-fed, both DCA 
and cortical extract enhanced markedly the 
diuretic rate and prevented water intoxication 
(Gaunt) The possibility exists that such effects 
are manifested only in the presence of high water 
loads induced either indirectly by salt retention or 
directly by water admimstration Forty-eight 
fasted male rats were given a single hydrating dose 
of water by stomach tube (4 ml/100 cm ’ of body 
surface, average dose = 12 ml ) One group re- 
ceived 6 mg DCA one-half hour before water was 
given, 90 minutes later they had excreted 11% 
more urine than controls, a result similar to that 
following chronic DCA treatment (Selye and 
Bassett) With same water dosage, another group 
received 4 ml of Upjohn’s adrenal cortical extract 
(alcohol removed), force-fed as a portion of the 
water dose These ammals excreted 31% more 
unne than sahne-treated controls Forty-eight 
rats were deprived of food and water for 20 hours 
Beginning at the 13th hour, part of the animals 
were given DCA at intervals until dosage totaled 
4 mg and others received a total dosage of 4 ml 
of cortical extract With such dehydration and 
acute treatment, DCA had no effect on unne 
volume, but the cortical extract doubled unne 


output It appears, therefore, that the diuretic 
action of DCA may be somewhat dependent on 
water load, while cortical extract enhances diuresis 
under all observed conditions of water balance 

Application of Gray’s theory of respiratory 
control to the hyperpnea produced by ‘passive’ 
exercise Arthur B Otis Dept of Physiology and 
Vital Economics, Univ of Rochester School of 
Medicine and Dentistry, Rochester, N Y Move- 
ments of the limbs produced by external forces 
cause an increase in the minute volume of ventila- 
tion as, has been observed by several previous 
investigators Such movements, however, are not 
entirely passive but produce an increased oxygen 
consumption Continuous measurements of the 
alveolar gas tensions make possible the estimation 
of the ventilatory stimulus due to the limb move- 
ments per se by application of Gray’s multiple 
factor theory Such calculations show that the 
stimulus from such movements is enough to 
produce a ventilation increment 100% to 150% 
of the resting ventilation 

Anemia producing properties of hexahomo- 
serine and the antagonizing effect of lysine 
Edoharu Pag6 and R Gingras (by invitation) 
Depts of Nutrition and Biochemistry, Medical 
School, Laval Univ , Quebec, Canada Hexahomo- 
senne (a-armno-e-hydroxycaproic acid) produces 
anenua and inhibits growth in the rat It also causes 
a considerable rise in blood plasma ammo mtrogen 
Simultaneous lysine supplementation prevents the 
anemia, improves partially the growth rate but has 
no effect on the plasma ammo nitrogen These 
observations were made on rats receiving either a 
complete basal ration or one containing no lysine 
Ammo-adipic acid, a biological derivative of l 3 ^ine, 
antagomzes neither hexahomoserme, nor lysme 
Liver concentrates and folic acid are ineffective 
in the prevention of the anemia caused by 
hexahomoserme 

Mechanisms of the vascular action of tetra- 
ethylammonmm chloride Irvine H Page, 
Ralph Prince (by invitation) and John J 
Reinhard, Jr (by invitation) Research Division 
and Bunts Institute of the Cleveland Clinic Founda- 
tion, Cleveland, Ohio Acheson, Moe, Lyons and 
Hoobler introduced tetraethylammonium chloride 
as a means of blocking autonomic ganglionic trans- 
mission to measure autonomic activity Although 
we were unable to show a significant difference m 
response to TEA after renal hypertension de- 
veloped, individual responses were so variable 
that blockade of ganglionic transmission probably 
was not the only action of TEA Ninety-four 
normal dogs showed widely variant responses 
Occasional ‘normal’ animals showed a rise in blood 
pressure rather than the more usual short rise 
followed by a fall On repeating the doses, the 
responses became progressively less depressor and. 
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finally, pressor Destruction of the spinal cord from 
Cs caudad caused invariably a pressor response to 
every injection, and inactivation of the carotid 
sinus mechanism either did not change the response 
or somewhat augmented it In 2 patients with 
severe central nervous sj'stem lesions pressor 
responses were observed with the imtial dose 
Bilateral nephrectomy done 2 dal’s before testing 
usually accentuated the pressor component while 
bilateral adrenalectomy very moderately reduced 
it Hepatectomy greatly increased the depressor 
action TEA caused little or no nse m pressure 
after hepatectomy, hepatectomy-nephrectomy- 
adrenalectomy, or in animals with spinal cord de- 
stroyed, carotid sinus mechanism inactivated, 
hidnej's and liver removed The pressor response 
was abolished by prior administration of Diben- 
amine and Pnscol sufficient to reduce or abolish the 
action of arterenol and reverse adrenalin The 
response to TEA appears to be composed of 2 
components one dependent on blockade of auto- 
nomic gangliomc transmission, the other, de- 
pendent probably on liberation of an arterenol -like 
substance 

Observations on pulmonary lymph flow and 
edema Robert Paine (by invitation), Frank A 
Howaru (by invitation) , Harvet R Butcher (by 
invitation) and John R Sigth Cardiovascular Dt- 
vtstoHjDepl of Medicine, Washington Univ School 
of Medicine, Si Louts, Mo Lj’mph flow from the 
lungs of dogs has been studied Using Drinker’s 
method, the pulmonarj Ijunphatics were isolated, 
and intact, or open thorax preparations under posi- 
tive pressure respuation, were made The lung 
IjTnph was measured by cannalation or by catch- 
ing the fluid on weighed pledgets Obstruction of the 
pulmonary veins producing moderate elevation of 
venous tension and pulmonarj- congestion showed 
no effect on the rate of Ijunph flow However, maxi- 
mal pulmonarj’ venous congestion results in in- 
creased lung IjTiiph (Drinker) The reduction of 
plasma proteins to 2 5 gm % or less by plasma- 
phoresis, and by the admimstration of Locke's 
solution, caused a marked increase in lung Ij-mph 
flon Furthermore, nhen pulmonary Ij’mphatic 
drainage was curtailed bj obstruction of the su- 
perior vena ca\a, a nse in lung lymphatic pressure 
occurred as noted b\ direct manometrj of the 
1} mpliatic sj stem However pulmonarj edema was 
not observed following anj of these procedures 
When Ij-mpbatic outflow was obstructed, the cnti- 
cal diminution of plasma proteins produced gross 
pulmonari edema The effects of increased hA dm- 
Etatic pressure and decreased osmotic pressure in- 
dicate the operation of Starhng’s hj'pothesis in 
the lung The curtailment of Ijunph outflow due 
to ponpheral a cdous hj-pertension from heart fail- 
ure, in conjunction with pulmonarj congestion or 


hypoproteinemia, may be important in the pre- 
cipitation of pulmonary edema 
Variability and reliability of cardiac index esti- 
mations with the high-frequency, undamped bal- 
listocardiograph Robert M Paine (by invitation) 
and Nathan W Shock Section on Cardto' ascular 
Diseases and Gerontology, National Heart Inst , 
Bethesda, Maryland, and the Baltimore City Hos- 
pitals, Baltimore, Maryland The baHistocardi- 
ograph used was horizontal, undamped, and had a 
natural frequency of 12 6 cyclea/sec when loaded 
with ISO lbs The cahbration tv as such that a force 
of 280 gm apphed to the bed caused a displacement 
of 1 centimeter on the photographic paper record 
The largest and smallest complexes in each of 2 
representative respiratory cycles of each tracing 
were selected independently by 2 observers and the 
average areas (mm — sec ) under the I-waves and 
J-waves were inserted into Tanne r’s formula 
stroke volume in cc per minute ==■ \/21 -k J-j/^ 
C represented the duration of a cardiac cycle 
in seconds Cardiac index (L/min/M *) was esti- 
mated m the basal state, after a standard meal, at 
hourly intervals throughout a day of ordinarj’ ac- 
tmty, and at 5-minute intervals, through a 40- 
nunute penod -while resting supine Ten young 
male hospital inpatients without cardiovascular 
disease and 10 young male laboratory personnel 
served as subjects The entire routine was repeated 
on the inpatients the following day A sigmficant 
elevation of mean cardiac index (12%) occurred 
withm § hour after eating which lasted 3i hours 
There -was no difference between inpatients and 
laboratory personnel, in either the basal state or 
following ordinary actmtj’, and there was no 
change through forty minutes of rest, similar re- 
sults were obtained on the second daj The reliabil- 
ity of the cardiac index was high and variation in 
any case determination depended largely on the 
complexes chosen No significant advantage wns ob- 
tained bj’ increasing the number of complexes 
measured or the number of observers 
Adrenal cortical hormone levels m blood follow- 
ing 'alarming stimuli ’ K E Pabchkis, A Can- 
TARow and D Botle Jefferson Medical College, 
Philadelphia, Penna The reaction of the adrenal 
cortex to ‘alarming stimuli’ was studied by assay 
of adrenal cortical hormone m penpheral artenal 
blood of dogs Hormone leA els w ere determined m 
plasma bj the mouse liver glj cogen method of 
Venmng It had been shown previously' (Fed Proc 
7 90, 194S) that levels m the artenal blood rise fol- 
lo-wing the injection of ACTH or of adrenalin A 
rise of cortical hormone in artenal plasma occurred 
mthm the first hour after subcutaneous injection 
of formalin 4. surgical procedure, exposure of the 
adrenal gland under anesthesia, resulted in higher 
levels of cortical hormone in the adrenal a cm blood 
than had been prcvioush obtained m the urnnes- 
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thetized, trained dog (London cannula ) Insulin 
injection was followed by an increase in cortical 
hormone, suggesting the participation of adienal 
cortical hormone in counteracting insulm-induced 
hj poglycemia Attempts to determine whether the 
effects of these stimuli were mediated by epineph- 
rine (according to the theory of Long) led to an in- 
vestigation of the action of Debcnamine in this con- 
nection Injection of Dibenamine itself was found 
to be an ‘alarming stimulus’, leading to an increase 
in blood levels of cortical hormone The effect of 
sympathetic blockade by Dibenamine upon the 
response to formabn and insulin was studied 
Influence of a conditioning injection of estrogen 
on the hematologic and organ weight response to 
X-irradiation Habvet hi Patt, Mabguerite N 
Swift (by invitation) , Robert L Straube (by in- 
vitation), Ella B Tyree (by invitation) and 
Douglas E Smith Biology Division, Argonne 
National Lab , Chicago, III Estradiol benzoate 
(0 166 mg I M in a single injection 6 to 15 dajm be- 
fore exposure) greatly enhances resistance of imcc 
to total bodj -X-irradiation Progesterone and tes- 
tosterone are meffectual To elucidate this phenom- 
ena we have studied the effect of estradiol on organ 
weights, blood count, and microscopic anatomy m 
control and irradiated mice Estrogen increases 
adrenal weight by 35-40% 4 days after inj eetion and 
accelerates thymic involution but has no appreci- 
able effect on weight of spleen, inguinal nodes or 
kidney Leukopema w ith maximal depression 
around 10-14 daj'S after injection has also been ob- 
served Decreases are noted in lymphocytes and 
heterophils Little change is seen in erytlirocjd.es 
Sigmficantly, the maximal estrogemc protective 
effect is observed w hen mice are irradiated during 
their leukopenic period Estrogen injection at the 
time of irradiation or 25 to 36 days before exposure 
does not protect Radiation induced involution of 
spleen, thjmus and inguinal nodes is not altered bj 
estradiol However, the increase in adrenal weight 
18 somewhat greater in these ammals Leucocj tes 
aie decreased equally m both estrogen and control 
(sesame oil injected) iiTadiated animals, although 
maximal depression and recoverj occur somewhat 
earlier in the former Erjdhrocjde count of irradi- 
ated controls is decreased by 45% at 11 and 14 daj s 
after exposure Estrogen treated animals manifest 
a smaller decraose in red count (25%) 1 days after 
irradiation and normal levels at 11 and 14 davs 
The possibility that the protective action of estro- 
gens IS mediated bj’’ the adrenals is being investi- 
gated 

Oxygen consumption and water balance in the 
X-irradiated frog Harvey M Patt, Marguerite 
N SwTFT (by invitation) and Ella B Tyree (by 
invitation) Biology Division, Argonne National 
Lab , Chicago, 111 As part of a studj^ of the 
radiation response of frogs and of factors contribut- 


ing to their radiosensitivitj , w e have investigated 
1) oxygen consumption after X-irradiation, and 8) 
rate of water uptake in dehj^drated irradiated frogs 
Oxygen consumed by individual unfed Autumn 
frogs, sedated with nembutal, was measured volu- 
metrically at atmospheric pressure and 23°C Re- 
sults of a pilot study in w Inch determinations w ere 
made during a control period of several days and at 
frequent intervals after X-irradiation with 3000 R 
(completely lethal, mean survival tune 26 days), 
suggest a slight early decrease in oxygen consump- 
tion w ith maximal depression (34%) 15 days after 
exposure This is followed by return to control 
levels (0 086 d: 002 cc/gm/hr ) around 25 days af- 
ter irradiation Although there is evidence that 
lomzing radiation accelerates catabohsm in mam- 
mals, especially terminally, we failed to observe 
any increase in oxygen consumption in these frogs 
Body weight of unfed irradiated frogs also did not 
change appreciably' Frogs kept in dry individual 
containers at 23‘’C for 3 days lose 35-40% of their 
water After irradiation wuth 3000 r and immediate 
return to water, such partiaUy dehydrated irradi- 
ated frogs regain water at the same rate as non- 
irradiated dehydrated controls In both groups, re 
coverj IS essentially complete bj' 4 hours There is 
no change in watei content of non-dehydrated ir- 
radiated frogs over this period Experiments are in 
progress to evaluate the influence of water content 
at the time of exposure on radiosensitmtj in the 
frog 

Effect of urine extracts from hypophysectomized 
dogs on gastric secretion T L Pattersox, J 
Kaulbersz, D J Sandweiss and H C Saltz- 
STEiN (by invitation) Depts of Physiology and 
Surgery, Wayne Umv College of Medicine and 
Harper Hospital, Detroit, Mich In continuation of 
our earlier studies related to the influence on gastric 
secretion of urine extracts from dogs deprived of 
their pituitary gland, new senes of experiments 
were made with extracts prepared from dogs hjqio- 
physectonuzed by transtemporal methods The 
effect of the extracts were tested on several dogs 
either wuth gastric fistula or with Heidenhain 
pouch by the double-histamine technique In 21 
experiments (senes A) the extract was adnunis- 
tered during the second period of the doublo- 
histamine test, and in 25 expenments (senes B) 
during the first period Extracts from the urine of 
hypophysectomized dogs did not exhibit a prompt 
inhibitory effect which is characteristic foi uro- 
gastrone prepared from normal urine In i elativelv 
small doses (1 mg ) hypophysectomized extracts 
produced as an immediate effect an increase in 
secretory resfionse to histamine which is statisti- 
cally significant in both animal senes No signifi- 
cant delayed effect on secretion could be detected 
In larger doses (3 mg or more) there was no signifi- 
cant immediate effect on secretory response to 
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Instamine, although in some dogs vancd degrees of 
stimulation or inhibition u ere observed However, 
statistically sigmficant evidence of a strong delayed 
inhibition lasting more than 9 hours is revealed 
Therefore, it appears that unne extracts prepared 
from hj-poph^ sectomized dogs contain both stimu- 
latory and inhibitory agents The stimulatory effect 
is prompt and more noticeable in small doses The 
inhibitory effect is more evident in larger doses of 
the extract In contrast to that of typical uro- 
gastrone, inhibition develops sloulj and lasts 
longer than 9 hours 

Manifestations of potassium intoxication in the 
dog heart-lung preparation Fnuscis E Patne 
(bi invitation), Leslie L Bexnett, Sandor G 
Berstein (by imitation), and Jaiies Hopper, Jr 
(b\ invitation) Dtvistons of Physiology and Medi- 
cine, Unw of California, Berkeley and San Fran- 
cisco, Calif Heart-lung preparations were arranged 
for the continuous recording of i ight auncular pres- 
sure, aortic pressure, vcntnculai xolume, and left 
■ventricular output minus the coronarj flow Um- 
polii electrocardiographic tracings nere taken di- 
reeth from the anterior surface of the left ventricle 
using a mck electrode The plasma potassium con- 
centration nas elevated b\ the addition of isotomc 
KCL and the plasma level v as determined by the 
use of a flame photometer Eight heart-lung prepa- 
ritions nere studied The venous return and 
peripheral resistance wore not altered during an 
experiment It was found that the major mechani- 
cal phenomena of potassium intoxication did not 
appear until a plasma level of appro'amatelj 
7mEq/l was reached While approaching this level 
of potassium concentration onlv minimal increases 
in ventricular volume and minimal decreases in 
cardiac rate and output n ore observ ed During this 
jicriod of increasing piotassiuni concentration there 
uerc progressive electrocardiographic changes 
v\ Inch consisted of decreased amplitude of P waves 
and QTIS complexes, depression of the S-T seg- 
ments, prolongation of the P-R intervals, and in- 
creased amplitude of the T v\ av es When potassium 
levels of approximatelj 7niEq/l were reached the 
follovv ing marked cliangcs of abi upt onset occurred 
increase in right auncular pressure, ventncular 
volume, and aortic pulse pressure (reflecting the 
increased stroke output due to the slow rate) , and 
decrease in cardiac output and heart rate (the re- 
sult of auricular standstdl ) The most stnking asso- 
ciated electrocardiographic changes were the dis- 
appearance of the P wav es, further displacement of 
the S-T segments and still higher T waves 
Hcpato-renal factors in circulatory homeostasis 
XY\ Low protein diets and renal \'EM formation 
M VRT Vnx Patxe (bv invitation) and Ephraim 
S iiORp Dipt of Medicine Cornell Unic Medical 
CoHcgc and The Ncic Yorl Ho'=piial, Xcic York 
C Iv Previous studies from tins laboratory demon- 


strated the importance of the renal vasoexcitor, 
VEM, for compensatory peripheral vascular reac- 
tions to hemorrhagic and traumatic shock, in its 
absence, these compensatory reactions failed to 
occur Under ceitain conditions the renal capacity 
to form ITEM v\ as abobshed , e g , anoxia (2 hours 
for rat, 4 for dog kidney), adrenal insufficiency and 
nutritional cirrhosis (rats, on 10% protein diets for 
4 months) The present study deals v\ ith the acute 
effects, in rats, of fasting and a lower protein diet 
(5% casein) on the renal capacity to form VEM, as 
measured by anaerobic incubation of kidney slices 
in viiro Adequate vitamin supplements were sup- 
plied throughout Fasting rats sustained a signifi- 
cant reduction in the capacity to form VEM by the 
4th, and a total loss by the 6th da'v of the fast 
Those receiving the 5% casein diet shov ed appreci- 
able reductions in VEM formation by the 8th, and 
complete abolition from the 12th through the 39th 
day , when the e'?perimcnt n as terminated Desoxy- 
corticosterone acetate, vs hich restores VEM forma- 
tion to kidneys of adrenalectomized rats, failed to 
prevent this defect, v hen given from day 1 to 14, or 
to correct it, when given from day 14 to 39 of the 
low protein regime This VEM defect was not asso- 
ciated with sigmficant reductions m renal oxygen 
consumption It is suggested that, in addition to 
the adrenal cortical hormones and an aerobic en- 
vironment, an adequate protein intake is essential 
for the integrity of the renal mechanism for foim- 
ing ^'EM 

Studies on the fat-mobilizing hormone of the 
anterior pituitary gland Richard W Paine (in- 
troduced by E B Astwood) Joseph H Pratt Di- 
agnostic Hospital, and Dept of Medicine, Tufls 
Medical School, Boston, Mass The fat-mobilizing 
effect of various anterior pituitary preparations, 
was assay ed by fat deposition in the livers of fasted 
mice by the method of Campbell {Endocrinology 
23 692, 1938) Increasing doses induced a progres- 
siv e increase in the liv er fat from control values of 
4 5 to 6 0% to maximal values of 12 0 to 14 0% 
Higher doses caused a submaximal response Some 
activity was found to be present in all anterior 
pituitary preparations tested (whole beef anterior 
pituitary and piork and sheep pituitary powders. 
Armour and Parke-Da'vis thyrotrophic hormone, 
Armour’s adrenocorticotrophic hormone, Armour’s 
growth hormone, and Searle’s anterior pituitary 
gonadotrophic hormone) Posterior pituitary prepa- 
rations showed no fat-mobilizing propicrties Puri- 
fied adrenocorticotrophic and thvrotrophic hor- 
mones were the most active on a weight basis 
Purified growth hormone and gonadotrophic hor- 
mones «=howed little activitv as compared to other 
purified preparations One week after adrcnalcc- 
tomv , the test animals exhibited no fat-mobiliza- 
tion in response to anv antenor pituitary 
preparation Thyroidectomy or depression of thy - 
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roid function with propylthiouracil did not inhibit 
the effect Single injections in oil of progesterone 
(10 mg ), testosterone (25 mg ), desoxycorticos- 
terone acetate (6 mg ) , and stilbestrol (5 mg ) had 
no effect One cc of aqueous adrenal cortical ex- 
tract produced no significant fat-mobihzing effect 
Comparison of a volumetric respirometer with 
the Warburg method in measurement of brain res- 
piration C N Peiss and R Wennesland (intro- 
duced by J FiEin) 0 N R Arctic Research Laby , 
Point Barrow, Alaska, and Dept of Physiology, 
Stanford Umv , Stanford, Calif Sixabquants (each 
about 25 mg wet weight) of rat cerebral cortex 
slices were prepared from the brains of each of 8 
adult albino rats The moist cold box technique was 
used (Field, Methods in Medical Research, 1948) 
Oxygen uptake was measured on 3 aliquants by the 
Warburg method and on the other 3 by means of 
volumetric respirometers (see abstract by Wennes- 
land) Thus 48 Warburg runs were made and 47 
volumetric (one sample lost) The liquid phase was 
EFebs Ringer’s phosphate contaimng 0 011m glu- 
cose and 0 01m bicarbonate Gas phase oxygen 
Temperature 37 5 ± 0 01°C Initial pH 7 4 Final 
pH 7 4 to 7 5 The mean Qoj s were 14 12 and 14 08 
for the Warburg and volumetric methods respec- 
tively The corresponding standard errors were 
±0 169 and ±0 171 Statistical analysis showed that 
the tu o senes did not differ significantly either in 
respect of the means (Student’s ‘t’ test) or of the 
variability (Fisher’s ‘F’ test) 

Blood gas content of dogs during immersion hy- 
pothermia K E Penrod and Felix R Rosen- 
HAiN (by invitation) Dept of Physiology, Boston 
Univ School of Medicine, Boston, Mass Simul- 
taneously drawn samples of arterial blood from 
the carotid artery and mixed venous blood from 
the nght ventricle were handled anaerobically and 
analyzed for Oj and COj content Samples were 
drawn before immersion in an iced bath and at rec- 
tal temperatures of 30°, 25° and 20°C while breath- 
ing air , and before immersion, at 35°, 30° and 25°C 
in a second senes breathing 100% O2 All dogs were 
lightly anesthetized with sodi um pentothal He- 
matocrit determinations were made on each blood 
sample In 2 of 9 dogs breathing air a mounting ar- 
terial COi, evidence of approaching respiratory in- 
adequacy, appeared above 25°C rectal tempera- 
ture In 4 it was between 25° and 20° and in the 
other 3 below 20°C Beginning circulatory inade- 
quacy was not yet evident at 20 °C rectal tempera- 
ture in 7 of 9 dogs In one it occurred between 25° 
and 20° and in one failure was progressive during 
the entire period of immersion In 6 of 8 dogs sur- 
viving to below 20°C the venous O3 content at 20° 
was equal to or greater than pre-unmersion levels 
Hematocrits showed a 20% increase during hypo- 
thermia which IS partially accounted for by pento- 
thal depression of the control value When breath- 


ing 100% O2 throughout the hypothermic period 4 
of 9 dogs showed some respiratory failure above 
25°C In nearly every case respiration was de- 
pressed throughout, as reflected in a high arterial 
CO2 content Circulatory unpairment u as evident 
in only 1 dog at 25°C The venous O2 content was 
higher at 25°C in 7 of the 9 dogs than it vas before 
immersion 

Cooling as a stimulus to certain smooth muscles 
John F Perkins, Jr and Charles H Nicholas 
(introduced by R W Gerard) Dept of Physiol- 
ogy, Umv of Chicago, Chicago, III Coohng alone 
causes contraction of the retractor penis muscle 
of the dog (De Zilwa, J Physiol 27 200, 1901), of 
the cat’s nictitating membrane (Perkins and Li, 
Fed Proc 7 1948) and apparently also of the 
smooth muscle of the arteriovenous anastomoses of 
the skin (Perkins et al , Am J Physiol in press) 
Further studies were made on the dog’s retractor 
penis, which was placed in Tyrode’s solution in a 
jacketted bath Temperature was measured by a 
thermistor in contact with the muscle Provision 
w'as made to cool the muscle gradually, or rapidly, 
from 36°C down to as low as 0°C Cooling alone acts 
as a stimulus, producing as qmck a contraction as 
that caused by epinephrine Rapid coohng is a more 
effective stimulus than gradual When degrees of 
rapid cooling (abcissae) vere plotted against 
heights of contraction, an S-shaped curve resulted, 
with a maximum at 24° of rapid coolmg (coohng 
from 36 to 12°C ) Lowering the ps to near 7 causes 
a gradual, marked contraction, on which the effect 
of cold can be superimposed The separate effects 
of epinephrine and of coohng are additive when 
tested together After Dibenamine the muscle 
lengthens with epinephrine but still shortens with 
cold With both together, the effects tend to cancel 
(algebraic addition) Thus, cold apparently acts 
on a different excitatory system than epinephrine, 
or else it acts directly on the contractile sj'stem 
Against a direct action is the failure of rabbit in- 
testine, uterus, aorta, and iris to contract when 
cooled 

Effect of estrogen and relaxin on the connective 
tissue of the pubic symphysis E Perl (by invita- 
tion) and H R Catchpole Dept of Pathology, 
College of Medicine, Umv of Illinois, Chicago, III 
Female guinea pigs castrated for 1 month were 
treated daily for 4^5 days with 1 0 ;ig estradiol, then 
given an injection of pregnant rabbit serum con- 
taining relaxin Following relaxation (6-8 hours) 
each of one group of ammals received intravenously 
4 0 ml 1 25% Evans blue (intra vital) dye, and was 
killed 10 minutes later The symphysis was frozen 
in liquid air and frozen-dried in vacuo The dried 
block was embedded in paraffin and sectioned at 120 
lan TJninjected controls and animals receiving 
estrogen only were smularly studied In another 
group, symphyses of control, estrogen treated and 
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estrogen-relaMD treated animals ere frozen-dried, 
embedded as above, sectioned at 5-10 and 
stained for glycoproteins by the Mdi'Ianiis-Hotch- 
kiss penodicacid-leucofucham reagent Connective 
tissue between the symphyseal cartilages is un- 
stained by Evans blue in control, and virtually un- 
stained in estrogen treated, animals , in the anterior 
and posterior notches bordering the symphysis, 
estrogen treated animals show slight staimng Fol- 
low ing relaxin the connective tissue of the joint 
proper stains more or less blue in all cases and that 
of the notches stains very markedly The glycopro- 
tein material of the symphysis, n hich stains with 
periodic acid-leucofuchsm reagent, was found to 
become more soluble in aqueous solvents followmg 
relaxin The interpretation is made that rclaxin 
induces breakdonn (depolymerization) of the 
glycoproteins of the symphyseal region, which pro- 
\udcs the physical basis for relaxation , these com- 
ponents become more water soluble and are able to 
bind Evans blue 

Mixing lime of Brilliant Vilal Red injected into 
dogs RatmomjW PICKERI^G (by invitation) and 
Philip Don Dep/ of Physiology, Unw of Georgia 
School of Medicine, Avgnsla, Oa The mixing time 
of intravascular dj'es injected into normal animals 
has long been controversial Its prolongation in 
circulatory collapse has been recognized but not 
(so faras ne have found) quantitatively measured 
An opportunitj to obtain estimates of both was 
presented in the course of efforts to follow fluid 
shifts during serial hemorrhages in dogs (currently 
reported by Remington) Folloning a rapid jugular 
injection of Brilliant Vital Red, samples at fre- 
quent intcn als n ere drawn simultaneously' from a 
femoral artery and the corresponding vein Under 
control conditions, artenal dye concentrations de- 
clined and venous concentrations rose, the tno be- 
coming acceptably identical after four minutes 
After an estimated 35% hemorrhage (7 steps, 1 
hour) the results n ere highly \anable Inonetyqie 
the concentration curves nere like controls in form 
but greatly prolonged, their slovi approximation 
permitting an estimate of dilution volume only 
after 20 to 30 minutes In another ty pc both artenal 
and V cnous concentrations continued to nse for 30 
minutes, suggesting sequestration elsenhcre and 
slon mixing of a hrge fraction of the injected dye 
When supplementary samples from the non-in- 
jeeted jugular were added to the senes they coin- 
cided vith the arterial curve and would thus have 
given false assurance of mixing had they been the 
onlv ones av ailable for comparison The results em- 
phasize the hazardous aspect of estimating com- 
pleteness of mixing from a senes of samples from 
any sinclc v essel Thev supplement and extend the 
previous observations of the Greger-en group and 
of Phillips 

Potent pressor action of an extract of a phaco- 


chromocytoma after adrenolytic doses of Dibena- 
mine D M Pitcaibn (by invitation) and W B 
Youmans Dept of Physiology, Umv of Oregon 
Medical School, Portland, Ore A 13-year -old boy 
with severe and relatively sustained artenal hyper- 
tension was given Dibenamine, and the blood pres- 
sure decreased rapidly to the normal range with the 
patient remainmg m the supine position Follow- 
ing surgical removal of the left adrenal gland , which 
contained a phaeochromocytoma, his hypertension 
was relieved An aqueous extract of the phaeochro- 
mocytoma was prepared 2 hours after removal, and 
effects of the extract upon the blood pressure of 
dogs under pentobarbital sodium were determined 
before and after Dibenamine The extract had a 
very potent pressor action which n as not blocked 
by full adrenolytic doses of Dibenamine The 
pressor substance was present in slightly dimin- 
ished amount in the refrigerated phaeochromocy- 
toma 24 hours later, and a relatively small amount 
was detected after 5 days Extracts of the thin 
layer of cortex, which could not be cleanly sepa- 
rated from the phaeochromocytoma, had much less 
pressor potency than extracts from the central por- 
tion of the tumor Aqueous ex-tracts of fresh normal 
dog and beef adrenal medulla, like epinephrine, had 
pressor action before Dibenamine and depressor 
action after Dibenamine Aqueous extracts of dog 
and beef adrenal cortex produced either a slight fall 
in blood pressure or no response following Dibena- 
mine Persistence of the major part of the pressor 
action of the extract of the pliaeochromocytoma 
after Dibenamine indicates the presence in the 
tumor of a considerable amount of a pressor sub- 
stance other than epinephrine 
Filtration rate and sodium and water excretion 
following mercurial diuretics Robert F Pitts 
and John J Duggan (by invitation) Depl of 
Physiology, Syracuse Umv College of Medicine, 
Syracuse, N Y The rate of elimination of sodium 
and water by the normal human subject following 
the intravenous administration of 2 cc of raercu- 
hydrin is determined in part by the glomerular 
filtration rate Two subjects hydrated with 500 
cc of water per os prior to the start of the experi- 
ment show ed evidence of mild to severe peripheral 
circulatory failure from 1 5 to 2 5 hrs following 
the mercurial Glomerular filtration rale was de- 
pressed during the period of circulatory collapse, as 
was the rate of excretion of sodium and water When 
the subjects were hydrated by the infusion of 
saline at 10 to 15 cc per min for 2 hr prior to the 
start and throughout the course of the experiment, 
glomerular filtration was maintained at a normal or 
elevated rate for the subsequent 5 hr period of ob- 
servation The quantities of salt and i atcr elimi- 
nated in the latter experiments far exceeded those 
of the preceding ones Salt and water Iialanccs and 
hematocrit changes suggest that diuresis in the 
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water hydi-ated subjects rapidly reduced circulat- 
ing blood \olume and led to circulatory collapse 
with its attendant fall in filtration rate A greater 
fluid reserve in the saline hydrated subjects, 
prevented these changes It is inferred that n de- 
crease in filtration rate is attended bj i educed de- 
livery of proMnial tubular fluid into the distol seg- 
ment, the sodium and water absorptive capacity of 
which IS depressed by mercurial diuretics Accord- 
ingly little sodium and w ater may be excreted even 
though distal absoi ption is severely curtailed 
Macrophage promoting factor (MPF) in mam- 
malian blood serum C M Pomerat and M F 
Orr (by invitation) Tissue CuUure Lahy Medical 
Branch, Univ of 2'cxas, Galveston, Texas Frag- 
ments of spleens from IS-day chick embiios ap- 
proximately 1 mm square shou a circulat zone of 
migrating cells about S mm in diameter intliin 24 
hours when cultivated at 37°C in a clot foiined of 
cockrel plasma and chick embijo extiact The 
peripheral elements of sueh eultures consist of 
myelocytes with acidophilic granules While the 
inclusion of 25% mammalian scrum in the composi- 
tion of the medium gave typical cultuics, it was 
found that the blood of some rabbits induced the 
appearance of large numbers of highh phagocytic 
cells which engulfed all outwandering myelocytes 
wnthin 24 houis This macrophage pioniotiiig fac- 
tor (MPF) has been found to be thcrmolnbilc, pre- 
cipitated by 1/3 saturated ammonium sulfate and 
to be present in an acetone insoluble fraction It 
docs not appear to be related to the Forssmnn anti- 
gen or to anti-organ sera w ith high oi low comple- 
ment fixation or hemolvtic titles It was not found 
possible to reproduce the phenomenon of macio- 
phage induction under the conditions described 
wnth the use of various concentrations of histamine, 
17-hydroxy-ll-deh\drocoiticosteronc, choline or 


vanous quaternary ammonium compounds MPF 
does not appear to be identical w ith Icucotaxin, the 
leucocyte-promoting factor, nccrosin, pviexm oi 
the leucopenic factoi which have been found by 
Menkin in experimental inflammatory exudates 
Estimate of the kinetic and potential energy of 
the work of the human heart 0 Preg (by invita- 
tion), L N Katz, R Rosenman (by invitation) 
and L W Sennett (b\ invitation) Cardiovascular 
Dept , Medical Research Inst , Michael Reese Hos- 
pital, Chicago, III The recent techniques of angio- 
cardiography and right heart catheterization offer 
data from which an approximate calculation of the 


work of the human heart may be determined fro: 
the formula W = ^PV 4- 4- ^PV 4- 

The sigmficance of the various syunbols are thoi 


currently accepted V and M are calculated from 
the Fick formula, v is calculated from the stroke 


output, cross sectional area of the aorta, just above 


the sinuses of Valsalva, and of the pulmonary ar- 


tery, and the ejection time The last is obtained 
from the pressure pulse w itliin the main pulmonary 
artery Data on a tvpical case are as follows aortic 
diameter, 3 10 cm , pulmonary artery diameter, 
3 23 cm , stroke output, 104 cc , ejection period, 

0 26 sec , mean aortic pressure (estimated), 135 
mm Hg , mean pulmonary^ arterial pressure, 14 mm 
Hg Work in gm cm/sec = 18,250 4- 160 -1- 1900 
4- 130 = 20,440 Kinetic energy equals 6 8% of the 
total work of the right ventricle, and 0 9% of the 
left ventricle The kinetic energy equals 1 4% of 
the total w ork of both ventricles 

Studies on the accuracy of pressures recorded 
through a catheter W H Pritchard (by imita- 
tion), R W Eckstein, R Eckel, (by invitation), 
C L Parsons (by invitation) and T E Lowe (by 
invitation) Western Reserve Unit , Dept of Medi- 
cine, Cleveland, Ohio The wide use of the catheter 
for pressure recoi ding denmndsa critical companson 
of its recorded cun cs w ith those recorded by more 
adequate means Foi these studies, pressures were 

1 ccorded through catheters connected to a high fre- 
quency Gregg optic.ll manometer (with and with- 
out various Icngtlis of intervening lead tube) 
These wei e comjiared to pressures simultaneously 
recorded through large needles connected by' short 
lengths of lead to a second Gregg optical manom- 
eter Pressui cs w ere measured in a diaphragm typo 
of pump, and the right ventricle of the anesthe- 
tized open chest dog With the pump perfect pres- 
sure agreement occurred at slow pump speeds 
Higher speeds and the addition of lead tube pro 
duced artefacts with marked overshooting and un- 
leadnble curves Time lags were small, from O/OOS 
to 0/015 sec In the dog the catheter also produced 
overshooting with secondary oscillations making 
true pressure estimations impossible This made 
quaey was accentuated by the addition of 1 or 2 
motor lengths of lead tube The curves were 
markedly impiovcd when a certain degree of clot- 
ting occuri cd in the catheter tip Therefore, damp- 
ing was done by pai tially closing a stopcock placed 
between the catheter and manometer At damping 
coefficients of about 7 accurate readable curves 
w ere obtained Readable curves were also obtained 
from the human i ight venti icle after ideal damping 
w ith a stopcock 

Heat loss and heat production of cats at different 
environmental temperatures Lawtrence R 
Prohtt (introduced by' Eugene F Du Bois) 
Dept of Physiology, Cornell Univ Medical College, 

New York City Shaved, unanesthesitized cats were 

studied during 77 onc-half hour periods in environ- 
ments ranging from 19° to 39°C have shown that 
the thermoregulatory mechanisms of a cat differ 
greatly from man and that the cat is a poor labora- 
tory subject for the study of human temperature 
regulation Simultaneous determinations of respira- 
tory metabohsm, heat loss, rectal and average skin 
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temperatures and thermal conductance were made 
in the gradient calorimeter previously descnbed 
(Prouty, Barrett and Hardy Fed Proc 7 96, 
1948) Relative humidity is as kept low enough not 
to interfere is ith the efficiency of the evaporative 
process As environmental temperatures were de- 
creased beloss thermal neutrality, heat loss became 
progressively greater than heat production In 20 
experiments betsseen 20° and 24 °C heat loss was 
16% greater Vaporization values of 9 to 15 gm/mV 
hr ssere approximately the same in this range as 
in the zone of thermal neutrality Man can alter 
peripheral thermal conductance 5-6 fold but the 
cat shosss a relativel)' flat conductance curve until 
it licks itself In the cold, the cat relies upon the 
protection of its fur and the abilit}' to decrease its 
surface area or increase its heat production With- 
out fur, rectal temperature drops to 35°C then falls 
precipitously and death would result if the animal 
could not find a n armer climate As environmental 
temperature is increased above thermal neutrality, 
heat production becomes increasinglj greater than 
heat loss At 38 5°C , it is 75% greater At 39°C , 
respiration approximates 200/min after 2 hours 
There is a rapid nse in rectal temperature to 43 9 
and skin temperature to 43 5°C The animal does 
not sweat appreciably but coats accessible parts 
with saliva Nausea, vomiting and convulsions oc- 
cur and the animal must be removed quickly 
Effect of protein in the diet upon certain aspects 
of renal function Theodore N Pullman (by in- 
vitation), Alf S Alvino, and Milton Landowne 
Dcpl of Medicine, Univ of Chicago, Chicago, III 
Ten normal joung adults were placed on each of 3 
diets, containing different amounts of protein, for 
successive 2-wcck periods The low , intermediary, 
and high protein regimens contained respectively 
0 3-0 4, 1 0-1 1, and 2 3-3 0 gm of protein/kg of 
bodx weight/dax Simultaneous inulin and diodrast 
clearances were determined after 2 weeks on each 
diet Eight subjects showed higher glomerular fil- 
tration rates on the high than on the medium pro- 
tein diet, the total average increase being 21 9% 
This difference was highl} significant statistical!} 
Six subjects showed lower glomerular filtration 
rates on the low protein than on the control diet, 
but the axerage difference could not be proved sig- 
nificant Se\en indixiduals showed a higher renal 
plasma flow on the high than on the medium protein 
diet, the total axerage increase being 20 0% This 
difference was also statistical!} of high significance 
Eight subjects had lower renal plasma flow-s on the 
low tlian on the control diet , but the ax erage differ- 
ence could not be prox ed significant No significant 
change in filtration fraction occurred Preliminar} 
studies on C subjects indicate that urea clearances 
are lower on the low protein diets and that such 
changes cannot be accounted for solelx b} diminu- 
tion in the glomerular filtration rate In all groups. 


the tubular reabsorption rate of urea seemed re- 
lated linearly to the filtration rate of urea, the slope 
being higher when dietary protein was low than 
when medium or high This relation is currently 
under further investigation 
Efifects of unequal blood flow and ventilation 
upon the alveolar-artenal gradient Hermann 
Rahn Depl of Physiology and Vital Economics, 
Univ of Rochester School of Medicine and Dentis- 
try, Rochester, N Y It has previously been shoxvn 
that, given a mixed venous blood gas content and 
inspired air tension, all the possible simultaneous 
combinations of pO. and pCOi existing in the lung 
or parts thereof can be determined If the metabolic 
R Q 18 know'n then in addition the mean alveolar 
air composition can be defined Any particular al- 
veolar gas tension is determined by a defimte ratio 
of alveolar ventilation (V) to pulmonary blood flow 
(F) When both of these quantities are measured 
in the same units then 

V __ 864 X (A-V) Oj diff erence X R Q 
P alv pCOj 

Thus a mean alveolar gas composition is deternuned 
by a definite mean V/F ratio But to calculate the 
mean arterial pressures one needs to know not only 
the alveolar pOj and CO2 produced by the mean 
V/F but also by the variance of V/F This variance 
IS determined by the degree of unequal pulmonary 
perfusion and alveolar ventilation While the gradi- 
ent for CO5 IS neglible, the O2 gradient depends 
upon the magmtude of the deviations assumed 
Relations between blood flow, skin temperature, 
evaporation rates and sweating in various skin re- 
gions Walter C Randall and Alrick B Hertz- 
man Dept of Physiology , St Louis Univ School of 
Medicine Simultaneous measurements of cutane- 
ous blood flow, evaporation rates, and surface tem- 
peratures followung mecholyl iontophoresis sug- 
gested certain important correlations between 
these functions in maintaining thermal flows at the 
skin surface In these expenments involving high 
sweating rates, the skin ma} be partitioned into 
three zones 1 ) areas such as the dorsal surfaces of 
the hand and foot where sweating rates provide for 
an evaporative heat loss in excess of the heat de- 
lixmred b} the blood, 2) surfaces of the face where 
sweating rates are low wuth relativel} high blood 
flows, 3) areas of the trunk where both maximal 
blood flows and sweating rates arc intermediate be- 
tween these extremes The largest total surface area 
falls xnlhin the latter group Calculations of total 
possible evaporatix e heat losses if all the sw eat w ere 
X aponzed from each of these areas suggest a marked 
initial thermal deficit on the part of the cutaneous 
blood flow Part of this deficit ma} be corrected b} 
direct conduction from deeper tissues Such ther- 
mal deficits haxe been obserxed immcdiatel} fol- 
lowing stimulation of the sweat glands and blood 
xcEScls b} mecholxl, but the deficit rapidix dc- 
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creases to a pwint where appropriate caloric bal- 
ances may be established 

IV An electronic, multi-range, multi-channel, 
direct-writing pressure recorder Maurice Rap- 
PAFORT and Stanley J Sarnoff (introduced by 
William H Forbes) Depi of Physiology, Harvard 
School of Public Health, Boston, Mass An appar- 
atus has been developed which combines the char- 
acteristics thought to be desirable in a pressure re- 
cording apparatus 1) Linearity over all pressure 
ranges 8) Small fluid shift with change in pressure 
(0 02 mm ’ for 100 mm Hg) Change of sensitivity 
without changing the natural frequency of the sys- 
tem thus enabling full-scale deflection for 400 mm 
Hg, or for 1 mm Hg pressure change (with ap- 
propnate intermediate sensitivities) by simple ad- 
justment of the amplification circuit 3) Recording 
by means of a direct-writing galvanometer 4) Rec- 
tilinear rather than curvilinear coordinates S) 
Multi-channel recording 6) Portability of the 
single channel apparatus 7) Multiple chart speeds 
ranging from 0 25 mm to 50 mm per second with 
intermediate speeds S) Stenlizability of all com- 
ponents in contact with the flmd system 9) Addi- 
tional recording channels for synchronization with 
the electrocardiogram, pneumotachogram, pneumo- 
gram, and phonocardiogram, electrokymogram, etc 
The pressure pick-up is a condenser microphone 
which is an element of an alternating current 
bridge, operating at radio frequencies When zero 
pressure is applied to the pressure pick-up, the 
bridge is balanced and the output from it is zero 
When pressure is applied, the bridge is proportion- 
ate! j unbalanced, and a voltage output therefore 
occurs across the bridge This voltage is amplified 
and rectified and fed into a direct writing or photo- 
graphic galvanometer 

Multiple avitaminosis-like syndrome produced 
by adenine Sigwin B Raska Dept of Pharma- 
cology, Untv of Mississippi School of Medicine, 
University , Miss Orally administered ademne in 
daily doses of 30 to 60 mg/kg given for a period of 
about 3 to 5 weeks produces the syndrome of mul- 
tiple avitaminosis in dogs receiving complete nor- 
mal diets both before and during the experimental 
period (Raska, Science 105 1947, J Biol Chem 
165 743, 1946) Gross and microscopic examination 
of the tissues of these animals disclosed the fol- 
lowing scattered areas of atrophy of the epithelium 
of the inner surface of the lip ivith dense cellular 
infiltration in the underlying tissue, general 
atrophy of the buccal mucous membrane with 
erosion in the depth of the buccal folds and moder- 
ate i nflamm atory leucocytic infiltration in the sub- 
epithehal tissues , varying grades of necrosis of the 
tongue, from moderately severe to marked, charac- 
terized by extensive pyknosis and even by obhtera- 
tion of cross-stnations and fibrils as the conse- 
quence of coagulation necrosis of the muscle fibers. 


extensive necrosis of the gastric mucosa extending 
as deeply as the muscu’aris and accompanied by 
considerable hemorrhage in the necrotic tissue , de 
position of brownish crystalhne material in the 
distal convoluted tubules and collecting tubules 
of the kidney and monocytic infiltration in the 
interstitial tissue , deposition of calcareous material 
in some tubules , granulomatous lesions scattered 
throughout the renal cortex , moderate congestion 
of the pancreas, considerable congestion of the 
adrenal medulla and the liver In these animals, 
blood NPN, blood urea and blood unc acid were 
markedly elevated Ohguria and abnormal urinary 
findings (e g , large numbers of WBG, hyaline casts 
and large amounts of amorphous sediment) were 
present In the early stages, arterial blood pressure 
was moderately but definitely increased The mo- 
tor activity of the animals indicated pathologic 
changes in the central nervous system Vitanuns 
of the B complex were able to counteract partially 
the effects of i^demne only in the early stages of 
the syndrome 

Age and kidney renin in rabbits G Carl Rau 
(introduced by M M Ellis) Dept of Physiol- 
ogy and Pharmacology, Umv of Missouri Medical 
School, Columbia, Mo Grossman and Wilhams 
(1938) reported that kidneys of young rats con- 
tained more renin than those of older rats, using 
extracts which were not hypertensinase-free and 
may have contained other pressor substances, for 
Helmer and Shipley (1947 ) suggest that kidney con- 
tains another pressor principle distinct from but 
extractable with renin It seemed desirable to de- 
termine whether the amount of renin alone in the 
kidney varies with age, using extracts prepared by 
newer methods and known to be free from other 
pressor substances and hypertensinase With modi- 
fications the preparation of renin, hypertensino- 
gen and hypertensin, and the assay procedures were 
according to Dexter, Haynes and Bridges (1946) 
Sixty rabbits of three age groups, 20-24, 180 and 
366 days old, were used, i e , two groupis of imma- 
ture and one of adult rabbits Each group of 20 was 
divided into two lots of 10 and the renin extracted 
from the pooled kidney masses of each lot On the 
basis of gram of kidney, considering the 366 day 
group as l,the renin yield for the 180-day group nas 
6 and for the 20 to 24-day group, 2 When the pro- 
portional kidney weight was used, i e kidney 
weight divided by body weight, the renin yield per 
gram of kidney, considering the 365-day group 1, 
was 5 for both the 180 and the 20 to 24-day group 
The remn content of kidneys of immature rabbits 
as found was defimtely greater than that of adult 
rabbits 

Effect of position upon the respiratory rate of 
anesthetized dogs E A Rbeb and J C Scott 
Dept of Physiology, Hahnemann Medical College,'^ 
Philadelphia, Penna Respiration was recorded by 
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a tambour and endotracheal tube in dogs anes- 
thetized -vrith nembutal O^gen ^as supplied by a 
second endotracheal catheter Compared with the 
lateral, the supine position usually increases the 
rate while the prone markedly decreases it The 
rate is greatly mcreased m the supine position by 
tilting head downward 27° Tilting head upward 
27° decreases the rate The head upward and the 
prone positions may completely inhibit respiration 
for several mmutes A return toward the rate of 
the previous position occurs during the first few 
minutes When the change of position is one pro- 
ducing acceleration, the increased rate during the 
first minute maj" be due partly to extraneous stim- 
ulation from handlmg the ammal How^ever, when 
the change of position produces a decreased rate, 
the same apparent adaptation proceeds in the re- 
^ crse direction Bilateral cervical vagotomy greatly 
reduces or abolishes rate changes due to position 
In many cases, the effect of the prone and the head 
dow nward positions is reversed In most instances, 
there is an acceleration lasting for approximately 
one minute after change to any iwsition Rate 
changes in the intact animal are probably due 
mainlj to the Hemng-Breuer reflex The cranio- 
vcntral slope of the diaphragm would permit com- 
pression of lung tissue by gravity shift of abdomi- 
nal viscera when the ammal is in the supine 
position and distension w hen in the prone position 
Elevation or depression of the head end of the ani- 
mal also distends or compresses lung tissue by 
shift of abdonunal viscera 
Reduction of the plasma potassium concentra- 
tion by vivodialysis and its restoration in non- 
visceral regions Roger M Reinecke and Fran- 
cis L Stutzmax (by invitation) Dept of Phystol- 
ogy, Univ of Minnesota, Minneapolis, Minn The 
arterial plasma pwtassium level of the dog was sub- 
stantiallj reduced by vivodialysis Concurrently 
there was a definite arterio-venous increase in the 
plasma potassium concentration of blood flowing 
through the hind limb This arterio-venous in- 
crease was also found for blood flowing through a 
muscle that had been isolated from the body except 
for its blood and ncr\ e supply^ 

Hemodynamic changes in response to hemor- 
rhage with and without Dibenamine John W 
RE^^^GTO^ Dcpl of Physiology, Unit of Georgia 
School of Medicine, Avgusta, Ga Circulatory 
changes accompanimg serial hemorrhages haie 
been followed in 20 control dogs, and in 16 animals 
gi\ on Dibenamine On the a\ crage, the first of the 
6 or 7 bleedings (5 cc,kg each, at 10-min intcr- 
a'alsl, was followed by a 7% fall m mean blood pres- 
sure (optical manometer) and a 26% reduction in 
flow (calculated from pressure pulse contour), in- 
dicating 1S% increase in resistance Mean pressure 
was then held almost constant through the 4th 
bcmorrliagc, while flow declined slowly to — 39%, 


and resistance increased to +30% Cardio-accelera- 
tion started usually after the 2nd hemorrhage, 
reaching its maximum after the 5th In the late 
hemorrhages, when pulse rate was nearly maximal, 
mean pressure declined rapidly, with a reduction 
in resistance to pre-hemorrhage levels The changes 
in the above factors were parallel in the two groups, 
which did not dififer significantly During the car- 
dio-acceleration, the fracion of total blood volume 
held in the heart and lungs (measured by the dye 
injection teclmique) was reduced X-ray heart 
volume and electrocardiographic changes in the 
two series are being studied There was little if 
any dilution of the plasma (falling drop) until af- 
ter the 4th hemorrhage, when dilution began at a 
rapid rate The causal basis of the time of onset and 
the degree of dilution are not clear Central venous 
pressure declined during the early hemorrhage, but 
later changes were variable 

Analysis of ont-of-doors thermal stress due to 
radiation with the pan-radiometer Charles H 
Richards (by invitation) and James D Hardy 
New York Hospital and the Dept of Physiology, 
Cornell Umv Medical College, New York City The 
fact that the solar spectrum and the emission spec- 
trum of the low temperature radiation of the en- 
vironment do not overlap appreciably makes it pos- 
sible to measure separately these sources of radiant 
energy with the pan-radiometer This instrument 
now consists of 3 hollow silver spheres, each con- 
taining a heating coil and thermocouple The outer 
surface of one sphere is highly polished, a second is 
dull black, and the third is matte white reflecting 
the sun’s radiation When this instrument is ex- 
posed out of doors in sunlight, the black sphere be- 
comes warmest, the polished sphere next and the 
white sphere least Heat is put into the white and 
polished spheres bringing them to the temperature 
of the black sphere From a measurement of this 
heat and the black sphere temperature the follow- 
ing can be calculated the direct radiant heat of 
sun, the albedo of the environment, and the equi- 
valent radiant temperature of the environment 
These data, combined properly with the air temper- 
ature and velocity , wall give the operative tempera- 
ture which IS a measure of the thermal stress of the 
cnvnronment 

Viscosity of muscle protoplasm Peter Rieser 
(introduced by L V Heilbrlxs) Zoological 
Lahy , Umi of Pcnnsylrama, Philadelphia, 
Penna Small oil drops were microinjcctcd into 
muscle fibers from the adductor magnus of the frog, 
and the rise of the drops through the protoplasm 
was observ ed in a honzontal microscope The proto- 
plasmic VTScositv was determined from Stol es’ law 
An average value of 29 centipoiscs was obtained 
Some higher values were interpreted as repres'-nt- 
ing cases where a slight degree of injury liad oc- 
curred \Tsible clots always caused stopjxige of the 
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movement of the drops Oil drop® were able to move 
only in one direction through the fibers No move- 
ment across the fibers was ever observed Moreover, 
no movement of the drops could be noted in mori- 
bund fibers in which longitudinal fibrillar elements 
had become visible These facts, as well as the 
ovoid shape of the drops, suggest the existence of 
some longitudinal structural arrangement within 
the fibers Microinjection of long stretches of fibers 
with oil or air always showed that a peripheral re- 
gion directly within the sarcolemma could never be 
displaced by these substances This outer region 
had a thickness of approximately lOp By micro- 
injecting aqueous solutions it was piossible to push 
the protoplasm ahead through the fibers In every 
instance where such a flow occurred, there was a 
peripheral region of approximately the same thick- 
ness as noted above, and this peripheral region did 
not flow The outer region thus appears to be simi- 
lar to the gel-like cortex of other tj pes of cells 

Analysis of ventilation-perfnsion relationships 
in the lungs R L Rilet and A Cotjhnand Dept 
of Medicine, Columbia Univ College of Physicians 
and Surgeons, New York City The compiosition of 
alveolar air and of the blood leavmg the alveolar 
capillaries in any part of the lung depends upon the 
ventilation-perfusion ratio, and conversely, analy- 
sis of the ventilation-perfusion ratio requires that 
the composition of the alveolar air be known 
Since the alveolar air differs in different parts of 
the lungs, especially in diseased states, calculations 
are facilitated by the use of an 'ideal’ value, defined 
as the one and only value for the composition of 
alveolar am which satisfies both the blood R Q and 
gas R Q equations, assuming perfect equilibrium 
between the blood and gas leaving each alveolus 
This IS the only value for alveolar air which could 
exist homogeneously throughout all functioning 
alveoli and still be compatible with the quantita- 
tive aspects of gas exchange w hich actually exist in 
a given subject The concept of ‘ideal’ alveolar air 
makes possible the calculation of a value for ‘dead 
space’ vhich includes a contribution from alveoli 
ivhich are well ventilated but poorly perfused (high 
Va/P ratio) It also makes piossible the calculation 
of a \alue for ‘venous admixture’ which includes a 
contribution from alveoli which are well perfused 
but poorly ventilated (low Va/P ratio) These rela- 
tionships have been studied quantitatively in nor- 
mal individuals and in patients with chronic pul- 
monary disease 

Measurements of heart output with the electro- 
kymograph Gordon C Ring, M J Oppenheimbh 
and Miriam Balaban (by invitation) Temple 
Unit) Medical School, Philadelphia, Penna Meas- 
urement of the stroke volume of the heart by means 
of the roentgenkymograph {Am J Physiol 126 
741, 1939) has never been widely used probably be- 
cause the heart borders are so poorly defiued The 


use of x-rays with the electrokymograph (EKY) 
appears to offer a more satisfactory method because 
the movements of the heart borders can be ampli- 
fied and the records very accurately measured To 
test whether such records are suitable for calculat- 
ing heart output, we have compared the results 
using our method with those obtained from ballis 
tocardiograms {J Clin Invest 26 1, 1947) simul- 
taneously recorded It w as found that the measure- 
ment of heart output by means of the EKY gives 
results comparable with those obtained by the hal- 
listocardiograph Only 6 of 30 records on normal 
medical students and nurses showed differences be- 
tween the tw o methods of more than 20% Since the 
cardiac output measured by ballistic methods 
checks the Fick no closer than this, our procedure 
may be as good as or better than the ballistocardio- 
graph It also provides other valuable information 
With the subject lying on a ballistocardiograph 
table, the head of the electrokymograph is so placed 
that its fluorescent screen w hich is 3 cm in diame- 
ter w judged to be over the middle of the ventricu- 
lar x-ray shadow Changes in intensity of the 
fluorescent light are signaled by a current from a 
931 A tube which activates a string galvanometer 
These records are calibrated by passing a piece of 
pressed wood into and out of the x-ray beam The 
formula used m the calculations is Stroke = 10 55 
(T* diast — T* syst ) where T is the dorso-ventral 
thickness in centimeters 
Electrograms of contracting actomyosin threads 
Jane Sands Robb and Samuel Mallov Dept of 
Pharmacology, Syracuse Univ College of Medicine, 
Syracuse, N Y Electrodes penetrate a drop of 
solution into which threads of actomyosm are 
drawn Ckmnections by way of Offner amplifiers 
allow records to be made either wnth an ink writer, 
a research electrocardiograph or a Dumont oscillo- 
scope During control procedures many possible 
sources of extraneous currents were investigated, 
eliminated whenever possible, and at least are 
recognized when unavoidably present Under con- 
trolled conditions potentials appearing when ATP 
IS added to salt solution die away quickly leaving a 
steady base line If ATP is made to disintegrate 
(heat or acid) potentials last far longer No poten- 
tial waves are recorded from a quiescent actomyosin 
thread When a thread is activated potentials do ap- 
pear which continue until full contraction is 
reached, after which time the base line is again 
steady If another thread is drawn into, the same 
drop contraction and further potential differences 
occur The intervemng steady base line favors a 
theory associating these potential changes with 
thread activitx The form of the recorded waves 
vanes with the setting of the instrument Multiple 
channels allow simultaneous recording with varied 
settings If high frequencies are favored bursts of 
fine peaks appear If the setting is as for electro- 
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cardiographj , the characteristic record consists of 
a senes of slow raonophasic waves each of which 
seems to precede a local contraction Amplitude 
\anes with the nearness and orientation of the 
thread to electrodes but less obviouslj to thread 
diameter 

Effect of some xanthine denvalives on gastric 
secretion C R Robertson (bj invitation) and 
A C Ivi Dept of Clinical Science, Univ of Illi- 
nois College of Medicine, Chicago, III Some \an- 
thine derivatives have been reported to show an 
anti-histaraine effect on smooth muscle m the cat 
This led us to investigate their effects on gastric 
secretion In dogs n ith pouches of the entire stom- 
ach 0 0125 mg histamine dihv drochlonde was 
given subcutaneoush everv 10 minutes When the 
secretorj rate became relativmlj constant (2 to 3 
hours) the drug to be tested was injected intrav en- 
ouslv and the histamine injections were continued 
Five tenths gm theophv lime was found to potenti- 
ate the histammc-stimulated acid secretion (6 
tests) The difference was statisticalh significant 
When the theophvlhne was given alone (without 
histamine), 3 tests, it did not stimulate gastric 
secretion Krasnow in our laboratorv has shown 
that theophvlhne given alone (mtragastricallj ) in 
man, wi/f stimulate gastric secretion Xanthine (0 2 
gm — si\ tests) and theobromine (0 5 gm — 7 tests) 
increased the average socretorj response to hista- 
mine but the differences were not statisticallj 
significant Caffeine has been shown to stimulate 
gastric acid secretion in cat and man but not in the 
dog It also potentiates histamme-induccd gastric 
secretion m cat and man We have investigated 
the effect of caffeine on lustamine-induced gastric 
secretion in the dog and found that 0 5 g (S tests) 
potentiated the secretion (statisticaliv significant) 
These results show that certain \anthine deriva- 
tives which, when pven alone, fad to stimulate 
gastric secret ion in the dog arc able to augment the 
response to histamine 

Effect of epinephrine on the water and electro- 
lyte composition of cardiac muscle ^^M v B 
RoBrnT-TON and Pivcrs Peyser (introduced 
1)V F J SicnEL) Dnmon of Expll Medicine and 
Dcpl of Btochcmtslrv I nir of Vermont, College 
of Medicine, Ihirhnaton Ft The hearts of an- 
o«thcliscd cats were removed at intervals up to 
11 inmutcs after intrivcnou' injection of 5 to 500 
Pg of epinephrine per kilo, and were analvsed lo 
determine whether clunges m concentration of 
w itvr and clcctrolv tc- in cellular and cvtraceUuIar 
phasic had occurred In dl casts an increase in 
cvtr-irellular w ittr a« derived from chloride con- 
centration iccording to the ihoorv of Bovlo and 
Conw-iv P) Ktid 10<3 1 ) wa® found 

DiTVTt confirmation of tine cvtraccllular increase 
w- - o*n lined hv mtaeunne clnuccs in ‘sucrose 
e,iaee I ic-wi-t' in cell w iter woro al^^a found 
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An increased sodium and decreased potassium 
concentration m the cell water was observed only 
after injection of 500 fig of epinephrine per kilo 
Factors correlated with resistance to decom- 
pression sickness True W Robinson Yellow 
Springs, Ohio In studies made on the resistance to 
decompression sickness of 18 men in a aeries of 12 
altitude chamber flights, a variety of physiological 
data was obtained w hich has now been analy zed for 
factors w hich might correlate w ith this resistance 
This data included pre-selection tests for the 
human centrifuge, accelerational or G-tolerance 
measurements, basal metabolism determinations, 
and studies on physiological responses to rest and 
different kinds of evercise both on the ground and at 
altitude In all of the foregoing procedures, in- 
formation on heart rate, blood pressure, oxygen 
consumption, and respiratorv rate was obtained, 
as well as personal data regarding weight, height, 
surface area, anthropometric ty pe, use of alcohol 
and tobacco, sleeping habits etc Studies of these 
various factors indicate that most of these ele- 
ments show little or no correlation with decom- 
pression sickness tolerance (as determined by' 
average time at altitude for S or 12 flights) Low 
correlation is shown bv the resting diastolic pres- 
sure and the svstohe, diastolic and pulse pressures, 
pulse rate and respiratorv rate obtained one 
minute after a stop up exercise used as pretreat- 
ment before a chamber flight Personal habits and 
characteristics also do not show a good correlation 
There is a fair correlation with the resting pulse 
rate and a good correlation with resting svstolic 
blood pressure and respiratorv rate 
Blood pressure changes produced by local 
thermal stimulation of the brain & Ronnvno, L 
Tvvxor (hv invitationi 'ind D IiRCi^-ox (by 
invitation) Cardtora^ciilar Dept , Medteal Re- 
search Inrlilulc Michael Reese Hospital Chicago, 
111 The effect of v anou= degree = of thermal “timu- 
lation of the bnin on the blood pn^-urt re=pon=e 
was tested in 24'^ tna!« on 50 turtle® \fttr remov- 
ing the calvarium a silver v ire attached to a 
wntor res'^rvoir vva<= in®? rtf d into tin brain \ »n- 
ou= regior® V ere explo-eJ fo- t'nifKraturt '"nri- 
tivitv "s indicatfd bv b're*'! prr® urr clirnzf-* 
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With large temperature differences (15°C ) be- 
tween brain and inre, consistent responses were 
not seen when the wire was in the olfactory lobe, 
optic lobe, in the medulla or laterally in the cere- 
bral hemispheres When the wire was in the mid- 
line between the cerebral hermspheres, a consis- 
tent increase in blood pressure was seen with 
warnung by means of the w re, and a decrease with 
cooling With small temperature differences (5“C ) 
bet'll een the wire and the brain, the blood pressure 
response was slow and less marked 

Direct determination of gas tensions by blood 
Albert Roos and H Black (introduced by H 
L Wbute) Depts of Surgery and Physiology, 
Washington Univ School of Medicine, St Louts, 
Mo A study uas made of conditions affecting the 
accuracy of direct in vitro determinations of gas 
tensions in blood Human blood with heparin and 
NaF added was equilibrated for 30-60 minutes 
at 37°C in a large flask containing kno'wn gas 
mi’rtures It was then anaerobically transferred to 
a small tonometer contaimng mercury and a small 
gas bubble, which was mechanically agitated at 
37°C The total bubble tension uas the deter- 
mined with a special capillary manometer, keeping 
the bubble volume constant, after uhich the 
bubble was analyzed in a Scholander apparatus 
Calculations shoued that, if complete equili- 
bration were accomplished mth the bubble vol- 
umes and gas mixtures used, the blood oxygen 
tension should not change by more than 1-4 mm 
Hg However, although the oxygen tensions of 
blood and bubble approached each other rapidly 
during the first 10 minutes of equihbration, the 
exchange slowed do'wn considerably between 10 
and 15 minutes in such a way that the bubble 
tension after 15 minutes still differed from that 
of the blood by 5-10 mm Hg , when the initial 
blood-bubble difference was 10-20 mm Hg Satis- 
factory results were obtained only when the initial 
bubble tension uas within 5 mm Hg of the blood 
tension In bloods with O'xygen tensions of 100 
mm Hg and above the tension values fell pro- 
gressively on repeated determinations, which 
could not be ascribed to the action of mercury 
amalgam or stopcock lubricant This fall was less 
marked at lower tensions 
Effect of immersion hypothermia on cardiac 
output Felix R Rosbnhain (by^ invitation) 
and K E Penrob Dept of Physiology, Boston 
Untv School of Medicine, Boston, Mass Cardiac 
output has been deterrmned by the Fick method 
in dogs immersed in cold water Observations 
were made before immersion and at rectal temper- 
atures of 35°, 30°, 25° and, where spontaneous 
breathing continued, 20°C In 3 experiments 
early signs of shock developed as evidenced by a 
precipitous fall in blood pressure and O 2 con- 
sumption These were eliminated from the aver- 


ages Data from the other 9 experiments appeared 
to indicate 1) between 35° and 25°C rectal 
temperature the average cardiac output, pulse and 
Oi consumption fell appro'umately hnearly, 
S) a peak in the O 2 consumption curve at 35°C , 
associated -with shivering, was reflected in the 
cardiac output curve, but not in the pulse curve, 
S) indi'vidual 'vanation in stroke volume was 
considerable but in most instances there occurred 
a slight increase ■with decreasing body temperature 
Histamine as a possible mediator for cutaneous 
pain Sol Rot Rosenthal Untv of Illinois 
College of Medicine, Chicago, III Thin slices of 
freshly obtained human skin vere studied in vitro 
by a method described by Rosenthal and Mennard 
Such stimuli as punching, pncking, electncal 
and burning yielded a profusate which when 
reinjected into the skin of the donors elicited 
pain responses, W'heal, and flare directly propor- 
tional to the degree of stimulus and corresponded 
closely to histamine injections The anti-histamine 
drug N -dunethyl-amino-2-propyl-l -thiodiphenyl- 
amine (RP3277) w'hen administered to humans in 
40 to 80 mg single doses resulted after 3 to 4 hours 
in a diminution of the responses to pain as well as 
wheal and flime to histamine 
Measurement of sympathetic denervation in 
man by sweating patterns after sympathectomy. 
Grace M Roth and Winchell McE Craig (by 
invitation) Section on Clinical Physiology and 
Section on Neurologic Surgery, Mayo Clinic, 
Rochester, Minn Over 3, 10-jear period, 1937 
sweating tests were earned out by the cobalt chlo- 
ride method on 1022 patients 8 to 14 days after 
surgical mterruption of sympathetic fibers in 
treatment of hjqiertenBion or peripheral vascular 
disease The sw eating test immediately after such 
operations on the sympathetic nervous system 
demonstrated irregular patterns of sweating in a 
large group of patients This observation mdicates 
incomplete denervation of the region which the 
operation was e'vpected to denervate rather than 
regeneration This incompleteness of denervation 
probably can be e'xplained by the unpredictable 
lack of umformity of the distribution of the sympa- 
thetic nerves Tests five to six months after opera- 
tion in some instances demonstrated that the 
region of anhidrosis was less extensive than it had 
been immediately after operation After this 
interval of six months, however, the region of 
anhidrosis remained practically the same for 
sixteen to twenty years 

In-vltro histamine release from blood cells of 
sensitized rabbits — relationship to blood-coagu- 
lation mechanisms L W Roth, Floyd C Me 
Inttre (by invitation), and R K Richards 
Depts of Pharmacology and Biochemistry, Abbott 
Research Laboratories, North Chicago, III The 
in-vitro addition of antigen to whole blood of 
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sensitized rabbits causes histamine to be released 
from the cells into the plasma (I^tz, Science 
91 221,1940) It IS \\ ell known that coagulation of 
lilood also causes the release of histamine from the 
blood cells In a studj of the mechanism of the 
‘anaphylactic’ in-vilro histamine release from 
rabbit blood cells, the possibiliU of participat on 
b% various components of the blood coagulation 
8} stem must be considered Our investigations 
indicate that thrombin, prothrombin and at least 
part of the ‘thromboplastin complex’ probablj are 
not involved in the in-vitro ‘anaphylactic’ hista- 
mine release because 1) the quantit 3 ' of heparin 
required to inhibit onlj partiallj the h stanunc 
release by antigen is mani times the amount re- 
quired to prevent blood coagulation under identical 
conditions, 2] extreme prolong ition of the blood- 
clotting time of sensitized rabbits bj dicuniarol 
treatment does not impair the ‘anaph} lactic’ 
lust amine release, 3) 603 bean tr 3 psin inhibitor 
(Kunitz, J Gen Physiol 30 291, 1947), which 
IS a fiotcnt ‘anti-thromboplastin’ fMacFarlane, 
J Physiol 106 104, 1947), fails to inhibit the 
histamine release b 3 antigen Howevcr,asimilarit 3 
between the mechanism of histamine release by 
antigen and the blood-coagulation mechanism is 
suggested ba the fact that the histamine release 
In antigen is completeh inhibited by 006 molar 
sodium oxalate or 006 molar sodium citrate and is 
ninrkcdl 3 inhibited bi 03 molar magnesium 
chloride or 02 molar calcium chloride The citrate 
inhibition is onl 3 partialh reaersed b 3 rccalci- 
fl cat ion 

An indication that the ovulating hormone 
release inducing action of progesterone is an 
indirect one Inanxc RoTirciirLD (introduced b 3 
D C Smith) Bureau Animal Industry, BcUsitUc, 
Md Progesterone induces oiailation in the intact 
domestic hen, but is complctcl 3 incfTcctivc in the 
absence of the pituitari (Rothchild and Fraps, 
1 ndocrinology 44 1949) In order to determine 
whether it acted dircctl 3 on the pituitar 3 , 0 012- 
0 OIS cc of cither 10 0 nig/cc or 1 0 mg/cc pro- 
gesterone in prop 3 lcne ghcol was applied to the 
surface of the pituitar 3 , exposed as for InjKipln- 
sectoma , in birds carr 3 ang i mature follicle, and 
either left in the drill hole or remoacd after 1 0 
or 3 0 minutes Out of 10 birds treated with 10 0 
mg/ce iirogcsteronc (not rcmoicd) Goanilated, but 
onl\ 5 out of 17 treated for 3 minutes, and onh 3 
out of S for one minute oiailated Ao birds oiailatcd 
following tnatnicnt with the 10 mg/cc proges- 
terone for 3 minutes IVictiealh the same results 
were obtained when the progesterone (lOOmg cc '' 
w-xs a^^I 1 bed cither to the partuilh drilled, or 
camipleteh undnlled, Ixine o\cr the pituit ir\ 
Two out of 3 birds in which the pwigestcronc vas 
h‘'t,and2out of 10 treated for 3 minutes omlatcd 
TIjc^v finuit indicated a riLa ion between pas 


sage of progesterone through a S3stemic pathwaa 
and effectiveness in inducing hormone release from 
the pituitar 3 Additional weight to this possibilita 
was given by the fact that 7 out of 10 birds ovulated 
following application of 3 drops of the 10 0 mg/cc 
progesterone to the thigh muscle for only 3 minutes 
Some factors influencing the exchange of ions 
across nerve membranes Mortimer A Rothen- 
BERG (introduced by David Nachmansohn) 
Dept of Neurology, College of Physicians and 
Surgeons, Columbia Univ , New York City The 
ion exchanges across the nerve membrane have 
been measured by direct determination of 
and Na-‘ penetration into the axoplasm of the 
giant axon of Squid Previous results indicate that 
at rest the ionic composition in these nerves is m 
d 3 namic and not static equilibrium with that of 
their outer envnronments Emplo 3 ’ing the same 
technique, several ph3'5ical and chemical factors 
influencing this equilibrium have now been 
studied Changes in temperature showed a small 
Qio supporting the assumption that at rest there 
are no important chemical reactions invohed 
other than a Donnan equilibrium Electrical 
activit 3 markedl 3 increased the rate of Na=* 
penetration Anticholinesterases, in general, gave 
an overall result similar to that obtained with 
ncrv'c activit 3 Exposure to diisoprop 3 l fluoro- 
phosphatc increased the rate of Xa*‘ penetration 
b 3 about 60% and decreased the Iv<* penetration 
b 3 about 35% Tlie increase in Xa’' penetration 
produced bi eserinc was slight^ smaller Unlike 
the anticholinesterases, cocaine had a vcr 3 small 
effect on the membrane permcabilit 3 Exposure of 
nerves to higli doses of X-ra 3 -s produced a marked 
increase in Xa-' penetration and a marked de- 
crease in K'*- penetration in normalh conducting 
nerves Tins observation indicates an earl 3 plmse 
of possible damage to the intact nerve cell 1)3 
irradiation in spite of npparcntlv normal function 
Action of thyroxine on protein metabolism 
J Rurr (by invitation), K E Pasciikis and \ 
Cvxwvnow Jefferson Medical College, Phila- 
delphia, Penna Thyvoid hormone is usuallv 
looked upon as stimulating protein citalwlLsin 
However, certain wcll-lnown facts, such us the 
dwarfed stature of cretins and tlic resumption of 
growth following thvroid therapv, indie ite tluit 
tliVToid hormone nuav exert a protein amlrdie 
effect The following exp'nment': wore jKrforrnfd 
in onier to determine under wlnt ci-cutn-’tan'-' 
tlivToid hormone would be a 'pn>*'iii nriilK/Urr ” ’ 
\11 evp<:nmcnf= vm fvrformrd oi fo’-c fid rats 
receiving i ro I'^t mt fi»el int i) Thvmder’oei 
resulted in N hi-', this ob e— fd t 1 'e 
effect, tl c-ubv ji-e cludirg ur cife re-gv’t • 
leilance due* to pi ’-ope'-'i ( 1 K/ 

Daily injtc i a 3 to 10 ug *1 'on e , 

logical r» g ,-5 ' j'lo fd bv \ ■ e • - t- 
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bohc effect) m the thyroidectomized rat, but had 
no effect in the intact rat Large doses (50-100 
Mg ) caused N-loss (catabolic effect) both in 
intact and in th 3 rroidectoniized rats In hypophy- 
sectomized rats neither the anabolic effect of small, 
physiological amounts, nor the catabolic effect 
of large doses of thyroxine could be obtained 
Pituitary function appears to be necessary for the 
effect of thyroid hormone on protein metabolism 
in fed rats Experiments are under way to in- 
vestigate further the interaction of thyroid and 
pituitary m protein metabolism 

Cin5fluorography of the normal human heart, 
teaching application (motion picture) R P 
Rushmbr (introduced by T C Ruch) Depi of 
Physiology and Biophysics, Unto of Washington, 
Seattle, Wash A training film demonstrating the 
anatomical relations of the normal cardiac sil- 
houette in the postero-anterior, right anterior 
oblique, and left anterior oblique positions is 
presented Heart models, teleroentgenograms and 
cin^fluorograms are arranged in sequence to 
facilitate visualizing the fluoroscopic appearance 
of the heart 

Kinetics of cholinesterase of erythrocytes in 
pernicious and other anemias Jean Captain 
Sabine (introduced by Charles I Wright) Ex- 
perimental Biology and Medicine Inst , National 
Insts of Health, Bethesda, Md Cholinesterase 
activity was determined manometncally over a 
wide range of concentrations of acetyl choline in 
4 cases of pernicious anemia and 6 cases of anemia 
from hemorrhage The data were subjected to the 
analysis previously made of normal human arythro- 
cytes {J Pharm A Exper Therap 93 230, 1948) 
The theoretical limiting velocity, V, expressed 
per unit volume of red blood cells (or per cell), 
was increased by a factor of 1 5 to 2 6 in anemia 
from hemorrhage and in pernicious anemia in 
relapse and during treatment The values of the 
apparent dissociation constants K. and Kj of the 
active and inactive enzjme-substrate complexes 
were normal in anemia from hemorrhage In 
pernicious anemia in relapse the experimental 
value of Ki vas increased about 3-fold and that 
of Ki decreased by the same amount During three 
weeks or more of treatment the experimental 
values of these constants gradually shifted to 
normal This shift is probably not attributable to 
a direct action of the therapeutic agent on the 
enzyme-substrate system The high value of V 
was maintained until the red count and hemato- 
crit approached the normal levels and then fell 
off Discussion will include the interpretation of 
the changes found in pernicious anemia, interpre- 
tation of previous findings m pernicious anemia in 
the light of the present investigation, and a cor- 
relation which has been found between clinical 
condition of severely anemic patients in general 


and increased enzymic concentration in the 
red cells 

Analytic study of effects of various patterns of 
X irradiation on survival George A Sacher, 
John Sackis (by invitation) and Austin M 
Brues Biology Division, Argonne National 
Laby , Chicago, III Sixteen hundred female 
CF-1 mice were treated uith 250 kv total-body 
X radiation according to the following dosage 
patterns 400 r in a single dosage, or in 10 or 40 
daily treatments, 800 r in 10 or 40 treatments, 
1200 r in 40 treatments, 5 r daily throughout life, 
800 r m 40 treatments superimposed upon 5 r daily 
throughout life There were 1400 control mice 
Gross mortality rates have been computed as a 
function of time, in addition to rates associated 
with certain prominent types of jiathologic change 
As a general rule, all patterns of treatment increase 
the incidence of all types of pathology at all ages 
The effect of radiation on rates of mortahty is best 
expressed by means of the Gompertzian diagram 
(logarithm of rate of mortality against tune) 
In this form, all categories of pathology in control 
animals show a linear increase with age, as is well 
known in the case of many human diseases A 
dosage administered to young adult mice within 
a short interval (weeks) displaces these lines 
upward by a constant amount The incidence of 
lymphoid tumors is phasic and constitutes an 
exception to this rule The effect of daily small 
exposures throughout life combined w'lth a heavy 
exposure early in life is discussed in terms of gross 
mortality exlcuding lymphoid tumors To a first 
approximation, the results are additive on the 
Gompertzian diagram The results indicate lines 
along which a calculus of radiation mortality may 
be developed for arbitrary time patterns of 
exposure 

Turnover rates of acid-soIuble phosphorus 
compounds of liver Jacob Sacks and Shepherd 
Stigman (by invitation) Biology Dept , Brook- 
haven National Laby , Upton, L I , N Y 
Methods have been worked out for the separation 
of various acid-soluble phosphorus compounds of 
liver and applied to tracer experiments on rats in 
the jiost-absorptive state The tune -course of the 
P** levels of plasma inorgamc-P and the organic-P 
compounds of liver has been studied The highest 
P” level in the plasma P "was found i hour after 
subcutaneous injection of the tracer phosphate 
The level fell rapidly for the nex-t 1 6 hours, and 
then progressively more slowly The maximum 
P” levels in the P compounds of liver were gen- 
erally found 1 6 hours after injection of the tracer 
The labile P of ATP and ADP showed a higher 
turnover rate than any other organic P compound 
studied The tune-course of the P’* content of the 
intracellular inorganic P of liver was found to run 
parallel wuth that of the labile P of ATP and ADP, 
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and to show no such relation to that of plasma P’* 
This indicates that the former compounds serve as 
the principal means of transferring inorganic 
phospliatc from the evtracellular phase to the 
interior of the liver cell Data on the relative 
turnover rates of \TP-ADP and of glucose-1- and 
glucose C- phosphates are presented 
Interplay of light and heat in bleaching rhodop- 
sin Robert C C St George (introduced by 
George Wald) Biological Laby of Hansard Umv , 
Cambridge, Mass The pigment of rod \Tsion, 
rhodopsin, is destroyed by heat with an apparent 
actuation energy for this process of about 45,000 
cal/mol at pH 5-9 (Lvthgoc and Quilliam) At loner 
temperatures it bleaches in n lute light by a process 
independent of the temperature (Hccht) In the 
present e\perimcntsan attempt n as made to study 
the transition between these situations by irra- 
diating rhodopsin with red light, quanta of which 
are in themsehes too small to supply the entire 
energy of activation It was found that at pH 7 
the bleaching of rhodopsin by light has become 
aiiprcciably temperature-dependent at 050 ni/n 
As the wai c length is increased further the temper- 
ature coefficient of bleaching continues to rise 
The apparent thermal energies of activation found 
at these long wave lengths, added to the energy 
content of the light itself, appears to approximate 
45,000 cal/mol That is, when less than 45,000 cal 
arc supplied by the absorbed light quanta, the 
deficit in activation energy is made up from the 
internal energy of the molecules thcmscly cs Vlmut 
45,000 cal appear to be required for bleaching 
rhodopsin, whether supplied as light or heat or as 
i combination of both Measurements could not be 
made at way c lengths longer than 715 mu, due to the 
yer\ low absorption of rhodopsin in this region 
These obsenations suggest howeyer that at 1050 
m#i, where rod yision still persists (Gridin, 
Hubbard and Wald) and where the energy content 
of the radiation is only about 27 000 cal/mol of 
quant i, ibout IS 000 cal probably come from the 
intern d energy of the rhodopsin molecule 
Phosphate turnoycr In the mammalian ncryous 
system \ J SyyiiiLS (by inyitationy, L L 
Boy yn^-Ka (by imitation), B Linirr, R 
Gi nenn, M Bni ‘H’ (In imilation) Dept of 
i'hvnulogj, I Till of Chcaoo Chicago, III Radio 
irtui pho'-phoru*: TOO niicrocunes as rsall PO«, 
Was injicted intrijH ntonealh into guinea pigs in 
I 'High ilo'-c or "spry id oy i r 2 w eek^ in daih <lnscs 
\mmilv Wire killed it interyah from 0 hours to a 
wtal en<r i5y\iil vpm uid tlu brain, «pin.il cord 
• id ■'Ciatic 1)1 r\( utdy-edfor icid viluble ph •- 
p'l 'bpul phi'^phtipm ein iiu! imcleopro.cin ph'i- 
p*i lai*- 9>lIowing ''chii' de- md ictni'y me i>ured 


P in plasma or tissue at a given time, indicate 
rates of penetration or turnover The uptake of 
phosphate by' nervous tissue from plasma is slow , 
R (for tissue acid-soluble P against plasma) reach- 
ing unity (an arbitrary v'alue) in about 22 days for 
brain, 30 day's for nerve and 36 day s for spinal cord 
Turnover rates were also slow Bracketed numbers 
below give average mg % P of tissue fraction 
indicated R (against tissue acid-soluble P) for 
phospholipid reaches unity in 32 day's m brain 
(166) and spinal cord (341), 37 day's in nerve 
(254), for phosphoprotein, 30 days in spinal cord 
(26), 36 davs in brain (21), 40 plus day's in nerve 
(26), for nucleoprotein, 16 day's in cord (16), 
40 plus day's in brain (24) and nerve (17) R for 
phosphoprotein rises faster in proximal segments 
of nerve than in distal ones Our evidence favors 
the view that protein moves continuously' from 
cord to periphery at a rate of about 3 mm/day' 
\ mathematical method has been dev'cloped for 
describing certain simple cases of the uptake and 
leakage of radioactu'e materials by tissues 
Hormones and hormone-like substances in the 
treatment of (experimental) peptic ulcer Davtd 
J Sandweiss and Harrv C Saltzstein (by 
invitation) Harper Hospital and Dept of Surgery, 
Wayne Untv College of Medicine, Detroit, Mich 
This report deals with the results obtained from 
37 control (untreated) Mann-Williamson dogs and 
12 other scries of similarly operated animals treated 
with various hormones and hormone-like sub- 
stances, totaling in all 2S2 animals All prepara- 
tions were administered parenteralh In addition, 
entcrogastronc and the anterior pituitary -like 
hormone (A.nt S) were also administered orally in 
two other senes of Mann-Williamson dogs The 
ayerage post -operative survival time of the control 
series was 63 days 411 control animals died of 
ulcer The longest survival time was 135 days 
Eight /pof the ulcers showed microscopic cv idcncc 
of healing (cpithelization) Results in the treated 
scries of animals arc as follows /) The extracts 
obtained from human unne (pregnant women, 
normal women and normal men) were of definite 
benefit Extracts obtained from the urine of ulcer 
patients had some, but very much k«s activity 
Pregnancy urine extract adininiste rr d ortlh did 
not prolong the life of tin aniinils but it dnl 
stimulite cpithcliration in i significmt nuinbi r 
of the ulcers 2) The poiudotnoinc iiornionf from 
prcgnint nurc'e sf rum tGoii-id'vf n ) w’!* d'Hoitilv 
beneficial Si Pnigr-umm (PnilutoM •()'! id 
sonw Itencficiil cffict in that it <i‘ 'imti h stimu 
latf d ipithf hr ui" I 1 -migi a 'Tin bn i »,f 
no V due 5 Thf i)'>- < "lo- P 'ui' i""' ► x 'Pin 
tnn I pri> lUce 1 1 ! 1 ( '"i <-• , ro )'■ i *' j lo*^ J'l u "i i 
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the enterogastrone concentrate we employed had 
no beneficial effect 

Concerning relation of the pituitary gland 
to enterogastrone and urogastrone D J Sand- 
WEiss, J Kaulbersz, T L Pattebson and 
H C Saltzstein (by invitation) Depts of 
Physiology and Surgery, Wayne Unw College of 
Med and Harper Hasp , Detroit, Mich Entero- 
gastrone and urogastrone were prepared from the 
intestines and urine of normal dogs and hypophy- 
sectomized dogs by the usual methods The pro- 
cedures were identical for both series of experi- 
ments The effect of these extracts on gastnc 
secretion was studied bj the double-histamine 
teats on fistula and Heidenhain pouch dogs The 
extracts were always adnunistered during the 
first period of the test Approximately an equal 
degree of mhibition of gastric secretion was ob- 
served with both normal enterogastrone (12 expcr , 
4 dogs, dose 50 mg ) and hypophysectomized 
enterogastrone (8 exper , 3 dogs, av dose 23 mg ) 
Normal urogastrone (32 exper , 7 dogs, dose 1 to 
2 mg ) and hypophysectomized urogastrone (16 
exper , 5 dogs, dose 3-10 mg ) also produced a 
comparable degree of inhibition in response to 
histamine as an immediate effect However, while 
no after-effect could be detected in the experiments 
with normal urogastrone a more striking inhibitory 
effect in companson with the immediate effect was 
noted 5 to 9 hr after administration of the hypo- 
physectoimzed urogastrone These effects were 
found to be statistically significant It appears, 
therefore, that h}q5ophysectomy does not signif- 
icantly alter enterogastrone formation However, 
the characteristics of urinary extracts are changed 
by hypophysectomy in a very striking manner as 
noted above and as descnbed more fully m another 
presentation (see Patterson el al ) 

The effect of spinal anesthesia on circulating 
blood volume S J Sarnoff, E S Buckley, Jr , 
J L Whittenbbrger and J G Gibson, II (in- 
troduced by W H Forbes) Dept of Physiology, 
Harvard School of Public Health, and Dept of 
Medicine, Harvard Medical School, Boston, Mass 
In preliminary clinical studies it w as demonstrated 
that spinal anesthesia benefited the patient in 
pulmonary edema Subsequent clinical studies 
confirmed these early observations It was thought 
that one of the associated phenomena that ac- 
companies spinal anesthesia might be a reduction 
in the volume of blood in the pulmonary vascular 
bed As a result of plethysmographic and onco- 
metnc studies in which the volume of the extremi- 
ties and the viscera is found to be increased during 
spinal anesthesia, it is assumed that the volume of 
blood in the systemic circmt is increased during 
this type of sympathetic block It was decided 
therefore that if, under spmal anesthesia, the 
total blood volume remained unchanged, the 


volume of blood in the pulmonarj bed should be 
diminished Total circulating plasma volumes were 
determined by the T-1824 method and red cell 
volumes were determined by the radioactive red 
cell technique just before spinal anesthesia and 
30 and 60 mmutes after it was started Spinal 
anestheisa was administered through an indwelling 
ureteral catheter previouslj introduced through 
the atlanto-occipital membrane Spinal anesthesia 
adequate to obliterate the tendon reflexes and cause 
lower intercostal paralysis was maintained by 
intermittent injections of 2% procaine hydro- 
chloride The total circulating plasma volume was 
found to be unchanged in 6 dogs under the influence 
of spinal anesthesia 

Effects on the circulation of electrophenrlc 
respiration and positive pressure breathing 
during high spinal anesthesia Stanley J Sar- 
NOFE, James V Maloney, Jr and James L Wbit- 
TENBERQER (introduced by William H Forbes) 
Dept of Physiology, Harvard School of Public 
Health, Boston, Mass It was demonstrated that 
intermittent positive pressure depresses the 
circulation of the dog when spinal anesthesia is 
carried high enough to cause respiratory paralysis 
Under these conditions, the sympathetic vaso- 
constrictor outflow IS totallj blocked and increased 
intmthoracic pressure, even though it be inter- 
mittent, retards the return of blood to the heart 
Proportionality w as established between the pres- 
sure used during insufflalion and the depression of 
the blood pressure Elcctrophenric respiration was 
accomplished bj applying a cyclically undulating 
potential to one or both phrenic nerves so that the 
diaphragm was made to contract and relax in a 
smooth manner When electrophbinic respiration 
was applied, the effect was a stimulation of the 
circulation in the same animals whose blood 
pressure was depressed by positive pressure 
breathing Changing from jxisitive pressure breath- 
ing to elcctrophrenic respiration in the dog under 
total spinal anesthesia widens the pulse pressure 
and elevates the mean arterial blood pressure 
betw con 25 and 40 mm Hg Changing from electro- 
phrenic respiration to positive pressure breathing 
depresses the blood pressure by the same amount 
Under the conditions of the experiment, in which 
there is a total sympathetic block, elevations or 
depressions of blood pressure are taken to reflect 
similar qualitative changes in caidiac output 

Effect of pitressin and desoxycorticoslerone in 
low dosage on excretion of water and sodium 
Otto W Sartorius and Kathleen Roberts 
(Introduced byR F Pitts) Dept of Physiology, 
Syracuse Univ College of Medicine, Syracuse, 
N Y Inn Senes of experiments on 3 normal female 
dogs in which a standard 2-hr unne flow curve was 
obtained following the oral administration of 40 
cc of water/kg , the intravenous injection of 0 8 
m TJ of pitressin/kg produced an antidiuresis of 
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30-46 minutes duration The antidiuresis so ob- 
tained was substantially modified by mtravenous 
injection of small doses of homogemzed desoxj- 
corticosterone in sesame oil and water, admin- 
istered 16 minutes prior to the pitressin and at the 
same time as the -wTiter load All experiments i\ ere 
performed under similar fasting conditions with 
all control unne flows ranging between 0 2 and 0 6 
cc/min Urine collections were obtained by cathe- 
ter at 16-imnute intervals according to standard 
techmque Sodium excretion, deterimned in all 
experiments, and within linuts of 5 and 25 nEq/ 
nun in the control periods, decreased to about one- 
third dunng vater diuresis returning to the 
original level 2-3 hrs later Pitressin in a dosage of 
0 8m u/kg produced a 10-fold increase in sodium 
excretion with the peak excretion occurring 45 
minutes after its administration By 90 minutes, 
sodium excretion had fallen below the control 
water diuresis level The effect of pitressin on 
sodium excretion vas modified or abolished by 10 
to 100 v/kg of desoxj’’Corticosterone It is probable 
that pitressin and desoxycorticosterone are antag- 
onistic in physiological dosage both as to nater 
excretion and sodium excretion 
DFP and reflex activity in salamander larvae 
Chables H Sawter (introduced by J E 
Mabkee) Dept o/ Anatomy, Duke Univ , Durham, 
N C Di -isopropyl fluorophosphate (DFP) nhich 
irreversibly inhibits cholinesterase (ChE), also 
severely impedes reflex activity in salamander 
larvae (Boell, 1946) The present expenments 
were devised to determine what degree of cor- 
relation existed between the amount of enzjTue 
inhibition and the extent of interference with 
reflex motility Fifty larvae of Amblystoma 
punctatum (Harrison’s stage 46) nere stimulated 
individually with a hair 60 times at one-second 
intervals and the number of each ammal’s reflex 
responses was recorded Twenty-five larvae were 
then immersed in solutions of DFP (5 6 X 10^ M) 
for intervals varying from 5 imnutes to several 
hours At the end of its DFP period each experi- 
mental larva was stimulated and scored as above, 
V ashed, and assayed for ChE activity Controls 
were clutch-mates of the DFP animals and reared 
under identical conditions but for the anti-cholm- 
esterase, each control had a reflex-response score 
closely similar to that of its experimental counter- 
part pnor to the latter’s immersion in DFP 
A high degree of positive correlation was found to 
exist between the residual reflex capacity (ex- 
pressed as percentage of the pre-inhibition re- 
sponse score, range, 0-100%) and the residual 
ChE activity (expressed as percentage of the 
control’s enzyme content, range, 0-99%) The 
coefficient of correlation, r = 0 93 It is concluded 
that the effect of DFP on reflex motility is attrib- 
utable entirely to inhibition of ChE and that a 


quantitative relationship exists between reflex 
capacity, during a given developmental stage, and 
the amount of cholinesterase available to the 
neuromuscular apparatus 
Quantitative estimation of capillary passage of 
finorescem m rabbit skin Aefbed A Schiiaer 
Dept of Physxology, Untv of III , College of 
Medicine, Chicago, III The fluorescence of minute 
concentrations of sodium fluorescein in the skin 
can be measured photometncally in long wave 
The time and intensity' relations of the ap- 
pearance and disappearance of the dye from 
wheals made with vasoactive drugs have been 
found to be sufficiently graded to establish quanti- 
tative response patterns characteristic of the drug 
action at a given concentration Serial dilutions 
of histamine phosphate, epinephrine HCl, and 
histamine -f epinephnne dissolved in 0 9% NaCl 
solution were used to make the wheals in the 
abdominal skin of the rabbit Controls were per- 
formed with the solvent alone Fluorescein was 
either injected intravenously or incorporated in 
the wheal solution (0 1 ml intradermally ) The 
results w ere as follows the intensity of fluorescence 
increased and the disappearance rate of the dye 
decreased wuth increasing concentration of hista- 
mine over a range of ICT* to 10“’ Epinephnne 
concentrations from 10“* to 10“* prevented fluores- 
cence m the wheals The diameters of the non- 
fluorescent wheals were increased with drug 
concentration By using various ratios of simul- 
taneously injected mixtures of histamine and 
epinephnne it was found that histamine 10“’ 
+ epinephnne 10“* produced the same response 
as the saline control This method may be of use 
for the study of capillary permeability when 
correlated with data supplied by other techni- 
ques 

Reduced evaporative water loss from the lungs 
of certam desert mammals Bodil Schmidt- 
Nielsen (introduced by Laubencb Irving) Dept 
of Physiology, Stanford Umv , and Arche Research 
Laby , Stanford, Calif It was showm that desert 
rodents of the family Heteromyudae are able to 
economize with water by excreting a highly con- 
centrated urine The quest on arises if they have 
other mechanisms for saving water The evapora- 
tion from the animal was determined simulta- 
neously with the oxygen uptake When the water 
evaporated is calculated on the basis of the simul- 
taneous oxy'gen consumption it is found that the 
water evaporation is approximately one half of 
w hat it IS in other rodents of the same size (white 
rat and w hite mouse) The water evaporation from 
the Heteromnds breathing completely dry air is 
on the average 0 45 mg water/ml oxygen taken 
up The amount of water formed by metabolism 
of food in the body' is approximately 0 65 mg 
water/ml oxy'gen consumed Therefore water is 
gained in the metabolism, even when dry air is 
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inspired (See also abstract by Knut Schmidt- 
Nielsen ) 

EflBciency of the excretory system in desert 
mammals Knut Schmidt-Nielsen (introduced 
by Laurence Irving) Dept of Physiology, Stan- 
ford Umv , and Arctic Research Laby , Stanford, 
Calif The critical factor in the water metabolism 
of mammals living in deserts is that the expense 
of water required for unne, saturation of the 
expiratory air, and heat regulation cannot easily be 
covered by the hmited supply of water available 
Reduction of any of these three main sources of 
water loss will be of advantage to the orgamsm 
Desert rodents of the family Heteromyidae live 
without access to drinking water We found that 
them renal excretory system is well adapted to 
conserve water by a very concentrated urme 
(1 normal salt and 4 molar urea) To prove that 
high unne concentrations can be mamtained and 
are not only occasional, we gave sea water (ca 
0 68n) for drinking In view of the capacity for 
concentratmg urine it might be expected that the 
animals would tolerate sea water, which other 
mammals cannot because of its large salt content 
It was found that the Heteromyids do tolerate 
drinking sea water, and are even able to excrete 
simultaneously excessive amounts of non-electro- 
lytes (urea) (See also abstract by Bodil Schmidt- 
Nielsen ) 

‘Impedance’ variation in the nerve membrane 
during passage of the natural action potential 
Otto H Schmitt Dept of Zoology and Physics, 
Univ of Minnesota, Minneapolis, Minn Ex- 
tension of a previously described method of 
analysis permits direct and semi-quantitative 
calculation of the characteristic impedance-source 
function for the active nerve membrane during the 
passage of a normal impulse without superposition 
of any testing current This total function can 
be separated into two parts, a passive component 
which represents the quiescent physical-chemical 
properties of the membrane, and an active or 
“live’ component which includes the energy-yield- 
ing mechanism of the impulse Using experimental 
results quoted in the literature supplemented by 
data from nev experiments, it has been possible to 
evaluate, with relatively low accuracy, the passive 
part of the function, and from this to work back to 
an approximate numerical evaluation of the 
active part of the function By measuring all of the 
critical quantities involved in the analysis for a 
single type of nerve, or preferably for an individual 
specimen, it should be piossible to improve greatly 
the quantitative accuracy of the results Accurate 
values for the impedance-source function should 
prove useful in testing thermodynamically ade- 
quate theories for the conversion of biochemical 
energy to bioelectncal energy 

Action potentials of the cerebellar cortex 


elicited by stimulation of olivo-cerebellar fibers 
Gordon M Schoepelb Dept of Physiology, School 
of Medicine, Washington Univ , St Louis, Mo 
Cerebellar action potentials are recorded by means 
of a umpolar lead (microelectrode) at various 
levels within the cortex of the dog m response to 
single shock stimulation of olivo-cerebellar fibers 
The stimulating needle electrodes are thrust into 
the brain stem from above in the region of the 
inferior olivary nucleus Voltage changes as- 
sociated with post synaptic responses when re- 
corded between folia or in the molecular layer of 
each folium tend to be manifest as several succes- 
sive positive deflections At regions contaimng 
the Purkinje cell layer, granular layer, or central 
white lamina the successive post synaptic responses 
exhibit pronounced negative components In 
fact the first post S3maptic action potential may 
show no initial positivity Such a senes of results is 
reproducible from folium to folium as the recording 
needle electrode is progressively thrust deeper 
into the cortex at an acute angle with the plane of 
the brain surface Measurements of electrode 
position taken in connection with histological 
examination of the cortex appear to be precise to 
within approximately three tenths of a milli- 
meter The phase reversals observed are consistent 
with considerations of volume conductor theory 
which include the concept of neurones as polanzed 
cylindrical structures which, however, do not 
undergo depolarization in terminal regions at any 
time during activity No phase of any particular 
response persists for more than a few milliseconds 
and no underlying slow potential waves are 
apparent 

Rapid spontaneous variations in blood pressure 
Henry A Schboeder Dept of Internal Medicine, 
Washington Univ School of Medicine and Barnes 
Hospital, St Louis, Mo When blood pressure in 
the brachial artery of man is measured by 
Hamilton’s optical manometer, spontaneous vari- 
ations occur from beat to beat which may be of 
relatively considerable magnitude Fifty records of 
blood pressure of normotensive and hypertensive 
subjects and those with coarctation of the aorta 
were examined for these variations In half the 
difference in systolic pressure from one beat to an 
adjacent one was 10 mm Hg or more The average 
systolic difference was 10 3 mm Hg, the average 
diastolic 7 0 Various patterns were seen , in some 
cases respiratory variations were marked, in 
others two or three beats with high pressure were 
follow'ed by two or three with lower In several 
cases similar variations were found in records 
made of pressure in the femoral artery Hyqierten- 
sive patients on the whole showed greater vari- 
ations in beat to beat pressure than did normoten- 
sive ones, and there was usually little respiratory 
variation These changes could also be detected by 
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the auscultatory method when the pressure cuff 
was inflated exactly to systolic pressure 
Absence of antifibrillatory effect in quaternary 
nitrogen compounds John E Schotts (by in- 
vitation) and Joseph R DiPalma Depts of 
Physiology and Medicine, Long Island College 
of Medicine, Brooklyn, N Y The activity of a 
compound as an antifibrillatory drug was deter- 
mined by means of a thjTatron stimulator set at 600 
impulses/min and connected through a rheostat 
to the right auricle of an anesthetized open chest 
cat The minimal amount of current, in nulli- 
amperes, necessary to induce fibrillation was 
determined before and after the adnumstration 
of a drug The degree of difference was the index 
to the activity of the compound The drug to be 
tested vas administered in a dose of 5 mg/kg 
1 V and the fibnllation threshold determined im- 
mediately and atlO-and 20-mmute intervals Dawes 
{British J Pharm. A Chemotherapy 1 90, 1946) 
noted in testing various qumoline denvatives for 
antifibrillatory activity that, when their tertiary 
mtrogen was changed to a quaternary one, these 
compounds lost their potency A recently syn- 
thesized compound, N-methyl-N-(3, 4, dimethoxy- 
benzyl- -(4 methoxyphenyl)-ethylamme hydro- 
chloride, is a potent antifibrillatory agent When 
the tertiary nitrogen of this compound is converted 
to a quaternary one by the addition of a methyl and 
halogen groups the activity is lost and in some 
respects the compound now resembles muscarimc 
drugs Other quaternary nitrogen compounds such 
as tetraethyl ammonium chloride, dibenamine and 
mecholyl, some of which are related to antifibnl- 
latory' drugs, were tested by this method and 
found to have no antifibrillatory activity and some 
even lowered the fibrillation threshold 
A method for determination of the volume 
of distribution of metabolized substances Ievung 
L Schwahtz, Muerat Rabinowitz and David 
Schachter (introduced bj Homer W Smith) 
Dept of Physiology, New York Univ College of 
Medicine, New York City Following an intravenous 
injection of mannitol, Newman, Bordley and 
Yfintermtz {Bull Johns Hopkins Hosp 76 
253, 1944) utilized the relationship between 1) 
renal clearance, 2) volume of distribution, and 
S) decrement in plasma concentration with time 
to determine 1) and 2) It is now known {J Lab 
A Clin Med 32 192, 1947, Proc Soc Exptl 
Biol & Med 6b 62, 1947) that mannitol is metab- 
ohzed In order to measure the total clearance 
(renal and metabolic), the rate of infusion (W) 
required to maintain a constant plasma level nas 
determined , thereafter the infusion was dis- 
continued and the decrement in plasma concen- 
tration with time was observ'ed Under conditions 
of constant total clearance, 0, the volume of dis- 


tribution, Ym, was calculated as Vm = 


0 (t' - t) 



where P and P' are the plasma concentrations 
at times t and t' respectively It is assumed that 
P and P' represent the concentration throughout 
the entire volume of distribution In 3 experiments 
on 2 dogs, the volume of distnbution of manmtol 
determined simultaneously with that of mulin 
{Proc Soc Exptl Biol A Med 68 607, 1948) 
was as follows 
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Transcapillary exchange of inulin m man 
Irving L Schwartz, David Schachter and 
Norbeet Fkeinkel (introduced by Homer W 
Smith) Dept of Physiology, New York Untv 
College of Medicine, New York City The movement 
of inulin between plasma and interstitial flmd was 
studied in each of 3 normal men utilizing Tisji 
space as a measure of plasma volume, and inulin 
space {Proc Soc Exptl Btol d; Med 68 507, 
1948) as a measure of extracellular flmd Following 
a single intravenous injection of inuhn serial 
samples of venous blood and urine were collected 
for 24 hours The amount of inulin (Z) in the 
interstitial space at any time (t) following ad- 
ministration may be calculated from the injection 
dose (D), total cumulative urinary excretion at t, 
(DV), plasma water inuhn concentration (Pwij,) 
and plasma water volume (Ptc^) by the expression 
Z — D — UV— Pwj^P^^ The volume of interstitial 
flmd (Iv) 18 EOF — Pw^ , hence Z/l\ represents the 
virtual concentration of inuhn in interstitial fluid 
if it were mixed evenly throughout that compart- 
ment The simultaneous plasma and interstitial 
flmd concentrations plotted against time demon- 
strate a) early rapid movement of inulin from 
plasma to interstitial flmd, b) maximal con- 
centration of inuhn in interstitial flmd in 15 to 
20 minutes at a value below the plasma concentra- 
tion, c) identity of plasma water concentration 
(Pwjjj) and mean interstitial fluid concentration 
(Z/L) 40 to 50 minutes after injection, d) Z/I^ 
remains higher than P^j^ thereafter because of 
the gradient betw een interstitial flmd and plasma 
Two important implications of these studies are 
J ) a single injection of inuhn should not be used to 
determine the volume of distnbution since true 
equilibrium never occurs and mean virtual equili- 
bration of interstitial flmd with plasma water 
occurs at only one instant in time, 2) reversal of 
flow of inuhn betw een plasma and the most avail- 
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able phases of the interstitial fluid occurs before 
the point of mean equilibration 
Potentiation of the prolactin effect ERmrr 
ScHWENK (by invitation), Sibtllb Tolksdohf 
( by invitation), Rot McCullagh (by invitation) 
and Richabd Tislow Biological Research Laby 
and the Chemical Research Div of Schering Cor- 
poration, Bloomfield, N J An increase m the 
effect of anterior pituitary lactogenic hormone 
preparations (Prolactin) has been observed when 
Sdrensen’s phosphate buffer (pH 7 4) was added to 
the aqueous solution of the hormone The assay 
used was the crop sac weight response in nhite 
Carneau pigeons according to the method of Riddle 
and Bates The effect vas observed both by sub- 
cutaneous and intramuscular routes of adminis- 
tration When averaging repeated assays of the 
International Standard and Schering Substandard 
of the lactogenic hormone, the increase in response 
to the two standards in the presence of buffer was 
approximately 2-fold The effect was noted with 
Prolactin fractions of various purity and potency 
ranging from starting material of crude pituitary 
extracts with a potency of 0 4 lu/mg to highly 
purified fractions containing 36 lu/mg It uas 
observed with phosphate buffer of 0 1, 0 2, 0 4 
and 0 6 molarity The effect uas only noticed when 
the hormone was injected in the buffered solution, 
and not upon separate injection of buffer and 
hormone solutions The effect was not observed 
when phosphate-buffered Prolactin was dialysed 
free of buffer, precipitated and redissolvcd in 
water The increased response appeared again 
upon addition of buffer to the solution Other 
buffers, such as acetate and arginine, produced a 
similar effect 

Response of individual pacinian corpuscles to 
external stimulation Donald Scott, Jr (in- 
troduced by Frank Brink, Jr ) Johnson Founda- 
tion, Univ of Pennsylvania, Philadelphia, Penna 
Single Pacinian corpuscles can be dissected from 
the mesentary of the cat nith the single sensory 
nerve fibre and circulation uninterrupted The 
electrical activity can then be studied by lifting 
the corpuscle on to a fine cotton wick electrode 
connected to recording equipment The corpuscle 
will respond to steady pressure by a glass rod n ith 
a series of impulses, the average frequency of 
which can be altered by increasing or decreasing 
the pressure The threshold value for this form of 
stimulation lies below 5 mg The corpuscle is much 
more sensitive to vibratory stimulation as applied 
by a fine vibrating glass rod or a pure tone Treat- 
ment of the corpuscle with citrate will increase the 
excitability to the point of spontaneous activity 
Analysis of the length of interval between adjacent 
impulses after the scheme of Brink, Bronk and 
Larrabee (Ann New York Acad Sci 47 467, 
1946) shows that the corpuscle responds in the 


manner found by these authors where a funda- 
mental unit interval was shown to separate many 
impulses while others were separated by simple 
multiples thereof The length of the fundamental 
interval of the corpuscle is 4-5 msecs Careful 
examination of photographic records where two or 
more fundamental intervals separate adjacent 
impulses shows small oscillations of the base line 
between impulses w’hich have the same period as 
the fundamental interval of the conducted im- 
pulses This suggests the existence of a continuous 
oscillation of the excitability of the corpuscle 
Anaphylactic release of histamme and heparin 
from the isolated dog liver A E Scroggie (by 
invitation) and L B Jaqhes Dept of Physiology, 
Univ of Saskatchewan, Saskatoon, Sask , Canada 
The anaphylactic reaction of the livers of dogs 
sensitized to horse serum was studied by perfusing 
the organ wnth the antigen both in situ and isolated 
The assay of perfusates for histamine and hepann, 
before and after perfusion with antigen, demon- 
strated 1 ) When the liver w as perfused in situ the 
release of large amounts of these substances oc- 
curred in 2 of 6 ammals 2) When the livers were 
isolated, perfusion wnth antigen in ‘silicone’ blood 
caused a smaller but significant release of histarmne 
and hepann in 6 of 9 ammals 3) When isolated 
livers were perfused with antigen in Tyrode’s 
solution no release of histamine or heparin oc- 
curred Subsequent perfusion with blood and the 
addition of antigen to this blood also caused no 
release of the anaphj lotoxins 4) When antigen 
was perfused in Tyrode’s solution through the 
isolated livers of 2 dogs which had received two 
sensitizing doses of antigen, as compared with the 
single sensitizing dose given to the dogs of 1), 
2) and 5), a release of histamine and heparin was 
obtained, of the order of that in 2) From these 
results, it 18 concluded 1) it is possible to demon- 
strate the Schultz-Dalo phenomenon wnth canine 
tissue, by using the isolated liver and measuring 
the release of histamme and hepann, 2) this re- 
action 18 assisted by using ‘silicone’ blood in place 
of Tyrode's in the perfusion This is probably due 
to blood maintaining normal function of liver 
cells, rather than entering into the anaphylactic 
mechanism resulting in the liberation of the 
anaphylotoxins 

Metabolism in colpidlum campylum Gerald 
R Seaman (introduced by Charles G Wilber) 
Biological Laboratory, Fordham Univ , New York 
City Colpidlum campylum rapidly utilizes acids 
of the tricarboxylic acid cycle The addition of 
pjTuvate results in an increased oxygen consump- 
tion of 120% , a-ketoglutarate of 102% , fumarate 
of 90%, malate of 97%, oxaloacetate an increase 
of 86% Added citrate causes no increase in ox-ygen 
consumption Malonate inhibits the oxidation of 
pyruvate in Colpidlum Fumarate, succinate, and 
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a-ketoglutarate release the inhibition Citrate, 
however, does not release the malonate inhibition 
Malonate inhibition in the presence of citrate is 
released by fumarate to approximately the same 
extent as when citrate is absent Fumarate and 
a-ketoglutarate are recovered w’hen colpidia are 
incubated with pyruvate The addition of fuma- 
rate to pyruvate increases the recovery of a keto- 
glutarate by 140% Pyruvate, fumarate, and lactate 
are recovered when oxaloacetate is the sole sub- 
strate As a result of fumarate release of malonate 
inhibition, there is an added utilization of pyruvate 
and an added recovery of succinate The amounts 
of cytochrome C, DPN, and glutathione in Col- 
pidtuviBxe (in 7 /mg dry weight of cells) respec- 
tively 0 17, 0 82, 1 08 The ATP ase activity is 
4 77 morganic P liberated/15 min/mg dry weight 
of cells Transamination reactions in Colpidium 
will be reported 

Effect of 933F on the action of dibenanune 
John C Seed and Elizabeth A McKat (intro- 
duced by J H Wills) Pharmacology Section, Med- 
ical Division, Army Chemical Center, Md Inas- 
much as 933F (piperidinomethyl-3-benzodioxane) 
and dibenomine (dibenzyl-/3-chlorethylamine) both 
block the pressor action of epinephrine, it was felt 
that the two drugs might act by way of the same 
mechanism If this were true, one should be able 
to prevent the action of dibenamme with 933F 
Five hours after the admmistration of 6 mg/kg 
of 933F to the nembutalized dog, 5 agm/kg of 
epinephrine causes a marked pressor response 
Five hours after the administration of 10 mg/kg 
of dibenamme, 5 agna/kg of epinephrine causes a 
marked depressor response Five hours after the 
administration of 5 mg/kg of 933F followed in 3 
nun by 10 mg/kg of dibenamme, 5 gm/kg of 
epinephrine causes a marked pressor response 
which IS of the same magnitude as if dibenamme 
had not been given at all 
Electrolyte metabolism following massive glu- 
cose, mannitol, urea infusions in normal subjects 
during hydration and dehydration Donald W 
Seldin axd Robert Tar ail (introduced by 
Donald H Barron) Dept of Internal Medicine, 
Yale Univ School of Medicine, Ncio Haven, Conn 
Following glucose or mannitol infusion, serum 
sodium concentration fell sharply, indicating 
mo\ ement of w ater out of cells and perhaps trans- 
fer of sodium into cells Increased Na excretion 
could not account for the fall, since the concen- 
tration of Na m urine was w ell below that m serum 
The fall in scrum Na concentration was not suflS- 
cient to prev ent some rise in osmotic pressure of 
serum tMien these changes occurred, the excre- 
tion rate of Na increased 2- to 6-fold In contrast 
to glucose and mannitol, urea, although excreted 
in comparable amounts, neither increased Na ex- 
cretion nor significantly altered serum Na concen- 


tration Increased Na excretion following glucose 
and mannitol infusions may be due to expansion 
of ex-tracellular volume rather than to an osmotic 
effect in the renal tubules alone, since comparable 
urea infusions neither expand the extracellular 
volume nor augment Na excretion The metab- 
olism of K, though closely linked to cellular metab- 
olism, IS also affected by osmotic distortions of 
internal environment Infusions of mannitol, glu- 
cose or urea had some effect on K excretion, pro- 
ducing slight mitial increases durmg dehydration 
and definite decreases during water diuresis 
Serum — K concentration was not significantly 
affected by expansion or contraction of extracellu- 
lar volume The single striking change in serum K 
occurred following glucose infusion during water 
ingestion when serum concentration fell by 25%, 
associated with transfer of 16 meq of K into cells 
This occurred when extracellular volume was 
contracting and glucose utilization was accelerated, 
and was probably related to glucose metabolism 

Graded arterial pressure decrement and renal 
clearance of PAH, creatinine, and sodium 
Ewald E Selkurt, Philip W Hall (by invita- 
tion), and Merrill P Spencer (by invitation) 
Dept of Physiology, Western Reserve Univ Medical 
School, Cleveland, Ohio When arterial pressure is 
gradually decreased by tourniquet action on the 
dorsal aorta just above the left renal artery in the 
dog, the clearance of creatimne decreases at first 
gradually from about 150 to 90 mm Hg, then more 
rapidly to cease entirely at about 60 mm Hg 
The relationship of clearance to pressure is thus 
curvilinear, concave to the pressure axis The 
clearance of PAH declines more slowly than that 
of creatinine, remaining near the control value 
until about 80 mm Hg, then decreasing abruptly 
to extinction as glomerular filtration ceases and 
nnuna ensues When clearance of PAH is related 
to pressure it shows curvilinearity with oven 
greater concavnty than that of creatinine The 
more rapid decline of creatinine clearance signifies 
a decrease in filtration fraction as pressure is de- 
creased Renal tubular reahsorption of sodium was 
found to remain essentially complete throughout 
the range of glomerular filtration rates studied 
Nevertheless, even though urinary excretion of 
sodium was small, there was a definite tendency for 
it to decrease further as glomerular filtration was 
reduced, and at approximately 50% of the control 
filtration rates urinary excretion of sodium ceased 
almost entirely 

Histo-physiology of the adrenal cortex Hans 
Selxe and Helen Stone (by invitation) Inst de 
Midccinc el de Chirurgie expenmcnlalcs, Univ de 
Montrial, Montrial, Canada Expicriments on the 
rat reveal that — in addition to mere stimulation or 
inhibition of secretion — the adrenal cortex can re- 
spond in a highly specific manner to certain 
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agents Chronic treatment with lyophilized beef- 
antenor-pituitary tissue (LAP), and to a lesser ex- 
tent with extracts of various necrotic tissues (e g , 
Walker rat tumor, rat kidney), cause myeloid 
metaplasia of adrenal cortical cells, with the for- 
mation of both leucooj te and erj throcyte forming 
elements Testoid compounds (e g , methyl-testo- 
sterone) cause metaplasia of adreno-cortical into 
ordmary fat cells, exhibiting the typical ‘signet 
ring’ appearance and containing a single, large fat 
vacuole Simultaneous treatment with LAP and 
methyl-testosterone cause hemopoiesis in a fat 
cell-contaimng stroma This may result in the 
complete transformation of fasciculata and reticu- 
laris into typical bone-marrow tissue, while the 
glomerulosa remains intact Even acute and in- 
tense overdosage w ith purified corticotrophin fails 
to cause such severe loss of adrenal cortical lipid 
granules as is produced by systemic stress during 
the alarm reaction Indeed, pretreatment with 
corticotrophin inhibits the loss of cortical lipid 
granules which is normally produced by alarming 
stimuli or folliculoid hormones Hence, in addi- 
tion to mcreased corticotrophin secretion other 
factors must prevail during the alarm reaction to 
effect the usual intense discharge of cortical 
lipids Experimental procedures will be discussed 
which permit the production in the adrenal cortex 
of specific structural changes having hitherto re- 
ceived little attention The most important among 
these are the formation of intracellular colloid 
bodies, 03 doplasmic ‘chromatin-like’ basophilic 
granules, fibrinoid degeneration of adreno-cortical 
cells, megakaryocyte-like giant cells and of “pscu- 
dolumina” with holocrine secretion of adreno- 
cortical cells The functional significance of these 
lesions will be discussed 
The pattern of localization in the motor cortex 
of the rat P H Settlaqe (by invitation), W G 
Bingham (by invitation), H M Suckle (bj in- 
vitation), A F Bobge (by invitation) and C N 
WooLSEY Depte of Anatomy, Surgery and Physi- 
ology, Vmv of Wts , Medical School, Madison, 
Wis The findings of Woolsey and LeMessurier 
{Federation Proc , 1948), that the pattern of cu- 
taneous representation in somatic area I (post- 
central homologue) of the rat’s cerebral cortex con- 
sists of “a somewhat distorted picture of a rat 
with its various parts related to one another in 
much the same manner as in the actual animal”, 
have led us to make a detailed study of the pattern 
of localization in the motor cortex of this rodent 
The motor area lies medial and rostral to the tac- 
tile cortex and corresponds approximately to 
ICrieg’s areas 4, 10 and 8 The axial musculature 

from tail to neck is represented along the medial 
edge of the motor ai ea in a caudo-rostral sequence 
The limbs are represented more laterallj , w ith 
their apices meeting the apices of the limbs of the 


tactile pattern The motor area for the head fills 
the rostral part of the field and extends laterally 
to the rhinal sulcus The whole motor pattern is 
essentially a mirror image of the ‘postcentral’ tac- 
tile pattern Together the tactile and motor sys- 
tems of this animal show a clear and simple plan 
of organization which may prove fundamental to 
an understanding of less diagramatic arrangements 
in other forms 

Poiyphenoloxidase activity of blood serum 
Bebnahd Shacteb (introduced by Michael B 
Shimkin) Lab of Experimental Oncology, XJniv 
of Calif Medical School, San Francisco, Calif and 
the National Cancer Inst , National Institutes of 
Health, U S P H S , Bethesda, Md The phenol- 
oxidase activity of human blood serum was investi- 
gated m the Warburg manometer In the presence 
of serum the oxidation of catechol is initially re- 
tarded and then accelerated beyond the rate of 
auto-oxidation of the substrate Adrenaline is acted 
upon in a similar fashion The activity is apfmr- 
cntlv enzymatic since it is completely abolished 
by cyanide and by heating the serum to 80° for one 
hour The rate of catechol oxidation increases as the 
temperature is raised from 25° to 43° and as the pH 
IS increased from 6 6 to 7 8 Under fixed conditions 
of pH and temperature the enzymatic activity is 
proportional to the amount of serum used Tyro- 
sine, p-cresol, and resorcinol remain unoxidized 
when added to serum, while the auto-oxidation of 
hydroquinone is retarded p-Aminobenzoic acid 
and sulfanilamide in 0 1 M concentration inhibit 
tile oxidase activitj The data indicate the pres- 
ence in blood serum of a poiyphenoloxidase, specific 
for ortho diphenols 

Electrical phenomena in the squid giant axon 
AbbahamM Shanes Dept of Physiology and Bio- 
physics, Georgetown Univ School of Medicine, 
Washington, D C and Marine Biological Laby , 
Woods Hole, Mass The effects of calcium, potas- 
sium, voratnne, yohimbine, procaine, cocaine and 
DDT, on 3 components of the action potentml 
following single spikes, have been studied oscillo- 
graphically after localized application to axons from 
Loligo pealii One component, a damped high fre- 
quency oscillation present in all fibers and d 3 ang 
away usually in less than 10 milliseconds, is closely 
related to the very similar subthreshold response 
The negative after-potential (NAP), present in 
60% of the untreated axons, has a maximum ampli- 
tude of 100-200 microvolts and disappears exponen- 
tially w ithin 200 milliseconds , w ith veratrimzation 
all fibers exhibit NAP, but this declines in two 
exjjonential stages, \iz , an initial rapid one termi- 
nating in about 100 milliseconds and a slower phase 
lasting about one second A positive after-potential, 
evident only after yohimbine, reaches a maximum 
of less than 60 nucro volts within 75-100 milli- 
seconds and lasts about one second Cocaine and 
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procaine ( 01- 02%) reversibly depress the oscilla- 
tions and NAP whereas veratrme and lowered 
potassium enhance them Calcium acts on the 
oscillations as described by Arvanitaki, it de- 
presses the NAP when veratrme is absent, but 
increases it in the latter’s presence Only veratrme 
altered the time constant of NAP decline DDT 
was completely inert The oscillations grow m 
veratrme but decline m yohimbine during repeti- 
tive stimulation These observations, and others 
to be described later for crab and frog nerve, appear 
explainable largely m terms of potassium transport 
near the fiber surface as governed by electrochemi- 
cal factors and a labile permeability and metab- 
olism 

Production of adeno-carcmoma of breast in 
Wistar rats by the gastric instillation of methyl- 
cholanthrene Harry Shat, Ernest A Aegerter 
(by invitation), Margot Gruenstein (by invita- 
tion) and S A Komarov Samuel S Pels Research 
Inst and the Dept of Pathology, Temple Untv 
School of Medicine, Philadelphia, Pa Wistar stram 
rats placed on Zucker’s calcium-free diet are known 
to readily develop ulcerations of the antrum of the 
stomach (J Nutrition^ 301,1945) By instilling 
methylcholanthrene (melting point 180° corrected) 
m 0 5 cc olive oil by stomach catheter (Shay and 
Gruenstein, J Lab and Clin Med 31 1384,1946), 
we hoped to create suitable conditions for induc- 
tion of carcmoma m the ulcerated stomach Such 
experiments were performed on 6-7 weeks’ old rats 
weighing 60-70 gm and methylcholanthrene ad- 
ministered m 2 mg doses (6 days a week) for 6-14 
months No gastro-intestmal tumors resulted but 
breast adeno-carcmoma developed m 15 out of 28 
females Calcium deficiency was apparently not 
essential for development of these tumors since 
they occurred m 4 out of 10 methylcholanthrene 
treated females on colonj diet The shortest period 
for development of tumors was 143 days and the 
longest 418 days No tumors were observed m 12 
similarly treated castrated females and 43 males, 
24 of which were castrated The high incidence of 
tumors induced distally by methylcholanthrene 
IS significant, since in 15 3 ears with an annual turn- 
over of 2500 animals no breast adeno-carcmoma 
occurred sp)ontaneousl3 in our colony of Wistar 
strain rats Keston (Conference on Ageing, Wistar 
Institute — June 1946) found no breast adeno-car- 
cmoma m 630 autopsies on Wistar rats (mean age 
810 da3‘s, S D 210 da3’s), 164 of which had other 
tumors 

Isotopic studies of potassium exchange rates 
between cellular elements and plasma of human 
and canine blood in vitro C W Sheppxrd and 
W R ^LARTI^ (introduced 63 Alexander Hol- 
laentjer) Biology Division, Oak Rtdgc National 
Laby , Oal Ridge, 1 enn Fresh heparinized blood 
IS maintained in an appiarenth \Table state for S 


to 10 hr in vitro Hemol3^is is generally at or below 
the lower limit of visual detection Hematocrits 
are routinely determined and he within 2i% of the 
mean There is some evidence of occasional 83^- 
tematic increases of potassium concentration m the 
plasma late m the experiments, the total change 
being about 15% In human blood the concentra- 
tion of isotope (K^) in the plasma decreases fairly 
rapidly Equal specific activities of cells and plasma 
are reached at about 18 hr The curve is a smooth 
exponential with a single half value time corre- 
sponding to an exchange rate of about 10“^* milli- 
mol of potassium/hr/cell In the dog the curve 
shows an initial rapid xponential decline to an 
elevated base line which simi 1 1 declines at about 
1%/hr Removal of a fraction of the cells containing 
leukocylies, platelets and probably young erydhro- 
C3i;es eliminates the rapid exponential phase The 
slow decline is evidently characteristic of the ex- 
change of potassium in mature canine er3d;hro- 
cytes, the rate being about 4 X 10“^^ millimol/hr/ 
cell 

A flnorometric method of determination of ad- 
renalin in blood Wm W Shingleton and H M 
Baker (introduced by K S Grimson) Dept of 
Surgery, Duke Univ , Durham, N C Numerous 
chemical and biological methods planned for deter- 
mination of adrenalin in blood have 3aelded vari- 
able results and failed to consistently determine 
small amounts of adrenalm w hich might be present 
in the circulating blood normally or during abnor- 
mal circumstances Three reported chemical 
methods have been tested The colorimetric 
method of Shaw, its modification by Raab, and the 
fluorescent method of Lehman and Michealis 
yielded results which were not consistent or 
capable of repetition A new method has been de- 
veloped employing the selective adsorption of ad- 
renalin b3' Al(OH)j at pH 8 3 and a fluorescent 
determination of this adsorbed adrenalin Fluores- 
ence of the material oxidized by 26% NaOH was 
measured using a Coleman Electronic Photoflu- 
oremeter equipped with special excitation and 
transmission filters This method was tested many 
times using freshly drawn heparinized human 
venous blood Plasma obtained by centrifuging 
was divided into three equal samples Known equal 
amounts of adrenalin chloride were added to two 
of the samples One cc of formaldehyde was then 
added to one of the two adrenalin treated samples 
Twent3-four hrs later fluorescence of each sample 
was determined The fluorescence of the sample 
without adrenalin and that with adrenalin plus 
fonnaldeh3de was approximatcB equal and low 
Fluorescence of the third sample containing ad- 
renalin alone showed a high end point approaching 
90% of the fluorescence of a sample of water with 
the same quantit3 of adrenalin and simibrh 
treated Using this method, preliminarv expen- 
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ments have been perfonned which indicate that 
relatively small amounts of adrenalm mjected mto 
dogs or rabbits are detectable 
Hepato-renal factors XXVII Biological frac- 
tionation of humoral VEM and VDM In renal 
hypertension (dogs) Ephbaim Shohr and Ben- 
jamin W ZwEiFACH Deft of Medicine, Cornell 
Untv Medical College and The New York Hospital, 
New York City The initial acute stage of experi- 
mental renal hypertension in dogs is associated 
with the appearance in blood of the renal vaso- 
excitor, VEM Durmg the subsequent chronic 
hypertensive stage, the blood progressively reverts 
to a neutral reaction, as judged by the rat meso- 
appendix test, presumably due to the presence of 
both VEM and the oppositely acting hepatic vaso- 
depressor, VDM, in physiologically equivalent 
amounts More detailed analyses have since been 
made of the sequence in which these vasotropic 
principles appear m the development of the hyper- 
tensive syndrome, utilizing procedures which per- 
mit the separate quantitation of each factor when 
both are present Development of antisera to VDM 
(ferritin) provided a tool for selectively inactivat- 
ing the VDM components of hypertensive blood, 
and unmasking VEM Conversely, the ability of 
normal kidney shces to inactivate VEM aerobi 
cally, without affectmg VDM, permitted quanti- 
tation of the VDM titer Untreated blood samples, 
from dogs with renal hypertension (Goldblatt 
clamp) gave vasoexcitor (VEM) rat tests in the 
first few weeks after clamping, during the period 
of rising blood pressure, and thereafter nere 
neutral Utilizing these fractionation procedures, 
VDM was found to appear as early as 7-14 days 
after clamping, during the period of VEM pre- 
dominance VDM titers then rose progressively 
until they masked humoral VEM in the rat raeso- 
appendix test Thereafter, there was a shifting 
balance between VEM and VDM, with transitory 
predominance of each In animals i\ ith fatal malig- 
nant hypertension, the terminal stage generally 
was associated with a shift in equilibrium, nith 
progressive predominance of VEM 
Effect of hypothermia on cardiodynamics Wil- 
uamJ Shbiber (introduced by a H Heqnaubr) 
Dept of Physiology, Boston Univ School of Medi- 
cine, Boston, Mass Dogs weighing 9-16 kg were 
anesthetized by intravenous pentothal The right 
auricle was catheterized through the right external 
jugular vein, and the left ventricle was catheter- 
ized via the left carotid artery Intracardiao pres- 
sures were recorded with critically damped elec- 
trical strain gauge manometers together with 
simultaneous electrocardiograms The animals 
were then cooled in 2-4°C water baths Serial 
photographic records were taken until death Left 
ventricular systolic pressure remained fairly con- 
stant until rectal temperatures of 26-23°C and 


then fell rapidly Right auncular systolic pressure 
remained relatively constant to similar thermal 
levels and then rose rapidly These sudden changes 
m pressure appeared to be correlated with the 
cessation of respiration The fall in the left ven- 
tricular pressure probably occurred as a result of 
an inadequate pulmonary circulation and this in 
turn resulted in an inability to maintain artenal 
blood pressure The sudden increase in right sided 
pressure was again probably attributable to pul- 
monary circulatory resistance which led to right 
heart failure Conceivably, hypoxia of the cardiac 
muscle might be a factor in the failure of the heart 
Diet and the activity of the insulin-inactivating 
system of rat liver Benjamin Sijikin (by invita- 
tion), Robert H Broh-Kahn and I Arthur 
Mirsky The May Institute for Medical Research 
of the Jewish Hospital, Cincinnati, Ohio Our 
previous investigations revealed a marked diminu- 
tion of the content of the insulin-inactivating sys- 
tem (insulinose) per gram of rat liver during a 
72-hr fast and a restoration of the content of this 
system to normal values following a 48-hr period 
of re-feeding a balanced diet The present investi- 
gation IS concerned with the influence of various 
types of food-stuffs on the restoration of insulinase 
activity during such re feeding after a 3-day fast 
Ro-fccding a high (85%) carbohydrate diet re- 
stored the insulinase content to values above those 
obtained by rc-feeding a balanced diet containing 
60% carbohydrate Re-feeding a high (85%) fat 
diet, on the other hand, restored the insulinase 
content to values significantly belon those ob- 
tained by refeeding with the balanced or the high 
carbohydrate diet Inasmuch as the diets were 
iso-calonc and the rats gained approximately equal 
weights during the period of their re-feeding, it 
seems probable that the administration of a high 
fat diet definitely diminishes the content of the 
insulin-inactivating system in the liver In other 
experiments, rats were force-fed by tube with 
increasing amounts of high carbohydrate and high 
fat diets The various results will be presented and 
their significance brieflv discussed 
A quantitative comparison of Goldberger’s aug- 
mented unipolar limb leads (aV) with Wilson’s 
original V-leads Ernst Simonson and Ancel 
Kets Laby of Physiological Hygiene, Untv of 
Minnesota, Minneapolis, Minn GJoldberger (Uni- 
polar Lead Electrocardiography, Philadelphia, 
1947) considers his two-terminal (aV) electrode to 
be identical with Wilson’s three-terminal (V) 
‘umjxilar’ electrode except for a 50% larger ampli- 
tude, so that both electrodes may be used inter- 
changeably Among electrocardiographers prefer 
ences for the aV or the V-electrode vary but no 
quantitative comparison has been made In 20 nor- 
mal men and in 6 patients with abnormal axis 
deviation, the amplitudes of the QRS-complex and 
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the T-vrave in the three limb leads were taken with 
Goldberger’s two lead and Wdson’s three lead 
terminal In the arms leads the mean augmentation 
obtamed with Goldberger’s method agrees fairly 
well with the predicted 160% of the Wilson leads, 
but in lead aV/ the mean is 184 (QRS-complex) or 
187% (T-wave) The finding in aVp was confirmed 
in 22 other subjects Moreover, m all leads the 
variability of augmentation between individuals 
is so great that prediction of the ratio aV/A^ for 
the individual is impossible The results show that 
Wilson’s three lead terminal and Goldberger’s two 
lead terminal are not interchangeable, and that 
standards for one method are not appbcable to the 
other method The results have some bearing on 
the degree of validity of Emthoven’s triangle 
hj'pothesis 

Diurnal variations in glomerular activity m 
normal man and in patients with congestive heart 
failure Jonas H Sirota, David S Baldwin and 
Herman Villarreal (introduced by Homer W 
Smith) Dept of Physiology and Medicine, New 
York TJniv College of Medicine, New York City 
Renal clearances (4- to 6 hr periods) of insulin, 
p-aminohippurate and endogenous creatimne vere 
determined throughout 24 hr m 13 normal males 
and in 5 patients with congestive heart fadure 
with persistant edema Test substances were ad- 
ministered by a constant delivery pump through 
a plastic intravenous catheter Urine was collected 
bj spontaneous voiding in normals and by cathe- 
tenzation in heart failure patients Blood was 
drawn at the midpomt of each period With few 
exceptions the subjects were at bed rest for at 
least 24 hr prior to as n ell as durmg the period of 
observation and slept approximately from 8 PM 
to -6 A M No change in the dietary regimen was 
made during the test da 3 Waking clearances were 
compared vith those during sleep and expressed 
as night to daj”^ ratios (N/D) In the normals the 
axeragc N/D ratio for Cn, was 0 94, for Ctah, 0 97, 
and for endogenous creatinine clearances, 0 97 In 
patients vith heart failure the average N/D ratio 
for Ctjf isas 1 IS, for Cpahi 1 I'll ^md for endogenous 
creatinine clearances, 1 16 The endogenous crea- 
tinine/insulin clearance ratio averaged 0 92 m the 
normals, and 0 75 in patients vith heart failure 
It IS concluded that glomerular activit} is ti picallj 
unchanged or decreased during sleep in normal 
subjects, vhcreas it tj^picallj increases during 
sleep b\ a significant amount m heart failure The 
endogenous creatinine clearance is not a reliable 
index of filtration rate in subjects vith heart 
failure 

Augmentation by catechol and p-crcsol of the 
oxidation of proteins bv mushroom tyrosinase 
Irvix W Sizer and Cltde 0 Brindley (bx in- 
xitation) Dept of Biology, Massachnsclls Insti- 
tute of Tcchnoloov, Cambridge, Mass In previous 


experiments we have shown that certain proteins 
can be oxidized by tyrosinase and, m the case of 
mvertase, this oxidation is accompamed by a de- 
crease in mvertase activity Since the oxidation of 
certam substrates by tyrosinase is accelerated by 
the addition of an activator (See Nelson, J M and 
Dawson, C R , Adv in Enzymol 4 99, 1944) we 
have tested such activators on the tyrosinase 
protein systems As little as 1 X 10“< M catechol 
or p-cresol greatl}’^ accelerates and renders more 
extensive the action of tyrosinase on certain pro- 
teins In the action of tyrosinase on mvertase the 
phenolic activator seems to be coupled to the sys- 
tem like a co-enzyme The reduced and oxidized 
form of the phenolic activator constitute a revers- 
ible oxidation-reduction system , i e , catechol ^ 
o-benzo-qumone (see Nelson and Dawson) A side 
reaction is the slow formation of qumone jwlymers 
from the oxidized forms of the phenolic activators 
These intermediary and final oxidation products 
of catechol had no effect on mvertase activity m 
the absence of tyuDsmase Insulin oxidation by 
tyrosinase is greatly accelerated by the presence 
of traces of catechol, as indicated by a decrease m 
the ultraviolet absorbtion spectrum and a decrease 
m biological activity Similar results are obtamed 
with crystallme pepsin where tyrosinase m the 
presence of catechol produced a marked change m 
the ultraviolet absorbtion spectrum of pepsin and 
a decrease in peptic activity Indications have 
been obtamed that tyrosinase m the presence of 
certain phenolic compounds will oxidize many 
other proteins containing a high percentage of 
tjTDSyl groups 

Comparison of transmission spectra of blood 
In the human ear flushed by histamme with those 
obtained after heat flushing William Sleator, 
Jr , James 0 Elam, D J ICilian, W N Elam, 
Jr (introduced by H L White) Dept of Phys- 
iology and Dept of Surgery, Washington Univ 
School of Medicine, St Louis, Mo Using the 
monochromator and amplifier arrangement already 
described (Neville et al , Federation Proc 1949), 
the percentage transmission of the ear lobe or pinna 
of a number of normal subjects was measured as a 
function of wave length from SOOOA to 11,000 A 
Curves were taken with the subjects breathing 
air, 100% 0-, and 12% O; , and w itb the ears flushed 
by means of histamine administered clectrophorcti- 
cally , or by means of heat (w hich has been the 
principal arterializing agent used in oximetry ) 
For both heat and histamine the percentage trans- 
mission when the subject breathed pure oxx gen 
was, on the average for X less tlian /SOO A, about 
15 to 20% higher than when the subject hreathfd 
12% O;, for X greater than 7S00 -A the 100% O 
curve was 3 to 10% lower than the 12^c O. curve 
Blth histamine the sjicctrum when the subu-ct 
breathed room air followed the 100, c O* a 
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closely through the whole wave length range, 
rarely differing by as much as 4% This would be 
expected if the ear were really arterialized since 
normal arterial 0- saturation is known to be above 
96% on air and 99-100% on pure O 2 With heat, 
hou ever, the room air curves were markedly (10- 
20%) below the 100% Oj curves, but followed the 
12% O 2 curves very closely (3-6%) The presence 
of a significant fraction of venous blood (O 2 satu- 
ration 75-80%) in the heated ear would account 
both for the large difference between 100% Oi and 
air, and the small difference between air and 
12% O 2 

Peripheral vascular reactions in the wing of 
the bat after total-body X irradiation Douglas 
E Smith, George Svihla (by invitation) and 
Harvey M Patt Biology Division, Argonne 
National Laby , Chicago, III A number of peri- 
pheral vascular reactions (erythema, hyperemia, 
increased capillary fragility, hemorrhage) have 
been described in man and laboratory animals 
following exposure to X radiation In the hope of 
obtaimng a definitive picture of the development 
of these phenomena microscopic observations and 
cmema microphotographs were made of vascular 
beds m the wmg of the living, intact bat {Myotis 
lucifugus) before and at various intervals after 
total-body X irradiation Studies were made on 
several hundred animals during the late autumn 
and winter Until high dosages (10,000-60,000 r) 
were reached no fieripheral vascular changes were 
observed Within an hr after such dosages large 
numbers of leucocytes, many of which stuck to 
the vessel walls, were apparent This phenomenon 
which was most marked during the first 24 hr 
after irradiation persisted for several days Early 
after irradiation the blood seemed to be less viscous 
than normal only to become more viscous at the 
end of 24 to 36 hr and remain so until death 
Consistent changes in vessel diameter, blood flow 
and venomotion were not observed, nor were any 
mdications of hemorrhage Toxicity experiments 
suggested that the bat might be highly resistant 
to X irradiation, for in these experiments life span 
was shortened only after dosages of 16,000-60,000 r 
Significantly, only such high dosages produced the 
peripheral vascular changes noted above 

Observations of the action of the cardiac, pul- 
monic and aortic valves of the beating heart 
(motion picture) H L Smith (by invitation), 
Hiram E Essex, and E J Baldes The Mayo 
Clinic and Mayo Foundation, Rochester, Minn 
Perfusion of the isolated heart of the rabbit or dog 
makes possible direct observation of the action of 
the cardiac, aortic and pulmonic valves Observa- 
tion of the nutral and tricuspid valves is facilitated 
by incising and retracting the atrial w'alls With 
proper illumination, the pulmomc valves can be 
observed by cutting and retracting the walls of 


the common pulmonary artery The observation 
of the aortic valves requires a specml cannula and 
an apparatus for providing peripheral resistance 
to the flow from the left ventricle Certain observa- 
tions are discussed 

Effect of salt-sugar solution and DCA on lacta- 
tion Thomas C Smith (introduced by F L 
Hisaw) The Biological Labys , Harvard Univ , 
Cambridge, Mass Four-month-old rats W'ere adren- 
alectomized and maintained with 1% NaCl, 1% 
glucose in the drinking water Three days after 
adrenalectomy, they were paired with normal 
males At parturition, some were continued on salt 
and glucose, while others were given tap water to 
drink and injected with DCA in 2 ml sesame oil 
daily during lactation The ability to lactate was 
measured by the grow’th and survival of the litter, 
reduced to 4 young, the grow'th of comparable 
litters of normal mothers served as controls Salt 
and sugar therapy enabled adrenalectomized 
mothers to maintain normal pregnancies and under- 
go normal parturition, but in no case was lactation 
normal Similarly, lactation wrs not normal in 
animals given 0 1 or 0 5 mg DCA daily One mg 
DCA resulted in significantly improved lactation, 
with all litters, though underweight, surviving 
until weaning Two mg DCA gave normal lacta- 
tion Nearly normal body w eight and carbohydrate 
stores have been maintained in adrenalectomized 
rats with 1% salt solution or 0 5 mg DCA (Ander- 
son and Herring, Proc Soc Exp Biol <t Med 
43 363, 1940) The present results show that salt 
and sugar or DCA (0 1,0 5 mg ) will not maintain 
lactation but larger doses of DCA (1 0, 2 0 mg ) 
are effective 

Rate of elimination of sulfadiazine from the 
blood in the newborn Franklin F Snyder 
Depts of Obstetrics and Anatomy, Harvard Medical 
School, Boston, Mass Sulfadiazine was found in the 
blood for a prolonged period in premature, new- 
born, and early suckling infant rabbits in contrast 
to adults, following subcutaneous injection of a 
standard dose, 0 5 gm/kg Thus, the blood was 
negative in adults in less than 12 hr , w hile in pre- 
mature animals of 30 dajs the blood contained 
6 mg/100 cc 24 hr after injection At 18 hr , the 
blood level in full term animals of 32 days was 
14 mg , in suckling infants of 1 week it was 6 mg , 
and at 2 weeks or older the blood was negative 
Much higher concentration of sulfadiazine was 
noted in the blood of the newborn than in that of 
adults despite uniform dosage At one hour follow- 
ing injection, the blood level in adults averaged 
22 mg while in prematures it was twice as great, 
averaging 47 mg , in the newborn at term it was 
41 mg , in suckling animals at one week it was 
33 mg , and at 4 weeks was 27 mg At 6 hr after 
injection, the blood level in the newborn averaged 
35 mg in contrast to 7 mg in adults In all samples 
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obtained from 150 rabbits, deteraiinations were 
made before and after hydrolysis using Rlarshall’s 
method The foregoing results are of particular 
interest in connection n ith the clinical observation 
of increased hazard for the child associated with 
sulfadiazine therapy at the tune of birth or pre- 
ceding it 

Ratio between tension and total electrical 
activity in human skeletal muscle R Snvdek (by 
invutation), C F S Fisher (by invitation), and 
A C Burton Dept of Btophystes, Untv of 
Weslern Ontario, London, Ontano, Canada Most 
electromyography has used needle electrodes and 
recorded action currents of local single muscle 
units General opinion has been that since di£ferent 
units were out of phase, the total integrated elec- 
tncai activity, recorded from surface electrodes 
at the end of the muscle, would not correlate well 
with total tension This is an error in statistical 
theory, and we find, using the fievor muscles of 
the arm and rectifying the output of an electro- 
myograph, that there is a reproducible relation 
beta een tension and output With the upper arm 
vertical, the elbow supported, and forearm hori- 
zontal, increasing loads are hung on the wrist The 
output increases with increasing load, with a 
tendency for the slope of the graph to increase at 
high loads Resistance of electrodes os not a dis- 
turbing factor Rfith a constant load, the output 
remaiHB constant until fatigue sets m, nhen the 
electrical activity steadily rises The ratio of ten- 
sion to electrical output (T/E) is very different 
in the flexor arm muscles of different individuals, 
being much greater n here the muscle is larger and 
presumably ‘trained’ The measurement of the 
ratio offers a nay' of following the development of 
muscles by' training and after disease, and of 
study mg the process of fatigue A consistent theory 
would be that m training and in fatigue, the elec- 
trical output of the single units is relatively con- 
stant , w hile the tension exerted is variable 

Pressure responses of the cerebrospinal fluid 
to diffusion respiration and carbon dioxide in- 
halation Joseph N Spencer (by invitation), Eu 
S Goldbnsohn (by invitation), Richard W 
Bhitehead, Robert F Ghoier (by invitation) 
and BhixiA-M B Drvper Dept of Phystologij and 
Pharmacology, Vmc of Colorado “Medical Center, 
Dcmcr, Colo Simultaneous obscnations on cere- 
brospinal fluid pressure, sretemic irtcrial and 
\cnous blood pressures, and heart and respiratory 
rates were recorded continmlh from dogs by means 
of strain gauge manometers \ onous blood pii was 
determined at mterials Obsomations were made 
during diffusion respiration and with various con- 
ccntranonsof CO m O: administered b\ inhahition 
under light thiopental sodium anesthesia Bifh 
diffusion respiration mdthev inous concentrations 
of carlxm diovidc administered, the cerebrospinal 


fluid pressure was seen to rise consistently to at 
least twice the control value, and to an average of 
3J times the control value The maximum elevation 
IS frequently observed within 10 minutes During 
diffusion respiration, cerebrospinal fluid pressure 
rose slowly to 3i tunes the control value after 
about 15 minutes The pressure then declined from 
its peak but remained elevated During inhalation 
of 40% CO 2 in Os, the maximum rise in cerebro- 
spinal fluid pressure was usually reached in 5 min- 
utes and rose to times the control pressure 
Changes in heart rate, respiration, and arterial 
pulse pressure W'ere reflected in the cerebrospinal 
fluid pulse W'aves However, neither these factors 
nor variations in arterial blood pressure showed 
close correlation with the observed rise m cerebro- 
spinal fluid pressure Studies on the effects of in- 
halation of 10, 20 and 30% CO 2 m Oj will be re- 
ported 

Spectral deviations found in hemolyzed ery- 
throcytes of rabbits fed a purified diet S S 
Spicer, J G Woolbt, and AjaiEL M Ceark (in- 
troduced by WiEUAM J Bowen) Experimental 
Biology and Medicine Inst , National Institutes 
of Health, Bethesda, Md Rabbits maintained on 
a purified diet contaimng leached alcohol extracted 
casein, sucrose, Wesson oil, cellophane, minerals 
and pure vitanunes have survived for a period of 
months to years Some of these animals have shown 
an unusually dark color m the suspension of their 
washed red cells Below 5800 A., the absorption 
spectra of hemolysates from purified diet rabbits 
appeared normal However, the 1/20 dilution of 
washed red cells of these rabbits in saponin buffer 
revealed abnormally high absorption botw'een 
about 5900 and 6500 A This absorption was ev ident 
in the oxygenated hemolysate whether buffer of 
pH 6 2, 7 9, or 9 0 W'as used Subtracting the mean 
molar (equivalent) extinction coefficient of hem- 
olysates (pH 7 4) from several stock diet rabbits 
from that of the purified diet animals showed a 
maximum at 6200 A in the oxygenated and 0150 A 
in the CO treated solution The optical density of 
the CO deriv'ative exceeded that of the oxy form 
by about 40% In hemoly sates of the rabbits fed 
purified diet, when the hemoglobin w as conv erted 
to raethemoglobin at pH 8 6 or to motcyanhemo- 
globin there was slightly increased density occur- 
ring uniformly' w ithout the presence of an absorp- 
tion hand between 5SQ0 and 6500 A The band in 
the oxygenated hemolysate was noted •spectro- 
scopically mOof 10 animals maintained on purified 
diet and in none of 15 rabbits on the hlyiratory 
stock diet for 1 to 3 years 

Electroshock studies (a) Con»ui<:anI effect of 
microwaves (b) Changes of current during stimu- 
lation E \ SrifGfL,P H Bitcoxtbi mil u'loid, 
and V J Lee (by iiuiutioii) Dcp‘ of / -'pf' 
Ncaroloytt, Tcr-plc L r,tr 'yd "t M' ' 
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^Philadelphia , Pa , and Traverse City Stale Hospi- 
dal, Traverse City, Mich a) The convulsant effects 
of repeated rectangular nucrowaves were studied 
iin guinea pigs using a generator ith pulses of 6 to 
-40 microseconds at frequencies from 60 to SOO per 
second and Offner’s brief stimulus apparatus with 
pulses from 50 microseconds upwards at frequen- 
•cies of 60 and 120 per second The electrodes were 
applied bitemporallj on the intact skull General- 
ized epileptiform convulsions outlasting the stimu- 
lating current could be produced at a minimum 
duration of the individual pulses of 10 microsec- 
onds Quantity-duration curves for the component 
pulses (abscissa msec , ordinate microcoulombs) 
obtained with Offner’s stimulator (120/sec ) 
showed that the necessary pulse Q’s decrease as 
the total duration of the stimulation is increased 
from 0 1 second to 1 0 second and also as the dura- 
tion of each pulse is decreased from 0 5 msec to 
about 0 05 msec Temporal summation at this fi e- 
quency apparently is sufficient to reach the convul- 
sive* threshold even nhen relatively feu neurones 
are stimulated with each pulse, thus decreasing 
the possibility of supramavimal stimulation of 
some of the neurones 

(b) Cathoderay oscillograph records of voltage 
and current during stimulations with 60 cycle 
A C or halfwave rectified A C revealed a definite 
(up to 40%), regionally unspecific increase of cur- 
rent within the first 0 1 second The decrease of 
resistance appears also on subthreshold stimula- 
tion It B still marked 10 minutes after cessation 
of stimulation The resistance to a large extent 
depends on the voltage applied , it is considerably 
lower with high than with low voltage 
Hemorrhagic diathesis in leukemia Martloo 
Spooner (introduced by W J Meek) Dept of 
Physiology, Univ of Wisconsin Medical School, 
Madison, Wts Few studies concerning the cause 
of the hemorrhagic tendency in leukemia have 
appeared in the literature A group of tests includ- 
ing coagulation time, clot retraction, prothrombin 
time, antithrombin titer, bleeding time, capillary 
fragility test, vitamin C levels of blood and plas- 
ma, and fluorescein test for capillary permeability 
was run on 33 patients with clinical diagnoses of 
various types of leukemia Patients u ith Hodgkin’s 
disease and lympho sarcoma were used as controls 
making a total of 50 patients An attempt was 
made to correlate the findings with the presence of 
hemorrhagic signs Results show that a correlation 
does not necessarily exist between positive labora- 
tory data and the presence of hemorrhagic signs 
In the group of patients with acute leukemia, there 
vas a better correlation between positive labora- 
tory data and clinical evidence of hemorrhage 
Increased capillary fragility did not correlate 
with increased capillary permeability as deter- 
jnined by the fluorescein test Lower vitamm-C 


levels were found in the control group, which 
rarely showed hemorrhagic signs, than in the leu- 
kemic group w'hich had a higher incidence of 
hemorrhagic signs The data do not indicate 
H hether or not hemorrhages might occur at some 
future time As in other laboratory tests, a senes 
of the same determination or a group of different 
determinations will jueld more information than a 
single test 

Changes in blood pressure and renal function 
in hypertensive dogs following abscess produc- 
tion J Stajiler (by invitation), S Rodbard and 
L N Katz Cardiovascidar Dept , Medical Re- 
search Inst , Michael Reese Hospital, Chicago, III 
The production of an abscess in hypertensive dogs 
leads to a fall in blood pressure which usually be- 
gins within 24-48 hr of the tissue injury and per- 
sists for periods up to 3 weeks This fall in blood 
pressure was studied in 9 dogs, it occurred when 
either subcutaneous tissue implantation or intra- 
muscular carbon tetrachloride injection was used 
to incite abscess As part of an extensive project 
investigating the mechanism of this phenomenon, 
renal clearance studies wore done on these dogs 
prior to and followung abscess production These 
studies showed tliat abscess formation is also 
associated with a significant increase in renal 
blood flow , w hich usually begins within 24-48 hr 
and persists for as long as three weeks This was 
more marked and prolonged in those dogs showing 
a greater, more sustained blood pressure fall The 
increase in renal blood flow was not always syn- 
chronous w'lth the fall in blood pressure No sig- 
nificant changes in glomerular filtration rate were 
noted , the filtration fraction was decreased , renal 
vascular resistance was significantly lowered The 
data suggest that the fall in blood pressure after 
abscess production may not be causally related to 
the increased renal blood flow (relief of renal 
ischemia) observed m these hypertensive dogs 
Further direct experiments on the relation 
between ballistocardiograms and systolic veloc- 
ity curves Isaac Starr, R L IMatock (by invi- 
tation) and 0 Horwttz (by invitation) Depts of 
Therapeutic Research and Medicine, Univ of 
Pennsylvania, Philadelphia, Penna We have con- 
tinued the exponments of the type reported at the 
Inst meeting Using cadavera lying on the ballisto- 
cardiograph at necropsy, fluid has been mjected 
into the aorta alone, the pulmonary artery alone, 
and into both together The amount of the injec- 
tion was optically recorded at each instant Aortic 
blood pressure was secured by a Hamilton manom- 
eter in the later experiments, and a normal diastolic 
pressure was attained by connecting a pressure 
bottle wuth a femoral artery ‘Normal’ injections 
produced normal pressure pulse waves We have 
secured good records of about 100 ‘systoles’ in 6 
cadavera The deflection of the ballistocardiogram 
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IS caused b> the acceleration of the injected fluid 
and not hy its velocity per se The contour of the 
ballistic record follows that of the calculated curve 
of acceleration, lagging a little behind it The ‘J’- 
wave follovs the contour of the first part of the 
acceleration curve with a fidelity which has sur- 
prised us , the latter part of the acceleration curve 
is not so accurately reflected in the ballistocardio- 
gram unless the initial impacts are very small 
Evidently after-vibrations from large initial im- 
pacts distort the latter part of the curve in more 
'normal' records In these experiments the 'I’-wmvc 
was smaller than is found during life, probably 
because the shape of the cannulae used did not 
reproduce the movement of blood within the heart 
during systole For a given acceleration fluid in- 
jected into the pulmonary artery causes less initial 
deflection of the ballistocardiogram than fluid in- 
jected into the aorta 

Interrelation of effects of intraarterial injections 
of histamine and acetylcholine on gastric secre- 
tion George W Stavraky Dept of Physiology, 
Faculty of Medicine, Univ of Western Ontario, 
London, Canada As previously reported, acetyl- 
choline injected into a quiescent stomach through 
the gastrosplenic artery causes an alkaline secre- 
tion which IS free from pepsin (G M Morton and 
G W Stavraky, Federation Proc 7 82, 1948) 
Similar intraartenal injections of histamine in 
1/300,000 dilution (100-200 cc/hr — 17 kg dog) arc 
found to evoke a secretion of highly acid gastric 
juice of low digestive pow'er More concentrated 
solutions of histamine inhibit the secretion of hy- 
drochloric acid Addition of acetylcholine 
(1/100,000 concentration) to the solution of hist- 
amine lowers the acidity of the gastric juice but 
markedly activates the secretion of pepsin Also, 
if acetj Icholine is injected before histamine (caus- 
ing an alkaline secretion without pepsin) a subse- 
quent injection of histamine evokes a reduced 
secretion of acid but the gastric juice secreted in 
rcsjxmse to histamine now contains large quanti- 
ties of pcjisin YTien atropine is injected before a 
combined administration of acetylcholine and 
histamine, it precludes the secretion of pepsin 
Howeicr, interposed between the injections of 
acetylcholine and histamine, atropine docs not 
preicnt histamine from causing a secretion of gas- 
tric juice of high digestnc poncr despite the fact 
tint before atropinization acetylcholine caused a 
secretion which contained no jicpsin The results 
of these expcrmients seem to warrant the conclu- 
sion tliat a preexisting or combined cholinergic 
'Stimulation of the glandular elements of the gastric 
mueo'a i'^ necessary in order tint histamine may 
cause a secretion of pepsin 

Pressure and activitv recordings in the pvlorus 
and rectum of man F IJ Sn-Gornn^ and C 
Ci-vRK (b\ inMtation'' Dept of Ph ,':olo-7u, L nr 


of Illinois, Urbana, III By means of a pressure 
recording pick-up, consisting of a small water 
capsule at the end of a rubber catheter connected 
to an electronic amplifier, a continuous record of 
pressure changes can be made m various locations- 
along the gastro-mtestinal tract In prelimmary 
obseivations it was noted that there were very 
obvious differences in pressure and activity when 
the w'ater capsule W'as believed to be passing from 
the stomach through the Pyloric Sphincter region 
and on into the small intestine That these changes 
in activity and pressure recordings are consistent 
has been verified in experiments on 4 different 
individuals Furthermore that this change in ac- 
tivity and pressure is found only in the Pyloric 
Sphincter region is confirmed by X-ray examma- 
tions The actual pressure in the Pyloric region 
was 5-10 cm of water higher than on either the 
stomach or intestinal side of the sphincter area 
and the activity showed a tonic rhythm of 11 con- 
tractions pier minute, an observation very different 
from that recorded in the stomach or intestine 
When comparative studies of pressure and activity 
were made between the rectum and sigmoid colon, 
differences were also recorded 
Effect of coffee on the growth of white rats 
Arthur H Steinhaus and Aaron Spitzer (by 
invitation) George Williams College Laby for 
Physiologic Research in Physical Education, Chi- 
cago, III A coffee infusion interfered markedly 
with the growth of white rats when this was added 
to a milk diet fortified with iron and copper Rats 
fed the fortified milk plus coffee infusion from the 
time of weamng averaged a gam of 49 gm in body 
weight in 9 weeks Litter mates consuming identi- 
cal quantities of rmlk plus tap water or milk plus 
6% tanmc acid m water, both equivalent to 
volume of coffee infusion, averaged a gain of 87 gm 
in the same period "When the diets of the ‘coffee 
rats’ and ‘tannic acid’ rats were switched at about 
13 weeks of age, the direction of the grow th curves 
was modified as expected, but not to as great an 
extent This observation exonerates the tannic 
acid in toffee as the growth intcrfcnng factor 
Studies now underwaA arc designed to determine 
more accurately the ‘coffee effect’ at different ages 
and whether the observed growth failure is due I) 
to the di\ crsion of food to sustain a greater amount 
of sjxmtaneous activity or £) to some interference 
w ith its utilization 

■Metabolism of pigeons in extreme cold E 
Strficiilr (by invitation), D B IIaci i n Od 
invntation), M rnrisciiMvxx and G L Bei/iin 
(bv invntation) Phv^tologo Section, ^fc'hrnl Dm 
Sion, Army Chemical Center, ^[d Tli' abilit. 'F 
fasting pigeons to survive up to 7S hr in fxtnrn' 
cold (— 35"C ) li.a= b'-en ih mon.'tr-tt"! GIo— i*b 
(' cl A^cicncc 107 I71,1‘15'') rurtljiT' ii li h 

b'-en cami d ojt to < luci'li’i" th' i' * il-'i u ‘ o- 
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involved m this long survival tune The metabolic 
rates of pigeons weighing between 275 and 625 gm 
have been studied by means of an apparatus con- 
sistmg of a desiccator jar of known volume con- 
taming a COj absorber The metabolic rate is esti- 
mated simply by determining the change in Oi 
content of this chamber At room temperature 
(24°C ) the range for the basal metabolic rate is 
from 105-125 C/kg/24 hr This rises to about 375 
C/kg/24 hrs after 4 hr at — 40°C , and varies 
between 300 and 500 C/kg/24 hr until the terminal 
drop in body temperature Blood glucose remains 
withm the normal range up to 72 hr , although the 
liver glycogen is almost depleted bj the end of 
24 hr 

Effect of cold adaptation on highest and lowest 
temperatures at which turtle heart continues 
beating D E Stulleen (by invitation), F M 
White (by mvitation) and W A Hiestand 
Lady of Animal Physiology, Purdue Univ , Lafay- 
ette, Ind Turtles were kept at 4“C os long as 10 
weeks to allow ‘cold adaptation’ The hearts of 
these turtles were placed in Ringer solution with 
‘control’ hearts of non-cold adapted turtles The 
temperature of the Ringer bath was slowly low ered 
and the temperatures at ivhich the beating ceased 
was recorded After both hearts had stopped beat- 
ing at the loner of the two temperatures the bath 
was then heated and the temperature raised slow 1} 
until both hearts resumed beating and continued 
until each stopped at its respective high tempera- 
ture The results were as follows With falling 
temperature the cold adapted hearts stopped 
beating at an average temperature of 11 3°C (av 
of 8 hearts) while the non-cold adapted hearts 
stopped at an average temperature of 1 OS^C 
(av of 8 hearts) With rising temperatures the 
cold adapted hearts stopped at an average tem- 
perature of 38 9 "C (av of same 8 hearts) while the 
non-cold adapted hearts failed at 36 2'’C (av of 
same 8 hearts) Evidence shown by the cardio- 
grams indicates that the sinus tissue is apparently 
affected by cold adaptation more tlian the myo- 
cardium It IS surprising that the cold adapted 
heart failed at a higher temperature than did the 
non-cold adapted heart with falling temperatures 
Also paradoxically the cold adapted heart con- 
tmued beating at a higher temperature than did 
the non-cold adapted heart with rising tempera- 
tures 

Centers governing temperature selection and 
the frequency response to temperature in the 
brain of trout Chablotte Sum van (by invita- 
tion) and Kenneth C Fibhee Univ of Toronto, 
Toronto, Canada Trout in a gradient of tempera- 
ture normally remain at, that is, select, a compara- 
tively narrow range of the temperatures available 
This response to temperature disappears when 
lesions are made in the foiebrain of these organisms 


but not when the dorsal portion of the cerebellum 
IS destroyed The frequency w ith which spontane- 
ous movements occur in trout changes with tem- 
perature in a complex but reproducible manner 
The general nature of this response is unaffected 
by damage to the forebrain but may be completely 
changed by destroying the dorsal part of the cere- 
bellum 

Effect of posterior pituitary extract on man 
F SuNAHABA (by invitation), D Duncanson (by 
invitation) and‘0 G Edholm Dept of Physiology, 
Umv of Western Ontario, London, Canada Fore- 
arm blood flow was measured before and after the 
intravenous injection of 4 units of histamine-free 
posterior pituitary extract into healthy male volun- 
teers Measurement of cutaneous blood volume 
was made with a Millikan oximeter ear piece Im- 
mediatelj^ follow mg the injection, the subjects’ 
faces become ashen in color, the pallor persists for 
approximately 60 minutes The oximeter readings 
on the ear showed a definite diminution m ear 
blood volume, but these readings returned to 
normal before normal color returned to the face 
The forearm flow shows a slight increase imme- 
diately after the injection and thereafter is withm 
normal limits The subjects complained of nausea 
and abdominal discomfort and a desire to defecate 
In several cases there was slight headache 'These 
symptoms and the appearance of the subject are 
stnkinglj similar to those observed after fainting 
as a result of haemorrhage 

Effects of low environmental atmospheric pres- 
sure on the blood of turtles Louis A Susca (in- 
troduced by Charues G Wiuber) Biological 
Laboratory, Fordham University, New York City 
Susca and Wlber (1948) reported changes in the 
cholesterol content of the blood of turtles of the 
variety Pseudemys sp after subjecting them to 
pressures equivalent to various altitudes Further 
pressure studies indicate that changes occur also 
in the glucose and phospholipid content of the 
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blood of turtles Estimations for glucose m the 
blood, using the Somogyi filtrate, were made for 
each of 10 untreated animals, and also, for 10 
turtles subjected individually to pressures equiva- 
lent to altitudes of 18,000 , 33,000 , 48,000 , 64,000, 
and 90,000 ft respectivelv Estimations for the 
phospholipid content of the blood of turtles simi- 
larly treated also were made The accompanjung ta- 
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We gives the mean value, in mg/100 cc of blood, for 
each of the substances estimated Each value repre- 
sents the mean of 10 readings, each of u hich is for 
the blood of a different animal 
Qinsiderablc variation occurs at different pres- 
sures, but changes u ithm a single group of 10 ani- 
mals arc of the same order of magnitude Emphasis 
in the changes is noted at pressures equivalent to 
altitudes of 33,000 and 48,000 ft respectively 
Effects of various concentrations of potassium 
cjanide on Pelomyxc carolmensis Louis A Susca 
(by invitation) and Charges G Wieber Biologi- 
cal Laby , Fordham Univ , New York City A de- 
tailed studj’’ of the effects of 001m, 005m and 05m 
KCN on Pelomyxa carolmensis indicates that the 
cellular structures of the amoeboid organism are 
affected Changes in the number, size, and shape 
of nuclei occur after the organisms are placed m 
the various solutions for more than 24 hr In a 
001m solution, the large number of nuclei char- 
acteristic of the organism is not affected , m a 005m 
solution, verj' fen nuclei appear, in a 05m solu- 
tion, a verj small number of nuclei is observed 
Sizes of the nuclei vary from 12 micrn to 14 micra 
in diameter m organisms placed in 05m KCN, to 
24 micra to 28 micra in organisms placed m 001m 
KCN In 001m KCN, nuclei arc spherical or 
elongated in shape, in 005m ICCN, nuclei are 
ellipsoidal in shape , in 05m KCN, nuclei are either 
spherical or elongated in shape The number of 
contractile vacuoles is largest in organisms placed 
in 05m KCN Manj' contractile vacuoles arc ob- 
sen'cd m organisms placed in OOlM KCN, and very 
few are noted in organisms placed m 005m KCN 
The distribution and spherical shape of refractive 
bodies in the organisms arc not affected by anj' 
of the solutions Food \acuolcs form at frequent 
intenals in organisms from each solution, but feu- 
est arc formed in organisms placed in 05m KCN 
Tlic hipjramidal and truncated crystals are 3 
nucra in width in organisms placed m 001m KCN , 
niosth 1 5 micra in width in 005m KCN, and 1 5 
micra to 3 micra in w idth in 05m KCN 
Free amino acids m the plasma of Eck fistula, 
moat intoxicated, and hepatcctomized dogs 
MuRiruH SiEC (introduced bv Smith Freeman) 
Dept of Expcnmcnlal Mcdtcinc, A orlhircslcrn 
Medical School, Chicago, III Si\tcen free ammo 
acids wore measured in the plasma of fasting dogs 
l>\ microbiological assaj-s Mnmnc and gh cine w ere 
determined ehemic.ill\ Normal ranges were estab- 
lished on senes of 12 to 3G dogs for each of 13 ammo 
aeids I'ollowtng Eck fistuji formation, 4 ofS dogs 
showed an aacrige reduction of lOa 'g of free leu- 
cine ml of pLasnua TIils decreased \ aluc rcntaincd 
wilhm the prvMOUsU oiabhshcd nomial range 
Twehc other ammo acid*' showed no consi-tcnt 
cliangc'* Fiac of G meat mtOMcated Eel fistula 
<togv slicvrtcii definiteh inerc'ised pla5''xa histidine 


and arginine, 8 of 9 showed increased methionine 
and tjrosine Five other meat-into\icated Eck 
fistula dogs showed slightly elevated castine and 
leucine levels The remaining 6 ammo acids studied 
varied inconsistently or not at all Two normal 
dogs and 7 or S portal -obstructed dogs on the same 
horse meat diet did not show these changes In a 
series of 15 dogs, during an 8 to 16 hr period follow- 
ing hepatcctomy, plasma methionine dropped 
markedly in 12, sometimes disappearing com- 
pletely These animals also show ed a definite eleva- 
tion of the histidine level Tryptophane decreased 
in all of 8 dogs studied Three out of 4 animals 
showed increased alanine and l3'sme Determina- 
tions of glutamic acid in 5 dogs and glj'cine m 4 
showed definite increases in plasma levels post- 
operatively in all animals These changes were 
distinct from those of the control period during 
which the animals to be hepatcctomized received 
bj' vein the amount of glucose to be given post- 
operativelj’ 

Castration and the mobilization of nitrogen 
during fasting Clara M Szego and Abraham 
White BepI of Physiological Chemistry, School 
of Medicine, Umv of California al Los Angeles, 
Los Angeles, Calif The mobilization of nitrogen 
from lymphoid tissue, liver and carcass of castrate 
male and female mice of the CBA strain w as studied 
during a 48-hr fast Castration in both sexes in- 
hibited the decline in the ratio of lymphoid tissue 
to bodj weight which normal]}' accompanies the 
stress of total inanition Loss of nitrogen from 
Ijmphoid tissue was concomitant! j depressed 
The composition of the liver tissue of fed castrate 
mice differed significantly from that of intact con- 
trols Higher concentrations of liver lipids and 
greater liver w eights w ere observed in the gonadcc- 
tomized animals Utilization of liver nitrogen 
during subsequent fasting, how cv er, was unaffected 
b\ castration The mcciianism bj which castra- 
tion inhibits the fasting involution of Ijmphoid 
tissue IS being investigated in relation to adreno- 
corticofrophic and gonadotrophic activilv of the 
adcnohj'pophj-Bis 

Measurement of renal plasma flow in man by 
the slope method without urine analysis Hale & 
Ticket (introduced by C Rilfi Hoick) Dni- 
Stons of Medicine and Physiology, bnir of Tennes- 
see, '^lernphis, Tcnn Tlic rale of di^appe irance 
from tlie plasma of a substance, prev loush adminis- 
tered in a single intravenous injection, roprf ntn 
tbc amount of lliat substann n mo\« d b\ the 1 id- 
nev per unit time, assuming no evtn nii-d Jo“t 
Tliat rate, txpre-'=ed as a friction (‘-/ of tlit* total 
cub^lance ivaiLibk for ever Hon, multiph'd by 
the Volume in wbicli ibe lot d ‘ub-t in'*! s« dv'- 
Iributed (Vet, pne' th' volume of fluid t' i' eo j 
t nns the amount rr mo <-j b, tbf Jiir', 
time, o- the renal chamr r' 'C • TLu‘ C •=■ 
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We have detemiined para-aminohippurate clear- 
ance by this method in 12 experiments on 10 pa- 
tients with no evidence of renal impairment, 
comparing results with simultaneously measured 
urine clearances (Before colorimetric analysis, 
all plasma filtrates and diluted urines were hydro- 
lyzed in 0 4n HCl at 97°F for 3i hours to free PAH 
conjugated by the liver ) Slope clearance based on 
the volume of distribution of PAH gave values that 
were consistently too high However, using empiri- 
cally the volume of distribution of mannitol, the 
quotient of the slope clearance and the urine 
clearance averaged 0 91 with a range from 0 65 to 
1 08 In 8 of the 12 experiments, the quotient aver- 
aged 1 005 with a range 0 96 to 1 08 The reason for 
the failure to obtain completely consistent results 
IS not yet evident, but good correlation uas ob- 
served more frequently than can be explained 
fortuitously We failed to find satisfactory correla- 
tion between the slope clearance and the urine 
clearance of mannitol The explanation for this dis- 
crepancy, likewise, is not yet apparent 
Reabsorption of potassium by the kidney 
Robert Tarail and Donald W Seldin (intro- 
duced by Donaij) H Barron) Dcpl of Internal 
Medicine, Yale Untv School of Medtanc, New 
Haven, Conn From a survey of the literature one 
may surmise that a ratio of the concentrations of 
urine potassium to serum potassium belon one lias 
not been reported Concentration ratios (U/P) 
below one would signify formation of renal tubular 
reabsorbate with a concentration of potassium 
greater than that of extracellular fluid Such con- 
centration ratios were observed during the 
following conditions nater diuresis, glucose 
diuresis during ingestion of eater, and during 
recovery from the shock of ‘dolophinc’ intoxica- 
tion When urine flows uere 948 and 1008 cc/hour 
during uater diuresis, in 2 normal subjects, urine 
potassium uas 2 5 and 2 8 mEq/1 per liter, and 
concentration ratios were both 0 68 During glucose 
diuresis and uater ingestion, urine potassium was 
1 3 mEq/1 , concentration ratio uas 0 38, and urine 
flow was 1462 cc/hour Such high rates of urine flow 
are not a necessary prerequisite for a concentration 
ratio below one A ratio of 0 84 and urine potassium 
of 3 3 mEq/1 when the unne flow was only 136 cc/ 
hour occurred in a patient sustained on fluids 
without potassium during recovery from peripheral 
vascular collapse Despite the capacity of the kid- 
ney to produce a urine with a concentration ratio 
below one, this is rarely found during the develop- 
ment of potassium deficiency in man Conditions 
affecting efficient reabsorption of potassium during 
low rates of urine formation have not been clearly 
defined, but probably include the state of hydra- 
tion and metabolic factors 
Repetitive studies of intra-artenal pressures 
after resection for coarctation of the aorta in man 


Bowen E Taylor (by invitation), 0 Theron 
Clagett (by invitaton), Howard B Burchell 
and Earl H Wood Section on Physio ogy, Mayo 
Foundation, and the Division of Surgery, Mayo 
Clinic, Rochester, Minn Continuous and simul- 
taneous intraradial and intrafemoral arterial pres- 
sures and electrocardiographic data obtained from 
17 patients before and after resection for coarcta- 
tion of the aorta have indicated that, postopera- 
tively, the cardiovascular dynamics were altered 
towaid, but did not attain, normal values Addi- 
tional studies have been earned out to determine 
w hether or not additional changes occur over longer 
periods after operation In 10 patients studied pre- 
opemtivcly, radial and femoral arterial pressures 
averaged 199 systolic and 101 diastolic and 117 
systolic and 84 diastolic, respectively During the 
studies conducted an average of 3 weeks after 
operation, radial and femoral arterial pressures 
averaged 158 s}’stolic and 77 diastolic, and 128 
systolic and 74 diastolic, respectively When these 
patients w ore again studied an average of 7 (3 to 11) 
months after operation, the radial arterial pressure 
had decreased on the average from the first post- 
operative study 16 ± 5 mm Hg sj'stolic and 9 ± 3 
mm Hg diastolic, although the average change in 
femoral S3>stolic pressures nas not significant 
The average femoral diastolic pressure decreased 
5 2 ± 2 5 mm Hg Significant improvement in the 
fcmoral/radial systolic pressure ratio and the 
fcmoral/mdial pulse pressure ratio probably indi- 
cate that the decrease in cephalic blood pressure 
was related to a continued improvement in the 
blood flow through the descending thoracic aorta 
Evidently, additional changes in the cardiovascular 
dynamics toirard normal may continue over a 
period of months after resection for coarctation of 
the aorta 

Relationships between the blood pressure in- 
creases in exercise, carbon dioxide inhalation 
and the cold pressor test Henry Longstrebt 
Taylor, Austin Hbnbchel, Josef Brozek and 
Ancel Keys Laby of Physiological Hygiene, 
Untv of Minnesota, Minneapolis, Minn The blood 
pressure responses to 3 standardized situations 
which increase blood pressure were studied in 379 
normotensive healthy males There were 159 sub- 
jects 18 to 26 years old and 220 men 45 to 54 years 
old The tests w ore rigidly standardized as to time 
of events, relation to meals and jisychological at- 
mosphere Blood pressures were recorded during 
a prelumnary period with the subject supine The 
hand was then immersgd in ice water for one min- 
ute Five minutes later, the subject breathed 6% 
carbon dioxide for 5 minutes After a 6-minute re- 
covery period, the subject walked on a motor 
driven treadmill at 3 miles/hour and 6% grade 
Blood pressures were observed at frequent inter- 
vals during each test by the auscultatory method 
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The greatest increase above the control level in the 
sjstolic blood pressure in each test was used as an 
index of the response The product moment corre- 
lations for the folloning pairs nere all less than 
0 ^ in both age groups work systolic blood pressure 
increment and the cold test increment, work sys- 
tolic blood pressure increment and the CO* test 
increment and cold test systolic blood pressure 
increment and the CO* test increment There was 
no relationship betw een the resting systolic blood 
pressure and the systolic blood pressure increment 
in work or in the COj test but the correlation 
betw een the restmg systolic blood pressure and the 
Eistolic blood pressure increment in the cold test 
w ere 0 52 in the j'ounger and 0 44 in the older age 
group 

Anti-diuretic substance in the urine after faint- 
ing N B G Tatlor (by invitation) and R L 
Noble Dept of Medical Research, Colltp Medical 
Research Laby , Untv of Western Ontario, London, 
Canada The present study w’as made on 14 normal 
30 ung adult human male subjects, 7 of whom 
fainted and 7 of whom did not faint They were 
bled by venesection of amounts from 270 to 1250 cc 
There is no correlation between amount of blood 
loss and faintmg Urine specimens w ere obtained, 
bj voiding, before and after fainting These were 
extracted by the method of Noble et al (1939) and 
tested for anti-diuretic activity by the rat method 
of Burn (1937) It has been established that the 
urine secreted after a faint contains an anti-di- 
urctic substance in readily detectable amounts 
No anti-diuretic activity' is found in urine from 1) 
normal subjects, engaged in routine duties about 
the laboratorj' (24-hour specimens) , S) experi- 
mental subjects before venesection, S) expen- 
niental subjects after venesection, if thej did not 
faint Urine has also been obtained from 2 subjects 
who fainted spontaneous! j , i e psychic, not due 
to xcncsection, both these cascsshow anti-diuretic 
actu iti in the unne after the faint and not at other 
times Evidence will be presented that the anti- 
diurctic substance found is the secretion of the 
jxistcnor lobe of the pituitary gland 

Origin of renal rasoconslnclion in tourniquet 
shock R D Tailor and Irxune II P\gl Re- 
search Dmston and Bunts Institute of the Clcrc- 
land Clinic Foundation, Clci eland, Ohio Ye lu\e 
prcMouslj rcjxirtcd on the renal ^•ascuLlr cfTccts 
of application of tourniquets to the hind legs of 
dop; ind concluded that the renal ^ isoconstriction 
winch occurs is predominant 1\ of humoral onpn 
The demonctritions of True! i, BarcLii ct al , im 
polled u*; to rc-c\ inline tin- conclusion Ob=cria- 
t Ion'S were made in dop- in which ifTcrin ‘sumuli 
fnun ilu hind Icp- wore bloc) cd 1)\ <=ccin>n of tl * 
'pinal cord at L 1 Tin <iila ihu- ni. dn iwiiLM'’ 
fo” cenip.ari<:on conswt of ob-crt 'tioi = o i .,1 
c -cnlit’on aftc'" applicition c' leg oi.*ai'que ' i-t 


1) normal dogs, 2) in dogs with the kidnej’s de- 
nervated and S) m dogs with spinal cord section 
causing deafferentation In contrast to normal dogs 
or dogs with denervated kidnej's, dogs of the third 
group (deafferented) do not show significant 
changes in real vascular resistance or unne flow 
either during the time the tourniquets are in place 
or after their removal Consequently, we conclude 
that the primarj'^ stimulus to renal vasoconstric- 
tion during the onset of tourniquet shock is neuro- 
genic and arises at the site of tourniquet applica- 
tion The presence of renal vasoconstriction in dogs 
wuth denervated kidneys suggests that the ultimate 
effector mechanism of this vasoconstriction is 
partly humoral 

Postural reflexes in deafferented limbs of the 
cat R D Teasdall (by invitation) and G W 
Stavraky Dept of Physiology, Faculty of Medi- 
cine, Univ of Western Ontario, London, Canada 
Sensitization of spinal neurones to chemical stimu- 
lating agents and to impulses reaching them via 
pjTTimidal tracts was demonstrated by Draks and 
Stavraky (J europhystol 229 11, 1948) and by 
Teasdall and Stavraky (Federation Proc 7 123, 
1948) The present studj' of postural reflexes car- 
ried out by means of moving picture recordings 
showed that these reflexes though present in in- 
tact cats are not as distinct ns in decerebrate ani- 
mals being modified by xoluntary movements and 
bj a tendency of the forelimbs to staj in partial 
flexion Within 1-3 weeks after deafferentation of 
one hmb bj means of posterior root section, jios- 
tural reflexes, as noted by Bremer (Aniialcs rfc 
Physiologie 4 750, 1928), become ver^ actnc and 
brisk The res|X)nscs arc not only of the extensor 
13710 but also active flexion of limbs becomes promi- 
nent Furthermore, in the supine jwsition with 
labial cleft at 45' alxivc the horizontal pi me 
(‘nianimal attitudinal extensor jxisition’ of Mag- 
nus, Lancet 211 531 A. 585, 192G) the deafferented 
forelimb assumes a flexed position while the intact 
paw is extended at the radio-carpal joint Ventro- 
flcxion of the head causes extension of the doaffer- 
ented forelimb but usual flexion of the intact limb 
Similarh , placement of the animal in the jirone 
(‘minimal’) jxisition increases the extensor tone 
of the deafferented forelimb It is felt tint thr';i 
arc modified jxisilional and attitudinil rfflf\<H 
brought about b\ impulses from the liliirintli 
and neck proprioceptor^ icting on sjmi il :v nrorif 
<^cn=itizcd bi deaffi rcntation \ diffrreriti il ‘-tudi 
of these rcflcxr- 1 = in jiniarr-'; 

^Ictabollcm of rat testis in iitro J*i Ti iii 
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than it does in the presence of glucose, whereas the 
mature gland exhibits a markedly diminished Qoj 
in the absence of glucose These data may signifj 
that a metabolic difference exists between the 
tubular and endocrine portions of the gland, since 
the adult organ contains a much larger proportion 
of functioning tubular tissue than does the imma- 
ture one To test this hypothesis, 11 adult rats 
(mean w eight 287 gm ) were rendered unilaterally 
cryptorchid Between 23 and 28 days after trans- 
plantation of the right testis, when histological 
examination show ed marked regression of the tubu- 
lar system, Qcn and representative dry weight 
determinations were made on the transplanted 
glands (mean weight, 155 mg/100 gm of rat) The 
scrotal glands (mean weight, 495 mg/100 gm of 
rat) from the same rats were used as controls Tho 
results were as follows 



Q, 

Ch 

No substrate ' 

200 IHK p c glucose 

Transplanted (11 rata, 

6 24 BE ± 0 14 

6 36 S E ± 0 20 

11 vessels) 



Control (5 rats, 13 

3 96 S E ± 0 12 

0 78 S E ± 0 12 

vessels) 




It IS suggested that the tubular and interstitial 
components of adult testis may be differentiated 
by the metabolism of the surviving tissue as 
described herein 

Reorganization of sensory function in amputa- 
tion stumps two-point discrimination Hans- 
LtjkasTeuber (by invitation) , How'abd P Krieqeii 
(by invitation) and Morris B Bender Psycho- 
■physiological Laboratory, Dept of Neurology, New 
York Untv College of Medicine, Ncio York City 
Thresholds of tactile discrimination of two points, 
simultaneously applied, w'ere obtained in 30 men 
with unilateral amputations above the knee All 
measurements were made with a touch compass 
applied to the skin of the stump and to homologous 
areas of the sound limb Longitudinal thresholds 
were obtained by placing the compass along the 
proximo-distal axis of the limb , transverse thresh- 
olds by placing the points at right angles to tins 
axis The method of constant stimuli was used The 
threshold was defined as that distance, between 
the two points of the compass, at which 50% of the 
responses w'ere correct Each threshold was deter- 
mined by 140 trials The thresholds for the stump 
were consistently below those obtained for homol- 
ogous areas of the sound limb in 34 of the 36 sub- 
jects The average transverse thresholds of the 
stump for all subjects w'ere 24 mm compared to 
36 mm on the sound limb The average longitudinal 
thresholds were 29 mm on the stump and 42 mm 
on the sound limb These differences w'ere signifi- 


cant at the 1% level of confidence Similar, though 
smaller, differences were found betw een the stump 
and sound limb on testing proximal parts of the 
stump, the differences decreasing with a definite 
gradient as the hip was approached There were 
no indications that superiority in two-point dis- 
crimination of the stump w as due to the stretching 
or folding of the skin or concomitant distortion of 
the peripheral patterns of its innervation The re- 
sults are considered as presumptive evidence for 
central readjustments which impart to the stump 
some of the functional characteristics of the am- 
putated limb 

Ascorbic acid and acclimatization of animals 
to cold environment M TirfmiEN (by invitation) 
and L P Duoal Dbpl d’Acchmalation, Instilul 
de Biologic Humaine, Umv Laval, Quebec, Canada 
It has been shown in our previous studies, that 
the w hite rats, w hich are able to synthesize ascor- 
bic acid, do react to a long expiosure to cold by an 
important increase in the ascorbic acid content of 
their tissues if adaptation to the new surrounding 
takes place, if not, tho contrary occurs, namely a 
significant decrease in the content of that vitamin 
Following that observation it was found that 
guinea-pigs, w hich are unable to synthesize ascor- 
bic acid, need more and more of that vitamin as 
the temperature of the surrounding is bemg low- 
ered Among interesting topics that have been 
observed, it may be said that o) there is a reten- 
tion of ascorbic acid in the cold, as indicated by 
analysis of the tissues and of the urine, b) a direct 
relation between ascorbic acid content of the ad- 
renals and adaptability to low* temperature, c) a 
preventive effect of ascorbic acid towards the 
normal hj'pertrophy of the adrenals in the cold 

Effect of vitamin deficiency, thyroid and ad- 
renal hormones on oxidation enzymes of rat 
tissues Samuel R Tipton and Frances M Col- 
vin (by invitation) Dept of Zoology and Entomol- 
ogy, Umv of Tennessee, Knoxville, Tenn We have 
extended our earlier work on the relationship of 
vitamins, hormones and respiratory enzymes (suc- 
cinic dehydrogenase and cytochrome oxidase) to 
include adenosinetriphosphatase and d-amino acid 
oxidase of rat liver and kidney' Albino rats main- 
tained on casem-sucrose-vegetable oil plus the 
necessary supplement of commercial vitamin B 
factors have somewhat lower liver and kidney 
phosphatase and oxidase activities than do rats 
maintained on Rockland Rat pellets Administra- 
tion of desiccated thy'roid or thyroxine for 10 to 
20-day periods results in an increase in the activity 
of both enzymes After adrenalectomy there is a 
somewliat larger decrease in amino acid oxidase 
Treatment with lipo adrenal extract prevented the 
decrease in oxidase wuth a possibly significant rise 
m adenosinetriphosphatase In vitamin B defi- 
ciency there is a small increase in liver phosphatase 
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while that of kidnej is not sigmficantlj altered 
There is a decrease in the activity of ammo acid 
oxidase in both tissues llTien the B-deficient ani- 
mals are treated with thjToid powder there is a 
marked rise m liver phosphatase, the rise being 
considerably greater than that in hx'perthj'roidism 
in rats on stock diet Kidnej phosphatase does not 
show this B-deficiencx effect The stimulation of 
oxidase activity by the thxToid pow der is depressed 
bj B deficiency 

Syringe oxygen cathode for measurement of 
oxygen tension in solution and in respiratory 
gases JuLiAX IM Tobias Dept of Physiology and 
Toxicity Laby , Univ of Chicago, Chicago, III If 
the ends of a sjTinge plunger be removed, one has 
a hollow tube which fits tightlj into the S 3 minge 
barrel It is then a simple matter to insert an insu- 
lated platinum w ire and a pencil-tj pe calomel cell 
so that their tips just protrude from the end of 
the opened plunger The plunger is then filled 
with paraffin or a cement With leads from the 
other ends of the electrodes the platinum wire 
can be made a cathode 0 8 \ negative to the calomel 
anode If a solution be aspirated into the s 3 Tinge, 
using the electrode fitted plunger as the piston, 
the current which flows can be shown to be a 
linear function of the oxxgen tension of the solu- 
tion Precision has been studied using Ringer’s 
solution In a 0 5 cc xolume one can measure a 
change of 0 019 cmm of 0« w ith a standard error 
of 0 0001 cmm With the xolume reduced to 0 05- 
0 02 cc , using a 1-cc tuberculin s3Tinge, sensitix- 
itx is extended to 0 OOOS cmm of 0- with a stand- 
ard error of 1 7-2 3% The instrument can also be 
used for measuring pO* in gas mixtures b 3 taking 
m a small amount of Ringer and some of the gas 
After equilibration, the pO; of the Ringer is meas- 
ured The instrument is not as precise as the Hal- 
(Line anal 3 zer, and at pO; xalucs from 185-75 mm 
Hg it may differ from the HalcLmc bx 3 2 mm Ilg, 
on the axcrage An anah'sis takes a few minutes 
The instrument has not xct been succcssfullx u=ed 
w nil blood 

Coagulation decelerating action of hemophilic 
plasma on normal plasma L M Tocavtixs and 
U T CxnnoLu (by inxitition) Ditt<tiouof Ilcma- 
toloQii Dept of Medicine Jefferson Medical Col 
lerc J’hiladelpfiia, Penna V co iguLition decclerat- 
mg iction of hemophilic pi isni i on normal ]ilasm.i 
can he licinonstrati d if tin hU'od'- ire colkettd 
iftlx , ox ( r '•uit ihle surfaci ctntnfugid it high 
sinTd It 5'C md the tc-'t^ c irnid out in rolloilinn 
o" --iliooni roiled tubis Thi' pmjvrtx of hemo 
li’nlie n’ I'-ni i x ines unoinr In m mhilie indix idu iK 


while it IS being reduced in the lower layers Dilu- 
tion, aging and exposure to glass impair and ex en- 
tually destroy clot decelerating and anticephalin 
activity Normal plasma to which a lipid anti- 
thromboplastin (Proc Soc Exptl Biol d, Med 
68 110, 1948) has been added, acquires clot de- 
celerating action on intact normal plasma, and 
behaves on dilution, and incubation with cephalin, 
like hemophilic plasma 

Effects of anticonvulsants upon properties of 
frog sciatic nerve J E P Toman, hi D Gkeen- 
HALGH (by' invitation), J S Cablson (by invita- 
tion) and G H Bjorkxixx (by invitation) Depts 
of Physiology and Pharmacology, Univ of Utah, 
College of Medicine, Salt Lake City, Utah Frog 
sciatic nerxes were treated for 5 or more hours w ith 
solutions of various hydantoins, acetylureas, bar- 
biturates, and oxazoIidine-2,4-diones in Ringer’s 
solution at pH 7 3 and room temperature Those 
compounds haxing a 5-phenyl group and no sub 
stitution in the 3-N position were effective in con- 
centrations of 1 mxi or less in preventing the fol- 
lowing normal phenomena prolonged lowering of 
threshold and production of ‘ultrasupernormalitx ’ 
and ‘rebound spikes’ following supramaxima' 
stimulation , lowering of threshold and appearance 
of repetitixe discharges after immersion in neutral 
isotonic phosphate solution Those phenomena arc 
similar in some respects to the conx ulsix e bchax lor 
of pyramidal neurones described by Adrian and 
Aloruzzi (J Physiol 97 153, 1939) Diphcnyl- 
hydantoin, the most cffcctixc compound studied 
(EDy) = 0 04 mxi), had little effect on othoraspects 
of excitability and responsix eness In occasion il 
experiments there was a moderate increase in 
threshold and an abolition of the positix c ox ershool 
following a conducted spike Diphciix Ihx dantoin 
had no consistent effect upon mcmbriiic time and 
space constants, membrane potcntuil, action 
potentul amplitude, conduction xclocitx and re 
coxcry following «:ubniaxim.il stimulation Vl- 
though diphenx Ihx dantoin did not alter tin* dc- 
polirizing and conduction blocking effects of KGl, 

It prexeiitcd the inert u-cd txchinge of ndioictixt 
K and N» ions in nerx c« jirttreated w ith jihosph tt< 
•yjlution The rt'^ult'; indicat' tluit ^oinr ant icon 
X ulsaiit*: max p-exeiit ibnomiillx indiici d by jv r 
exnt ibilitx mil high frcqu< nc\ iliurkirgi w itboiit 
inip-iinng tin nornual function of nruroii's 

Effect of ammo acids on ncuro-muscular func* 
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tion charactenstjc for this disease, a maintenance 
of the amplitude of the action potential during 
indirect stimulation To ascertain whether this 
beneficial effect was due to supplying an essential 
amino acid to muscle and nerve single amino acid 
deficiencies were established in mice to ascertain 
whether the deficient animal shows a myasthenia 
gravis-like imjiaired nouro-muscular function 
Single ammo acid deficiencies were established by 
adimnistenng crystalline amino acids, vitamins, 
fat, and carbohydrate as suggested in diets based 
on the work of Rose Well fed mice, mice starved 
for 3 da 3 rs, and mice kept on low rations of mixed 
food for 6 weeks served as controls Mice starved 
for 3 days did not show an impaired neuro-muscu- 
lar function as measured by electromyography 
Mice kept on low food rations for 6 weeks shoved 
some impairment of the neuro-rauscular function 
Mice on the diet contaimng the 10 essential amino 
acids showed a similar neuro-muscular function as 
mice on chronic starvation Mice fed vith diets 
containing 9 essential ammo acids did not show an 
impaired neuro-muscular function after 2 weeks, 
showed some impairment after 4 weeks if the diet 
was lacking either leucine, or phenilalanino, lysine, 
histidine, threonine, methionine, and showed a 
marked impairment of neuro-muscular function 
after 6-8 veoks Glutamic acid deficiency did not 
induce marked impairment of the neuro-muscular 
function 

Effect on the action potential of nerve and 
muscle of 2.methyl naphthoquinone Clara 
ToRDAand BLarold G Wolff New York Hospital 
and the Depls of Medicine and Psychiatry, Cornell 
Untv Medical College, New York City The effect 
of 2-methyl naphthoquinone on the function of 
nerve and muscle in vitro and in vivo was investi- 
gated to ascertain whether or not this potent in- 
hibitor of choline acetylase impairs the function 
'of nerve and muscle In the presence of the naph- 
thoquinone m concentrations of 1 X 10~‘M the 
conduct on tune of isolated nerve preparation in- 
creased and the area and amplitude of action pio- 
tential decreased , the conduction time of nerve- 
muscle prepiaration (in vitro and in vivo) increased 
and the area and amplitude of action potential de- 
creased The muscle function on direct stimulation 
was not significantly impaired Since naphtho- 
quinone, in the concentrations used, is known to 
inhibit only choline acetylnsc, the dysfunction 
observed suggests that acetylcholine is necessary 
to maintain an optimal function of nerve, myo- 
neural junction and the excitatory mechanism of 
muscle 

Gastric distention as a factor in the satiation 
of thirst E J Towbin (introduced by E F 
Adolph) Physiology Dept , Univ of Rochester, 
Rochester, N F Smee dogs stop drinking before 
any appreciable amount of water enters their 


blood, this study was designed to determine some 
of the factors in the satiation of thirst Thirsty 
dogs with esophageal fistulae were allowed to sham- 
dnnk at hourly intervals In some experiments a 
stomach-balloon was inflated with water before 
the dogs drank The volume sham-drunk was two 
to three times in excess of the real water deficit, 
and water introduced into the stomach reduced 
sham-drinking (corroborating Bellows, 1939) Wa- 
ter introduced into the stomach-balloon was 
equally effective in partially inhibiting sham- 
drinking Supra-diaphragmatic vagotomy abolished 
this effect in 3 of 6 dogs Inflation of the balloon 
increases the interval between sham-dnnks when 
there is free access to water In other experiments, 
intaet dogs had free access to water Each drink 
was automatically recorded Following supra-dia- 
phragmatic vagotomj (2 dogs) the mean drink- 
size increased, in one dog it almost doubled Bi- 
lateral splanchnicotomy and sympathectomy (D3 
through D12), in 2 dogs, was follow’ed by a reduc- 
tion in the mean drink-size Subsequent to vagot- 
omy the drink-size rose above control values To 
date, attempts to pick up vagal afferent impulses 
stimulated by gastric distention have been incon- 
clusive It IS believed that the filling of the stomach 
initiates afferent impulses which are partml imes 
in gauging the amount of water drunk Either these 
impulses ascend the vagal trunk or the atonicity 
subsequent to vagotomy interferes w ith the initia- 
tion of 'distention' impulses 
Thrombin formation in presence of proteolytic 
enzymes and platelets Burton L Travis (intro- 
duced by John H Ferguson) Dcpl of Physiol- 
ogy, Univ of North Carolina, Chapel Hill, N C 
The plasma protease (Loomis el al , Arch Biochem 
12 1, 1947), said not to activate prothrombin, 
clot oxalated plasma or purified fibrinogen (Loomis 
and Seegers, Science 104 461, 1946), has been 
found 1) to accelerate the clotting of recalcified 
plasma and S) to speed up the rate of thrombin 
formation from purified prothrombin activated in 
the combined presence of calcium (optimal), ‘ac- 
celerator globulin’ (AcG), and washed platelet 
suspensions Small amounts of crystalline pan- 
creatic trypsin show ed appiarently analogous 
effects, but these, unlike the ‘fibnnolysin’ actions, 
were inhibited by crystalline trypsm-mhibitor 
from pancreas and by the ‘antifibrmolysin’ of 
Loomis It IS unlikely, therefore, that the fibrin- 
olytic protease itself if responsible for these 
accelerator effects There is no thrombm demons- 
trable in the 'fibnnolysin’ and it shows no accel- 
erator effect in the absence of platelets It does not 
accelerate prothrombin activation by tissue 
thromboplastin in the presence or absence of AcG 
Metabolism of radioactive iodine in severe 
anoxic anoxia L Van hliDDLESwoHTH Dept of 
Physiology, Univ of Tennessee College of Medt- 
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cine, Memphis, Tenn Se\ eral authors ha\ e shown 
that 40-50% reduction m oxjgen consumption 
occurs in rats exposed to sex ere anoxic anoxia 
This observation suggested the present investiga- 
tion regarding the cfTect of anoxia on the th 3 Toid 
actmtj as indicated bj the alteration of radio- 
active iodine metabolism in anoxic rats Fifteen 
voung rats were placed on a low iodine diet and 
after S weeks S of the animals were ex-posed to 
26S mm Hg barometric pressure (simulated 
27,000 ft altitude) for 12 hours All 15 of the rats 
were then injected with 10 microcunes of I‘’‘ and 
the anoxic rats were returned to the low baro- 
metric pressure After 24 additional hours all of 
the animals were killed The total I*’* was deter- 
mined in the thjToid gland, urine and a sample of 
plasma The plasma I*’* was fractionated by tri- 
chloracetic acid into ‘bound’ and ‘unbound’ I’** 
Significant findings include a pronounced reduction 
in ‘protein bound’ I*’* in the plasma of the anoxic 
rats The av crage V alucs (expressed as percentage 
of plasma I' *' ) for the male animals w ere as follow s 
trichloracetic acid filtrate of plasma of control 
rats, 20%, and of anoxic rats, 91%, trichloracetic 
acid precipitate of the plasma of the control rats, 
74%, and of the anoxic rats, S% In these experi- 
ments the I’*' content of the thj-roid glands and 
urine w IS not significantlv altered bj the hj-poxia 
Trial of entcrogastrone In Mann- Williamson 
dogs Frank E VisscnEn and Stanlev C Ltster 
(In invitation) Lahijs of the Upjohn Company, 
Dept of Pharmacology <t Endocrinology , Kalama- 
zoo, 1/ic/i Two groujjs of six Mann-^^lIlIamson 
dogs were prcjiarcd, one group was injected intra- 
mu‘;cuhrlv five times wccklv with 100 mg entero- 
gastronc, the other group was uninjcctcd \nimafs 
were mainl lined on a diet of ‘^pccLallv prepared 
food containing 25 parta ground pancreas, 25 parts 
gnnind liver, and with the remaining 50 parts 
conciiting of conimcrcLal dog food, bread, cod liver 
oil and null One gram of ferrous sulfate w is added 
]>cr div to till diet of cich dog Four of G injected 
mini il-5 •^un iv cd in pood condition , one of two dc- 
ct LM'd mini iK died of a jicrforitcd ulcer , the iver- 
agi^urviv il time of the In mg miimiN w isSmontlis 
md of the di co tsed anini ib, month'' Tlirti of C 
uninjected mini ib •-urvivcd in p>>d ctmdition, 
J I'f 5 <1( Cl I'-i d miai-ib dn d of i jv rforated ulcer, 
tbi i\(rg( 'urviv d tmu of tie living mini-ib w-i.>' 


Pmup F Waglet (bj invitation), Irwin W 
Sizer, Louis K Diamond (bj invntation) and 
Fred H Allen* (bj invitation) Dept of Biology, 
Massachusetts Inst of Technology, and Blood 
Grouping Laby , Children’s Medical Center, Bos- 
ton, Mass Observations liavm been made of the 
serological, phj*sical and biochemical effects of 
peroxidase plus H-O; on human serum containing 
anti-Rh agglutinins of specificitj' anti-D and anti- 
C (anti-Rho and anti-Rh*) active in both saline 
and albumin Peroxidase activitj against anti- 
bodies was considered of interest because it has 
reccntlj been shown to oxidize certain proteins 
(Sizer, Fed Proc 6, 202, 1947) and because of the 
presence of this enzjane in phagoc^'tic cells and 
its apparent absence in lymphocj tes There was 
significant diminution in titer of anti-Rh aggluti- 
nins after exjxisure for 6 hours at 37°C (0 1 ml 
scrum) w ith as little as 300 yg of peroxidase (hav- 
ing a P Z activitj of 167) in the presence of 
H;Oi (0 3%) Hydrogen peroxide alone in concen- 
trations as high as 0 3% had no observable effect 
Manomctric studies during the reaction revealed 
oxidation of scrum proteins induced bj the peroxi- 
dase-H-0. svstem Ultra -vuolct absorption spectra 
obtained before and after such inactivation of the 
antibodies bj' peroxidase showed changes in the 
absorption range of proteins This suggests an oxi- 
oation bj peroxidase of such constituent amino 
acids in protein as phcn3labnine, t3’T03inc and 
tr 3 plopliane These apparent jicroxidasc effects 
were not accounted for b 3 ’' an 3 catalase present in 
the serum Dial 3 -sis of scrum against 0 85% saline 
at G'C for 72 hours prior to incubation with 
peroxidase did not jirevcnt the effects of the latter 
on the antibodies Purified anti-Rh globulin show cd 
comparable changes induced b 3 peroxid esc w hen 
studied b 3 serological, ultri-v lolct and manomctric 
techniques However, thece jKroxidasc effects are 
not considered specific because anti \ and aiiti-B 
activities of huimin scrum wert nbo dccrc esed Ijv 
incubation with pcroxida.se in the jirisciicc of 
H.O rurthcrmorc, serum containing no Rli anti- 
bodv during expo'^ure to p'-roxidase-lI^O, •'hoved 
nianonu trie evidf nee of oxidation and alt* -itio n 
in ultri V lull t ih'^mption ‘-j)' ct— I of r< rtain ’ -urn 
D’Tot* in- 
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flashes were 5 seconds or more apart With a 2-sec- 
ond interval, the occurrence of a respionse created 
a bias against a response to the second flash In a 
senes of paired flashes of equal intensity separated 
by 2 seconds, with 10 seconds or more between 
successive pairs, responses occurred much less 
frequently to the second flash of the pair than to 
the first This is true even of flashes following 
those flashes to which there had been no response, 
although the depression of sensitivity was less than 
when the first flash elicited a response By varying 
the interval between flashes in the pairs, and by 
holding the intensity of the first flash constant 
while varying that of the second, it w'as found that 
within an interval up to about 1 second the effect 
of a subliminal flash summed wuth that of a flash 
following it This was then followed by a condition 
of decreased sensitivity, the sensitivity reaching 
a minimum at 2 seconds ( 1 to 2 log units below 
normal) and returned to normal by 5 seconds Fol- 
lowing a flash that had elicited a response, there 
was loss of sensitivity which disappeared in about 
5 seconds 

Renin concentration of the kidney in experi- 
mental renal hypertension G E Wakerun, John 
Mahshall (by invitation), R 0 Burns (by invi- 
tation) and Bess G Osgood (by invitation) Dept 
of Physiology , Umv of Illinois College of Medicine, 
Chicago, III During the past several years in our 
study of experimental renal hypertension w'e have 
determined the individual renin concentrations of 
500 dog kidneys The renin concentration of the 
normal dog kidney is relatively constant at approxi- 
mately 2 0 dog (Goldblatt) units per gm of fresh 
tissue Renin disappears from the contralateral 
kidney 20 days after unilateral renal artery con- 
striction, remains absent for at least 100 days, and 
returns in normal concentration 10 days following 
homolateral renal artery constriction Significant 
atrophy of the constricted kidney, injection of 
certain hog renal extracts containing renin, and 
extreme morbidity from distemper and/or pneu- 
monia favor the return or presence of renin in the 
contralateral kidney Unilateral nephrectomy ap- 
pears not to change the renin concentration of the 
remaining kidney The renin concentration of the 
kidney is probably normal 1-3 months following 
renal artery constriction and is increased by injec- 
tions of purified hog renin Prolonged renal artery 
constriction (6-78 months) tends to decrease the 
remn concentration of the kidney and significant 
atrophy may enhance this tendency, whereas dis- 
temper and/or pneumonia favor an increased renin 
concentration The renin concentration of the con- 
stricted kidney of experimental malignant hyper- 
tension varies from subnormal to supernormal, is 
not changed by injections of crude hog renal ex- 
tracts containing renin but is increased by mjec- 
tions of purified hog renin There was no correlation 


between the renal renin concentration and the 
level of hypertension, chronic or malignant Be- 
cause of their limitations, these findings neither 
directly support nor oppose the renin-hypertension 
hypothesis of the pathogenesis of experimental 
renal hypertension 

Treatment and prophylaxis of experimental renal 
hypertension with renal extracts G E Wakerun, 
J E Bourque (by invitation), John Marshall 
( by invitation), R 0 Burns (by invitation), B ess 
G Osgood (by invitation) and Lionel Schour (by 
invitation) Dept of Physiology, Univ of Illinois 
College of Medicine, Chicago, III We previously re- 
ported that crude hog renal extracts containing 
renin were highly effective in the treatment and 
prophylaxis of experimental renal hypertension in 
dogs During the past four years we found vanous 
crude hog renal extracts and extract fractions to be 
variably and less effective We now know that this 
difference is importantly due to the fact that our 
early extracts w ere prepared from hog renal cortex 
and our later less effective extracts w ere prepared 
from whole hog kidney Thus all dogs of a group 
recently treated prophylactically with crude hog 
renal extract containing renin and prepared from 
cortex were protected against experimental renal 
hypertension, whereas no dogs treated with the 
same extract prepared from whole kidney were 
protected Similarly, the same cortex extract was 
much more effective against experimental malig- 
nant hypertension than whole kidney extract 
Purified hog renin (70 dog units/mg N) was found 
to be effective in the treatment of renal hyper- 
tensive dogs Purified hog renin was likewise effec- 
tive in prophy laxis against hy pcrtcnsion but was 
definitely less effectne than crude cortex ex-tract 
in protecting against renal insufficiency and death 
following renal artery constriction to produce 
chronic hy’pcrtcnsion The results here reported 
arc definitely favorable to antircnin as the mech- 
anism of these therapeutic and prophylactic effects, 
but the question is still open and requwes work 
now under way The factor in renal medulla re- 
sponsible for the inhibitory effect on the thera- 
peutic and prophy lactic potency of hog renal cortex 
and renin is also under investigation 

Enzymic reduction of the retinenes to the vita- 
mins A George Wald Biological Labys of Har- 
vard Umv , Cambridge, Mass Rctinenei, formed 
by the bleaching of the photosensitive pigment of 
rod vision rhodopisin, is subsequently converted 
to vitamin Ai by a reaction in w hich reduced cozy- 
mase (DPN-Hj) acts as coenzyme Tw'o hydrogen 
atoms are transferred from DPN-H- to retinenej, 
reducing its aldehyde group to the primary alcohol 
group of vitamin A: (Wald and Hubbard, J Gen 
Physiol Jan 20,1949) The system which performs 
this reduction has now been isolated and fraction- 
ated into its components the coenzyme DPN- 
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Hj, the substintc, sjnthclic rctinenci (\itamm Ai 
nldchjdc) propaicd b\ the oxidation of ci jstalUne 
\it-imin Ai, md the apocnzj-mc, rctmcnci reduc- 
tase, extracted v>ith dilute salt solutions from 
homogenized frog or cattle retinas The apoeurjune 
is non-diahzablc, is piccipitated b\ lialf saturation 
of its solutions oith anmioinum sulfate, and is dc- 
stro\ed bj heating to 100“G within 30 seconds 
Its pn optimum lies at aliout C 5 The rods of fresh- 
water fishes contain a pai-illcl sr-stem which re- 
duces rctmcnc;, formed b\ bleaching poiphjTop- 
sin, to vitamin A; This also can be put togcthci 
from its isolated components in solution retincnc; 
reductase, extracted with dilute salt solutions 
from homogenized retinas, DPX-H;, and as sub- 
strate synthetic retincnc: picparcd bi the oxida- 
tion of vitamin A- These enzyme sx'stcnis bring a 
member of the xitamm B complex, the anti-pcl- 
lagra factor mcotinanndc contained m coz 5 Tnasc, 
into the chemistrj of rod xision Thej introduce 
also a noxel Mtamm relation — a B vitamin pii- 
ticipatmg dircctlj in the icgcneration of the 
Mtamins 4. 

Pancreatic secretion m response to mechanical 
stimulation of the duodenum J M Wxxdbox (br 
inritation), J L Thomas and L P Tkacz {bj 
mxjtatjon) Dept of Pliijsjologi/, Jefferson Medical 
College, Phtladclplna, Penna Throe healthi adult 
dogs were ppoMdod with gastric and duodenal 
tubulated fistulas of the txpc described bj Thomas 
(Proc Soc Exp Btol d Med 46 260,1941) The 
duodenal fistula was placed opposite the main pan- 
creatic duct and therefore the pancreatic duct 
could be casilj cannulatcd with a fine glass can- 
nul 1 The acccssor\ pancicatic duct had been 
sc\ cred and doublj ligated 4f ter complete recoa - 
err from the operation a total of 7S experiments 
w ore made on these 3 dogs to determine the effect of 
mechanical stimulation of the duodenum on pan- 
crcxitic secretion In the principle tjpe of experi- 
ment fasting juice was collected for 1 hour, tlien 
the dog was fed 200 gm of Purina Dog Checkers 
aid iKiucrcatic juice collected foi 5 hours In each 
dog experiments of tins t jTie w ere done with rubber 
tubes m the stomach and duodenum as the mechan- 
ic li stimulus and without thc^o tubes m place 
Other experiments were performed on each dog to 
nnostigatc the ix)=sibihtica tlut increased HCl 
secretion or patent pjiorus or specific properties 
of tlic rubber tubing accounted for our results 
Thc^c experiments conclusneh demonstrate that 
mere mechanical stimulation of the duodenum 
changts the rate of [i-incrcitK secretion in the 
fisting animal usuilh inereisingit rurthcrniorc 
the presence of mccli mu-il stimuli in tin duodc 
nuni alters the response of the pancreas to food 

Effect of temperature on the response of rat 
muscle to indirect repetitive stimulation Surt- 
ninn M Yaiklk Dept of Plti^tolorja ]\ adnno 


Ion Umv School of Medtcinc, Si Lotus, Mo Iso- 
metric mjograms were obtained from the triceps 
surae (m situ) of nule rats under sodium barbital 
(300 mg/kg ) anaesthesia Electrograms were le- 
corded simultaneouslj frani the gastrocnemius 
The muscle tcmperatuie was reduced by refrigoia- 
tion (lO^C ) of the animals for 1 to 2 hours At bodj 
temperature (36 S^C ) the peak tension induced 
bj double shocks is 200 to 220% of peak, twitch 
tension The peak of added tension resulting fium 
the second shock increases from 140 to 160% of peak 
twitch tension as the interval between shocks is 
increased bejond the icfractory period to the eaily 
portion of the falling phase of the first response 
Reduction of the muscle temperature to 26°C 
induces a tw itch w ith peak tension 180% and peak 
time 300% of normal The peak tension produced 
bj double shocks is onlj 133% of twitch tension 
in the cool muscle The peak of tension added a 
second response increases fi-om 40 to 65% of twitch 
tension as the interval betw een shocks is inci eased 
bejoud the rcfractorj period to the peak time 
The tension induced bj tetanic stimulation at 125 
shocks per sec is slightlj' greater in warm muscle 
Duration of the action jxitentials is prolonged m 
waim and m cool muscle b> shocks repeated at 
short intervals The results show that the cool 
muscle summates twitch tension less effectively 
than warm muscle both in double responses and 
m tetanic responses, although it shows a maikcd 
increase (180%) of twitch tension 
Effects of pancreatic duct ligation upon (he 
action of secretin and pancreozjTnm in rabbits 
C C Wang (b\ invitation), K J Wang (bj mvi- 
tation) and A C Ia i Dept of Clinical Science, 
Umv of Illinois College of Medicine, Chicago, III 
Rabbits with pancreatic ducts ligated for periods 
ranging from a few liours to two weeks were used 
The functional state of the pancreas was assessed 
bj stud\ mg the response to secretin and pancrco- 
zj-min and correlations were made with the histo- 
logical picture Within 24 hours, the Aolumo it- 
sponse to a standard sccredm stimulation w is 
clearjj decreased and (he cnzime content w is 
lowered HistopathologinlK , there were proto- 
plasmic changes m the acinar cells and the ducts 
became dilated On the fourth daj , the effect of 
pancreozATinn began to disappear and the "ccretin 
effect was greath reduced The cnzjTmc content 
of the juice was A on low The corresponding tissue 
‘tedious show cd the proKre=si\ c degeneration of tlm 
parcnchATiia uid in infiUrition of fibrous tissm 
The ro«ixm«e to ‘n < ritin continued to fill progri 
’-nch IS llie j>f>nod of hLition was lengtlmn'’ d 
I inalh , on the I4th <!i\ liic jiarcnchA-ma es 
tnosth replaced In fibroin ti^su> and the S'^entm 
action was also gone 1 he '-<nnt juice obt iin d 
■'howfd absence of amih-c 

Formation of protein or other aggregates b' 
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reactions linked in senes David F Waugh Dept 
of Biology, Massachusetts Inst of Technology, 
Cambridge, M ass The intermoleciilar bonds formed 
during collision of tn o single molecules may not be 
sutBciently strong to afford stabilization against 
thermal disruption The association of three or 
more molecules, either by simultaneous collision 
or by single molecules colliding with previously 
associated groups, may be stabilized by the simul- 
taneous formation of several low energy bonds 
Although similar bonds may be formed through- 
out, the reaction course may be evaimned by as- 
suming two reactions the first of n hich is termed 
an initiating (active center forming) reaction and 
the second the augmentation reaction (elongation 
reaction in fibril formation) The order of the first 
reaction indicates the number of molecules neces- 
sary to initiate a stable aggregate The second is 
expected to be pseudo-first order with respect to 
unit aggregating surface, i e , the rate at which 
1 cm * of surface augments n ill vary n ith the con- 
centration of free protein The total augmenting 
area of each locus of aggregation may increase n ith 
size thus introducing a further kinetic complica- 
tion Such considerations give differential equa- 
tions which have been solved for firot, an initiating 
reaction of order N follow ed by a pseudo-first order 
augmentation reaction assuming the aggregate 
rapidly approaches constant augmenting area , and 
second, an augmentation reaction alone in which 
predetermined numbers of active centers of initial 
size Mo are introduced into solutions of protein 
and augment with increase in augmenting area 
The general case of linked initiating and augmenta- 
tion reactions with increase in augmenting area 
with size has been examined numerically 
Effect of increased renal venous pressure on 
renal function REfrf: W6 geia and (by invitation) 
William D Blake, RiCHAnn P Kextino and 
Henht P Wabd Dept of Medicine, Columbia 
Umv College of Physicians and Surgeons and 
Presbytenan Hospital, New York City The effect 
of increased renal venous pressure on i enal func- 
tion was studied in anaesthetized dogs by means 
of clearance techniques Renal function was meas- 
ured separately and simultaneously in the two 
kidneys, but the pressure was raised in the left 
renal vein only, by means of a specially designed 
clomp Moderate elevation of the left lenal venous 
pressure from a normal value of around 100 mm 
saline up to 350 mm saline caused in that kidney 
a significant decrease in water and sodium excre- 
tion without any change in renal plasma flow, 
glomerular filtration rate, glucose Tm or diodrast 
Tm The i eduction in w ater and sodium excretion 
was due to an increase in the reabsorption rate of 
these substances by the renal tubule cells This 
effect also occurred when the sodium load w’os low 
Greater elevation of venous pressure (up to 550 


mm saline) decreased renal blood flow and filtra- 
tion rate, but there were insufficient results to 
state whether filtration fraction was significantly 
altered The mechanism for the increased reabsorp- 
tion of sodium and water ascribed to the increase 
in venous pressure and the implications of these 
results on the pathogenesis of the edema of cardiac 
failure will be discussed 
Effects of the ‘hyperglycemic factor’ found in 
insulin preparations H F Weisberq (by invita- 
tion), R Caben (by invitation), B Huddlestun 
(by invitation) and R Levine Dept of Metabolic 
and Endocrine Research, Medical Research Inst , 
Michael Reese Hospital, Chicago, III This 
study was undertaken to evaluate certain aspects 
of the action of the ‘hyperglycemic factor’ (H F ) 
present in commercial insulin preparations 1) 
Well-fed unanesthetized rabbits given 1~50 u/kg/ 
hr of insulin intravenously over a 6-hour penod, 
demonstrated the presence of H F in all cases 
However the degree of effect bore no consistent 
relation to dosage Fasting (24 hrs ) abolished 
or greatly reduced the tendency to hyperglycemia 
S) Subcutaneous injections of insulin into well-fed 
animals, in contrast to the intravenous route, re- 
sulted only in hypoglycemia 4) During the hyper- 
glycemic phases of alloxan action in dogs there was 
no detectable increase in the H F of serum from 
the pancrcatico-duodcnal vein, as measured in 
vitro by the method of Sutherland and Con (J 
Biol Chem 172 737, 194S) d) The part played 
by the adrenal medulla in detcrmimng the degree 
of hyperglycemia will be discussed No physiologi- 
cal significance can, ns jet, be attributed to this 
factor, on the basis of our findings or those m the 
hteraturc 

Chemical structure and the physiological prop- 
erties of acetylcholine JohnH Welsh Biological 
Labys , Harvard Umv , Cambridge, Mass As a 
working hypothesis to explain the reactions be- 
tween acetylcholine (Ach) and cellular constitu- 
ents it has been suggested that Ach acts as a co- 
enzyme This requires postulating two classes of 
cnzjTncs in order to account for the rauscarhiic and 
nicotinic actions of Ach The nature and spatial 
arrangement of certain groups within the Ach 
molecule and the enzymes would determine, m 
part, w'hich enzjone was activated Pfeiffer (Set 
cnee, 107 94, 1948) lias correlated the spatial rela- 
tionships of possible ‘prosthetic’ groups in Ach 
and certain parasympathomimetic drugs with the 
muscarinic activities of these compounds This 
study IS an attempt to deterimne the properties 
of the Ach molecule resjxmsible for nicotinic action 
The physiological actions of certain simple quater- 
nary ammonium ions on invertebrate nerve and 
muscle have been observed and it has been found 
that at least three methyl groups are necessary for 
maximal nicotinic action The substitution of 3 



March I9i3 


jVMEricax physiological society 


163 


ctln ] frroup'^ for tlic methj Is atfnchcd to the nitro- 
ptn of \ch produces an effectne Ach blocking 
agent v,hich is stable to insect cholinesterase In 
instances where choline esters, tctramcthjhm- 
monium ions and anti cholinesterases fail to pro- 
duce excitation while tncthjlacctjlcholinc and 
tctmcthxhmmoniuni ions excite, it is suggested 
that the Icxcl of actnc \ch within the tissue innj 
be within the parahtic range and partial blocking 
of Ach maa , in cfTcct, reduce the lead until it falls 
within the cxcitatorj range 
A aolumctnc apparatus for studies of (issue? 
mclaboHsm RriiiAn WrNxr'^Laxn (introduced 
.1 Piiid) Arctic Research Lahi Poinl Barrow, 
lla^la, and Dept of Phi/twl , Stanford Umv , 
Calif \ ixirt.ablc microraspirometer lias been dc- 
ai'=c(l, which oilers scaerd adaantagos oacr the 
conaentional INarburg tape These arc The aolu- 
nietnc principle, which allows a direct reading of 
the oxjgcn consumed, so (hat calibration of the 
rc'-piromctcr a&spcls is unncccssarj, less scnsilia- 
itj to temperature changes, and a thermobarom- 
cter compensation for cliangcs in barometric 
pressure and huniiditj The measuring unit is 
compact, unbreak ible and hell suited for trans- 
jKirt and field worl It is based on the same general 
jinnciplcs as the respiromctcrs worked out 
Schol ind( r \ I sh i])(.d manometer and an oxjgcn 
chambfr ire drilled into a rectangular piece of 
jilexigla-ss, ( i m itcnal first introduced into micro- 
respiroinetn b\ Sehnlan<icr) ind arc connected to 
i respirition chamber of the irhurg xcsscl tape 
The second branch of the manometer is conncctcil 
with a sniill thennobaronieter Inittlc The carlion 
dioxidi jiiTKlurcd is ibsorbid in all ali The dc- 
cix ise in ox\-gi n is indicated b\ the manometer V 
st unless st(il plunger is jiushi li into the oxagen 
chamber until the m inoim ter is b icl to the lead 
It had it stall lod it p-e a lous reatiings The posi- 
tion of the jilungi r c in be ri id with 1 di il indic itor 
or b\ a simjilified micrometer snaw dtaice md 
giai s the ox\g( n ronsuini d betwunthf twor. id 
ings, when tin dinn iisioiis of tin jdiitigir arc 
1 nown ] or a co njxir-itia e studa oii tis<.ii, n s])iri- 
tioii ba till'- ind thi \\ irhurg inithmi s, , inct 
ha 1\ iss ind \\ I nnrsl md 


decompression and anoxia Following sudden de- 
compression from sea lead to 40,000 ft simulated 
altitude in 0:, at which altitude the anoxia is in- 
significant, the slight blood pressure reduction is 
onlj of few seconds duration, after which both sas- 
tolic and diastolic pressures are maintained at near 
control lead awhile the animal remains at this alti- 
tude The marked and sustained a'asomotor change 
IS obscraed onlj after sudden decompression to 
altitudes at w Inch the animal is complctdj' anoxic 
We haa e confirmed the obscra-ation that the pulse 
pressure disappears after cxplosia c decompression 
to altitudes aboa c 60,000 ft With rdatia'clj slow 
decompression to such altitudes, howcacr, the 
pulse pressure is reduced but docs not disappcai 
The sj-stolic pressure maa begin to recoacr during 
rccomprcssion when the animal is still at altitudes 
of complete anoxia, indicating a rccoacrj from 
cfTects of sudden ambient pressure changes The 
diastolic pressure rccoacrj is slower and appears 
to be cssentialla a function of rccoacrj fronianoxii 
and acrj similar to records of rccoacrj from 100% 
X'« anoxia This difTcrcncc in rccoacra rites results 
in a temporarj increase in pulse pressure iilioac 
control load Both sj-stolic and duastolic pressures 
rise aboac predccomprccsion leads towards the 
end of rccomprcssion but return to near control 
leads at end of rccomprcssion 
Renal dj-namics and salt and water excretion 
in (he dog following expansion of extracellular 
fluid Lainixcr G Bissox Jn , B J’AnKiu 
txciow Jn , Lawnixci G Aiinii) \ 

Boixjaira and Micnaii Lann (introdvieul ba 
HoaunB Smith) Dept of /Vn/ciohv/v. A m lor). 
I nil College of Mcdiriur, \c\r lor/ C'ltv I xtri- 
cdlular fluid aolume in dogs was men used ’> to 
107c of boiia weight ba ‘^lou or npid infusidu of 
modified Jyad e's ‘dilution md thi ineria''' mis- 
taincd up to hour) ba tie intriatiimis rcplare- 
ment of Aid, KCl md w i(i r i- f L^t th> o 
cotniyinrntv wi -I rxrril<d I iltritem r it< (Cj ), 
n n il j)l rm i f i \ fCpanh filtrition frieiion (I J ) 
md iiniH fl lU {\ ) •-howed a t phi-' ri^pii • 
Diirmg /'/ o-c /, Cp 1,11 Cp md \ men j-'dtop' I 
a du' wi I) abi ( O') Prill \ due \t *.hi ri*' of 
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then fell to a value slight Ij-^ hj-potomc to the blood 
shoitly after the peak value of V was reached If 
the control values uere high, Uci decreased stead- 
ily to the hypotonic level Duiiiig Phase III, Uci 
lose until it attained a stable h3T)ertonic level 
In Phase III, renal djnamics, urine flow and 
urine concentration manifested a marked stability 
Renal tubular action of diuretics II Effects of 
mercurial diuresis on glucose reabsorption R E 
Weston, J Grossman (by invitation), I S Edel- 
MAN (by invitation), D J W Escher (by invita- 
tion), L Leiter (by invitation), and L Hellman 
(by invitation) Medical Division, Montefiore Hos- 
pital, New York City The tubular site — provinial 
and/or distal — at uhich mercurial diuretics act 
has never been preciselj localized Recent investi- 
gations have demonstrated that in man salyrgan 
produces not only decreased tubular rcabsorption 
of electrolytes and uatcr, but also significant de- 
pression of TMpAH, a renal function presumably 
limited to proximal tubulai segments Since it is 
well established that glucose reabsorption is lim- 
ited to the proximal tubule, the effect of mercurial 
diuretics on maximal tubular capacitj for glucose 
rcabsorption (TMq) was determined in human 
subjects w ithout climcal renal disease Prcliminai 3 
experiments revealed that intravenous adminis 
tration (2 cc ) of hleicuzanthm 01 Thiomcrin (Di- 
sodium-N (y-carboxj" nicthj I mcrcapto mei curi- 
B-methoxy) propyl camphoi-amatc) immcdiatcl3 
after several ten imnute control periods gcncralh 
lesulted m a 40-80% dccicuse in TMg, u hich coin- 
cided with maximal electrolyte and water diuresis 
As diuresis diminished, TMq returned tow ird 
normal In these earlier experiments, concentrated 
glucose-mannitol aqueous solutions wore infused, 
and the combined mcrcui lal-osmotic diuresis pro- 
duced significant dcci cases 111 serum electrolytes 
and extracellular fluid To obviate this, infusions 
were prepaied m noimal saline Because prolonged 
(90-160 minute) administi ation of glucose in saline 
has been reported to produce 20-30% decreases in 
TMg in occasional subjects, in a second sei ics of 
experiments, control and iiost-mcrcurial glucose 
TM’s were determined soparatel3'' at 5-7 da3’' in- 
tervals In these shoitei experiments, mcicmials 
were administered piior to glucose infusion and 
produced similar depression of TMg It is con- 
cluded that m man meicurial diuretics dcpiess a 
specific proximal tubulai function 
Liberation of histamine by epinephrine P 
Wheeler (by invitation) and F R Goetzl Insl 
of Medical Research, The Permanente Foundation, 
Oakland, Calif Recent reports indicate that m 
human beings an increase occuis in histamine 
content of blood plasma following intravenous 
administration of epinephrine The observation 
was interpreted to indicate an ability of epineph- 
rine to bring about liberation of histamine from 


tissues The present in vivo and in vitio experi- 
ments were performed using rabbit’s blood His- 
tamine was assa3nd according to the method of 
Bai-soum and Gaddum as modified by Code In 25 
in VIVO experiments cpincpluine in doses varying 
from 0 05 to 1 0 mg/kg was injected intravenously 
into anesthetized rabbits Blood samples were 
obtained from the animals by heart puncture be- 
foic and at 10 to 15 minute intervals after the in- 
jection for a period of 50 to GO minutes In blood 
samples thus obtained histamine was assayed and 
the leucocy tes w ere counted For the purpose of 
control similar experiments were jicrformcd in 10 
animals which received intravenous injections of 
physiological saline solution instead of epinephrine 
The 1 esults obtained from the in vivo experiments 
showed that intravenous injection of epinephrine 
causes a decrease in blood histamine and in the 
leucocyte count In 37 in iilro experiments blood 
was obtained by' licart puncture Histamine was 
assay ed m w hole blood and in plasma after addition 
to the w hole blood of cqiuil volumes of epinephrine 
(0 001 and 01 mg/10 cc) and of saline solution, 
icspcctivcly The results of the in vitro experi 
ments showed lliat addition to whole blood of 
epineiihrinc is followed b\ an increase m plasma 
histamine, presumably due to liberation of hista 
mine from leucocytes The observations described 
aic regal ded to indic.it e th it the decrease m blood 
histamine which, under the conditions of the 
expel inients, followed inlraxenous injection of 
epinephrine into nibbits, was preceded bj' a shift 
of histamine from intracellular to extracellular 
comp irtnicnts 

Development of seizure pattern by repetitive 
minimal cortical stimulation J A Wbieldox (by 
iiiviUtion) and A iax IIarreield Kerckhoff 
Labys of the Biological Sciences, California Inst 
of Technology, Pasadena, Calif Lciio described a 
slowly' spreading, truisitory depression of the 
normal cortical nctult^ which could be elicited 
by stimuli loo weak to produce an aftcrdischarge 
During this spreading dtpiession ho furthermore 
obsciNcd a cortical activitx of a convulsive type 
In the luescnt experiments it was found that this 
convulsive activity is completely absent during 
the dcpicssion produced by the first stimulus after 
a long rest (1 hour) On repetition of the same 
stimulus at 5 to 10 minute intervals the convulsuo 
activity developed and gi ow m intensity' and dura- 
tion Also it w as found that a stimulus of a strength 
and duration which initially was insufficient to 
pioducc an aftcrdischai'ge did so after repetition 
Both aftcrdischarge and convulsive activity grow 
ing in intensity and duration w ith further repoti 
tioii were in some expciimonts finally' found to 
merge, producing an electroencephalogram typica 
of an electrically' induced seizure A rest of one 
hour was sufficient to rcstoic the original situation 
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in bich a stimulus produced spicading depression 
u ithout either afterdischargc oi convulsive activ- 
ity Aftera u ave of spi ending depression had passed 
over the coitev the cortical activity was abnormal 
(bursts or continuous runs of medium to high 
potentials, 100-^500 micix) volts, slow, 2-6/scc 
waves) even if the stimulation produced neithei 
afterdischarge nor convulsive activity 
The capacitance method for the study of cardiac 
activity William V Whitehohn and Edward R 
Perl (by invitation) Dept of Physiology, Untv 
of Illinois College of Medicine, Chicago, III Stud- 
ies of capacitative changes accompanying the 
cardiac cycle in the human liave continued Sub- 
stitution of A C for D C amplification in the 
apparatus has mcreased stability and gam and 
simplified operation Techniques and conditions 
for record taking have been standardized and the 
relative importance of technical factors deter- 
mined Further analysis of records (cardiodielcc- 
trograms) m relation to simultaneously recorded 
electrical and mechamcal cardiac events supports 
cailier conclusions that such records are directly 
related to cardiac volume changes and may provide 
an approximation of stroke volume Comparisons 
of relative stroke volumes calculated from cardio- 
dielectrograms of normal subjects under conditions 
of rest, exercise and performance of the Valsalva 
maneuver yneld results in keeping with expected 
changes and provide evidence for the relative 
validity of the method Absolute cabbration of 
the instrument has been cairied out by the mtro- 
duction of spherical, saline filled balloons of known 
volume into the condensei field in positions ap- 
proximating that of the heart Results derived 
from such calibration curves cannot, however, be 
considered conclusively valid and comparison 
with simultaneous determinations by the direct 
Fick procedure are now in progress 
Action of dilute trypsin on muscle protoplasm 
(motion picture) Floyd J Wiercinski and 
Brian A Cookson (introduced by John C 
Scott) Dept of Physiology, Hahnemann Medical 
College, and Dept of Zoology, Untv of Pennsyl- 
vania, Philadelphia, Penna Recent studies have 
indicated that the colloidal behavior of muscle 
protoplasm is similar to the colloidal behavior of 
blood The clottmg of muscle protoplasm (for ex- 
ample by free Ca ion) produces shortemng Inas- 
much as dilute trypsin solutions act like thrombin 
m causmg blood clotting, it was thought to be of 
interest to determine the effect of dilute trypsin 
on muscle protoplasm The trjqisin prepaintion 
used contained 60% of a magnesium salt , the con- 
centrations reported here arc based on the trypsin 
content The microinjection of a dilution of 1 1000 
and 1 2000 in a calcium-free Ringer solution caused 
a dramatic clotting of the sarcoplasm but the sar- 
colemma nas unaffected The interior protoplasm 


contracted so sharply that it broke into pieces A 
somcuhat ucakci effect is produced by the injec- 
tion of a 1 10,000 solution The myofibrils in the 
intciioi of the fiber ueic seen to break in soveial 
places along the longitudinal axis The cortical 
region just undei the sarcolemma appeared to be 
unaffected by this concentration of trypsin A 
1 100,000 dilution of tiypsin upon injection into 
the muscle fiber caused vciy little effect but there 
lias a slight contmction 

Testing the validity of ashing and digestion 
procedures by isotope dilution Walter S Wilde 
Dept of Physiology, Tulanc University, New 
Orleans, La We analy^zc for phosphate in the phos- 
phoprotein-nucleic acid residue of Schmidt and 
Thannliauser The sulfunc-nitric acid digest 
(Fiske and Subbaron , J Biol Chem 66 377) of 
intestinal mucosa from the rabbit is analyzed 
colorimeti ically The procedure is tested by apply- 
ing the expression, Pj/Pa = PWPmi We call the 
knonn tracer mixed with the phosphate residue 
before digesting Pa Aftei digestion an aliquot is 
neutralized and precipitated as MgNH^PO^ This 
IS washed thoroughly, ledissolved in dilute acid, 
and analy^zed for tracer and for phosphate (colon- 
metric) This gives the ratio Pmi/Pm* We then 
calculate for Pj which is compared to a direct 
colorimeti 1C analysis of another aliquot of the acid 
digest Three runs from a common pool are tabu- 
lated 


« 
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Although absolute loss occurs with the magnesia 
ppt the tracer and non-tracer are lost proportion- 
ately so that theu ratio remains unchanged and 
available for a valid calculation The agreement 
between the value calculated and that found indi- 
cates there is no volatilization heat loss, that the 
presence of possible chemical interfering sub- 
stances in the acid digest gives colorimetric results 
no different from those for the simpler solution of 
dissolved magnesia ppt , that pyrophosphates, if 
they do form, are later hydrolyzed 
Toiucity studies on antioxidants — butylated 
hydroxyanisole and hydroquinone OHM 
Wilder and H R Enaybill (introduced by A J 
Carlson) American Meat Inst Foundation, Umv 
of Chicago, Chicago, III Buty'lated hy droxyanisole 
(BHA) and hydroquinone (HQ) are both excellent 
antioxidants for use m animal fats Toxicity studies 
have been made on BHA and on a mixture of BHA 
and HQ, using rats, to determine their LDSOs and 
to see if their long continued ingestion would hav e 
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any harmful effect on the animals Si\ % of lard 
containing up to 2% of BHA was fed in a good basal 
ration for periods up to 21 months from weaning 
No significant differences were observed in w eight 
gams from v\ eaning time between the controls and 
anj of those getting the antioxidant, nor were 
there any differences in reproduction and growth 
of young Another group of rats was started as soon 
after weaning as they would consume the ration 
and fed for 6 months at levels of BHA up to 2% of 
the ration The onlj observed effect was a retarded 
weight gam at the higher levels No effect was 
observed upon autopsy m any of the rats, and 
histological examination revealed no pathological 
conditions that could be attributed to the anti- 
oxidant at any level of feeding A mixture of 80 
parts BHA, 12 parts HQ, and 8 parts citric acid 
fed at levels of 0 3 and 2 0% of the ration has show n 
no effect during the growing period The LD-50 of 
BHA dissolved m corn oil is 4 1 gm/kg body weight 
m the rat In a water emulsion, on a fasted rat, it 
IS in excess of 5 0 gm/kg body w eight 

Pressure and flow of blood distal to a point of 
reduced arterial bore Arnold H Williasis (in- 
troduced by Henrt a Schhoeder) Dept of In- 
ternal Medicine, and the Oscar Johnson Inst , Wash- 
ington Umv School of Medicine, and Barnes 
Hospital, St Louis, Mo The decreases of pressure 
and flow of blood distal to a point of reduced arte- 
rial caliber are of considerable physiological im- 
portance Heretofore studies of these hemodynamic 
changes, produced by external compicssion of an 
artery, have been complicated by obstruction of 
venous retui n or have been done W'lthout exclusion 
of collateral circulation For this reason the changes 
of the pressure and flow' of blood w'cre studied in 
the brachial artery, distal to an adjustable clamp, 
m the isolated forelimb of five dogs Blood was 
supplied from the animal but a perfusion reservoir 
was connected to the circuit to obtain pressure- 
flow curves In one instance oxygen tension of tho 
muscle was measured simultaneously Short or 
prolonged arterial constrictions (up to 25 minutes) 
did not produce any consistent relationship be- 
tween the reduction of pressure and the reduction 
of flow Neither w as this relationship found at tho 
end of 16-second perfusions of tho constricted 
artery The calculated percentile decrease of flow 
was not always gi eater at lower perfusion pres- 
sures Thus arterial constriction produced no con- 
sistent change of arteriolar resistance distal to tho 
constriction 

Hepatic vital staining and dye excretion in 
CCh-treated mice W Lane Williams Dept of 
Anatomy, Univ of Minnesota, Minneapolis, Mtnn 
Hepatoxic centrilobular injury was produced by 
CCh and concomitant hepatic reactions to the 
following were studied 1) two acid diazo dyes, 
trypan blue (Color Index 477) and chlorazol fast 


pink (C I 353), 2) the triphcnylmethane fluoian 
dye (also a xanthene fluoran), rose bengal (C I 
779) , and S) the sulfonated ti iphenj Imethano dye, 
isammeblue (Cl 710) Dyes were injected subcu- 
taneously or mtrapentoneally as 0 5 to 1% saline 
or aqueous solutions m amounts of 0 1 to 0 4 cc 
The azo dyes were excreted m normal and CCh- 
treated mice by the kidney, Rose Bengal by the 
liver, isaminc blue, by liver and kidney The azo’s 
and isamine blue were present m macrophages as 
segregated granules Rose Bengal was not deposited 
m macrophages in such a fashion and did not appear 
in such cells in an observable quantity The azo’s 
and isammo blue clearly stained the cytoplasm of 
damaged cells and remained m such cells until lysis 
ensued Tho former dyes w'ere definitely aggre- 
gated into large particles during actual necrosis, 
but the latter did not clearly undergo such a strik- 
ing alteration In contrast to the above, Rose 
Bengal stained the cytoplasm of all hejxitic paren- 
chymal cells At 4-fi hours after intraperitoneal 
injection normal cells were clear of this dye, while 
colls in the centrilobular area of damage retained 
the dye for 8-14 hours depending on the interval 
(24-48 hours) subsequent to treatment with the 
hepatoxic hydrocarbon 

Metabolism of the rat spinal cord functioning 
in isolation R D Tschirgi (by invitation), R 
W Gerard, H Jenerick (by invitation), L L 
Boiarskt (by invitation), J Z Heahon (by in- 
vitation) Dept of Physiology, Univ of Chicago, 
Chicago, III Tho perfused isolated spinal cord 
lends itself admirably to combined functional and 
metabolic studies A technique has been developed 
for removing the rat thoracic cord supported on 
vertebral bodies, fixing in plaster, and perfusmg 
(after Galli-Manini) with T 3 Tode plus glucose- 
(100 mg %) plus purified egg albumin and, some- 
times, washed beef erythrocj'tcs, at regulated 
temperature, pn, C 02 , Cco-) arterial, and pulse- 
pressure Flow' averaged 1 cc/gm/min Reflex 
activity, tested by stimulating a dorsal root and 
recording ventral root potentials, continued un- 
diminished in experiments lasting over 3 hours- 
One minute asphj'xia or 2 to 4 minutes perfusion 
without glucose abolished reflex response Recov- 
ery was complete within 2 minutes on restoring 
oxj'gen or glueose, even aftei more than 30 minutes- 
deprivation Average glucose utilization, 7 5 mg/ 
gram wot weight per hour (range 7 1 to 8 0), corre- 
sponds to a Qo* of 6000 Adrenalin increases the- 
roflex response of a failing preparation The are- 
flexia of aglycemia can be used to test the ability 
of other substrates to support function After 15- 
minutcs inactivity without glucose (and later le- 
turn with glucose) the follow'ing were ineffective,, 
although several are easily oxidized alcohol, ace- 
tate, lactate, fi-hjdioxybutyrate, fumarate, mal- 
ate, succinate, adrenaline, dl alanine, dl lysine^ 
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1 tyrosine, dl aspartic, dl cj'steine and 1 cj’stine 
The following, m contrast, restored full function 
pyruvate, oxaloacetate (partial restoration), iso- 
citrate, a-ketoglutarate glutamate and glutamine 
Ammonia and glucose appeared in the perfusate 
with glutamate, glucose with a-ketoglutarate 
Seemingl} , successful metabolism of a substrate 
does not guarantee support of function 

Effect of abdominal ice packs on recovery from 
fatigue IV W Tuttle, W P Happ (by invitation) 
and IM IVilsox (by mmtation) Dept of Physiol- 
ogy, State Umi of loira, Iowa City, la It has been 
reported that cold hip baths were employed in 
Germany durmg the last World War, in both m- 
dustry and the air force, to ward off the onset of 
fatigue and to hasten recovery from it It is the 
purpose of this mvestigation to gam further m- 
fonnation relative to the beneficial effects of the 
local apphcation of cold on recovery from fatigue 
The problem was approached by' comparmg the 
maximum amount of work a subject would do on a 
bicy cle ergometer m one minute of Tnaximiim effort 
before and after a 10 -minute rest, both mthout and 
with an ice pack applied to the abdomen durmg 
the rest period Eleven graduate men rangmg m 
age from 25 to 35 y ears, and m weight from 130 to 
200 pounds, served as subjects A study of the data 
showed, that m every case, the drop-off m work 
foUowmg a rest period with an abdominal ice pack 
was significanth less than when the ice pack was 
omitted The mean drop-off mwork for the subjects 
when the abdominal ice pack was omitted from 
the rest period a as 225 kgAI and when ice was 
applied the mean drop-off was 69 kgAI This differ- 
ence IS significant at the 1% level of confidence It 
was also observed that for the most part, the appU- 
cation of abdominal ice packs between bouts of 
strenuous exercise allev-iated the symptoms of ex- 
haustion such as dizziness, nausea and muscular 
weakness 

Residual electrocardiograms WruLiAVi G Tun- 
viAX (by mvitation) and Jvxe Saxus Robb Dept 
of Pharmacology, Syracuse Umv College of Medi- 
cine, Syracuse, X y In order to test the adequacy 
of our recordmg instruments for another study , 
various standard extremitv , umpolar extremity 
and direct leads were recorded from turtles Car- 
diac tissue was progressiv ely cut away ehmmatmg 
first the ventricle, then one and finally both atria 
With the entire heart excised potentials from two 
pjaceniakers were still recorded Inspiection showed 
movement of the mtrapiericardial portions of right 
and left veins These had to be resected far mto 
the thorax before the galvanometer became quies- 
cent When but a few millimeters of one v em re- 
mamed and pulsation of one spot, approximately 
1 mm sq , could be seen with a hand lens, poten- 
tials were stdl recorded from direct electrodes 
either piaired to each other or with each paired to 


the central terminal which in turn was connected 
to 3 extremities From this small area of pulsating 
vein, whose anatomical arrangement is relatively 
simple, Q-, R-, S-, and T-wavTS were registered 
During this procedure there was a surprising main- 
tenance of voltage suggesting considerable neutral- 
ization of current in the intact turtle This studv 
lends support to the view that the heart too has 
functional ‘unit’ areas which become activated, 
contract and produce each of the characteristic 
electrocardiographic waves Although injury to 
some given area of the mtact heart may alter the 
total electrocardiogram by altering summation, it 
seems unjustified to state that activation of some 
specified area is the cause of a given wave 
Effect of dinitrophenol on respiration of excised 
brams of rats at various stages of development 
David B Tyler Dept of Embryology, Carnegie 
Inst of Washington, Baltimore, Md To test the 
hypxithesis that the mechanisms mvolved m oxy gen 
consumption may' differ m brains of different ages, 
the effect of dmitrophenol, was determined 

on the minced bram of rats, ranging m age from 
new bom to adult, by' means of Warburg respirom- 
eters The oxygen uptake of the new bom paUium 
Gess than 24 hours old) is mcreased by an av'erage 
of 28% During the next 7 days there are indica- 
tions that the sensitivity to the stimulating effect 
of this dmg IS diminished The pallium of the 
3-day'-old rat shows only a 15% mcrease with the 
same concentration of dimtrophenol Begmning 
about the 8th day there occurs a gradual mcrease 
m the respxmse to dimtrophenol untd the adult 
level IS reached Under the conditions of these 
experiments dmitrophenol (10“®ii) increases the 
oxygen uptake of the adult paUium by an average 
of 40% No significant regional differences m re- 
spxmse to dimtrophenol have been found How- 
ever, dmitrophenol enhances the depression of 
respiration produced by' malonate or lodoacetate, 
depiendmg upion the sensitivity' of the region to the 
inhibitor Thus the addition of dmitrophenol and 
lodoacetate to a suspension of mmeed adult me- 
dulla results m a lower oxygen uptake than when 
lodoacetate only is added, whereas a combination 
of dmitrophenol and malonate results m approxi- 
mately the same oxygen consumption as occurs 
if malonate alone is added In the case of the adult 
paUium a combination of dmitrophenol and malo- 
nate results m a significantly lower oxygen uptake 
than when malonate alone is used whereas the 
oxygen uptake of that region m media contammg 
a combination of dimtrophenol and lodoacetate 
is approximately' the same as when lodoacetate 
alone is used The results with dimtrophenol sup- 
port the hypothesis that the growth of the bram 
of the rat is accompamed by quabtativ e or quanti- 
tative differences m the systems respionsible for 
its oxygen uptake 
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Fibnnolysm activation by specific antigen, pep- 
tone and polysaccharides Georges Ungae (in- 
troduced by A A Schiller) Rheumatic Fever 
Research Inst , Northwestern Umv , Chicago, III 
It IS known that active proteolytic enzyme can 
appeal vhcn its inactive precursor present in 
serum is treated n ith chloroform or streptokinase 
Activation has now been found to occui on addition 
of the antigen to serum from guinea-pigs previously 
sensitized to egg albumin Activation was also ob- 
served in normal guinea-pig serum treated with 
peptone, agar, hyaluronic acid, chondroitmsulfui ic 
acid, glycogen, pneumococcal jxilysaccharidcs and 
heparm Higher concentrations of heparin however 
inhibit activation The activating agent was added 
to serum which nas then diluted with distilled 
water and adjusted to pH 5 4 The resulting pie- 
cipitate, containing the enzyme, nas centrifuged, 
redissolved and tested for proteolytic activity by 
a very sensitive fibrinogenolytic method and also 
by viscosimetry Activation under the conditions 
mentioned above diffcis from the chloroform or 
streptokinase induced activation by the fact that 
it does not occur n hen the activating agent is added 
to the euglobulin precipitate oi to scrum previously 
heated to 56° The findings reported heic may have 
some bearing on the mechanism of anaphylactic 
and anaphylactoid reactions and on the functions 
of some high molecular carbohydrates 
Effects of explosive decompression on blood 
temperature in the right and left heart Edwin 
G Vail (by invitation) and Fred A Hitchcock 
Dept of Physiology, Ohio State Univ , Columbus, 
Ohio The development of the thcrmistoi makes 
available an instniment foi the precise measure- 
ment of small and rapidly occurring temperature 
changes Experiments have already been rciwrtcd 
in which thermistors n ore used to record tempera- 
ture changes in the lungs In the experiments ic- 
ported m this communication, thermistors were 
inserted through the light jugular vein into the 
region of the right heart and through the light 
carotid artery into the region of the left heart The 
exact location nas detci mined by autopsy Tem- 
peratures V ere recorded by means of a tn o channel 
ink-vnting oscillograph The tcmperatuie in the 
light heart was found to be slightlj'’ higlici than 
that in the left heart There ncrc slight fluctua- 
tions in the temperature of the i ight heai t v hich 
could be correlated nith icspiratory movements 
and may possibly bo due to the proximity of the 
superior vena cava to the i cspiratory passages No 
temperature fluctuations v ci e observed in the left 
heart Following explosive decompression to 30 ± 

5 mm Hg there uas an uninediatc drop in the tem- 
perature of the right heart and two or three seconds 
later, a drop in the temperature of the left heart 
This decrease in temperature was greater in the 
left than m the right heart The maximum drop in 
temperature occurred in about 20 seconds 


Studies on the effect of anoxic anoxia on sheep 
blood sugar and hemoglobin Edward J Van 
Liere, J Clifford Stickney and David W 
Noethup Dept of Physiology, West Virgimn 
Umv School of Medicine, Morgantown, W Va 
Sheep nerc chosen for these experiments because 
of then known low fasting blood sugar Two cas- 
trate male Comedale lambs (no SS 23 6 kg and 
no 63 27 4 kg ) weic studied in regard to blood 
sugar and hemoglobin in jugular x^em samples 
draw'n after a 24-hour fast under control conditions 
and before and after 30-minute exposures at w eekly 
intervals in a decompression chamber to simulated 
altitudes Blood sugar was determmed colorimetn- 
cally on Somogju-Shaffer-Hartmann filtrates and 
hemoglobin by the S ihli method The average con- 
trol blood sugar in the 2 sheep was 52 and 53 mg/100 
ml Sheep SS i esponded to a 30-minutc stay in the 
decompression chambci at ground level with an 
average rise of 10 mg/100 ml in blood sugar in 4 
tests Sheep 53 in 3 tests showed no fuither rises 
ifter the first The first exposure to 24,000 ft pro- 
duced rises in blood sugar of 40 and 22 mg/100 ml 
HI sheep S3 and SS respectively Subsequent ex- 
posures to altitudes from 18,000-28,000 ft produced 
no significant blood sugar rises in sheep 33 Similar 
exposures in sheep SS produced rises of 6-18 mg/100 
ml Blood hemoglobin was also followed before and 
aftei exposure to anoxia Sheep S3 consistentlj 
responded with an increase in hemoglobin concen- 
tration Sheep S3 i esponded at first with small 
elevations, but latci w itli i eductions in hemoglobin 
concentration 

Pharmacology of N, 1 dimethyl hexylamine 
(Ocncthyl) J H Wills, Dept of Pharmacology, 
Untv of Tennessee, Memphis, Tenn In the dog 
anesthctised with pentobarbital sodium, N,1 di- 
methyl hexylamine (Ocncthyl) has both depressor 
and pressor actions, the latter predominating The 
pressor action appears to have a dose-effect curve 
of tile general foi m Y = 4. BX , it is blocked by 
cigonovinc but not by eigotamine or ergotoxiii 
Ocncthyl increases the tonus of both jejunum and 
utciUB in SI hi The drug produces premature 
ventriculai contractions but fibrillation has not 
been seen The rate and depth of respiration may be 
iiici eased by Ocncthyl 

Permeability of rabbit leucocytes to sodium 
and potassium D L Whson (by invitation) and 
J F JManeri Dept of Biochemistry, Untv of 
Toronto, Toronto, Canada Rabbit leucocytes were 
suspended in buffered solutions, the osmotic pres- 
sui c of w hiQh w ns lai gely supplied either by sucrose 
or ammonium chloi idc In the sucrose solution the 
chloride and potassimn concentrations of the cells 
decreased 80% and 50% respectively In the am- 
monium chloride solution the intracellular potas- 
sium decreased 90%, the intracellular sodium 
about 80% The permeability to sodium was further 
studied by examining the penetration of Na*^ 
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During the first 75 minute’? after e\posure to the 
)‘=otope the specific actnitj (i c counts/min/ 
m Dq ) of the sodium m^ide tlic cell i.\as 90% of 
that outside In addition, data Mere obtained which 
‘’how that the external concentration of glucose 
influences the intracellul ir ‘’odium and potassium 
concentrations of leucocytes 

Inhibition of growth of mice on a low protein, 
choline deficient diet bj coramine J Walteb 
^^ll^o^ and Elizabeth II Leulc (introduced bx 
PxLi r Efstos) Brown Liuiercily, Providence, 
n I \\canhng mice were fed a low protein (4% 
casein) choline deficient diet, and the same diet 
with coramine Without coramine, they grew 
slowh to nearly adult size ind were still gaining 
shghth at 200 days Thex had xcry fatty fixers 
\\ ith coramine, grow th was great ix inhibited With 
1% coramine a gradual loss of x\ eight occurred for 
15 diys The mice were then fed 3 mg of cholint 
l)x stomach tube whcncxcr thex showed signs of 
decline Thex xxcrc maintained GI dax’s xxith no 
gain of weight There was no f it in the fixer With 
0 5% corimiiic growth w is completely inhibited, 
liut the mice were maintained S4 days xxithout 
siipph mentary choline Yitli 0 25%; coramine a 
slight but xaricd growth occurred but it did not 
njiproach that on the liu«al diet The fixers con- 
t lined considerable fat The bis.il diet contains » 
minimum of labile mcthxl groujis Detoxication of 
corimino occurs bx transmethy 1 ition 0 25% cora- 
miiu iddcd to the diet Icaxis just enough labile 
mcthxl groups for xcry slight growth, 0 5%-, just 
(iiough for miintenince without growth, 1% rc- 
quiics so many that not enough ire left for mnii- 
tcnuici and the aninLiI dicliiKs This cm be cor- 
rected bx choline This effect of choline cannot fit 
attributed to its liiwtroiuc letion, for on Ml 
mine the fixer is not f itt x 1 In chofino must supjih 
me thxl groups On i kiw jirote in diet then, choline 
mix sti])j,l\ metlix 1 gixiiiiis for the dctoxiexition of 
ixee‘s conminc, thus permitting maiiitcninee 
ehiiing jirolonged inhibition of gneiwth 

1 rTecl of nntihistaminic drugs upon (rained rats 
tiixiuis V \\ivrrn iiiii Lxns Ei xtxi i n (bx 
iiix It itieiii ) MereJ /r't f< 7 htraiicutic Bcfcircf, 
Hahrn I \ f \ntihist iiiiinic dnisr- iffcct ci iitrn 
lie rxuiis sx st( ni actix itx is is ( \ uie nt frx m the sjd* 

1 1 le t loiis obs( rxed in in in but this , ff( cl h is iin. 


to climb as do untreated rats, but they appear to 
be weak and easily become fatigued Sufficient 
doses of antihistaminic drugs, on the other hand, 
make the animal become confused, and unable to 
decide whether to climb or not It is therefore 
tcntatixclx assumed that the results are a demon- 
stration of central action of antihistaminic drugs 
The central mechanism inxolxcd may not be the 
same one that was measured in experiments on 
barbiturate potentiation, beciuse the compounds 
do not fall in the same order of graded actixuty in 
the two experiments Two compounds hax ing espe- 
ciallx strong actix ity in the rope climbing test arc 
Phenergan, X-i3-dimcthy lamino-a methylethy 1)- 
phenothiazine, and Diparcol, X-(|3-dicthy lamino- 
cthy D-phenothiazinc Both of these compounds 
hax c been rcjxirtcd to be useful in the treatment of 
Parkinsonism 

Effecf of potassium deficiency upon gastro- 
ln(es(innl motilily Helen A Winti-r (by inxuta- 
tion), IIfbbflE Hoif ind Leslie Dso (by iim- 
tation) Dept of Physiology, McGill Unn , Mon- 
treal, Canada The motilitx of the gastrointestinal 
tract has been inxcstigatcd in rits during jiotas- 
sium dcficicncx, and the therapeutic effects of 
potassium haxc been shown Pot issium dcficicncx 
was induced by reducing the intake of jiotassium 
or by injecting dcsoxy corticosterone Synthetic 
diets were gixeii ad libitum or bx stomach tube 
Obserxations on motilitx were nude by X-riy and 
bx insiicction of the gut ind wore eorrcl itcd with 
studies of jwtassiuni mctalxifisin In jiotassiuin 
dtficicnl rats the tone md rhxlhmicitx of the 
whole gut were reduced, pirtirul irlx in tlu small 
Ih)wc1 md stomach Gas md fluid iceuimilatcd in 
tlu fl lend trict I x million of biiiuin was xiry 
slow \Miih norm il mini iK ixieuitid birium 
from tlu stomich in aDnit thru hour-, md ex 
cn t( il more th m oiu hilf m fixi hotir^ dihiunt 
rits iisuallx riiiitudsonu biriuni in tin stom u h 
for i d ix md ofti n i xrn ii d little b irmm m tin-, 
tinu In s/Jiiu tlu ei ( uni n uludgigmlu projKir 
tioii' In foroe fed inimaK tr< im ndoii- distintion 
d( X( lojM d ‘■uddenlx x hirh prox i il i it d m ill tin 
tn .ited rits Tlu rajix x it h jvit essiuin V' lu x c d tlu 
sxmptoms m siirjrismgh sliort tinu In mim d 
liijTt'd xi‘h j,-)! 1 - -itim rhxthiii' <ontru'u;i 
’in lint I It' d in tlu s ,, ,]| 1> , m ] \ , ),, , ,,, ) ;,jr 
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Jefferson Medical College, Philadelphia, Penna 
All subjects were patients with proved duodenal 
ulcer TVeatment periods ranged from 11 to 15 
mouths and data are adjusted for a 12-month 
period Senes A 34 patients received orally 12 to 
15 gm of dried defatted duodenum substance per 
day, plus ulcer diet Average number of ‘ulcer 
attacks’ per year were 3 1 before treatment and 
0 4 after treatment X-ray evidence of ulcer healing 
was not obtained in 4 cases Senes B 16 patients 
received 12 gm enteric coated lactose tablets per 
day plus ulcer diet Average number of 'ulcer at- 
tacks’ per year were reduced from 3 2 to 0 1 All 
patients showed X-ray evidence of ulcer healing 
Senes C 18 patients received ulcer diet alone 
Average number of ‘ulcer attacks’ per year acre 
reduced from 3 3 to 0 5 One patient gave no X-ray 
evidence of ulcer healing It is concluded that, 
when given daily for a period of 11 to 16 montlis m 
doses approaching the maximum tolerated by the 
patient, dried defatted whole duodenum did not 
prove to be of benefit to the patient u ith peptic 
ulcer 

New evidence on the nature of cutaneous h>- 
peralgesia Habold G Wout, H Goodell (by 
invitation) and James D Haubt iVety Fork Hos- 
pital and the Depts of Medicine, Psychiatry and 
Physiology, Cornell Umv Medical College, New 
York City Two important types of Hyperalgesia 
in the skin were identified as regards their special 
characteristics 1) That occurring at the site of 
skin injury characterized by lowered pam thresh- 
old, increased sensitivity to noxious and ordinaril} 
non-noMous stimuli and termed for convenience 
primary hyperalgesia 2) Secondary hyperalgesia, 
occurring m areas of undamaged skin characterized 
by unchanged pain threshold but increased sensi- 
tivity to noxious stimulation Development of 
secondary hyperalgesia has been observed follow - 
mg prolonged stimulation at or just below the jiain 
threshold Such hyperalgesia ends immediatclj on 
termination of stimulation Tcmfiorary oblitera- 
tion of secondary hyperalgesia can be accomplished 
by pm pricks within the zone of sccondai v hj per- 
algesia Spatial summation of noxious impulses has 
been observed to be a characteristic of painful 
stimulation m the zone of secondary hyperalgesia 
All of the above evidence further supports the view 
that secondary hypei algesia is the result of a con- 
tral excitatorj" state maintained by a flow of 
noxious impulses from the penpheij 
Effect of altered metabolism on extreme hypo- 
thermia m dogs and albino rats Riciiaud C 
Wolff (by invitation) and K E Penrod Dept 
of Physiology, Boston Untv School of Medicine, 
Boston, Mass Twenty-nine rats fed 0 03% propyl- 
thiouracil in the diet for 24 days, 30 fed 0 12% thy- 
roid extract for 9 days, and 28 controls weie cooled 
by immersion to the shoulders m watei of 7°C 


Twenty rats receiving 0 03% propylthiouracil for 
30 days, 16 receiving 0 50% thyroid extract for 

15 days and 20 controls w ere cooled mas railar 
manner The rats w Inch w ere fed the propylthio 
uracil diet showed a metabolic depression of 16% 
while the group fed a 0 12% thyroid diet showed 
a stimulation of 14% and those receiving the 0 60% 
diet show'ed a stimulation of 41% The first group 
of 87 rats was cooled to a rectal temperature 15^ 

16 0°C Sixty -nine per cent of the hypothyroid, 
76% of the control and 63% of the hy^ierthyroid 
rats survived The second group (56 mts) was 
cooled to a rectal temperature of 14 8-150'C 
Forty -nine per cent of the liy'pothyroid, 50% of 
tile control and 3S% of the by pcrthyroid ratssur 
vivcd The rate of cooling to a rectal temperature 
of 20°C in a bath of 4*0 , the time of rewarming in 
waternnd air to 3l°C and the oxygen consumption 
were measured on C dogs, twice each Two of the 
dogs succumbed m ‘rewarming death’ The 4sur 
vnmg dogs were fed 4 mg/kg thyroid extract for 
13 days and again cooled Only one dog showed an 
increased metabolism and all showed an increased 
rate of cooling In 2 cases the rewarming time was 
lessoned, in 2 increased It is concluded that dunng 
immersion in very cold water the metabolic de 
fcnscs of liic animal arc not capable of significant 
protection 

Rapid methods for enzymatic estimation of 
nucleoprolem intermediate metabolites by differ- 
ontinJcoIorimetrj W Q IVolfson* (hj innfation], 
C CoHx, R Levinf and K ICadota (bj innta 

tion) Dcpls of Btochcinislry and of Metabolic and 

Bmlocnnc Research, Medical Research Inst , Mi 
chad Reese Hospital, Chicago, 111 Since the purine 
inlcrmcdiatcs in nuclooprotoin breakdown cventu 
ally give rise to urate wlicn exposed to suitable 
enzymes, tlic methods here proposed consist ol 
measuring the quantitative appearance of urate 
(colorimctncally ) after incubation of the sample 
w ith know n enry me solutions Enzv me purification 
need only bo carried f ir enough to v leld a 1 qmd 
preparation of satisfactorv spccificitv which gives 
no blank in the dctcrminition and mvv be stored 
frozen The procedures now in use include 1) 
True urate, estimated from unite disappearance 
after treatment with beef kidney uncase Sj 
Oxypunne {xanthine plus hypoxan(hinc), esti 
mated os urate appearing after treatment wit 
xanthine oxidase from rav\ milk S) Purine iiuclto 
side plus oxypunne, estimated from urate appear 
iiig aftci treatment w ith xanthine oxidase and nu 
clcosidnso from liumiii liver The latter lias adeno- 
sine dcsaminaso aetivitv, but has little guan^ 
and no ndonnso activitv 4) Purine nuclco^'‘ c, 
cilculatcd by subtrielnig 1*2 from ^13^) 
nucleoside, amtnopurinc and oxypunne, estinia e 
fiom mate appcinng after treatment with xan 
thinc oxidase, nucleosidase and crude adcmise 



March 1949 


AAIERICAN PHYSIOLOGICAL SOCIETY 


171 


gunnose from Esch coli 6) Aimnopunnc, esti- 
mated by subtracting #3 from Apart from 
their simplicity, these procedures have the advan- 
tage of being relativeh free from interference b\ 
side-reactions, such as the conversion of mcthjl- 
xanthmes to methjluratcs during xanthine oxidase 
treatment An example of the application of one 
of these methods to phi-siological problems is giv on 
elsewhere in these proceedings 

Metabolism of ox> purines in man preliminary 
observations William Q Wolfson (by invita- 
tion), Clarence Cohn and Kinu Kadota (by 
invitation) Dcpl of Biochemistry , Medical Re- 
search Inst , Michael Reese Hospital, Chicago, III 

In man, the phvsiological course of intermediate 
purine metabolism prior to urate is largel 3 un- 
known The liver mav be the chief site of urate 
production since it is believed to be the sole locus 
of xanthine oxidase, and because cxtraordinarilj 
Ion blood urate levels hav’e been reported in acute 
j'ellow atrophj' OxjTiurines might be produced in 
the penphery and transported to the liver for 
conversion to urate, about iV being excreted bv 
the kidnej' If so, a significant increase in scrum 
oxypunne should occur in hepatic, but not in 
rennl, insufliciency Hon ever, a large portion of 
the oxypunne nught be formed as n ell as metabo- 
lized in the liver, and, in this event, oxiTJurme 
precursors rather than ox^ijurine should be re- 
tained in hepatic insufficiencj It has also been 
suggested that gouty hj pcruncemia might be asso- 
ciated nith a failure of inhibition normally exerted 
on hepatic xanthine oxidase Serum and urine 
oxypurines have been determined by dififerential 
enzymatic colorimetrj’’ In 14 normal adults, serum 
oxypunne averaged 0 30 mg % (S D ± 0 14 mg 
%) Serum oxypurines n ere not elevated in pooled 
sera from patients with liver damage or renal in- 
sufficiency, but these data are not sufficiently 
consistent to permit definite conclusions ns jet 
The average serum oxj'’punnc in repeated samples 
from five gout patients averaged Oil mg % This 
result IS consistent v\ ith the suggestion that there 
may be a relative hyperactivity of hepatic xanthine 
oxidase in gout 

Oximetric measurement of circulation time 
and arterial saturation time during oxygen brenth- 
mginman EarlH Wood, Bowen E Taylor (by 
invitation) and Julian Knutson (by invitation) 
Section on Physiology, Mayo Foundation, Univ 
of Minnesota, Rochester, Minn Arterial saturation 
was recorded continuously and simultaneously 
both at the ear and WTist (abstract J ICnutson 
et al) in 0 subjects as the gas mixture breathed was 
changed from air to 40% Oa, from 40 to 99 6% 0-, 
and from am to 99 6% 0* After changing from au- 
to 40% Oi and air to 100% 0*, the initial increase 
in saturation (circulation time, Matthes) occurred 
at 6 2 (3 to 9) and 9 6 (6 to 12) seconds at the ear 


and wrist, and the maximal plateau value was at- 
tained at 47 (19 to 74) and 46 (19 to 71) seconds, 
rcspcctivelj Time required to increase from 97 9% 
to the plateau value minus 0 5 % (Fowler and 
Comroc), av’cragcd 25 (11 to 5S) seconds at both 
the car and wrist, as compared to 19 (14 to 28) 
seconds (car) and 25 (18 to 30) seconds (wTist) re- 
quired to increase from 71 to 97 per cent after 
termination of breath-holding with helium (ab- 
stract J Knutson ct al ) Changing from 40 to 100% 
Oi produced an increase in arterial saturation both 
at the car and w rist, av craging 0 40 (0 2 to 0 5 ) and 
0 35 (0 1 to 0 7) %, rcspcctivelj The approximate 
arterial Oi tension calculated from the phjsicallj 
dissolved oxjgcn (0: content — 0- capacitj ) aver- 
aged 213 and 595 mm Hg w lien 40 and 100% 0-, 
rcspcctivelj , was breathed The similaritj in time 
and the magnitude of changes in arterial saturation 
recorded photo clcctricallj at the car and directlj 
on the arterial blood at the wrist indicate that an 
car oximeter can be used succcssfullv for deter- 
mination of circulation and arterial saturation 
times in man 

Passive scnsitizationof normal dogs by thoracic 
duct lymph from dogs sensitized to horse serum 
Parke H Woodard (introduced bj K E Jo- 
emw) Dept of Physiology, Unit of Kansas, 
Lawrence, Kan It is know n that normal dogs maj 
be passively sensitized to horse serum bj trans- 
fusing into them blood from dogs previously sensi- 
tized to horse scrum and that thev will exhibit 
some of the symptoms of anaphylactic shock upon 
intravenous injection of horse serum The symp- 
toms most generally reported hav e been a fall in 
arterial blood pressure and changes in blood coagu- 
lation time I have been able to confirm prevnous 
work from this laboratory' that such passive sensi- 
tization IS immediate and does not require lapse 
of time as has been reported by some workers Not 
all sensitive animals are capable of passively sensi- 
tizing normal animals In those which are capable 
it was thought worth while determining whether 
or not antibodies were distributed in other body 
fluids than blood Accordingly dogs were sensitized 
to horse serum Each animal was anesthetized 
with nembutal and the thoracic ducts cannulated 
and sufficient lymph collected for injection into a 
second anesthetized dog In most cases blood was 
also drawn from the sensitized animal and trans- 
fused into a third anesthetized dog Blood pressure 
recoi ds and blood clotting times were recorded on 
aU animals before and after the administration of 
shock doses of horse serum Eight control experi- 
ments were run in which the lymph and blood 
from normal dogs was similarly' tested These 
showed no evidence of shock Of 11 experimental 
animals, 2 were not sensitive, 4 were sensitive but 
did not passively transfer immunity either through 
blood or lymph, 1 showed passive transfer through 
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blood but not lymph, 4 showed evidenco of passive 
transfer by both blood and lymph 
Antagonism of adrenocorticotrophic hormone 
(ACTH) to desoxycortico-costerone acetate 
(DCA) on electroshock threshold and electro- 
lytes DixonM Woodbury (by invitation), Cin- 
PiNG Cheng (by invitation) and George Saiers 
Depts of Physiology and Pharmacology, Umv of 
Utah College of Medicine, Salt Lake City, Utah 
By the 12th day after implantation of DCA (si\ 
15 mg pellets into each of 14 rats) the electroshock 
threshold had risen to +17%, 14 controls showed 
no sigmficant change (+2%) Beginning on the 
12th day, 7 of the DCA-implantcd lats and 7 of 
the controls w^ere injected twice daily for ten daj'S 
with 2 mg of ACTH On the 22nd day the elccti o- 
shock thresholds of the four groups were as follows 
I) control, +3%, II) ACTH, +6%, III) DC\, 
+22%, IV) DCA +ACTH, +5% When ACTH 
was withdrawn from gioup IV the threshold losc 
to +17% by the 32nd day Rcadministration of 
ACTH resulted in a threshold reduction to +10% 
after 9 days. III had an avcingc threshold of 
+24% at this time (41st dayO DC\ elevated 
plasma sodium and i educed plasma potassium and 
chloride ACTH partially corrected the deranged 
electrolyte pattern of the DC \-trcated rats IVholo 
extract of adrenal cortex restored to normal the 
elevated threshold of DCA-implantcd rats Since 
ACTH did not influence the elevated electroshock 
threshold of adrenalectomizcd rats implanted w ith 
DCA, the trophin acts via the adrenals The ic- 
sults are interpreted to mean that DCA in intact 
animals, produces a lolativo deficiency of cortical 
steroids with an 0 on C-11 by inhibiting the i elcaso 
of ACTH from the pituitary 
Early components of contralalcrall} evoked 
cortical potentials in the intact unanesthetized 
rat Lowell A Woodburv (introduced by J E P 
Toman) Dept of Physiology , Univ of Utah Col- 
lege of Medicine, Salt Lake City, Utah As a pre- 
liminary to a study of the action of central excitant 
and depressant drugs, control observations were 
made on the initial components of the clcctro- 
corticogram evoked by stimulation of the contra- 
lateral hemisphere in ten unanesthetized intact 
rats Epidural insulated screw' electrodes w’cro 
implanted under anesthesia one or two days prioi 
to each experiment Brief rectangular pulses oi 
condenser discharges w'cro delivered to the visual 
cortex of one hemisphere, while responses were 
taken from the symmetrical contralateral aiea 
The characteristic initial response to submaximal 
stimuli consisted of two initially surface-positive 
spikes and a third surface-negative spike with 
latencies of 1 8-2 0, 3 4-3 6, and 4 0-4 2 msec re- 
spectively A voltage-response study of the large 
thud spike showed a lelativoly homogeneous re- 
sponse population Strength-duration curves foi 


this response gave a limiting log-log slope of —0 7 
and a chronaxie of 0 18 msec The recovery curve 
followung maximal responses exhibited relative 
refractormess to 2 5 to 3 0 msec followed by a 
period of greatly enhanced excitability with a 
peak at 4 0 to 6 0 msec Since this phase 'was absent 
when conditioning responses were reduced below 
the amplitude of test spikes, it is attributed to a 
true supernormal period of previously responding 
elements rather than to indirect facilitation This 
phase was followed by subnormal excitability with 
a minimum in the vicinity of 10-20 msec and fur- 
ther minor oscillations at equal log-tune intervals 
to at least 400 msec 

The pattern of localization in the motor cortex 
of the marmoset (Hapale jacchus) C N Wool- 
set, P H Settlxge (by invitation), H M 
Suckle (by invitation) and W G Bingham (by 
invitation) Depts of Physiology, Anatomy and 
Surgery, Untv of Wiseonsin, Medical School, 
Madison, IPis We have examined in detail the 
motor area of this primitive new world monkey m 
oi dor to compai c tho pattern of organization w ith 
the 1 datively' simple plan found in the rat (sec 
abstiact by Scttlagc ct al ) Certain comparisons 
aio possible, but the mam features of the primate 
airangcment have already' been established The 
1 elation of the motor pattern to that of the post- 
central tactile area as defined by the evoked po- 
tential method (unpublished data, C N W ) will 
be considered 

Actions of dihj dro-B-erythroidin and dtubocura- 
nne on neuromuscular and synaptic transmission 
in frog and crayfish Erx'Est B Wright (intio- 
duced by W 0 Fenn) Dept of Physiology and 
Vital Economics, Univ of Rochester School of Med- 
icine and Dentistry, Rochester, N Y 2 mg/kg 
dihy'dro-B-erythroidin (cryth) and 4 rag/kg dtu- 
bocurarino (dtubo) paraly'ze the frog in 20 and 30 
minutes respectively , neuromuscular transmission 
being totally blocked Ncui-omuscular transmission 
in tho isolated sciatic-sartorius is blocked by im- 
mersion in 5 X lO"’ ery th and 5 X IQ-* dtubo w ith 
1 eduction of tho endplatc potential Action po- 
tentials in the crural nerve and contractions of 
tho cruralis muscle with blood supply tied off, 
elicited by stimulation of the foot skin, knee skin 
01 sciatic nerve show' that a) sensory endmgs and 
nerve conduction are unaffected by both drugs, 
b) transmission of flexion reflex is unaffected or 
slightly enhanced by dtubo, greatly depressed or 
blocked by cryth The crayfish is unaffected by 
50 mg/kg dtubo, but paralyzed in 2 mmutes by 
0 05 mg/kg and in 10 seconds by 1 mg/kg ery'th 
Sensory endings, nerve conduction and neuro- 
muscular transmission are unimpau-ed at these 
concentrations Spontaneous impulses originating 
in the central system and led off from peripheral 
nci VC are extinguished with remarkable sudden- 
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ness by erjth, but nre unifTcctcd by dtubo Elcc- 
Incal iccordings fiom the A'cntral nerve cord md 
from roots of the abdomiml gangba show tint ci 3 th 
has no effect on gnnt fiber conduction, blocks 
transmission from gnnt fiber to root, depresses the 
spontaneous activit\ of the cord somcnlnl, and 
depresses greatly 01 blocks the spontaneous actn - 
itj led off from the root originating prcsumablj in 
the attached ganglion Erjth, unlike dtubo, 
blocks central sjnaptic tiansmission in frog and 
ciaj'fish, and like dtubo blocks ncuroniuscuhi 
transmission in frog 

Anti-stiffness factor in relation (0 hearing m 
guinea pigs Rosvund WunrEN and Alice B 
Plympton (by invitation) Dcpl of Zoology, Ore- 
gon Stale College, Conallts, Ore 117 guinea pigs 
nerc divided into two groups, one on slock diet, 
the other on diet deficient in anti-stiffncss factor 
The stock diet consisted of 1 oiled baricj, green 
feed and straw The deficient diet w as comjwscd of 
skim milk powder and water, plus an adequate 
suppli' of minerals and all know n vitamins except 
the anti stiffness factor for the test, animals were 
exposed to signals fiom an audio signal gcncritoi 
combined with loud spcakei and kej Tho\ re- 
sponded with flicking of the ears to a wide range 
of auditorj stimuli Onlj slight deviations were 
found in repealed leadings for anj' one animal 
Limits of normal hearing, judged bj' the oar flick 
and expressed as frequencj m cycles per second, 
were established as follows low range, 20(M50, 
high range, 10000-15000 Of 45 animals on stock 
diet, 41 proved to have normal hearing, 4 had re- 
stricted hearing , none w ere complctclj deaf, that 
IS, without ear flick response Of 72 animals ex- 
posed to deficient diet for varjung lengths of time, 
42 show cd normal hearing , 15 had restricted hear- 
ing, 15 were completelj deaf, tliat is, without car 
flick response 

Pasting serum vitamin A and carotene levels, 
and vitamin A absorption m males over 40 hLus- 
auN J Yienqst (bj invitation) and Nwitan W 
Shock Seciton on Cardiovascular Diseases and 
Gerontology, National Heart Institute, National 
Insls of Health, and Baltimore City Hospitals, 
Ballimore, Md The purpose of this investigation 
was to study age changes in absorption of vitamin 
A and fasting levels of vitamin A and carotene m 
a population living under homogeneous conditions 
Fasting levels were determined on 121 males 
ranging m age from 40 to 90 years who w ere un- 
Bciected except to exclude any subjects w ith clini- 
cal signs or historj'- of livei disease All subjects 
were residents of the Baltimoie City Hospitals 
and Infirmary (Old People’s Home) and were rc- 
cemng an adequate diet The method of Bessy, 
Lowtj , Brock, and Lopez (/ Btol Chem , 166, 177 
1946) was used m the determinations The serum 
vitamm-A levels ranged from 10 to 88 and per 100 


ml w ith a mean of 49 9 \rrniigcd iij' decades, the 
5 groups from 40 to 90 leu’s of age showed no age 
ilifferciiccs The carotene le\ch ranged from 28 
to 231 and per 100 ml with n mean of 113 1 and 
bkew ISC show cd no signific int age difference \ low 
positnc correlation exists between the fasting 
Mt imin A and caiotenc lei els (r = 0 17, N = 121) 
111 the scrum FifU-foui miles included in the 
aliovc groufi were fed 100,000 u of vitamin 1 in oil 
Blood simples were driwn it 0, 2, 1, 6, 8, 10, 10, 
and 24 hours after or il administration iMcan values 
in and per cent for the group at these times were 
53 4, 125 3, 150 2, 172 I, IIS 9, 96 7, 73 0, and 63 3 
There were no age diffei cnees m response to oral 
nilministration of vitamin \ Scrum carotene val- 
ues icmained unchanged 
Effects of DOCA and adrenal cortical extracts 
on survival of adrcnatectomircd rats after burn- 
ing S S You (bj inv itation) and E A SniTEns 
Dept of Physiology, f nti of Toronto, Toronto, 
Canada Rat s of both sexes w cighing about 150 gm 
wore bilalenllj adrcinlcctonurod and maintained 
on saline foi 4-10 dnvs Tbcj were then divided 
into 3 groups, the Hi's! of which constituted a con- 
trol and continued (0 icccivc saline Dcsoxjcorti- 
rost crone acetate ami k1i cnal cortical extract were 
adnuinstcrcd to the second and third groups, 
which were allowed w itoi ad libitum A standard 
burn was produced undoi cthci anesthesia bj im- 
mersing the backs of all nmnnls m water at S5®C 
fo! 30 seconds This proved lethal in 2-42 hours to 
the control gioup (10 animals) The 28 rats of the 
second group icccivcd DOCV bj subcutaneous 
injection m daily doses of 0 25, 0 SO and 1 0 mg 
foi 4 to 7 daj’3 prior to burning At the highei dosage 
levels DOCA afforded a definite protection, 4 of 
the 5 animals w Inch received 0 5 mg/daj'^ for 7 daj s 
survived All the 9 animals rcceivnng 1 0 mg/day 
for 7 dajs survived, while m another group of 9 
lats which were giv’cn the same dosage for 4 dajs, 
2 died Adrenal coilical extracts from different 
sources (Connaught and Upjohn Laboratoiics) 
w ere administered to group 3 in doses varying from 
15 to 150 dog v/ day (divided doses w hen the dosage 
was high) for 4-8 daj's Among the 24 rats thus 
treated only 2 animals w hich received 60 and 150 
u/day respectively suivivcd the burning The 
effects of these substances on intact animals sub- 
jected to a similar stress will also be reported 
A respirator and perfusion pump with new 
features and an improved constant injection 
apparatus (motion picture) W B Yoxeuans 
Dept of Physiology, Univ of Oregon Medical 
School, Portland, Ore A piston pump, having new 
features, and an improved constant injection ap- 
paratus have been designed and constructed foi 
this laboratorj by the Sfartm-Hubbard Coi-p , 
Boston The pump w ill deliver any stroke volume 
between zero and 1000 cc A rate continuously 
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varjable from zero to ISO/rmn is obtained bj the 
use of a Graham transmission imit Either rate or 
stroke volume can be changed through the entue 
range without stopping the motor There are 4 in- 
put ports and one output port All parts are made 
of metal, the valves consisting of an axle with 
sectors cut out to permit passage of the gas at the 
proper phase of the cycle The piston empties the 
cylinder at each downstroke regardless of the 
stroke volume A pump having the same basic 
features with a smaller maximum stroke (500 cc ) 
which will deliver against pressures in the range 
of arterial blood pressure is designed also Use of 
the instrument to pump gases duectly and mdi- 
rectlyand to pump liquids indirectly will be shown 
The constant injection apparatus consists of a 
Graham transmission unit geared to turn a 
threaded shaft against the plunger of a syringe of 
any size up to 50 cc Any injection rate between 
zero and 10 cc/min can be obtamed without stop- 
ping the motor Uses of the instrument to maintain 
steady submaximal effects by continuous intra- 
venous injection will be shown 
Bone absorption and relaxation of guinea pig 
pelvis by prolonged estrogenic injections Wil- 
liam C Young (by invitation) and Frederick 
E Emert Depi of Physiology and Pharmacology, 
Untv of Arkansas School of Medicine, LtUle Rock, 
Ark The effects of various estrogens on the pelvis 
of the guinea pig have been studied in about 60 
3 'ouDg guinea pigs of both sexes The males were 
injected with 1 0 mg of diethyl stilbcstrol in olive 
oil for a duration of several months Periodic X- 
rays were taken throughout the injection period 
By palpation and X-ray it w^as demonstrated tliat 
there was a separation of the pelvis varying from 
little or no separation to almost complete relaxa- 
tion in some cases The testes seemed to be domi- 
nated by the estrogens, as shown by the fact that 
the separation at the pubic syunphysis was almost 
as pronounced in males as in castrated males 
Female guinea pigs treated in a similar manner 
with 0 1 mg of stilbestrol twice weekly have shown 
bone absorption and re axation So far complete 
disappearance of the bony pelvis, like that of the 
pocket gopher, has not been obtained 
Response of the young cockerel to methyl folic 
acid and testosterone propionate M X Zarrow 
and I B Koretskt (introduced by F L Hisaw) 
Biological Labys , Harvard Univ , Cambridge, 
Mass Studies were made on the relationship of 
folio acid to the response of the testis and comb of 
the chick to testosterone propionate A folic-acid- 
deficient state was produced by the administration 
of a crude methyl folic acid preparation (courtesy 
of Dr E L R Stokstad, Lederle Laboratories) 
in the diet Day-old cockerels of the Leghorn 
strain were divided into 4 groups of 10 each and 
treated in the following manner, 1) normal con- 


trols, 8) lOOr of testosterone propionate daily, 
5) 2% methyl folic acid in the diet, and 4) 2% 
methyl folic acid m the diet plus lOOy of testos- 
terone propionate daily The androgen was dis- 
solved in sesame oil and injected subcutaneously 
in a daily volume of 0 05 ml In the first experiment 
the chicks wpje treated for 7 days and killed on 
the 8th day at which time organs were removed for 
weight determination and histological examination 
The testis weights for the 4 groups were 20, 15, 20 
and 10 mg respectively or 27, 20, 28 and 16 when 
expressed as a function of the body weight The 
absolute comb weights were 21, 76, 16 and 54 mg 
and the relative weights were 52 98, 39 and 83 
A second experiment in which 4% methyl folic 
acid was used in the diet gave essentially the same 
results for testis response The comb weights were 
34, 83, 24 and 106 mg or 40, 90, 37 and 163 respec- 
tively when expressed as a function of body weight 
These results would seem to indicate that testos- 
terone propionate was able to produce comb growth 
in the presence of the antagonist 
Effect of adrenoxyl on blood loss from surgical 
wounds J J Zavertnik and R F Hagehty (in- 
troduced by K S Grimson) Dept of Surgery, 
Duke Untv , Durham, N C Adrenoxyl, a mon- 
senucarbazone of adrenochrome, reportedly de- 
creases bleeding tunc of rabbits and man In our 
studies in dogs it was determined that intramuscu- 
lar injection of 10 gamma of Adrenoxyl does pro- 
duce a marked decrease, effect being maximal by 
30 to 60 minutes A study of ability of the drug to 
decrease blood loss from surgical wounds was also 
undertaken Consecutive apparently similar inci- 
sions were made in the liver of dogs estunatmg 
bleeding by weight of blood collected One hour 
after administration of 10 gamma of Adrenoxyl 
amount of bleeding decreased markedly Wounds 
wore also produced by resection of similar jjortions 
of a rabbit’s two cars Amount of blood loss was 
found decreased moderately one hour after admin- 
istration of 10 gamma of Adrenoxyl Three similar 
wounds were produced on opposite ears of the same 
rabbit 5 days apart The 3 different wounds pro- 
duced on one ear before the drug bled respectively 
an average of 31 gm , 72 gm and 80 gm of hemo- 
globin, increasing amounts representmg the larger 
or more proximal incisions Five days later 3 simi- 
lar w'ounds were made after Adrenoxyl using the 
opposite ear Decrease in bleeding after adminis- 
tration of Adrenoxyl was 44 7%, 3 7%, and 13 3% 
respectively Decrease after Adrenoxyl was greater 
in wounds where bleeding occurred predominantly 
from small vessels A less marked decrease oc- 
curred from 3 wounds of control rabbits produced 
6 daj^ after incisions of the opposite ear and with- 
out using Adrenox’yl Hematologic examinations 
demonstrated a rise in the platelet count which 
might explain this observation 
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Effect of low protein and plasmapheresis on 
fluid compartments and glomerular miration rate 
Maiuobie B Zuckeu, Louis Cizek (bj' invita- 
tion) and Douglas Tomtkins (by invitation) 
Dept of Physiology, College of Physicians and 
Surgeons, Columbia Univ , New York City Weekly 
measurements were made on 3 dogs on a control 
diet of Beacon Meal alone, and then after 3 iveeks 
on a diet supplying 1 6 gm protein/kg/day and 
80 CalAg/da}”' (50% Beacon Meal, 16% dextrose, 
33% Mazola, 0 6% NcCl, 0 2% j^east, 0 4 gm/kg/day 
Cal-C-Tose, 0 4 drops/kg/day oleum pcrcomorph) 
Finall}^ determinations were made for several 
weeks during which the diet was continued and 
the dogs plasmapheresed 1 to 4 times Including a 
n eckly supplement, the NaCl intake approximated 
20 mEq/kg/week Clinical edema n as not observed 
The first number in following parentheses repre- 
sents percentage change from the control value in 
dog 1, the second in dog 2, etc The diet alone 
caused neight loss (—17, —13, —4), decreased 
serum protein concentration (—10, —6, —10), 
electrophoretic A/G ratio ( — , —49, —34), colloid 
osmotic pressure (COP) (—8, —13, —16), T-1824 
plasma volume (PV) (—23, —23, —26), creatinine 
clearance (GFR) (—26, —30, —46) and, in 2 dogs, 
reduced thiocyanate space (AF) (—21, —23, — ) 
The latter is contrary to Keys’ results in man on 
a famine diet The results after plasmapheresis, 
expressed as percentage change from the values 
observed on the low protein diet, are given for the 
week during which the lowest COP was observed, 
and were determined at least 2 days after bleeding 
Plasmapheresis did not alter the weight (—3, 0, 0), 
but usually reduced the serum proteins (—16, — , 
-11), A/G (— , -1-10, -34) and COP (-31, -32, 
—27) PV increased (-1-10, -1-5, -1-23), a finding 
which IS difficult to explain The maintenance of 
the GFR at a low level (—10, —15, -1-3), is of in- 
terest AF increased (-1-12, -1-16, — ), indicating 
that fluid retention occurred although COP was 
not reduced to values associated wnth clinical 
edema 

Hepato-renal factors in circulatory homeostasis 
XXVI Effect of adrenalectomy on renal VEM sys- 
tem and hypertension Benjamin W Zweifach 
and Ephhaim Shorr Dept of Medicine, Cornell 
Untv Medical College and The New York Hospital, 
New York City The formation of a vasoexcitor 
principle CSrEM) by kidney appears to depend on 
the presence of the adrenal cortex, kidneys from 
adrenalectomized animals failing to produce 
■\rEM in vitro The present study deals with at- 
tempts to produce renal hypertension in adrenal- 
ectomized rats maintained on a high salt diet m 
apparently good health for periods of 30 to 120 
days Various methods for inducing hypertension 
were employed, capping of one or both kidneys 
with gauze-collodion, partial ligation of the renal 


arterj , or figure-eight loop around the kidney 
These experimental procedures, which produced 
hj'pertcnsion in about 75 to 85% of the control rats, 
did not induce any clear-cut hypertension in a 
comparable senes of 45 adrenalectomized rats 
maintained on salt Microscopic observations on 
the mesoappendix of these latter animals showed 
no vascular hyperreactivity such as occurs in the 
terminal arterioles and precapillaries of hyperten- 
sive rats There was also no hypertrophy of the 
blood vessels of the mesenteric capillary bed such 
as we have found to occur during the development 
of hypertension in rats A previous study has show n 
that kidneys of hypertensive animals develop a 
metabolic lesion as a result of whicli VEM produc- 
tion, normally' limited to anaerobiosis, now takes 
place aerobically as w ell ns anaerobically No such 
metabolic alteration was present in the kidneys of 
the adrenalectomized rats in this study The rela- 
tion of the content of renin in such kidneys and of 
the oTi-globulin substrate in the blood of these 
animals wall be discussed 

Muscular performance during positive radial 
acceleration Laurence E Morehouse Dept 
of Aviation Medicine, School of Medicine, Univ 
of Southern California, Los Angeles, Calif Per- 
formance of pilots in a simulated cockpit on a hu- 
man centrifuge was photographed by a motor 
driven high speed movie camera Deviations in 
normal performance w ere studied During accelera- 
tion, oven at low' levels, errors were repeated by 
trained subjects which would have marked effect 
on aircraft control Physiological measurements of 
alterations in tho functions of the nervous and 
muscular systems during positive radial accelera- 
tion indicate that, even at blackout g levels, normal 
function IS intact Errors in neuromuscular control, 
best shown by electromy'ographic records, sug- 
gested that alterations in proprioceptive sensa- 
tions induced by g forces acting upon the moving 
segments play'ed the major role in affecting per- 
formance 

Action potentials in single muscle fibers W L 
Nastuk and A L Hodgkin (introduced by M I 
Gbegersen) Dept of Physiology, College of Phy- 
sicians and Surgeons, Columbia Univ , New York 
City, and the Physiological Laboratory, Cambridge, 
England Graham and Gerard {J Cell A Comp 
Physiol 28 99, 1946) and Ling {Federation Proc 
7 72, 1948) showed that the potential difference 
across the surface membrane of a restmg muscle 
fiber could be measured directly by transverse 
impalement of the cell with a microelectrode We 
have repeated these experiments using equipment 
capable of recordmg both action and resting po- 
tentials Frog sartorius muscle, stretched in order 
to minimize movement, was stimulated either 
through its motor nerve or directly Deflections 
in the record attributable to contraction W'ere 
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often seen, but they did not appear until aftei the 
spike and under favorable circumstances might be 
absent altogethei Most of the erpenments were 
carried out v ith electrodes u hich were filled with 
3m KCI, but results qualitatively similar were 
obtained with electrodes filled with 0 118m KCI, 
but results qualitatively similar were obtained 
■with electrodes filled with 0 118m KCI or with 
Rmger’s solution Electrodes filled ivith 3m KCI 
are believed to give the most accurate results since 
1) junction potentials should be small, 2) elec- 
trode resistances are relatively low, S) the quan- 
tity of KCI diffusing from the electrode during the 
time required for measuicment can be shonm to 
be negligible In ex^Kiriracnts at both 19“C and 
7°C it was found that the action potential exceeded 
the resting potential in magnitude It has been 
suggested that the mcmbiane potential is reversed 
during actiwty because the membrane becomes 
selectively permeable to sodium during tliat 
period If this is correct, one would expect that 
the membrane w'ould cease to icvcrse its potential 
during activity if the sodium concentration in the 
external fluid is reduced to a low value Wc have 
found that the resting potential and the action 
potential arc approximutclj equal wlien the ex- 
ternal sodium concentration is lowered to 30% of 
normal, and tliat ovei a considerable range the 
magnitude of the action potential is proportional 
to the logarithm of the external sodium concen- 
tration 

Adenosine phosphorjlation b> rabbit kidne\ 
homogenate David RAPPonr, Amnio Ca.x- 
ZANELLi, and Rutu Guild (bj invitation) Dept 
of Physiology, Tufts College Medical School, Bos- 
ton, Mass Rabbit kidnej was homogenized in 
KCl NaHCOs, and to the mixture was iddcd 
MgCh or SOi (0 01m), A a Succinate (0 01m), Na F 
(0 01m), and Boiciison phosphate buffei, (0 02m), 
the molalities rcpiesciiting final concentration 
The final tissue dilution was 1 4 This was incu- 
bated aerobically alone oi with added adenosine in 
final concentration of 0 03m, usually for 30 nun 
at 37° Phosphate and pentose were dctci rained in 
the acid filtrate and in the barium and alcohol in- 
soluble fractions The evidence indicates that 
under our conditions adenosine, or one of its 
products, was phosphoiylated, and that in the 
course of this pliosphoi j lation, pentose disap- 
peaied The icsulting phosphate cstci was not a 
mononucleotide, such us was icjxiitcd by Colo- 
wick, ICalckar and Con (J Biol Chem 137 343, 
1941) The failure to find adcnjlic acid indicates 
that animal tissue behaves diffeiontly in this ic- 
spect than yeast (Ostoi n and Tcrsakow'co, Zctlschi 
f physiol Chem 250 155, 1937) The results sug- 
gest that a mechanism similar to that described bj 
Schlenk and Waldfogel {Arch Biochcm 12 181, 
1947) may be operating 


An enzymatic reaction involving amino acids 
and adenosine triphosphate John M Reineb 
Dept of Physiology , Tufts College Medical School, 
Boston, Mass In the search for an intermediate 
of peptide bond formation, the direct phosphoryla- 
tion of amino acids bj adenosine triphosphate wras 
attempted When a rat liver homogenate in isotonic 
KCI IS incubated for 15 minutes at 37°C with 10 
micromoles of adenosine triphosphate and 10 to 
20 micromoles of amino acid, a labile phosphate 
compound is formed With more prolonged incuba- 
tion, the labile phospliate decreases, appearing as 
inorganic phosphate A washed ‘mitochondrial' 
fraction of the homogenate contains the actmty, 
rcquiies as a cofactoi AlnSOi, the optimal concen- 
tration being 0 (X)1 Cm, and inorganic phosphate 
No labile phospliate is formed in the absence of 
amino acid, in the absence of adenosine triphos- 
phate, or in the presence of onlj catalytic amounts 
of the latter Activity lias been obtained with 
glycine, methionine, aigininc, histidine, trypto- 
phane, and aspartic acid The activity increases 
with increasing amounts of enzyme and of adeno- 
sine triphosphate Activity is inhibited by 2,4- 
dimtrophcnol The product is extremely' labile 
at pn 4 it IS destroy cd in 30 minutes at room tem- 
perature, and the hydrolysis is accelerated by 
molybdate, cold 5% tncliloroacctic acid splits it 
within a minute or two, so tliat deprotcimzation 
must lie perfoi med with saturated ammonium sul- 
phate Ixegatne results have been obtained with 
Lijimanii’s hydroxy lamine reagent for acyd phos- 
phates This suggests that an N-phosphoamino 
acid may be involved, however, since it is not 
know n how the adjacent ammo group would affect 
the leiction of an icyl phosphate wnth hydroxyd- 
amiiic iiid the color foimation with ferric ion, the 
aitciintivc possibility cannot be ruled out 

A new blood supply for ischemic hearts, by 
connecting the aorta with the coronary vessels 
Joseph Thomas Robehts Univ of Buffalo School 
of Medicine, Buffalo and Vctcians Adm Hospital, 
Batavia, N 1 The concept of i evascularizing 
ischemic hearts by bunging aoitic blood to the 
myocardium through the coroiiaiy sinus and veins 
was introduced oailici by the authoi Since then 
othois have confiimed his lejxiit that such levas- 
cularization inhibited mvocaidial infarction after 
ligation of the coroiniy ai tones This operation 
devised by the present authoi is now' being applied 
to liuman patients suffoiing from myocardial 
ischemia Subsequent studies on the proceduie arc 
brought up to date, ns iic efforts to anastamose the 
intcinal mnmmaiy' irtciy with the coronary' ar- 
tciics and veins It is predicted that this operation 
may' become a useful method of treating the coro- 
naiy aitcry' disease problem Aftoi such anasta- 
mosis, my'ocaidial blood is appaiontly drained by 
the Thebesian vessels as well as by' other routes 
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Initial effects of potassium on the mechanical 
responses of skeletal muscle Alexa\der S\n- 
non and VRTirun .1 Kahn (!>% in\itation) iros/i- 
tnaton Square College of Arts find Scicncc-s, New 
Yorl Umv , New Yorl Ctl>/ The present studies 
(supported b} a grant from the Office of Xa\al 
Pcscarcli under Contract XGoiu -270, Task order 7) 
deal i\itli changes in the iatenej relaxation (LR) 
and peak tension (T) of icomctnc twitches of the 
frog sarlonus iminedialelj after immersion of the 
muscle in K-enncIicd Ringer's “solution Square- 
wax e, m issue, transxerse shocks, ipphed to the 
muscle immersed in the test solution, aic used as 
stimuli The LR is recorded b\ the incroclcctric, 
cathode-raj method, and T In optic il mjographj 
During an initual period of 3 to 4 minutes after 
placing a muscle in a solution emit lining 28 mg Co 
K, both the magnitude (R) of the LR and T in- 
crease The alterations ire rexersed rclatueix 
slow lx after the initiil peiiod, although T does so 
somewhat more slowlj than R At the end of the 
initial period, the ma\iinil increases, when com- 
ixircd with responses in normal Ringer’s (7 S mg 
% K), are ipproximatclx R, 100% and T, 25% 
Solutions containing some 50 mg % K or greater 
cause onlj immediate decreases in R and T, al- 
though initial increases, too fleeting to observe, ma} 
liax e occurred The initial increases obserx^cd with 
the smaller potassium concentrations develop so 
rapidlj , before any appreciable K had accumulated 
intraccllularly, that it is inferred the added K 
could onlj have dircctlx affected the bcliaxnor of 
the membrane excitatorx mechanism This xncxx 
will be discussed in relation to the significance of 
the LR in the process bj which excitation and 
contraction are linked in the response of the muscle 
fiber 


Action potentials of giant fibers of the crayfish, 
cambarus clarkii C A G Wiersaia Kerckhoff 
Lahgs of Biology, California Inst of Technology, 
Paiadcna, Calif “Vction potentials lead off from 
partially or totallj isolated giant fibers of the cen- 
tral nervous system almost invariably show instead 
of a single phase under one electrode, a double 
phased deflection The first phase is always posi- 
tix'c,and depending on leading off conditions, vanes 
in sire from verj small to as large as the subsequent 
negatu'e deflection \.ll trials to account for this 
positive deflection as an artifact or a pick up of a 
distant potential by the inactive electrode, have 
thus far failed Especially convincing for the inde- 
pendent naluic of the positive deflection which 
occurs under the actixT electrode were experiments 
in which both leads were taken from a part of an 
isolated fiber, completely surrounded by oil 
Under these circumstances there will be at first 
I dipliasic potential with a monophasic lead (quad- 
ruple phasic w ith bipolar leads) After a short time 
in oil the negative phase becomes smaller and dis- 
appears, leaxung a large positive variation On re- 
submerging of the fiber in physiological fluid and 
subsequent return to oil this order of events can 
be repeated several times In fiber bundles a di- 
pliasic deflection remains under these circum- 
stances, only the isolated giant fibers show this 
phenomenon As a working hypothesis it may be 
supposed that these fibers contain two double 
layers of opposite sign The inner, which would 
be responsible for the positive deflections, would 
use the very fluid interior axoplasma as a conduc- 
tive medium and would hence not be influenced 
by the increase in outside i csistancc caused by oil 
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Phenolsalfatase of animal tissues Lynn D 
Abbcot, Jb and Maby K East (by invitation) 
Dept of Biochemistry , Medical College of Virginia, 
Richmond, Va In order to estaWish more precisely 
the optimal conditions for the determination of ani- 
mal phenolsulfatase activity, ive have determined 
pH-activity curves with rat liver and kidneys and 
temperature-activity curves with rat liver using 
p-mtrophenylsulfate as substrate The optimum 
pH appears to be slightly higher (about 6 6) than 
that of the phenolsulfatase of takadiastase (6 2) 
As was previously noted with the takadiastase en- 
zyme, the rate of reaction was much greater at 60° 
than at 37°C We have studied the phenolsulfatase 
activity of the sera and livers of normal rats, carbon 
tetrachlonde-poisoned rats, and rats exposed to 
CC1« but protected by \anthine injection The data 
indicate that thb serum phenolsulfatase activity of 
carbon tetrachlonde-poisoned rats n ns greater than 
that of control animals or of protected animals The 
phenolsulfatase activity of the liver of carbon tctra- 
chlonde-poisoned rats appeared to be decreased 

Effect of uric acid on the peroxidative detoxifi- 
cation of diphtheria toxin ICtell Agneb (intro- 
duced by J W Williams) Dept of Chemistry, 
Univ of Wisconsin, Madison, IFts It has been 
previously reported (Fed Proc 7 140, 1948) that 
crude diphthena toxin preparations are detoxified 
by peroxidases in the presence of H 2 O 1 Purified 
toxm was not detoxified in experiments performed 
under similar conditions The reaction required the 
presence of a dialyzable substance or substances 
present in the crude culture filtrate of diphtheria 
bacilli It has now been found that the above crude 
filtrate can be replaced by a dilute solution of uric 
acid Verdoperoxidase as well as horse radish per- 
oxidase oxidize uric acid in the presence of low 
concentrations of HjOj The rate of the destruction 
of uric acid is increased by the addition of diph- 
thena toxin It seems likely that an intermediate 
oxidation pre duct of uric acid reacts with the toxin 
to give detoxification 

Antimycm antibiotics ELamaluddin A^iad (by 
invitation), P Meblin Bumpus (by invitation), B 
R Dtxnsheb (by invitation) and F M Strong 
Dept of Biochemistry, College of Agriculture, Untv 
of Wisconsin,Madison,Wi8 A new antibiotic, anti- 
mycin A, has been isolated from cultures of a 


Streptomyces species Antimycm A is a nitrogenous 
phenol of the probable formula CjsHmOjNj Alka- 
line hydrolysis destroys the antibiotic activity, and 
gives rise to a nitrogenous phenolic acid, a neutral, 
nitrogen-free product, and two moles of a volatile 
fatty acid Antimycm A is highly toxic to many 
yeasts and other fungi, but is relatively inactive 
toward bacteria Its eflTect on several of the more 
sensitive orgamsms is easily observable at concen- 
trations of a few parts per billion It inhibits the 
respiration of Saccharomyces cerevisac Y30 and 
stimulates aerobic fermentation up to the anaerobic 
rate It also inhibits the cytochrome oxidase and 
succinic dehydrogenase activities of rat hver ho- 
mogenates at concentrations in the range of 10^ 
molar Paper chromatography of crude extracts of 
the original culture filtrate reveals the presence of 
two additional antibiotics, provisionally designated 
as Antimycm B and C 

Abnormal excretion of tryptophane-hke sub- 
stances m tuberculosis Anthony A Albanese, 
L Emmett Holt, Jb , Mahiltn Lein (by invita- 
tion), Emilib M Smetak (by invitation) and 
Betty Vestal (by invitation) Dept of Pediatrics, 
New York Univ College of Medicine, New York 
City By the application of the tryptophane and 
amino N methods dex'eloped by some of us to the 
unnes of patients of both sexes the following data 
were obtained 


Clin diBE 

Age group 

No. of 
det. 

Tryptophane 
amino N 

Total ammo 
N,% 

Non tubercular 

3 m -1 5 jT 

55 

2 0 ±1 0 


2-14 yr 

20 

3 4 ±0 7 


18-40 JT 

48 

4 5 ±0 8 

Tuberoulnr 

3-13 yr 

32 

6 7 ±1 0 


20-62 yr 

e 

7 I ±0 8 


Successive measurements on patients over a 
period of 2-3 years gave the impression that a) the 
T A N /A N ratios are consistently higher for 
chronic than for acute forms of tuberculosis, b) 
critical episodes are characterized by sharp in- 
creases in the ratio, whereas recovery is accom- 
panied by a decrease in this value, and c) the 
abnormal T A N /A N ratios are not due to febrile 
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states Comparable T A N /A N ratios derived 
from urinary tryptophane figures obtained by the 
microbiological or Shan -McFarlane techniques did 
not yield differentiating values for the tuberculosis 
patient as found by the Albancse-Frankston meth- 
od Moreover the high ratios do not arise from an 
increased output b> the tubercular subject of a 
non-diffusible bound N component This however 
does not exclude a possible increase in the output 
of diffusible bound N The metabolic and nutri- 
tional implications of these observations mil be 
discussed 

Biological value of wheal and com proteins m 
the male infant Anthont A Albanese, L Em- 
mett Holt, Jr , Selma E Sntderman (bj invita- 
tion), Marilyn Lein (bj' invitation), Emilie M 
Smetak (by invitation) and Betty Vestal (by 
invitation) Dept of Pedjatnes, New York Umv 
College of Medtcinc, New York City During the 
past year we have made measurements on the food 
value of some ■vegetable proteins in the infant We 
felt this worthwhile for two reasons, a) vegetable 
protein containing diets might prove useful in feed- 
ing infants allergic to animal protein diets and, h) 
the use of vegetable protein diets might prove 
necessary if predictions regarding the failure of 
future food production to keep pace with popula- 
tion growth are realized A synthetic diet contain- 
ing lysine reinforced granulated w heat gluten (4% 
Ijsine content) as the principal N component was 
found to support N retention, body weight gains 
and blood protein concentration in 3 male infants 
equal to those achieved with an evaporated milk 
formula fed at comparable N, caloric and fluid 
levels On the other hand a similar diet fed under 
similar conditions in which com gluten reinforced 
with 6% L-lysine and 1% L-tryptophane consti- 
tuted the principal protein component was found 
not to support N retention and weight gains at 
levels comparable to those attained with the evapo- 
rated milk formula The infenor biological -value of 
the com gluten diet was not due to poor digestabil- 
ity which we had previously found to be cause of 
the poor nutritional quality of commercial zein In 
the light of recent investigations on the effects of 
ammo acid inbalance on the growth of eTpenmen- 
tal ammals reported from various laboratories we 
venture to suggest that the inferior nutritional 
quality of reinforced com gluten in the infant may 
arise in part from its failure to provide an ammo 
acid pattern compatible -with growth 

Isolation of adenosine triphosphate from plant 
tissue H G Albaum, M Oqtjr (by mvatation), 
and A Hirsheeld (by in'vitation) Depts of Biol- 
ogy and Chemistry of Brooklyn College, Brooklyn, 
N Y We have preiaously reported {Fed Proc 7 
141, 1948) an ademne-pentose-pyrophosphate m 
trichloracetic acid e'rtracts of the mung bean The 
isolation of adenosine triphosphate (ATP) from a 


plant source, seemed a necessary experimental step 
in the extension of common pathways of metabolism 
to plant tissues The present work deals with the 
isolation of the plant ATP with a minimum purity 
of 70% when calculated as BajATP 4 H 2 O A tri- 
chloracetic acid extract of mung bean sprouts was 
fractionated with barium into two soluble fractions 
(pH 4 5-8, and pH 1-4 5), and a residue insoluble at 
pH 1 Approximately 80% of the material showing 
ultraviolet absorption at 260 my was found in the 
fraction insoluble at pH 1 This material, which may 
be dissolved and freed of barium by sodium sulfate 
exchange, represents an ATP extract of appro-ci- 
mately 10% purity Precipitation of the silver salt, 
decomposition w ith HCl, and reprecipitation of the 
barium salt increased the purity to approximately 
60% This barium salt is pigmented and shows ab- 
sorption maxima at 320 my ns well as at 260 my 
Removal of the barium by ion exchange, using 
Amberlite IR 100, and treatment wuth four volumes 
of acetone yielded a white barium salt wath no 
absorption at 320 my This preparation has a ratio 
of pentose adenine labile P total P of 1 12 3 and 
a minimum purity of 70% It is active in the trans- 
phosphorylation of glucose by j^east hexokmase 
After treatment -with myokinase and hexokmase, it 
IS deanunated by a muscle deaminase at a slow rate 
compared wnth animal ATP 

In vitro inhibition of hyaluronidase activity 
BLarvey E Alburn, Robert W Whitley and 
Louise C Hall (introduced by Sam Seefter) 
Wyeth Institute of Applied Biochemistry, Philadel- 
phia, Pa In order to study the nature and 
amount of hyaluronidase inhibitor present in hyal- 
uronic acid preparations, the inhibition by hepann 
and other sulfated jjolyuromdes and the neutraliza- 
tion of this inhibition by salts and protamine were 
investigated The hyaluronidase acti-vuty was deter- 
mined by a modification of the Ease and Seastone 
turbidimetnc method and a highly purified hyal- 
uronic acid from human umbilical cord was used as 
the substrate With 0 1 mg of h 3 raluronate and 
sufficient hyaluromdase to hydrolyze it almost com- 
pletely in 1 ml of pH 6 0, 0 1 M potassium acetate 
buffer in 30 min , 0 0033 gamma of heparin gave 
detectable inhibition and 0 33 gamma gave maximal 
inhibition in the absence of sodium chloride In the 
presence of 0 076M sodium chloride, the optimal 
concentration, 10 gamma of heparin was required 
to give detectable mhibition Similar data were ob- 
■tamed for other salts and other polyuromdes These 
data were used to calculate the amounts of inhibitor 
in vanous hyaluronate preparations Protamine 
was found to neutralize the inhibition of hyaluroni- 
dase by heparin in very low concentrations, prob- 
ably due to combination with the hepann In higher 
concentrations protamine was found to inhibit 
hyaluronidase acti-vity 

Effects of 2-acetyIaminofluorene on liver ftutc- 
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tion James B Allison, Arthtjb W Wase (by in- 
vitation) and Walter W Wainio (by invitation) 
Bureau of Biological Research, Rutgers Umv , New 
Brunswick, N J Studies are underway on the 
effects of the carcinogenic agent, 2-acetylaniino- 
fluorene, on liver function in dogs and rats The 
animals are being fed a synthetic diet (J Nutrition 
29 413, 1945) consisting of casein 12%, lard, carbo- 
hydrate, agar, minerals, synthetic vitamins and 
0 03 to 0 05% 2-acetylaminofluorene Preliminary 
results on the dogs demonstrate that after 4 months 
subsistance on this diet the excretion of uric acid 
increased markedly while the excretion of allantoin 
decreased, changes ivhich have been associated 
with decreased uncase activity in damaged hvci s 
Decreased liver function was indicated also by an 
increased retention of bromsulfalcin, and by jaun- 
dice At the end of 6 months a hepatoma had devel- 
oped which was sufficiently advanced in 1 dog to 
cause death The neoplasm had spread also to the 
spleen in this animal TJie coii elation betneen 
these and other metabolic changes associated i\ ith 
the development of hepatomas arc being followed 
together with the letention of nitrogen iii the bodj 
of the animal 

Administration of parenteral and oral casein 
hydrolysates to depleted dogs Carl Alper (bv 
invitation), Bacon F Chow and Sihrlei Q De- 
Biase (by invitation) Nutrition Dept , Div of 
Development, and the Div of Piotcin Chemistry, 
The Squibb Institute foi Medical Research, New 
Brunsmek, A J Mongiel dogs, previously de- 
pleted by feeding a protein-free diet at noinnl 
caloric intake, with or w ithout the accompaniment 
of plasmapheresis, were fed parcntoially foi a pe- 
riod of four weeks, and then orally for a similai 
period, a trj^ptic digest of casein as tlic sole source 
of nitrogen at a level sufficient to maintain positive 
nitrogen balance The object of this experiment was 
to study the effectiveness of parentcrally and orally 
administered casein hydrolj'’sates in the lepletion 
of plasma protein, and the maintenance of piositivc 
N balance Maintenance of N balance, and the re- 
pletion of plasma protein were measured by urine, 
fecal, and blood protein N deteiminations and 
blood-volume determinations Results of those ex- 
periments, which were carried out in 10 dogs, 
showed 1 ) no striking increments in w eight dui ing 
repletion, and S) dogs retained 2 to 3-fold more N 
via the oral route than via the intravenous route, 
even though partial repletion had alieadj’’ been 
effected by the intravenous route Also it was ob- 
served that, contiary to the cm rent belief, the 
dcgiee of hydrolysis vaiying from IS to 40% did not 
appear to influence the utilization of N Between 
5-9% of the N letained by parenteral feeding was 
utilized for plasma piotein synthesis About 1 5- 
2 6% of the N retained by oral feeding was utilized 
for plasma protein synthesis 


Microbially synthesized APF (animal protein 
factor) Stefan Ansbacher, Harley H Hill, Jr 
(by invitation), Jesse W Tieman (by invitation), 
Jean F Doivning (by invitation) and John H 
Caldwell, Jr (by invitation) Research Labora- 
tory, Vi-D-Co , Manon, Ind The need of single- 
stomached animals for APF appears to increase 
w'hen increasing amounts of soybean oil meal 
(SBOM) are fed It would seem logical, therefore, 
to impart APF potency to SBOM This has been 
accomplished by growing certain micro-organisms 
on media, the principal constituent of which was 
SBOM Yeast, although an excellent source of the 
vitamin B-complex, has normally no APF activity, 
but it too may be endowed with high APF potency 
by'' certain fermentation jirocesses The micro- 
organisms that selectively' synthesize APF have 
been isolated for use in these processes The phy'sio- 
logical activity is expicsscd in APF units Fish 
meal , fed to chicks at a level of 6% of the basal (all- 
plant) lation, has been assigned a potency' of one 
unit If a product fed at the same level causes 
chicks to grow approximately ns well as those re- 
ceiving the fish meal ration, it has a potency of one 
unit Tlicjiotcncy is two units, if the oral adminis- 
tration of a product at 2J% results in grow th about 
equal to that obtained from the fish meal ration 
Products containing at least 20 APF units have 
been obtained by' fermentation processes without 
resorting to chcmicil jiuiification procedures 
Chromatograph) of urinary steroids and prod- 
ucts of acid hydrolysis of pure steroids R M 
Archibaij) Hospital of the Rockefeller Institute for 
Medical Research, Acw York City CCh extracts of 
by droly sates of 10 to 50 cc urine have been chro- 
iiiatographed on columns in a Technicon fraction 
cutter Eluting agents used were benzene, benzene 
plus 0 1%, 0 6%, and 2 0% ethyl alcohol, 95% ethyl 
alcohol, water, and 50% pyTidino in water Ultra- 
violet absoiptions at 215, 240, 260 m;i were deter- 
mined on each of ninety 3 cc fractions, then 
aliquots of each were used for Zinmiermann, Lieb- 
ermann-Burchai d and modified Kober (color and 
fluorescence) leactions, and the colorimetric meth- 
od of Munson, cl al foi dehydroisoandrostcrone 
By these methods comparisons w ere made of cliro- 
matogrnph fractions of extracts obtained after 
hy'drolysis of pure steroids and mines wath HCl, 
HjPOi, H:SOi, 01 NaOH a) at room temperature 
b) after leflux boiling 30 minutes Application of 
these techniques to uiine of a woman before and 
after suigical removal of a hirsutizing adrenal 
tumor, and to an extract of the tumor, indicated the 
presence of a laige amount of material easily eluted 
W'ltli benzene in the tumor and in the urine prior to 
operation, but absent from urine after operation 
Determination of dimethylethanolamine in bio- 
logical materials Camillo Artom and Marietta 
Crowder (by invitation) Dept of Biochemistry, 
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Bow))io)i Gray School of Medicine, Winston-Salem , 
N C The method is based on the observation that 
dimethylethanolannno (DME), a likely intermedi- 
ate in choline metabolism, is rapidly and quantita- 
tivelj’’ displaced from its alkaline solutions by 
steam distillation The protein-ficc material is 
treated v, itli HNOs to destroy primary and second- 
ary amines, transferred to the distilling flask of the 
Parnas-Wagnei apparatus, brought to pii 10, and 
aerated at room tempeiature to lemovc volatile 
tertiary amines DME is then steam distilled for 15 
minutes into an excess of standard acid and the ex- 
cess acid titrated lodomctncallj w ith 0 005 N 
NajSjOj 95 to 100% of the substance in pure solu- 
tions or added to tissue extracts could be 1 ccovcrcd 
Choline, ethanolamine, mctliylcthanolamine, ser- 
ine, urea, glj cine, betaine or tnnicthj I imine do not 
interfere apprcciablj The method has been applied 
to aqueous extracts of livci and muscle, deprotem- 
ized with colloidal FetOHlj, and to acid hj'droly- 
sates of the lipidcs, extracted from the tissues of 
rats under various dietary conditions Traces of 
DME i\ere found only occasionally, the results 
being negative in most determinations Hovexmr, 
quite definite amounts of DME were detected in 
the liver lipides of rats, killed 3 01 6 hours after the 
administration of a single large dose of the com- 
pound This finding indicates that DAIE can be 
incorporated in the phospholipide molecule even 
before further methylation to choline Determina- 
tions of DME in the tissues of animals receiving 
large doses of choline or ethanolamine are in prog- 
ress 

Response of pferoylglufamic acid (PGA) de- 
pleted rats to supplementation with natural prod- 
ucts CoNRADO F Asenjo Dcpl of Chemistry and 
Nutrition, School of Tropical Medicine, San Juan, 
Puerto Rico PGA-depleted rats, 7 weeks old, were 
continued on the highly purified PGA-free diet, 
containing 2% succmylsulfathiazole, but, in addi- 
tion, Mere given daily weight amounts of natural 
products for a period of 5 consecutive weeks The 
amount of the supplement was never more than 2 
gm , so as not to interfere to any great extent with 
the basal diet intake Two % by w eight of SST was 
mixed with the daily supplement Growth re- 
sponse, white cell regeneration, degree of alopecia, 
and spleen condition were recorded at the end of 
the supplementation period As the depleted rat 
requirement of PGA to regain noimalcy is approxi- 
mately known {J Nutrition, 36 601, 1948), the 
response exhibited to the different supplements by 
the depleted animals can be evaluated roughly in 
terms of PGA Of 10 fresh tropical fruits so far 
assa 3 '^ed, the only one to exhibit appreciable cura- 
tive action on the rat was the avocado Boiled and 
dried pigeon peas, red kidney beans, and breadfruit 
seed proved to be rich sources of PG-k, inducing 
verj rapid and pi onounced 1 ecoverj In the present 


report the results obtained with 20 natural products 
commonly used in the West Indian dietary, especi- 
ally tropical products, arc pi esented 
Action of nbonuclease on ribonucleic acid 
James E Baoter (by invitation) and Frank 
Worthington Ajslen Div of Biochemistry, Univ 
of Califoi nta Medical School, Berkeley, Calif Ribo- 
nucleic acid from yeast was purified and dialyzed, 
neutralized to pn 7 0 and subjected to nbonuclease 
action Dialysis w'as continued and the dialyzable 
and non-dialyzable fractions were isolated by lyo- 
philization Control expenments without enzyme 
were treated similarly Application of rate studies 
to fractions that were isolated gave the following 
data 


1 

1 

1 

Ribo- 

nucleic 

Acid 

i 

Control 
Na salt 

Dialyza- 

ble 

Fraction 

Non- 

dialyzable 

Fraction 

1 

1 

% 

% 

% 

% 

Total N 

16 4 

13 7 

12 3 

13 7 

Guamne N 

Total N 

34 3 

34 9 

24 6 

39 2 

Punno N 

Total N 

M 9 

07 4 

63 8 

73 0 

Total P 

9 0 

8 2 

8 3 

7 8 

Labile P 

Total P 

50 0 

61 2 

1 

34 6 

67 3 

Stable P 

Total P 

49 4 

48 8 

1 

1 

' 65 4 

I 

42 7 

Punne N 

Labile P 

atoms 

5 06 

j atoms 

4 89 

atoms 

S 11 

atims 

4 08 

Pynmidino N 

Stable P 

2 44 

2 48 

2 82 

2 47 


Ribonucleic acid contains approximately equiva- 
lent quantities of each nitrogenous constituent 
After nbonuclease action the dialyzable fraction, 
which comprises 25%, contains 2 pyrimidines per 
purine, more adenine than guamne and approxi- 
mately twice as much uracil as cytosine The non- 
dialj'^zable fraction, which comprises 70%, reflects 
the contrary 

Transaminase activity in the skeletal muscles of 
normal and vitamin E-deficient annuals Mary 
AijIcb Barber (by mvitation), Daniel H Basin- 
ski (by invitation) and H A AIaitill Dept of 
Biochemistry , State Untv of Iowa, Iowa City, 
Iowa To examine further into the altered energy 
metabolism accompanying the dystrophy of vita- 
min E deficiency, aspartic a-ketoglutanc trans- 
aminase activity was investigated in skeletal mus- 
cle homogenates from normal and E-dcficient 
guinea pigs and rabbits In d 3 strophy , this trans- 
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^nunation reaction ivas decreased by i in guinea 
jpiga and by i in rabbits The diminution of activity 
Tvas consistent whether the results were calculated 
on the basis of wet v eight of the tissue or on the dry 
weight or N content of the homogenate The con- 
centration of the coenzyme, p 3 Tido\al phosphate, 
appeared not to be the limiting factor The reduced 
activity was not an artifact produced by altered 
removal of the oxalacetic acid formed On the con- 
trary, normal muscle seemed to piossess a better 
alternative mechanism for disposing of excess o\al- 
acetate than did dystrophic muscle The signifi- 
cance of these results in the interpretation of the 
abnormal energy metabolism of these paralyzed 
muscles is briefly discussed 
Intracellular heterogeneity of liver ribonucleic 
acid as evidenced by P“ uptake Crnus P Bab- 
NUM and Robebt A Husebt (by invitation) 
Depts of Phystologtcal Chemistry and Physiology, 
Unw of Minnesota Medical School, Minneapolis, 
Minn From fasted, homogenized mouse livers ribo- 
nucleic acid (RNA) has been isolated from the 
nuclei (N-RNA), the cytoplasmic particulate frac- 
tions (M-RNA), and the cytoplasmic fraction that 
does not sediment in 90 minutes at 23,000 g (MS- 
RNA) The mice had been injected intrapentonc- 
ally with inorganic P“ at times varying from 16 
minutes to 24 hours prior to sacrifice The N-RNA 
shows a specific activity (S A -disintegrations/ 
rnin/T total P) which rises rapidly so that at 1 hour 
it 18 14% of the S A of tissue inorganic P (I P ) as 
compared to cytoplasmic phospholipid P for which 
the S A IS 10 5% that of I P The S A of N-RNA 
passes through a maximum around 3 hours and is 
below that of phospholipid at 0 hours The M-RNA 
takes up P“ very slowly and at 1 hour its S 4 is 
only about 0 6% that of N-RNA but rises to 3 1% 
at 3 hours and 21 5% at 20 hours No significant 
differences have been observed in the S A of M- 
RN 4. samples obtained from mitochondria (sedi- 
mented in 5 minutes at 23,000 p) or microsomes 
(sedimented in 90 minutes at 23,000 g) The MS- 
RNA follows a S A time cuive intermediate be- 
tween those of N-RNA and M-RNA At 1 hour its 
S A IS about 6 8% that of N-RNA while at 3 hours 
it IS 9 1% and at 20 hours 30 6% These data point 
up the relationship between intracellular location 
of RNA and its rate of incorporation of newly ad- 
rmnistered inorganic phosphate 
Anterior pituitary growth hormone preparations 
and the glutamine-glutammase system Paul D 
Babtlett (introduced by Ohveb H Gabblek) 
Pdsel B Ford Institute for Medical Research, 
Henry Ford Hospital, Detroit, Mich Van Slj'’ke ct 
al (J Biol Chem 160 481, 1943) have shown that 
transport and storage of ammonia are physiological 
functions of glutamine Storage of amino nitrogen 
Bught be another function, and, m this respect, 


glutanune might be considered a major constituent 
of Schoenheimer’s ‘metabolic pool’ of nitrogen 
Since m this and other laboratories weight gain and 
nitrogen storage have been produced in rats and 
dogs with growth hormone preparations it seemed 
of interest to study the in mvo effect of the recent 
Fishman, Wilhelmi, Russell preparation on the 
glutamine glutaininase system In 19, 20, and 28 
day experiments on dogs 3 different lots of this 
preparation were tested Increases in plasma glu- 
tamine of 19, 30, and 33% above the average control 
level were obtained Nitrogen storage and weight 
gam were produced and excretion of urinary am- 
monia vas found to parallel changes in plasma 
glutamine Experiments now in progress will deter- 
mine whether or not the increase in plasma glu- 
tamine occurs independently of total free anuno 
acids In ad libitum feeding expenments on hypo- 
physectomized rats and on hj pophysectomized rats 
treated with gron th hormone glutaminnse assays of 
21 and 31 u/ml of 26% kidney emulsion respec- 
tively were obtained Food consumption of treated 
rats did not increase during the 7-day ex-perimental 
period Kidneys from normal rats maintained on a 
food intake based on that of the hypophysecto- 
mizcd-trcated rats and from normal rats fed ad 
libitum assayed respectively 36 and 56 u/ml of 25% 
emulsion 

Behavior of fhe thjToid toward elements of the 
seventh periodic group II Rhenium EiunJ Bau- 
mann, N ZiZMEB (by invitation) , Eleanob Oshet 
( by invitation) and S M Seidltn (by invitation) 
Laboratory Div and Laboratory of Medical Physics, 
Montefiore Hospital, New York City Two years ago 
we presented experiments to the Society which 
showed that the thyroid filters not only I from the 
circulation but other halogens as w ell We expressed 
the view that the thyroid distinguishes between 
the halogens imperfectly if at all in the filtration 
process Further, it was su^ested that if a very 
large amount of one of the halogens were admin- 
istered, compared to the amount of any of the other 
halogens ingested, the one given in excess will tend 
to wash the others out of the thyroid in a mass 
action like effect On the basis of other work, we 
postulated then that other elements of group VII of 
the Periodic Table would behave as the halogens do 
and we now report our experiments with Rhenium 
(element 75) Perrhenic acid given parenterally to 
rats and rabbits was found to accumulate in the 
thyroid in greater concentration than in any other 
tissue — 25 to over 100 times more than in the tissue 
having the next highest concentration The maxi- 
mum concentration occurs 1 to 4 houis after injec- 
tion Moat of the Re is excreted in the unne during 
the first day and the remainder is practically all 
eliminated in the next 24-hour period 

Effects of glucose, bile salts, and protein on re- 
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covery of neutral IT-ketosteroids William T 
Beher (by invitation) and 0 H Gabbler Edsel 
B Ford InsUlutc^or Medical Bcscarch, Henry Ford 
Hospital, Detroit, Mich Rates of color develop- 
ment of individual 17-ketosteroids, and effects of 
varying other conditions in the Zimmcrmann reac- 
tion, have been studied cAtensivcl}’’ {Endocrinology 
33 189) Little attention has been given to effects 
of normal and pathological constituents of bile and 
urine on recoverj" of IT-ketosteroids In studying 
this problem, we have used a method involving the 
usual hydrolysis and continuous extraction The 
Zunmermann reaction was then applied after re- 
moving the estrogens, or after separating the neu- 
tral 17-ketosteroid fraction with Girard’s reagent, 
according to the general scheme outlined b}' Pincus 
{Clinical Endocrinology 5 291) In either case, 2 
color spectrophotometry was the final step Addi- 
tions of glucose to solutions of free 17-ketosteroids 
(androsterone and dehydroisoandrosterone), or to 
unne, did not influence the results Addition of bile 
salts or purified human serum albumin to solutions 
of free 17-keto3teroids did not affect the results 
when solutions were analyzed w ithout preliminary 
hydrolysis, but lowered them when hydrolysis was 
included Low values due to addition of protein 
could be overcome by doubling the extraction 
penod, but bile acids apparently increased the de- 
struction of ketosteroids during hydrolysis, so that 
longer extraction did not influence the result 
Analysis of urines with and wnthout addition of bile 
salts or purified human serum albumin show ed that 
the same findings apply when one deals with conju- 
gated 17-ketosteroids Effects of ultrafiltering to 
remove protein, and of varying the acid used in 
hydrolysis, were also studied 
Intravenous administration of commercial cyto- 
chrome C to rats previously treated with radio- 
active iron Helmut Beinert and Kurt R Reiss- 
MANN (introduced by Fred W Oberst) USAF 
School of Aviation Medicine, Randolph Air Force 
Base, Texas The biosynthesis of iron-labeled cyto- 
chrome c showing a radioactivity suitable for tracer 
studies has been repiorted previously {Science 108 
634, 1948) Experiments were made to obtain 
knowledge about the penetration of injected cyto- 
chrome c into tissue cells Two pairs of litter-mate 
rats previously treated with radioiron were ne- 
phrectonuzed unilaterally One animal of each parr 
was then injected intravenously woth commercial 
cytochrome c (8 mg ) Immediately thereafter, 
both pairs were taken to a simulated altitude of 
20,000 ft to favor utilization of injected cyto- 
chrome, if such actually does occur All animals 
were sacrificed 24 hours after injection, to assure 
return of tissue cidochrome concentration to pre- 
injection level Kidneys, hearts, and skeletal 
muscle were assayed for cytochrome concentration 


and the isolated cytochrome was checked for radio- 
activity Comparative tests showed that the cyto- 
chrome content per unit w eight of the left and right 
kidney removed under the conditions of the experi- 
ment generally does not differ by more than ±6%. 
Unilateral nephrectomy, therefore, represents a 
useful means of internal control By this technique- 
and comparison with the control litter-mates no- 
significant elevation of the cytochrome values in 
the organs of the injected animals was found, indi- 
cating that no appreciable quantity of cytochrome 
was left in intercellular spaces No significant dilu- 
tion of the originally occurring radioactive cyto- 
chrome could be demonstrated in the cytochrome- 
injected animals Iron analysis indicates that at 
least 94% of the measured radioactivity is due to 
cytochrome iron This experiment does not give 
evidence of any significant incorjxiration of injected 
c 3 'tochrome c into tissue cells 

The fate of ingested unc acid in man Aaron 
Bendich (by invitation), William D Geren (by 
invitation), Oscar Bodanskt and George Bos- 
WORTH Brown The Sloan- Kettering Institute for 
Cancer Research, N^ew York, N Y A normal male 
ingested 150 mg of uric acid labeled wnth an excess 
of N”‘ in positions 1 and 3 Total unne collections 
were made over specific pei lods for 7 days and were 
analysed for total nitrogen, uric acid, urea and am- 
monia For isotopic nitrogen analyses, unc acid 
was isolated by adsorption on Norite, elution wnth 
dilute alkali and purified by repeated crystalliza- 
tion Urea was obtained as the dixanthydrol deriva- 
tive and urinary ammonia was isolated The course 
of the unnary excretion of each of the stated com- 
pounds, as well as their isotope content, was deter- 
mined During a penod of 4 dajs, 80% of the 
admimstered isotope appeared in the unne Of this 
amount, about i was present as urea N and about i 
as unc acid N The results are discussed wnth 
respect to the question of uricase m human tissues, 
to bactenal action in the intestine, and to the rela- 
tive contribution of purine nitrogen to urinary urea 
and uric acid nitrogen 

Human unc acid metabolism JeanD Benedict 
(by invitation), Peter H Forsham (by invita- 
tion) and DeWitt Stetten, Jr Dept of Biological 
Chemistry, Harvard Medical School, Dept of Medi- 
cine, Peter Bent Brigham Hospital, Boston, Mass , 
and the Div of Nutrition and Physiology , Public 
Health Research Institute of The City of New York, 
New York City Unc acid has been synthesized in 
such a fashion las to include a high concentration of 
N** in the pyrimidine ring and this material has 
been administered intravenously in tracer dose to 
human subjects while maintained in balance on^a 
purine-poor diet From the concentrations of N 
in the unnary unc acid samples in the succeeding 
period it has been possible to estimate /) the quan- 
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tity of uric acid ^hich mi^ed with and diluted the 
injected isotopic uric acid, 3) the rate of in vivo 
formation of unc acid in man under these circum- 
stances These quantities have been compared with 
the prevaihng level of plasma uric acid during the 
experiment and with the independently deter- 
mined rate of urinary uric acid excretion Experi- 
ments have been conducted on both normal 
subjects and patients suffering from gout 
Partial purification and properties of hydantom- 
ase Fbedebick Bernheim, Mart L C Bebn- 
HEiM (by invitation) and G S Eajiie (by invi- 
tation) Depie of Physiology, Pharmacology and 
Biochemistry, Duke University Medical School, 
Durham, N C The enzyme in rat liver which hy- 
drolyzes hydantoin to hydantoic acid has been 
partially purified by remox ing proteins insoluble in 
slightly alkaline and acid solutions and by dialysis 
The enzyme remains in a clear solution 0 25 ml of 
V hich hydrolyzes under optimal conditions 4 0 mg 
of hydantoin in 15 minutes The solution also con- 
tains an active esterase for simple esters but only 
traces of choline, demcrol and procaine esterases 
If the activity is measured by the liberation of CO- 
the end point depends on the pH probably because 
of the simultaneous formation of an NH* gioup 
That the end point at any pir conesponds to the 
quantitative formation of hydantoic acid was 
proved by the determination of the latter n ith the 
diacetyl monoxinc icagcnt The enzyme does not 
hydrolyze parabaiiic acid, dimctliyl- oi methyl 
ethyl hydantoin but they' inhibit its action on 
hydantoin Its pn optimum is about 8 C The rtnt- 
tion IS monomolccular throughout the groat ci pait 
of the hy'drolysis The relation between initial 
velocity and substiatc concentration is of the 
Michaelis Menton ty pc Prelinunary' experiments 
indicate a dissociation constant not far from 0 01, 
showang relatively small affinity' between cnzy'mc 
and substrate 

Conversion of carotene to vitamin A by the rat 
J G Bieri (introduced by M 0 Schultze) Dtv 
of Agricultural Biochemistry, Umv of Minnesota, 
Minneapolis, Minn Further evidence for the con- 
version of carotene to vitamin A by' hypothyaoul 
rats IS presented from studies of the blood scrum 
vitamin A content of hy'pothy'ioid rats given c.uo- 
tene Two of four groups of rats on a vitamin A-dcfi- 
cient ration were made hypothyroid by' feeding 
0 2% thiouracil When the animals show cd w eight 
plateaus, definite xerophthalmia and no measurable 
scrum vitamin A, 200y of B-carotenc in Tween 80- 
water (1 1) was given w'cekly for 6 weeks oially or 
intramuscularly Xerophthalmia disappcai ed The 
hy pothyroid rats gained w eight for 15-19 day's only , 
the others continued to gam Vitamin A in blood 
serum determined by the method of Bessey' befoie, 
and 12 hours after, the last administration of caro- 
tene show cd the following 




Serum Vitamia A, 

Thyroid 

Carotene 

7% 


1 

Betore ! 

Alter 

Normal j 

Oral 

7 2 

13 7 

HsTJOtbyroid 

Oral 

8 3 

21 6 

Normal 

Intrnranscul 

7 0 

10 2 

Hypothyroid 

Intramuscul 

6 3 

26 3 


Several laboratones have reported that the small 
intestine is involved in the conversion of carotene 
to vitamin A by' the rat Preliminary studies show 
that vitamin A-deficient rats given 400y of B-caro- 
tcnc in Tween intramuscularly after surgical re- 
moval of the small intcsting have in the blood 
serum, after 5 hours, appreciable amounts (equiva- 
lent to 12-50 y% of vitamin A) of a fat soluble light- 
sensitive material absorbing at 328 mg Operated 
control rats given Tween show no appreciable 
change m serum fat-soluble components absorbing 
at 320-360 mg 

Cyslalhionaso FrarcisBirklet Laboratory for 
the Study of Hereditary and Metabolic Disorders, 
Untv of Utah School of Medicine, Salt Lake City, 
Utah The cnzy'mc responsible for the conversion 
of cystathionine to a compound reacting in the test 
of Sullivan foi cysteine has been obtained in a con- 
dition of high purification from rat and pig liver 
The puiificd enzyme was obtained in crystalline 
form and was dissociated, under acid conditions, 
into an inactive crystalline protein and an alcohol- 
soluble coenzy me The inactive protein was reacti- 
vated by incubation w itli the coenzyme or a boiled 
extract of liver at values of pn near 8 Magnesium 
ions and inorganic phospliate were required for the 
activ ity' of the enzv me but it w ns not possible to 
demonstrate an uptake of phosphate in the reac- 
tion The rate of reaction was dependent upon the 
concentration of inorganic phosphate as well as 
upon the concentration of cy stathiomne or enzyme 
The enzyme was active in the desulfhydration of 
cysteine , inorganic phosphate was required for the 
desulfhydration of cysteine Cysteine was not a 
primary' product of the action of the enzyme on 
cy'stnthionine, the product responded to the Sulli- 
van reaction but not to the leaction of Nakamura 
and Binkley If, liowcver, the reaction product 
y\ ere incubated w ith crude extracts of liver or kid- 
ney, cy'stcine was produced Whereas lodometnc 
titrations indicated a complete cleavage with the 
puiified enzyme, the Sullivan reaction indicated 
less than 40% cleavage 

Hjrdrolysis of conjugated 17-ketosteroids in 
urine concentrates by acetate buffers Joel Bit- 
iiAR (by' invitation) and Satjl L Cohen Dept of 
Physiological Chemistry, Univ of Minnesota Medi- 
cal School, Minneapolis, Minn Butanol extracts of 
male urine prepared for studies on the hy droly'sis 
of concentrates of the conjugated ketosteroids 
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slwRed a considerable loss (up to 45%) of these 
conjugates from the butanol extiacts if the extrac- 
tion i\as carried out at pn above 3 0 Similar losses 
occurred if the butanol concentrates i\eie n ashed 
V itli buffers of pH above 3 0 This indicates the 
presence in urine of some conjugated ketosteroids 
a hose salts are more soluble in natei than in buta- 
nol The BaCL-acetate buffer hydrolytic technique 
of Talbot et al (1943) when applied to butanol ex- 
tracts of normal male urine liberated 20-40% of the 
total ketosteroids, of hich 40-60% i\as of the beta 
tjpe These amounts i\ere independent of the pH 
of the urine existent when the butanol extracts 
vs ere prepared The same degree of hj^drolj'sis 
occurred even n hen the BaCL v\ as omitted from the 
h 3 drolytic mixture and the butanol residues were 
heated with buffer alone H 3 'drol 3 8is with pH 5 8 
acetate buffer was found to be 85% complete in 4 
hours No marked increase m the proportion of 
ketosteroids liberated b 3 buffers occuri ed w hen the 
buffer pH was reduced until a pn of 3 0 or less was 
achieved These results tend to indicate the pres- 
ence in normal male unne of a specific group of con- 
jugates whose salts are much more soluble in buta- 
nol than in water and which are sufficiently labile 
to be h 3 drol 3 ’'zed b 3 ’' relatively mild conditions 
Influence of magnesium and cobalt on the inhi- 
bition of phosphatases by a-amino acids Oscah 
BodajvSKT Memorial Hospital for The treatment of 
Cancer and Allied Diseases and the Sloan- Kettering 
Institute for Cancer Research, New York City In 
the presence of inhibiting concentrations of 
a-amino acids or cyanide the usual activating effect 
of magnesium on bone phosphatase was decreased 
and m some instances was transformed into a re- 
tardant effect The extent of the activating effect 
of cobalt on bone phosphatase was decreased 
slightly as the concentration of amino acid was m- 
creased In the conjoint presence of cobalt and 
magnesium, accomplished either before or after the 
start of the reaction, the degree of activation of 
bone phosphatase which had been inhibited by 
ammo acids was much greater than wnth either co- 
balt or magnesium alone and counteracted to vary- 
ing degieee the inhibition b 3 '' amino acid The 
activatmg effect of magnesium on intestinal phos- 
phatase W’as unaffected as the concentration of 
ammo acid was increased, the activatmg effect of 
cobalt was decreased The extent of activation of 
intestinal phosphatase which had been inhibited 
b 3 ’' ammo acids was about the same m the conjoint 
presence of cobalt and magnesium as m the pies- 
ence of magnesium alone Human osteogenic sar- 
coma phosphatase resembled noimal rat bone 
phosphatase with respect to the extent of mhibi- 
tions b 3 ’' various ammo acids and the mfluence of 
cobalt and magnesium on these inhibitions The 
present findings are interpreted to indicate that 
a-amino acids inhibit bone, intestinal and osteo- 


gemc saicoma phosphatases by combining with an 
essential metal component of these cnz 3 rmes and 
that this component normally mediates the activa- 
tion of bone and osteogenic sarcoma phosphatases, 
but not of intestinal phosphatase, by magnesium 

Quantitative separation and determination of 
small amounts of histidine and tyrosine employing 
paper chromatography Diana Bolling (by invi- 
tation), Herbert A Sober (by invitation) and 
Richard J Block Dept of Biochemistry and 
Physiology , New York Medical College, Flower and 
Fifth Avc Hospitals, New York City Pauly (1904) 
reported tliat histidine and tyrosine gave a red 
color w'hen treated in alkaline solution with freshly 
diazotized sulfanilic acid The use of this reaction 
for quantitative determinations has been limited 
by the difficulties m obtaining complete separation 
of these 2 ammo acids The excellent technique for 
the separation of ammo acids by paper chroma- 
tography^ introduced by Consden et al (Biochem J 
36 224, 1944), and the adaptation of this method 
for their estimation, baaed on the observation that 
the concentration of an ammo acid on the paper w as 
proportional to the area of the spot multiplied by 
the color density (Block, Science 108 608, 1948), 
suggested that the Pauly reaction could be readily 
adapted to the determination of histidine, tyrosine, 
etc Method Histidine and tynosine are separated 
by chromatography using a mixiiure of n-butanol, 
100 parts, glacial acetic acid, 10 parts, saturated wnth 
water Ascending chromatograms on S&S 598 or 596 
paper are run for 3 hours The paper is removed, 
dried, and sprayed with freshly diazotized sulfanil- 
amide dissolved m n-butanol The paper is allow'ed 
to air-dry for exactly 5 minutes It is then sprayed 
wuth an emulsion of 5% sodium carbonate m 2 
volumes of butanol The chiximatograph is air 
dried and the quantities of histidine and tyrosine 
are determined from the product of the color area 
times density The results obtained on casein, zein 
and hemoglobin agree w ith the better values in the 
literature 

Influence of pituitary and adrenal glands on 
ketone body production by rat liver slices Philip 


K Bondt (by invitation) and Alfred E Wil- 
HELiH Dept of Physiological Chemistry, Yale 
Medical School, New Haven, Conn Slices of rat 
liver were incubated in Kicbs Ringer medium, 
with pliosphate buffer, pn 7 4, m oxygen at 38°C 
Ketone bodies were determined iiy"^ the method of 


Ireenberg and Lester on the total contents of the 
iask All animals were fasted IS hours before the 
experiment Livers from normal rats produce 

14 ± ICnM/lOOrng (dry weight) in 15 minutes, 

nd S 8 ± 46 pM/lOO mg m 120 minutes, an incre- 
nent of 3 5 ± 43 pM/100 mg/hour The rate of 
:ppearance of ketone bodies wns constant from 0 
mnutes to 120 minutes Livers from a^rcnalw o- 
nized rats formed 2 5 zt 19 f<'\I/100 mg in 
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utes, and 10 2 ± 43 itM m 120 minutes, an in- 
crease of 4 4 ± 29 aM/100 mg/hour These 

results are not significantly different from the data 
obtained from normal rat livers The livers of rats 
hypophysectomized several months previously 
produced 1 5 ± 10 /iM/100 mg in 15 minutes, and 
3 7 ± 20 ^M/100 mg in 120 minutes, a rate of 1 3 
± 20 nM/lOO mg/hour These values are sigmfi- 
cantly lower than those obtained with either nor- 
mal or adrenalectomized animals In normal rats, 
the body weight was found to be a significant fac- 
tor, since liver slices from heavier rats produced 
more ketone bodies than did slices from lighter 
animals (r = 0 8428, p less than 0 05) This cor- 
relation was observed only in the 120-minuto 
period No such relationship between body weight 
and ketone body formation could be demonstrated 
for hypophysectomized or adrenalectomized ani- 
mals 

A microbiological determination of D-phenylal- 
anine Ebnebt Borek and Heinrich Waelsch 
Depts of Biochemistry, New York State Psychiat- 
ric Institute and Columbia Univ , New York City 
The microbiological determination of n-amino 
acids has been previously achieved by the use of 
two different varieties of microorganisms one of 
which utilizes only the L-amino acid, and the 
other, either the n or the d-l form During studies 
of the metabolism of phenylalanine and its deriv- 
atives in Lactobacillus Arabtnosus nc found that, 
while these organisms can utilize onlj' L-phenylal- 
anine, they readily metabolize both optical 
antipodes of phenj llactic acid in lieu of the amino 
acid Since the grow tli response of the microor- 
ganisms 18 ml to D-phenylalanine but complete to 
D-phenyllactic acid, and, since the chemical trans- 
formation of the ammo acid to its hjdio\j analogue 
IS almost quantitative, a convenient determination 
of the D-amino acid is possible Samples of n-n 
phenylalanine in microgmm quantities, produce, 
after reaction with nitrous acid, almost tnico the 
growth response of an identical, untreated aliquot 
The blood of patients with oligophrenia phcnyl- 
P}TTivica has been subjected to a search for n- 
phenylalanine which has been claimed to accu- 
mulate in these subjects Within the limits of error 
of the method the phenylalanine, n Inch circulates 
in concentrations as high as 30 mg % the blood of 
these subjects is the L-isomer 

Incorporation of labeled lysine into the proteins 
of guinea pig liver homogenate Henrv Borsook, 
ClabaL De^sy (by invitation), ArieJ Haaqen- 
Smit (by invitation), Geoffrey Keighley (by 
invitation) and Peter H Lowy (by invitation) 
Kerckhoff Laboratories of Biology, California 
Institute of Technology, Pasadena, Calif The in- 
corporation of L-lysine (labeled with in the 
e-position) into the proteins of guinea pig liver 
homogenate was studied using either the nhole 


homogenate or the sedimented fraction obtained 
by centrifuging the 15-fold diluted homogenate at 
2600 g Chaiacteristics of the reaction with the 
whole homogenate are its optimum pH is at 6 1, 
the presence of calcium is obligatory, the reaction 
proceeds as well in nitrogen as in oxygen, it is 
inhibited nearly completely by fluonde, and less 
completely by arsenate, arsenite, azide, cyanide 
and dinitrophenol , the concentration of L-lysine 
incorporated is approximately a linear function of 
the lysine concentration and is independent of the 
homogenate concentration Characteristics of the 
reaction with the sedimented fraction are its op- 
timum pH is approxnmately 7 3, calcium acceler- 
ated the reaction only slightly and its presence is 
not obligatory, it proceeds under nitrogen but 
more slowly than under oxygen, it is inhibited 
slightly by fluoride and practically uninhibited by 
arsenate, arsenite, azide, or dinitrophenol, the 
concentration of ly'sinc incorporated is a function 
of tlie total amount of lysine in the reaction rmx- 
ture The rate of incorporation of lysine into the 
proteins of the w hole homogenate is approximately 
the same as that in vivo, the rate with the sedi- 
mented fraction is several times faster 
Passage of hemoglobin through the glomerular 
membranes and its excretion by the amphibian 
kidney Phillis A Bott Dept of Physiological 
Chemistry, If Oman’s Medical College of Pennsyl- 
vania, Philadelphia, Penna Kidneys of amphibia 
were perfused with Ringer’s solution containmg 
human hemoglobin prepared by Drabkin’s method 
iJ Biol Chem 164 703, 1946) ‘Direct’ glo- 
merular puncture experiments and ‘indirect’ 
(hcmoglobin-inulin) experiments were made with 
methods similar to those used previously wnth 
other proteins (Bott and Richards, J Biol Chem 
141 291, 1941) Indirect experiments Hemo- 

globin excretion in ureteral urine was influenced 
by pH ns in the experiments of Webster, Engel, 
Laug and Amberson (J Cell and Comp Physiol 
5 399, 1934) with laked cells, and the percentage 
filtration calculated from these by the indirect 
method also seemed to be so influenced In a num- 
ber of cases the calculated percentage filtration of 
hemoglobin did not show an increase when the 
concentration of hemoglobin in the perfusion fluid 
was increased Direct experiments From glomeru- 
lar collection analysis there appears to be con- 
siderable variation in the degree of completeness 
of hemoglobin filtration by the individual glomer- 
uli, but possibly a trend toward more complete 
filtration with increasing concentration of hemo- 
globin in the perfusion fluid Glomerular fluid 
and ureteral urine were collected simultaneously 
in a number of experiments 

Antithromboplastic activity of navy bean tryp- 
sin inhibitor in vivo Donald E Bowtuan Dept 
of Biochemistry and Pharmacology, Indiana Univ 
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School of Medicine, Indianapolis, Ind A highly 
active and abundant navy bean trypsin inhibitor 
has been used to retard the tn vivo coagulation 
which results from the intravenous injection of 
trypsin in rabbits This inhibitor was piepared by 
a modification of an earlier procedure employing 
isoelectric precipitation of inert proteins, frac- 
tional salting out of the active material and frac- 
tionation with alcohol In rabbits the navy bean 
trypsin inhibitor confers a considerable degree of 
protection against the lethal effects of single large 
doses of intravenously injected trypsin or re- 
peated small doses of the enzyme Extensive pul- 
monary embolism which is almost invariably 
observed upon immediately examining rabbits 
killed with trypsin alone is not found upon sacri- 
ficing those receiving the enzyme plus its inhibitor 
In rabbits receiving repeated small injections of 
trypsin the coagulation time of carotid blood is 
first observed to increase markedly and then 
gradually decrease, finally reaching a point con- 
siderably belon the control level at the time of 
fatal termination The imtial rise is also observed 
with the enzyme plus its inhibitor , however, the 
subsequent fall is not as severe lodinated trypsin 
which retains relatively more of the proteolytic 
activity as compared with the hypotensive effect 
of the original enzyme also gives nse to pulmonary 
emboli particularly with repeated small doses 
Single large doses have been less toxic than the un- 
treated enzyme given in amounts sufficient to pro- 
vide equivalent proteolytic capacity Evidence of 
anaphylactic reactions was not observed upon 
intravenous injection of the inhibitor at 14-day 
intervals 

Tuberculostatic properties of autoclaved hu- 
man plasma Do^ALD E Bowman Dept of Bio- 
chemistry and Pharmacology, Indiana Univ School 
of Medicine, Indianapolis, Ind Dunng an investi- 
gation of enzymatic factors in tuberculosis it has 
been observed that undiluted autoclaved human 
plasma containing glycerol is less able to support 
growth of the H37 strain of tubercle bacilli than is 
sterile plasma nhich has been coagulated at 80° 
for 10 min On the latter surface growth of the or- 
ganisms having typical staining properties can be 
observed in 2 to 4 days after inoculation while 
gron-th on plasma v\ hich has been autoclaved for 
IS nun at 15 lb pressure requires a week or more to 
reach a comparable point and subsequently shows 
much less gron'th With non -autoclaved dog plasma 
or restored dessicated human plasma gron th is 
comparable to that on autoclaved fresh human 
plasma That the addition of a concentrate of the 
fluid derived from autoclaved human plasma to 
synthetic media consistentlj inhibits gron'th is 
readily observed and can be estimated by deter- 
mimng the mtrogen content of the irashed or- 
ganisms by the procedure described bj l.oumans 


Fluid derived from plasma coagulated at 80° does 
not inhibit grondh In fact in less favorable media 
such as that in which the yeast extract and surface 
active accelerating agents have been omitted from 
Dubos’ synthetic media, fluid pressed from 80° 
coagulated plasma actually accelerates growth 
Uric acid show's an inhibiting effect which it par- 
tially loses upon being autoclaved 

A biologically-active, reversible oxidation prod- 
uct of a-tocopherol Paul D Boyer Dtv of Bio- 
chemistry, Univ of Minnesota, St Paul, Minn A 
biologically-active oxidation product of a-tocoph- 
erol has been formed by reaction with two equiv- 
alents of Fe+++/M and isolated as an unstable, 
colorless oil by extraction and chromatographic 
procedures It has an absorption maximum at 237 
m /1 in isooctane (fu = 1 2 X lOO, and is readily 
reduced to tocopherol by ascorbic acid or hydro- 
sulfite The product is a structural isomer of 
a-tocopherylqumone, CmHwOj, into which it is 
readily converted by a slight excess of Fe"*^ and 
by acids and alkalies Its antisterility activity is 
1/10 parenterally and 1/30 orally of that of a- 
tocopherol This suggests a relation of the oxidation 
product to the biochemical function of tocophe- 
rol Tentatively the product is considered to 
be 2, 5, 7, 8-tetrnmethyl-2- (4', 8', 12'-trimethyltri- 
decyl ) -6- keto - 7 - hydro -8,9- epoxychroman The 
absence of an OH group is demonstrated by failure 
to react with reagents for OH groups and by the 
infra red absorption spectrum The hetero ring is 
thus intact and the extra oxygen must be associ- 
ated with the carbon ring in a cychc or peroxide 
structure The product liberates Ii from Nal in 
AcjO, and this property, together with the ease of 
conversion to the quinone, has prevented direct 
reaction with carbonyl reagents The ultraviolet 
absorption spectra and other properties of the 
molecule are best explained by an a-/3 unsaturated 
keto structure Similar products from y- and S- 
tocopherols show maxima about 10 nm shorter 
wave length, consonant with the postulated struc- 
ture Properties of the molecule and structural 
considerations suggest the location of the extra 
oxygen in a three-membered ring in the 8-9 posi- 
tion 

Evaluation of some lactic acid producing bac- 
teria in the microbiological assay of amino acids 
Mybon Brin (by invitation) and Harold H Wil- 
UAMS Dept of Biochemistry and Nutrition and 
The School of Nutrition, Cornell Univ , Ithaca, A Y 
The amino acid assay of complex feedstuffs con- 
taining relatively large amounts of lipids, complex 
carbohydrates, or both, offers difficulties not ap- 
parent in the assay of purified protein materials 
This report deals wulh the comparatix e analy sis of 
complex feeds by 5 bactena previously propose 
for amino acid assay Whole egg, soy bean oil mca , 
and clox'er hay were chosen as representative o 
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feedstuffs, and casein n as included as a standard of 
comparison with literature values Depending 
upon the amino acid requirements for the respec- 
tive orgamsms, comparative assays for the essen- 
tial amino acids acre run on the above materials 
■mth LactobactUu^ arabinostis 17-5, Lactobacillus 
casei, Lactobacillus delbuickii ld5, Lcuconosioc 
mesenteroidcs P-60, and Streptococcus faecahs 
In order to measure differences of response be- 
tween organisms to the test materials, a uniform 
basal medium was developed which is applicable 
to the 6 bacteria used Comparative results indi- 
cate that all of the organisms do not yield equiv- 
alent ammo acid values under similar conditions 
It IS concluded that under the conditions of this 
study 3 bacteria yielded the most accurate values, 
namely Streptococcus faecahs — arginine, histidine, 
tysine, methiomnc, threonine, tryptophan and 
valine, Leuconostoc mcscjitcroidcs P-60 — histidine, 
lysine, methionine and phenylalanine , Lactobacil- 
lus arabtnosus 17 6 — isoleucinc, leucine, and 
tryptophan 

Mechanism of histidine synthesis in lactic acid 
bacteria Harhy P Bhoquist (by invitation) and 
Esmond E Snell Dept of Biochemistry, Univ 
of Wisconsin, Madison, IPts If Lactobacillus 
arabtnosus 17-5 is cultured in a medium deficient 
in histidine and purine bases, the organism grows 
vei y slowly Mucii more rapid grow th is obtained 
on the addition of either histidine or individual 
purine bases This suggests a relationship betw een 
histidine and purine bases m metabolism The 
possibihties (reaction a) that histidine raaj serve 
as a precursor of punnes, or (reaction b) that the 
purmes may serve as a precursor of histidine arc 
considered Reaction a has been frcqucntlj pro- 
posed, and appears unlikely in view of present 
knowledge Furthcrnioie, the histidine require- 
ment of Streptococcus faecahs R is not increased 
by culturing in the absence of the proposed jirod- 
uct, purine bases Data to be presented indicate 
rather that the purine bases serve as a prccursoi for 
the imidazole ring of histidine (reaction b) and that 
\anthme is particularly effective in this relation- 
ship In the absence of vitamin Be, histidine 
becomes essential for growth of L arabtnosus and 
cannot be replaced by purine bases, implying that 
vitamin Be is iniolvod somewhere in reaction b 
Imidazole pyruvic acid replaces histidine for both 
L arabtnosus and 5 faecahs, but only when vita- 
min Be 18 present in the medium Thus Be appears 
to function m conversion of this keto acid to the 
amino acid It imidazole pyruvic acid is the imme- 
diate precursoi of histidine this implies a wider 
significance for tlie tiansamination reaction than 
has recently been indicated 
Changes in sodium sulfate solutions m the upper 
and lower intestines of dogs Gladys R Bucher 
(by invitation), Gael E Andebson (by invita- 


tion) and C S Robinson Dept of Biochemistry, 
Vanderbilt University, Nashville, Tenn The abil- 
ity of the small intestine to alter sodium sulfate 
has been studied in a double period test in a series 
of acute dog experiments using 2 methods of iso- 
lating the gut segments, and also in chronic dogs 
with Thiry Villa loops In the acute expenments, 
segments were isolated using the terminal end of 
the Miller-Abbott apparatus m the jejunum and 
60 cm from the ileocecal valve, or by mechanical 
obstruction w ith flat clamps in these regions After 
a sulfate wash, each loop was filled with Na-SOi 
(35-40 cc , 204 mEq/1 ) and drained for anal j sis 
after 20 minutes Residual volume was obtained 
by determining the conductivity of an equal 
volume of 10% sucrose solution used as a rinse 
Following a rinse with sulfate, a second 20-minute 
test w as made The analj sis consisted of determin- 
ing volume, pn, total base, ammonia, sulfate, chlor- 
ide and total CO; The data from the 3 types of 
preparation were statistically homogenous The 
first period samples in both upper and lower 
loops showed some significant differences from the 
second period samples In upper loops, the second 
period samples were significant! j different m 
possessing a more acid pn, higher sulfate and a 
lower chloride concentration In the lower loops, 
the second period samples were significantly dif- 
ferent in possessing a more acid pH, increase in 
total base concentration and a decrease in the con- 
centration of ammonia These ionic shifts occurred 
when no consistent differences in volume were 
detected The sample diffcicnccs bespeak a reduc- 
tion in the rate of ionic shifts in the second period, 
due possiblj to a fatigue or saturation phenome- 
non 

Anaerobic and aerobic glycolysis of parasitic 
tissue helminths Ernest Bueding Dept of Phar- 
macology, School of Medicine, Western Beserve 
Univ , Cleveland, Ohio In contrast to tissues 
from vertebrates and to many bactena, lactic acid 
IB not the major end product of the anaerobic 
carbohydrate metabolism of parasitic helminths 
living in the intestinal tract or the bile ducts 
However, lactic acid production accounted for at 
least 80% of the total amount of carbohydrate 
utilized anaei obically by 2 tissue parasites, the 
filarial nematode, Litomosoidcs cannti, and the 
trematode. Schistosoma viansoni This was estab- 
lished by isolation and identification of the benzi- 
midazole and the p-bromphenacyl derivatives from 
media in w Inch the parasites liad been incubated 
in the presence of glucose Glycolysis of Litomo- 
aoidcs can nil was greatly reduced by aerobiosis 
and inhibition -of its respiration resulted in a com- 
pensatory increase of glycolysis In schistosomes 
and in another tissue parasite, the filarial nema- 
tode, Dracunculus insignis, the rates of glucose 
utilization and of lactic acid production remained 
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constant under anaerobic and aerobic (1-100% 
ovigen) conditions, and vrere not affected by in- 
hibitors of respiration E% idciicc w ill be discussed 
indicating that a large amount of energj'- derived 
from ovidative reactions is essential for surviial 
of Lriomosoides cannti, but not for that of schis- 
tosomes, m which respiration and gl} colj sis occur 
independent!} of each other Ghcol3’sis of the 
parasites was reduced markedh b} low concentra- 
tions of — SH inhibitors This effect could not be 
reversed b} glutathione, dithiopropanol or H;S 
Dithiopropanol (but not glutathione) greatl} 
enhanced the inhibitor} action of p-chloromercunc 
benzoate on gl} col} sis of the schistosomes 
Bactenal glucuronidase HE^RY J Buehugr 
(by lantation), Philip A and Ediiard 

t. Doist Laboratory of Biological Chemistry, 
Saint Loins I mv School of Medicine, Saint Louis, 
Mo The estimation of seieral important sub- 
stances excieted in the unne as glucuromdes de- 
pends upon as initial hi droh sis Since the prevail- 
ing methods for h}(irol}zing such substances re- 
sult m considerable destruction, i\e have directed 
oui efforts toward the preparation of potent glu- 
curomdase extracts of bactenal origin Of fourteen 
organisms grown in a 1% peptone medium onl} C 
xerQse,C hoffmamandE coli produced glucurom- 
dase as indicated b} the h\drol}sis of phenol- 
phthalem glucuromde E coli was selected for 
further stud} because it showed the greatest glu- 
curomdase production under these conditions The 
optimum pH for 6023^10 production b} this or- 
ganism at 25°C m a peptone-beef extract medium 
containing 0 Ooit phosphate buffer was found to 
be about 7 3 The optimum pn for enz}'me actmt} 
usmg phenolphthalein glucuromde as the sub- 
strate and 0 033m KHjPO* as buffer was deter- 
mined to be approxunateh 6 2 The production 
of glucuromdase b} E colt can be marked!} in- 
creased b} the addition of menthol glucuromde 
to the growth medium The addition of 0 5% 
menthol glucuromde m this manner has effected 
as high as a 70-fold increase in the } leld of the en- 
21 me Empio} ing as the enz\ me preparation the 
culture fluid after dial} sis and filtration, phenol- 
phthalem glucuromde was quantitatixel} hi dro- 
ll zed m 2 hours The extent of hidrol}sis for 
shorter periods was not measured 
l-AIanme oxidase of rabbit kidney and liver 
M V Bttvt.t. and J L Still (introduced by D E 
Green) Institute for Enzyme Research, Univ of 
insconsin, Madison, TTis Liver and kidney cy clo- 
phorase preparations can cataljze the complete 
oxidation of ?-alanine to COi, XH; and H;0 This 
process requires the presence of some member of 
the citric acid ci clc in sparking concentration 
It appears that the first step in the complete oxida- 
tion is a tninsammation between alanine and 
a-ketoglutarate with formation of pinivate and 


glutamate Once the process is pioperl} started 
the oxidation of p}’Tuvpte and glutamate both of 
which pass through a-ketoglutarate as an mter- 
mediar} step provide a continuous suppl} of a- 
ketoglutarate for the initial transamination reac- 
tion The alamne-glutamic transaminase is capable 
of working at catal}i;ic concentrations of a-keto- 
glutarate Under appropriate conditions the cyclo- 
phorase s} stem can synthesize f-alanine from py- 
rm ic acid and XHj This s} nthesis involves both 
the s} nthesis of glutamate from a-ketoglutarate 
and NH3 and the reversal of the transamination 
reaction 2 a-ketoglutaratc NHj — » glutam- 
ate + succinate glutamate + piTui ate a-keto- 
glutarate -f alanine The s} nthesis of glutamate 
from a-ketoglutarate and KHz proceeds very 
rapidl} under aerobic conditions a-Ketoglutarate 
m excess suppresses almost completel} ammonia 
production from eithei glutamate or alanme m 
accordance with the dictates of the above equa- 
tions 

Efi^ect of ammo acid administration on ammo 
acid oxidase activity R X Cagan (by invita- 
tion), J L Grat (b} inntation) and H Jersbx 
Medical Dept Field Research Laboratory, Fort 
Knox, Ky The effect of intraperitoneal injection 
of an ammo acid mixture on the ammo acid oxidase 
actmt} of the Iner and kidne} was studied m 
normal, hi poph}'sectomized, adrenalectomized 
and th}'ro]dectomized rats The enz}Tne actmt} 
of a buffered extract of homogenized tissue was 
measured Simultaneous determinations of blood 
ammo acids, urea and glucose were made An in- 
crease in the ammo acid oxidase activit} of the 
hxer of normal ammals was found after ammo 
acid adnumstration while no such increase was 
observed m the operated animals The ammo 
acid oxidase actmt} of the kidnc} was found to 
be dependent principally upon the ammo acid level 
of the blood and not upon hormonal control Com- 
parison of the ammo acid oxidase activit} of normal 
and operated animals was made 

Direct utilization of sucrose by Leuconostoc 
Warner W Carlson and Virginia Whiteside 
Carlson (introduced b} Emmett B Carmi- 
chael) Biochemistry Dept , Medical College of 
Alabama, Birmingham, Ala Several instances of 
duect utilization of disacchandes bj microorgan- 
isms have been reported in the literature Vith 
the disacchande as the carlxihv dratc source, earlier 
growth and acid production were observed than 
resulted from the use m the media of the consti- 
tuent monosaccharides In the case of Lcucanottoc 
niesenteroidci and L dcxlrantcitm direct utiliza- 
tion of sucrose has been indicated as a result of the 
fact that these organisms svntiicsizt dextran only 
from the intact disacchande, no jxiiy sacclLiridc 


icing formed w hen glucose fructose, or a mixture 
f the monosacchandcs are emplovcd Vc Invc 
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observed earlier growth, and more rapid acid pro- 
duction from sucrose by various strains of Leu- 
co7iosioc regardless of whether a particular strain 
formed large amounts or only a trace of the polysac- 
charide Investigation of the growth requirement 
of certain strains of Leuconostoc in a chemically 
defined sucrose medium, and in media containing 
the constituent monosaccharides revealed several 
differences, the most important of which was an 
apparent absence of a biotin requirement when 
the disaccharide was employed, as compared with 
a need for this vitamin when glucose or fructose 
were employed Since sucrose often is known to 
contain sigmficant amounts of biotm, the studies 
were also made with media containing different 
amounts of raw egg white 

Toxicity studies with demerol hydrochloride 
(isonipecaine) on adult male guinea pigs Em- 
mett B CABincHAEL, Waltek H Johnson (by 
invitation) and Frank A EIat (by invitation) 
Biocbemisiry Dept , Medical College of Alabama, 
Birmingham, Ala Toxicity studies have been 
made with Demerol hydrochloride on adult male 
guinea pigs A fresh aqueous solution was injected 
intrapentoneally The doses varied bj' 10 mg in- 
crements from 80 to 170 mg/kg The smallest dose 
to cause death was 110 mg/kg while a dose of 170 
mg/kg killed 100% of the animals With the large 
doses, animals usually became nervous and excit- 
able within 6 to 10 minutes and as the symptoms 
became more severe, convulsions developed Then 
an ammal would fall on its side during a convulsion 
and if the dose wTis lethal, the ammal usually would 
not stand up before expiring The survival time 
for those animals that died varied from 12 to 323 
minutes with a majority of the animals dyung in 
less than 2 hours The nnw of Demerol for adult 
male guinea pigs seems to be in the range 130 to 
150 mg/kg 

Separation of three naturally occurring adenine 
ribonucleotides by paper chromatography and 
ion-exchange C E Carter (by invitation) and 
Waldo E Cohn Biology Division, Oah Ridge 
National Laboratory , OaL Ridge, Tcnn Adenylic 
acid prepared from yeast nucleic acid was assigned 
the structure of adenosine-3-phosphoric acid by 
Levene It has been found by techniques of paper 
chromatography that yeast adenylic acid may be 
resolved into two components and by an anion 
exchange procedure these two compionents may be 
separated from each other and from muscle aden- 
ylic acid The two adenylic acids in yeast nucleic 
acid are degraded to adenine by acid hydrolysis 
and to adenosine by weak alkaline hydrolysis and 
kidney nucleotidase Neither component is desam- 
inated by Schmidt’s muscle adenylic acid desam- 
inase and the phosphorous of both is acid labile 
These findings suggest that nucleic acid contains 
adenosine-2-pho8phoric acid and adenosine-3- 


phosphoric acid (the 1 and 4 positions on the ribose 
carbon chain being excluded by the furanose ring 
and the 6 position by the acid labile nature of the 
phosphorous of yeast adenylic acid) although other 
possibilities for isomerism are not excluded The 
ion -exchange separation of adenylic acids was 
achieved by elution with dilute formic, acetic or 
hydrochloric acid solutions from strong-base anion 
exchangers Separation of nucleotides by paper 
chromatography was obtained in a two phase sys- 
tem consisting of isoamyl alcohol and 5% NajHPOi 
in water 

Inositol lipids of soybean Herbert E Carter, 
Walter D Celmer (by invitation). Mack H 
McCoRxncK (by invitation), Clifford 0 Ntm\n 
(by invitation) and Frances W Saunders (by 
invitation) Div of Biochemistry, Noyes Labora- 
tory of Chemistry, Urbana, III Attempts to prepare 
inositol hpid from soybean by the procedure of 
Woolley (J Biol Chem , 147 681, 1943) vielded 
non-homogeneous products containing a non- 
rcducing carbohydrate which gave positive Seli- 
wnnoff and diazouracil tests Therefore, other frac- 
tionation procedures were studied, using crude- 
soybean phosphatide from several commercial 
sources The crude material w as freed of oil and the 
product (3-4% inositol) was extracted with glacial 
acetic acid The residue was a crude inositol lipid 
(10-13% inositol) which contained about 80% of 
the original inositol Addition of hexane to the 
glacial acetic acid extract gave a white precipitate 
(2-5% inositol) containing a large amount of the 
non-reducing carbohy drate This material when 
freed of inositol gave a positive test for galactose 
and sucrose The optical rotation and the proper- 
ties of the acetyl derivative were similar to those of 
raffinosc The acetic acid insoluble fraction was 
further purified by' distribution between aqueous 
acetic acid and cy’clohexane giving a white jiowder 
containing 11-14% of inositol (Seliwanoff test 
negative) Distribution of this material between 
hexane and methanol gave two inositol-containing 
fractions 

Variability in the Beckman spectrophotometer 
W 0 Caster (by invitation) and Olaf Mickel- 
SEN Nutrition Section, U S Public Health Serv- 
ice, Bethesda, Md Different Beckman Spectro- 
photometers may yield Ej^m values differing by as 
much as 1-5% (Ewing and Parsons, Anal Chem 
20 423, 1948) One instrument was subjected to a 
senes of control studies in order to determme the 
cause of this variation Analysis of variance re- 
vealed several distinct and statistically significant 
sources of variability Under constant conditions 
duplicate readings can be repeated wnthin o- = 

0 2% This IS only slightly above the error in read- 
ing the instrument scale This has often been 
considered the ’true error’ of this instrument 
Quartz cell correction factors, (i e to compensate 
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for the lack of agreement between readings ob- 
tained from different cells when all are filled with 
identical solutions) change i\ith changes in nave 
length (and simultaneous changes in slit width) 
to give an additional variation of 0 2% From the 
circuit the phototube appeared to be bj^ far the 
greatest source of inconsistency The variation 
between a senes of ultraviolet-sensitive photo- 
tubes was (T = 1 1% and between red-sensitive and 
ultraviolet-sensitive phototubes in their overlap- 
ping range, 600-625 vofi , was v = 3 2% Changes in 
slit width over an 0 OS mm range resulted in a 
0 9% vanation in Ej^m values Changes in wave 
length over a 23 m/x range hkewise resulted in a 
0 5% variation Together these error factors are 
considerably greater than the 0 2% so often re- 
ported as the variabilitj' of this instrument In 
the exact interpretation of Ej'Jm values these fac- 
tors should be considered 

Fractionation and chemical studies of protems 
of rat liver Alfred Chaldtin', E C Gjessing 
and Stephan Ltjdewig Biochemical Laboratory, 
Unw of Virginia, Charlottesville, Va The proteins 
of saline extracts of rat liver have been fractionated 
bj isoelectric precipitation and ethanol A rela- 
tively large fraction containing a protein-lipide- 
nucleic acid complex was separated by isoelectric 
precipitation A series of proteins were obtained by 
adjusting the ethanol and hjdrogen-ion concentra- 
tions These fractions were analj''zed for their mtro- 
gen, lipide and nucleic acid contents Data for the 
distribution of arginase, phosphatase, catalase, es- 
terase, succmic dehydrogenase and fiuorophospha- 
tase in these fractions will be presented 
Concentration of ammo acids by the rat dia- 
phragm suspended in artificial media Halvor 
N CHHISTE^SE^- Children’s Hospital and Dept of 
Biological Chemistry, Harvard Medical School, 
Boston, Mass A stud3 has been made of the ac- 
tivity of excised rat diaphragm in maintaining cel- 
lular ammo acids at much higher concentrations 
than those of the extracellular fluid Tno proce- 
dures were used 1) One hemi diaphragm was an- 
alx'zed immediatelj'', the other after shaking in a 
given medium The amino acid concentration of 
each was referred to the appropriate extracellular 
fluid , 3) The two hemidiaphragms were shaken si- 
multaneouslj in media identical except for one 
component A solution containing 103 msr NaCl, 25 
mxi NaHCOj, 2 5 mxi CaCL and 20 nm sodium 
pxTuxate in an 0:-C0; atmosphere maintamed the 
concentrating activitx for gh cine unchanged for 
3 hours a-Ketoglutarate serxed in place of P3TU- 
vate When supplemented with p3Tux-ate, rat 
plasma vas equalh satisfactoix The diaphragm 
gh cine was responsn c to the flmd gly cine, falling 
at one fluid lex el and rising at a sbghtl3 higher one 
In the absence of 0x3 gen, or the presence of C3- 
anidc, arsenite, SO mil potassium, or 2,4-dimtro- 


phenol at 10~’ to 5 X 10~* m, glycine was rapidly 
lost from the diaphragm Pyruvate and dimtro- 
phenol added to rat plasma stimulated and inhib- 
ited respectively the concentration of a-amino 
acids (measured collectively by ninhydnn) These 
observations relate to the energy source for ami no 
acid concentration All a-amino acids added to the 
medium at 21 mii concentration dimimshed by 
about J the glycine retained by the suspended dia- 
phragm Only a-amino acids had this effect, and 
pairs of optical antipodes were equally inhibitory 
This inhibition, earlier shoxvn in the intact animal, 
IS interpreted as a competitive phenomenon 
Nitrogenous metabolism of the earthworm 
(Lumbncus terrestns) Stanlet Cohen (by in- 
vitation) and Howard B Lewis Dept of Biologi- 
cal Chemistry , Medical School, Univ of Michigan, 
Ann Arbor, Mich In the normal earthworm, the 
chief mtrogenous component of the excreta was am- 
monia (66-91%), xvith traces only of urea (<10%) 
During inamtion, the urea content xvas greatly in- 
creased so that urea was the most important nitrog- 
enous constituent of the excreta Thus, after 18 
days’ fasting, from 82 to 86% of the mtrogen was 
present as urea and less than 10% as ammoma 
When arginme was fed by tube to normal earth- 
worms, the excretion of urea xx as greatly increased 
Small increases in the amount of urea excreted were 
noted after the oral admimstration of citrulline, 
but not after ingestion of ormthine, glutamic acid, 
glutamine, gl3mme, alanine, histidine, or ammo- 
mum chloride When citruUine was fed simultane- 
ously xxnth glycme, alanine, or glutaimc acid, the 
urea excretion exceeded that observed when citrul- 
Iine or the other ammo acids were fed alone The 
admimstration of ormthine xxnth other ammo acids 
did not alter the excretion of urea 
Detection of 7-keto-cholesterol in blood plasma 
H B Collier and R H Cox (by inxutation) 
Dept of Biochemistry and College of Pharmacy, 
University of Sashatchewan, Saskatoon, SasL , 
Canada In connection xxath the administration of 
pure 7-keto-cholesterol to rabbits a method xxas 
sought for its detection in plasma filtrates The 
Liebermann-Burchard reaction is negative , but 
xnth the Tschugaeff reagent (Trappe, Z, Physiol 
Chem 273 177, 1942) the compound gives an in- 
tense yellow color with an absorption maximum at 
432 m/i (Coleman model 11 spectrophotometer) and 
a green fluorescence Cholesterol gix es a pink color, 
xntfa absorption maximum at 503 m/x, and a 3 ellow- 
ish fluorescence (A similar color, xxith maxima at 
515-520 nm, is also gixen b3 cholestadienc (3 4, 

5 6), coprostene- (4 5)-one-3, and dicholcstcr3 1 
ether ) When the reaction is applied to dried ace- 
tone-alcohol flltrates of plasma, 7-kcto cholesterol 
max be detected b3 a peal m the spectropho- 

tometnc absorption curx e at 432 mp Hox cxcr, x^it 
mixtures of cholesterol and 7-kcto-cholestcrol, nei- 
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thei the optical densities in the visible spectrum 
nor the fluoiesccnce intensities are additive Semi- 
quantitative separation and estimation of choles- 
terol and 7-keto-cholestcrol may be achieved b 3 ’^ 
adsorption on alumina from petroleum ether, elu- 
tion of cholestci-ol by chloroform and of 7-keto- 
cholesterol b} acetone, followed by color develop- 
ment 

Demonstration of TPN dehydrogenases in the 
tissues of higher plants EbicE Conn (bjmnvita- 
tion), Bibgit Vbnnesland and E A E^ans, Jb 
Deft of Biochemistry, Univ of Chicago, Chicago, 
III Ammomum sulfate fractions of seven diffcicnt 
higher plants vhich contain oxaloacetic carboxyl- 
ase activated by manganous ions have been show n 
to contain a malic dchydi ogenase requiring tri- 
phosphopyndine nucleotide (TPN) as a coonzymic 
The overall leaction catah'zod by these jiicpaia- 
tions may be VTittcn 
malate + TPNondUod ^ 

pyruvate -f CO; -f TPNrcOuc»d 
and IS analogous to the leaction eatalyzed by the 
‘malic enzjnnc’ of pigeon liver ns described by 
Ochoa The main difficult}' in demonstrating the 
occuiTcncc of the i caction m plant iirepamtions is 
associated vith the widespicad distribution of cn- 
z 3 Tnos Inch destroy TPN This destruction can be 
prevented by muscle adonjlic acid, adenosine tii- 
phosplmtc, dipliosphopj i idine nucleotide, and to a 
lesser extent, yeast adeny'lic acid, but not by nico- 
tinamide or adenosine The dcsti uction of i educed 
TPN IS accompanied by the disapiicniniice of the 
absorption band at 340 ma and thcrofoi o simulates 
a rcoxidation of the nucleotide The practical sig- 
nificance of these facts in connection w itli the jiro- 
ceduics used to dcmonslritc the i caction will be 
discussed \ detailed study' of tlic dehydrogenase 
from w heat gci m has been made Obsci vatioiis w itli 
parsley root, parsnips, beets, carrots, spinach and 
peas indicate a gencial smiilaiity' in the inopcitics 
of the dchydi ogcnascs and of the factois which de- 
stroy TPN in ciudo protein preparations from ill 
these different plant sources 

Formation of acetoacctic acid from radioactnc 
leucine Minob J Coon (liy invitation), Sajiuei, 
Gubin and D Wbight Wilson Dept of Physi- 
ological Chemistry, School of Medicine, Univ of 
Pennsylvania, Philadelphia, Penna A fasted 
phlorhizinizcd rat was injected subcutaneously' 
wuth a solution of 100 mg of DL-leuciiio labeled in 
the p position with C*^ The acctoacctate which 
appeared in the urine was degraded by standard 
procedures The acetone fraction was found to bo 
radioactive, and lodofoim prepared from it ac- 
counted for all of the isotope present These find- 
ings are in accord with the xuciv that the carboxy'l 
group of leucine is lost early in the com so of metab- 
olism In other experiments, the radioactive amino 
acid was incubated with rat liver slices The aceto- 


acetate formed was oxidized w'lth permanganate to 
produce formic and acetic acids, both of which 
proved to be radioactive It w as calculated that the 
methyl and methylene carbons of the acetoacctate 
had approximately the same concentration of iso- 
tope Accordingly , at some stage in the metabolism 
of leucine, its a and p carbons must split off as a 
two-carbon intermediate which is capable of con- 
densing to foim acetoacctate 

Effects of feeding an ethanolamine analogue 
(diethanolamine) on the formation of liver phos- 
pholipides W E Cobnatzeh (by invitation ), Cam- 
iLLO Abtom and Marietta Crowder (by invita- 
tion) Dept of Biochemistry, Bowman Gray School 
of Medicine, Winston-Salem, N C With the aid 
of radioactive P as an indicator it was previously 
shown that the administration of a single large dose 
of diethanolamine to rats on low protein diets stim- 
ulates the lipide phosphorylation in the liver to a 
degree sinular to, oi greater than that observed 
after ethanolamine was given under the same con- 
ditions With cithei substance, the stimulation in- 
volves both lecithin and cephalin fractions The 
results are quite different when diethanolamine is 
added to the diets and fed over a period of 7 to 12 
days Under this condition the rate of lipide phos- 
phory'lation in the liver becomes markedly lower 
than in the controls on the same diets, unsupple- 
mented or supplemented wnth ethanolamine The 
decrease is mainly due to a dimimshed rate of for- 
mation of lecithins Changes in the amount and 
distribution of liver phospholipides (increases in 
the total and non-choline containing phospholipides 
wnth a considerable decrease in the ratio lecithins 
to total phospholipides) were also noted Indirect 
evidence was obtained for the presence of di- 
ctlianolaminc in the livci phospholipides of lats on 
diets supplemented w ith this compound It is sug- 
gested that in these animals considerable amounts 
of diethanolamine-containing phospholipides are 
formed, and that these aty'pical phosphohpides, be- 
ing less easily metabolized than the natural ceph- 
alins, accumulate in the liv'er This effect, in turn, 
would lead to a marked decrease m the formation 
of lecithins through a mechanism which icmains 
obscure 

Electrophoretic patterns of plasma proteins 
during pregnancy and following delivery Marga- 
ret N CoRTEiL (by invitation), Eliot F Beach, 
and Abner Robinson (by invitation) Research 
Laboratory, Children’s Fund of Michigan, Detroit, 
Mich The cliangcs which occui in the plasma pro- 
teins of women at V'aiious intervals in piegnancy 
and postpartum ai e demonstrated by data obtained 
by use of the Tiselius electrophoresis technique 
with S9 plasma samples from the blood of 11 non- 
pi egnant women, 23 women during pregnancy and 
postpartum, and the cords of 12 infants Determi- 
nations were made with 3, 7, and 17 samples ob- 
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tamed during the first, second, and third trimes- 
ters of pregnancy respectively, 16 maternal samples 
obtained at delivery, 10 samples mthin 5 days, and 
13 samples 5 or more veeks postpartum The data 
reveal a smooth progression of changes m all plasma 
protein fractions during the 3 trimesters of preg- 
nancy Comparison of the averages for non-pregnant 
patterns and those at delivery shovrs decreases in 
the absolute levels of gamma globulin of from 28 to 
35%, respectively, while alphai, alphas, and beta 
globulins, and fibrinogen, increased 29, 41, 36, and 
29%, respectively Dunng the 6 days following 
deliverj' there was some further fall in albumin and 
gamma globulins and a rise in alphai globulin By 5 
to 9-v eeks postpartum all subjects had plasma pro- 
tein patterns similar to those of non-pregnant 
women, mth complete restoration of the albumin 
fraction although gamma globulin was still reduced 
and alphai and beta globulins were slightly ele- 
vated ESects of factors such as milk flow, lactation 
failure, or renewed menstruation, upon the plasma 
protein patterns were not apparent 

Oral ingestion of histidine and the glutamic acid 
blood level in rats H R Crookshank and Ber- 
^ARI) F Cnownns (introduced by Emmett B 
Carmichaeu) Biochanislry Depi , Medical Col- 
lege of Alahama, Birmingham, Ala Tbe course of 
histidine metabolism and the conversion of histi- 
dine to glutamic acid was studied m previously 
fasted rats by assaying the blood for histidine, total 
imidazoles, glutamic acid, and ammo nitrogen both 
before and at intervals after feeding single doses 
of L-Histidine The histidine, total imidazoles, and 
amino nitrogen reached maximal concentrations in 
1 hour after feeding and returned to the fasting 
level in 6 to 10 hours No sigmficant change in the 
glutamic acid level was observed, either before or 
at anj interval after ingestion of n-Histidine The 
data seem to indicate either little conversion of 
histidine to glutamic acid or that the glutamic acid 
thus formed is produced too slowly to be detected 
bj our method or is converted to another metabo- 
lite which retains the alpha-ammo nitrogen 
Incorporation of P’* during the operation of ihe 
cyclophorase system R Cross, W AtchiiET and 
H Albaum (introduced bj' D E Green) Enzyme 
Laboratory, College of Pftysicians and Surgeons, 
Columbia Unncrsity, New York City When the 
cyclophorase system is allowed to carry^ out the 
oxidation of any member of the citric acid cycle, 
of probne, glutamate and ^-hy drovy butyrate in 
presence of radioactive inorganic phosphate it is 
found that the enzyme gel after thorough washing 
With 0 9% KCl IS radioactn e and the radioactivity 
IS from 5-10 times as high as that of the blank 
treated in the same vny except without added sub- 
strate ^ Under optimum conditions the radioac- 
tmty fi mol of total phosphate extractable from 
the gel by treatment with 5% trichloroacetic acid 


approaches the value for the radioactmty/ix mol of 
inorganic phosphate in the original digest Arsemte 
and capryl alcohol abolish this incorporation of ra- 
dioactive phosphate Gramicidin and dmitrophenol 
only partially inhibit the incorporation though both 
together reduce the level of radioactivity to the 
level of the blank without substrate Analysis of the 
radioactive gel has shown that either inorganic 
phosphate or one or more substances which esti- 
mate as inorganic phosphate are largely responsible 
for the radioactivity The fraction corresponding 
to the adenosine pyrophosphate is also highly radio- 
active and it has been shown by enzymatic pro- 
cedures that the radioactivity actually resided in 
the pyrophosphate moieties of ATP and ADP In- 
corporation of P*^ accompanies the oxidation of 
succinic acid in the cyclophorase system but not 
oxidation in the classical succimc oxidase system 
Inllnences of dietary protein transmittal of 
growth factor Frank A Csonka and M W Olsen 
(by invitation) Bureau of Human Nutrition and 
Home Economics and Bureau of Animal Industry, 
Agricultural Research Adm , U S D A , Wash- 
ington, D C Evidence has been presented previ- 
ously that the cystine and methionine content of a 
hen’s egg may be increased by feeding a high-pro- 
tein casein diet (Csonka, Denton, and Ringel, J 
Biol Ckem , 169 259, 1947) In the present work, 
two pens of chickens were used to furnish eggs for 
incubation , one group was fed a high-protem diet 
of w'hich 20% was casein and the other group was 
fed a low-protein diet containing no casein Eggs 
were incubated from both pens at the same time 
and the chicks were reared together to 4 weeks of 
age on the same growing mash ration v hich had no 
casein The chicks from the hens fed the casein diet 
grew faster than those from the hens fed the low 
protein diet, as shown by their greater body weight 
at 4 weeks of age This difference in chick growth 
18 related to the maternal dietary protein as the 
chief variable component in our experimental ar- 
rangement, the growth effect being transmitted 
through the egg to tbe chick When the casein a as 
replaced in the hen’s ration with an equivalent 
quantity of soybean meal, the same accelerated 
growth effect was not observed Addition of dried 
cow manure or Wilson’s liver fraction ‘L’ to the 
chick mash inhibited the growth of the chicks that 
originated from the hens fed the high protein casein 
ration The same supplements, hoaever, slightly 
accelerated the groa’th of the chicks that had de- 
scended from parents fed the low protein ration 
Tbe groa-th of the chicks on the supplemented diet 
a hose parents received a high protein soybean ra- 
tion was not affected 

An ullravioletspectrophotometric method for the 

determination of benzene hexachloridc Bernapd 
D WIDOW and Geoffeet Woodved (introduced 
by R L Grant) Die of Pharmacology, Food and 
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Dnig\Admtmstration, Federal Security Agency, 
Washington SB, D C A method has been developed 
for the estimation of small quantities of benzene 
hexachlonde It is based upon the conversion of the 
benzene hexachlonde to 1,2,4-, 1,2,3- and 1,3,6- 
tri chlorobenzene by alkahne hydrolysis Of the 
mixtur^ of trichlorobenzenes formed approximately 
82% i8| the 1,2,4-trichlorobenzene which has a 
characteristic spectral absoiption curve in the 
ultraviolet region Advantage ivas taken of those 
facts in developing a quantitative method The 
method consists of the intial extraction of the ben- 
zene he'^achloride w ith ether from the material to 
be examined, and the conversion of the benzene 
hexachlonde to the 1,2,4-tnchlorobcnzene by re- 
fluxing aath In methanolic potassium hydroxide 
for one hour Purification of the tn chlorobenzene 
IS accomplished by extracting with hexane and 
washing \nth water, and w hen necessary by the use 
of magnesium oxide or alumina cliromatographic 
columns The quantity of the tnchlorobenzene is 
estimated by measurement of its optical deusitj' at 
286 aa Spectral absorption due to othci substances 
IS eliminated by applying a formula foi the resolu- 
tion of a two component color system In this nian- 
nei as little as 100 ag/ total sample may bo deter- 
mined in biological tissues, in spraj residues on 
spinach and cabbage, and m animal laboratory 
diets 

Isolation of biochemically deficient mutants of 
bacteria by means of penicillin Bernard D Da- 
vis U S P H S , Tuberculosis Research Labo- 
ratory, Cornell Univ Medical College, Ncio York 
City Mutants with increased nutritional rcquiic- 
ments have been difficult to isolate efficiently’’ be- 
cause any’ medium enriched to permit gi o\\ th of the 
mutants Mill also foster growth of non-mutant or- 
ganisms A method of selectively isolating such 
mutants fiom large populations suggested itself on 
the basis of the repoits that penicillin sterilizes 
bacteria only undci conditions which permit 
growdh Mutants w ere therefore exposed to penicil- 
lin m minimal medium in which they were unable 
to grow’, and were found to survive while the pic- 
dominant non-mutant population was eliminated 
This screening technique proved to be very efficient 
when applied to ultraviolet irradiated E coli, and 
made it possible in a short time to isolate mutants 
with individual requirements for almost all the 
vitamins and naturally occuinng amino acids, and 
less specific icquiremcnts foi purines or pyrimi- 
dines, os well as requirements foi unknown factors 
m yeast ex-tract By testing the sy’ntrophic effect of 
cei tain mutants on others grown adjacent to them 
on solid media, it has been possible to demonstrate 
several instances in which mutants with a common 
requirement are blocked at different stages in the 
synthesis of the nutrilite (arginine, proline, histi- 
dine, phenylalanine plus tyrosine, thianoine) 


Those mutants which visibly feed others must se- 
crete into the medium considerable amounts of a 
stable compound which is used in biosynthesis 
Peptides metabolic and structural intermedi- 
ates in protein metabolism Clara L Deasy (by 
invitation), Henry Borsook, Arie J Haagen- 
Smit (by invitation), Geoffrey Keighley (by in- 
vitation), and Peter H Lowy (by invitation) 
Kercihoff Laboratories of Biology, California In- 
stitute of Technology, Pasadena, Calif A large pep- 
tide (designated Peptide A) was isolated by starch 
chromatography from the liver of albacore, beef, 
guinea pig, hog, horse, lamb and rat and from 
Witte’s peptone The peptide isolated from differ- 
ent sources had (within the limits of analytical ac- 
curacy) the same ammo acid composition The fol- 
lowing amino acids have been demonstrated in it 
alanine, arginine, aspartic acid, glutamic acid, 
glycine, histidine, isoleucine, leucine, lysine, 
methionine, proline, serine, threonme, tryptophane 
and ty'Tosme Guinea pig liver was found to con- 
tain a number of other peptides After incubating 
the liver homogenate wath C‘<-labeled glycine, leu- 
cine or lysine the labeled ammo acids were ex-ten- 
sivcly incorporated into Peptide A In addition 
leucine is rapidly incorporated into one other pep- 
tide and more slow Ij into another Labeled glycine 
(or an anuno acid derived from it) was rapidly in- 
corporated into two other peptides The peptides 
into W'liich labeled glycine, leucine and l5’sme are 
incorporated arc normally present in guinea pig 
liver They and free amino acids increase dunng 
incubation of liver homogenate, more at pn 6 0-6 5 
than at 7 0-7 5 The incorporation of glycine and 
leucine is much faster into the peptides than into 
the proteins This fact and the finding of the 
same peptide (Peptide A) in liver and as a major 
product of the peptic digestion of fibrin (Witte’s 
peptone), arc evidence that peptides are metabolic 
as w ell as structural intermediates in protein me- 
tabolism 

Studies of nuclei isolated from normal rat and 
rabbit liver by a modified Behrens technique 
Alexander L Dounce, Garson H Tishkoff (by 
invitation), Shirley R Barnett (by invitation), 
and Richard M Freer (by invitation) Dept of 
Pathology and Biochemistry, School of Medicine and 
Dentistry, Univ of Rochester, Rochester, N Y 
Nuclei w ere prepared from normal rat and rabbit 
liver by a modification of the method of Behrens 
in order to avoid the use of aqueous solvents The 
desoxyribonucleic acid of the Behrens nuclei was 
difficultl}’ extractable, and was at least 60% lower 
in concentration than the desoxyribonucleic acid 
of nuclei prepared by aqueous solvents at pH 6 0 
This finding apparently is duo to the loss of much 
material other than nucleic acid from the latter 
type of nuclei during their preparation Arginase, 
aldolase, catalase, cytochrome oxidase, esterase. 
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and lipase n ere present m the isolated nuclei Pre- 
cise quantitative measurements of the enzyme ac- 
tmtj of Behrens t} pe nuclei are difficult to carry 
out because of agglutination of the nuclei near pn 
7 0 Free ammo acids iv ere extracted from the nu- 
clei with 76% alcohol and were studied by the 
method of paper chromatography The pattern 
jielded bj the nuclei appears to be identical 
vitli that yielded bj the nhole tissue The spots 
of maximal mtensitj are those due to glutamic 
acid, gljcine, alanine, leucine plus isoleucine, 
^ alanine, and probably glutamine, and also to a 
spot thought to be due to taurine Aspartic acid, 
sermc, and valine are present in easily detectable 
but loner amounts, while most of the essential 
amino acids w ere detectable only in trace amounts 
Glutathione was uniformly detected m nuclei 
Its chromatographic detection m whole tissue was 
more difficult, perhaps because of greater instabil- 
it 5 incjtoplasm Glutathione was found to be about 
equal m concentration m nuclei and whole tissue 
bj chemical titration with lodate 

Hormonal influences on cytochrome c metabo- 
lism and liver regeneration David L Dhabkin 
D cpl of Physiological Chennsiry, Graduate School 
of Medicine, Umv of Pennsylvania, Philadelphia, 
Penna ThjTotoxicosis, induced by thjToxme ad- 
ministration to rats, increased the concentration 
and content of cytochrome c m their tissues (Drab- 
kin, D L , Federation Proc ,7 151, 483, 1948) In 
a continuation of these studies it has been found 
that, despite the higher concentration of liver cyto- 
chrome c and PNA in such thyroximzed animals, 
instead of the usual increase in cytochrome c and 
PNA obsericd in liver regenerating after partial 
hcpatcctonij , there occurred a reduction in the 
concentration of these constituents, accompanied 
bj an appreciably reduced liver regeneration (43 9 
in the thyrotoxic as against 73 9% in the normal) 
A^fter bilateral adrenalectomy , performed at the 
time of In or lobectomy in rats on a high (31%) 
protein diet, Iner regeneration in 14 day's was con- 
sistently greater than that of normal controls and 
of tin roidectomized animals (89 7 in adrenalec- 
tomizcd, 73 9 in normal, and 05 2% m thyToidec- 
lomizcd) Excluding Iner tissue, completely ad- 
rcnalcctonuzed rats, like thyToidectonuzed ani- 
nials, had significant decreases in the cy tocliromc c 
concentration and content of heart, kidney and 
skcictal muscle 

Electrophoretic comparison of plasma and body 
fluid proteins m certain diseases Robept L 
Dnn n (in ini itation), Jxcqcelixe H Budue (by 
iiiMtitionl, D Pxi,n(by invitation), and Jo- 
•^iiiil Routu Depts of Biochemistry and Mcdt- 
C!i f Go’kci of Medicine, State L lui of Iowa, Iowa 
C t’j, Iowa W c li nc compared the protein compo- 
nents of plasma and iiody fluids from patients with 
a \anct\ of chniralh diagnosed dincsse* Blood 


samples were withdrawn whenever it was necessary 
to perform thoracentesis, paracentesis, or joint 
aspiration Protein components of the correspond- 
ing samples were determined by electrophoresis m 
a single center section cell Samples were wnth- 
drawn from a number of the subjects at intervals 
over a considerable period of time Ten patients 
with various cardiovascular diseases were studied, 
and in general it was found that the paracentesis 
and thoracentesis fluids showed a distribution of 
protein components which closely paralleled that 
of the plasma Both the plasma and the fluid show ed 
a marked drop in albumin with a corresponding in- 
crease in globulins, especially y-globulm A urine 
sample from one subject with marked decompensa- 
tion gave a protein distribution which almost ex- 
actly matched the plasma Eleven patients with 
neoplastic conditions ranging from gastric carci- 
noma to reticuloendothelial hyperplasia were also 
studied Again the most outstanding characteristic 
was the marked reduction m albumin In a ease of 
multiple myeloma a component migrating faster 
than albumin was found in plasma and urine In 
several caremoma cases the a-globulins rather than 
the'K -globulin fraction showed a greater increase in 
the plasma and fluids 

Non lability of chohne methyl and the role of 
chohne oxidase m transmethylation Jacob W 
Dxjbnopf California Institute of Technology, Pasa- 
dena, Cahf The methyl groups of chohne are not 
labile but become available for methionine forma- 
tion from homocysteine only if the animal can oxi- 
dize choline to betaine In vitro studies show that 
methionine formation is rapid from betaine, di- 
methylthetm, and certain derivatives of dimethy 1- 
thetm both aerobically' and anaerobically in all ani- 
mals tested, but chohne is effective only' in those 
animals which have choline oxudase While the aero- 
bic sy'nthesis of methionine from choline in these 
animals approaches that from betaine, anaerobic 
methionine formation from chohne is relatively 
small or absent Rabbit, guinea pig and chick, 
which do not have chohne oxidase, do not form 
methionine from chohne in liver and kidney homo- 
genates aerobically or anaerobically Inhibition of 
aerobic methionine formation from chohne in rat 
by chohne analogues parallels their effects on cho- 
line oxidase There is no significant aerobic methi- 
onine formation from cliohne it pn G 7 w hero its 
oxidation proceeds only to thcaldclnde staec The 
importance of chohne oxid iso m i\ be to cn iblc the 
animal to divert ciiolinc metinl into tiic gtntril 
transmethylation scheme 

Thiocyanation of tvrosino MvniE 1 s^-tu’wood 
(by inv nation) and John L Boon iJ/pt of Cl 't> 
tstnj. School of Biological Sc,n I nn/r> it / of 
Tcnnc^-cc Memphis, Tun Tiuory m-iti inn Ii. '■ 
been shown to intcr*'erc witii tin 
tvToswo in the tb\rojd Thi'' *■ ^ 
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activity has been suggested to be an interference 
of the ‘metabolic antagomst’ type Studies on thy- 
roid glands from animals given potassium thiocy- 
anate labeled v ith radioactive sulfur indicate that 
the thiocyanate ion itself combines chemically with 
protein The data, and the chemical properties of 
tyrosine and thiocyanogen, are consistent with the 
hypothesis that administered thiocyanate may 
react with tyrosine, by a mechanism similar to lodi- 
nation, to form thiocyano derivatives This pioint of 
view IS supported by the thiocyanation of t3T08ine 
tn intro Tyrosine reacts with thiocyanogen (corre- 
sponding in state of oxidation to free iodine) in 
glacial acetic acid to form thiocyanotryosine The 
compound has been characterized by ultimate anal- 
ysis, optical activity, absorption spectrum, and by 
the formation of derivatives 
On the preparation and preservation of Frac- 
tion I from human plasma John T Edsall, John 
D Fekrt, and Peter R Morrison (by invita- 
tion) Dept of Physical Chemistry, Harvard Medi- 
cal School, Boston, Mass In the preparation of 
Fraction I (the fibrinogen-containing and most in- 
soluble major fraction of plasma as separated by 
ethanol precipitation, cf Cohn, et al , J Am. 
Chem Soc , 68 469, 1946) from human plasma pre- 
vious conditions of blood processing arc particu- 
larly important and may be critical Both short 
handling times and quick cooling of the blood are 
needed to insure a stable product The optimal con- 
ditions for the separation from plasma are pn 7 3, 
8% ethanol and — 3° C Although the gross puritj 
of the fraction (60-66% fibrinogen) is not sensitive 
to pH, components are precipitated below pn 7 0 
which greatly reduce the stability of the product 
Fraction I is most convcnicntlj stored ns frozen 
precipitate, but is much less stable cither in this 
form or as frozen solution than w hen stored in the 
dry state In the latter form, and stored under 
vacuum, it has been 8uccessfull3 kept at room tem- 
perature for more than 4 3 ears It is less stable in 
air and more stable at low temperatures Solutions 
of fibrinogen are less stable than albumin 01 globulin 
at both ordinary and elevated temperatures Thc3 
are more like the latter in their response to stabiliz- 
ing agents Testing procedures for Fraction I have 
been followed on a considerable series of bottled 
‘commercial’ preparations Criteiia included total 
and relative amounts of fibrinogen, pii and buffer- 
ing capacity, clotting times w ith thrombin and w it h 
calcium, 8tabilit3 of the solutions at 25°, 37° and 
46°, and of a clot at 37°C 
Estimation of ergosterol with activated glycerol 
dichlorohydrin Romola Ettinger (by invitation) 
and Albert E Sobel Polytechnic Institute and 
Jewish Hospital, Brooklyn, N Y Theieaotion be- 
tw'een Ergosterol and GDH (gl3 cerol dichloroh3 - 
drin) was studied spectrophotometrically Acti- 
vated GDH (Sobel and Werbin, Anal Ed , 18 570, 


1946) contaimng 4% acetyl chloride produces a 
greenish yellow color suitable for the determination 
of ergosterol Cholesterol and 7-dehydrocholesterol 
do not interfere Ergosterol values obtained on 
brewer’s yeast are similar to those with the SbCh 
method (Lamb, Mueller and Beach, Anal Ed , 18 
187, 1946) but lower than the less specific ultra- 
violet absorption method A new method of extrac- 
tion was developed which is simple, reliable, re- 
quires small samples (1 e 25 to 60 mg brewer’s 
yeast) and permits rapid, simultaneous determina- 
tions Specimen is placed in a glass stoppered tube, 
saponified with IN alcoholic KOH, extracted three 
times with petroleum ether in this tube, extracts 
evaporated to drymess mth N, dissolved in 1 ml of 
chloroform, treated wuth 4 ml of GDH reagent and 
after 20 minutes read in the spectrophotometer at 
410 m /1 Quantitative recovenes were made of 
known amounts of ergosterol added to the brewer’s 
y'east 

The effect of elhionine on fat metabolism and 
on protein formation E Farber (by invitation), 
M Simpson (by invitation), and H Tarver 
Biv of Biochemistry, Umv of California Medical 
School, Berkeley, Calif When nn-ethionine is in- 
jected into fasted rats fat rapidly appears in the 
liver so that in 12 hours the fat content is 14% 
(Control 6%) Fat continues to accumulate and the 
animals die rnthin the next 24 hours The appear- 
ance of fat in the liver is prevented by giving n, l 
orx-mcthionine but not by other amino acids such 
as E-I3 sine, nn- valine, gly cine, or n-alanine in equi- 
molar doses Choline lowers the fat content to only 
12 6% Orally administered sucrose (5 gm ) or 
glucose prevents the fat accumulation The con- 
dition IS cither cured or at least markedly improved 
by giving methionine 12 hours after the ethionme 
In short term in vivo experiments in which ethio- 
ninc IS injected along with labeled methionine 
(S”) the uptake of the label into liver protein is 
grcntly'^ reduced during the next 3 hours (26 and 
63% in different experiments) This inhibition of 
protein formation is reversed by equimolar doses 
of methionine Sucrose given orally does not sig- 
nificantly effect the inhibition Ethionme also in- 
hibits the conversion of methionine to cy'stine mi 
vuo and this inhibition is relieved b> methiomne 
injected in larger doses than are required to relieve 
the protein inhibition Probably ethionme prevents 
the demethylation of methionine In liver slices 
the effects of ethionme on protein metabolism are 
practically duplicated The inhibition of methi- 
onine uptake depends on the ethiomne concentra- 
tion and IB eliminated by methiomne — best by' 
the ii-isomer Ethionme also inhibits the uptake of 
glycine both in vitro and in vivo Methiomne mi 
vivo relieves the inhibition 
Quantitative paper chromatography of peni- 
cillins II Development of buffered strips with 
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organic solvent OlivtibB Fahdig and Nauct D 
Breed (introduced by S B Binkdey) Research 
Diiisjon, Bristol Laboratories, Inc , Syracuse, 
A Y A paper strip chromatographic procedure 
has been de\ eloped wherebj the commonly known 
penicillins were completelj separated from one 
another bj developing procaine citrate-buffered 
strips with amjl acetate for 15 to 18 hours Filter 
paper strips nere buffered the first part of their 
length nith pH 6 2 procaine citrate, spotted with 
0 5 to 2 5 u of penicillin, equilibrated m a chamber 
saturated nith respect to water and amjl acetate 
TOpor, and de\ eloped in the same chamber The 
dried developed chromatograms were placed on 
Staph QKrcKs-inoculated trays which were then 
incubated to re\eal the position of the individual 
penicillins Two chromatograms of different con- 
centrations of the same solution were placed on the 
same traj Photographs of the incubated traj s were 
made to facilitate calculation The amount of peni- 
cillin present was determined from measurements 
of the maximum width of each zone on the photo- 
graph Analj’sis of penicillin mixtures of known 
composition gave results in excellent agreement 
with the known values No interference was ob- 
sencd in the determination of the penicillins in 
broth The rate of movement of the penicillins 
along the strip increased in the order p-hydroxy- 
henz\lpenicillin, benzylpenicillin, 2-penten\l- 
pcnicillin, pent} Ipcnicillin, and n-heptj Ipenicillin 
The usual spread of the fast-moving n-heptjl- 
penicillin was preicnted by allowing this penicillin 
to rao\e bejond the buffered portion of the paper 
strip The separation of the penicillins, their rate 
of moxement, and their compactness on the strips 
was influenced bj the buffer, the solvent, and the 
conditions of dei elopment 
Glycolysis and the Pasteur effect on the sub* 
cellular lei el Sinno Fiala (introduced by Dean 
Bubk) \ational Cancer Institute, Bethcs'da,Md 
Mouse sarcoma 37, when homogenized in 8 5% 
sucro'Jc solution, yielded on 7 minutes centrifuga- 
tion at 20,000xg a pellet of large particles, and after 
2-3 hrs at 20,000xg a microsomial gel Both frac- 
tions when washed and re-suspended m 8 5% 
sucrose, and after addition of fortifyang factors 
(DPN 4 X 10~‘, \TP 8 X 10“*, Nicotinamid 32 X 
10 XapxTuxatc 8 X 10“’, MgCl; 5 X lO'S 
KIICO 2 X 10“-, and glucose 0 5%, at pH 7 1) 
gKcoh/t IIDP but not glucose alone Use of the 
Rinci.r ‘mlution results in a lowering of glycolytic 
actniti kndcr conditions mentioned there is no 
oxxgcn uptake in an\ fraction The glycolytic 
actmn of the Lirge granules and microsomial 
fractions is independent of the presence of oxw-gen, 
but a p-iKteur effect m the supernate may 

occur Blicn either the large particles or the micro- 
‘^">111 d jicllct 1C mixed with the supernatant, the 
I r-ol) c ghcohMc (X- CO;") of the combination 


18 equivalent to the sum of the glycolysis of each 
fraction run separately However, under aerobic 
conditions (Oj/COj) the glycolysis of the combined 
fractions is lower than of any single fraction Mix- 
ing the particulate elements with the supernatant 
thus results m the appearance of a pronounced 
Pasteur effect Normal mouse liver particulates 
and the supernatant fluid (after removal of micro- 
somes) showed the same mutual interaction in re- 
gard to Pasteur effect but quantitative differences 
occurred In the attempt to determine the centrif- 
ugal force sufficient to concentrate the remaining 
glycolytic activity^ in the supernatant fluid (after 
removal of formed elements) in the experiments 
done with Dr G Kegeles (National Cancer Insti- 
tute) it has been found that after a run of 4 hours 
at 164,(X)0xg the activity in the bottom layer was 
2x that of the top layer of the centrifuged sample 
Influence of estrogenic hormones on b-glucu- 
ronidase in the human William H Fishman and 
Lester D Odell (by invitation) Depts of Sur- 
gery and Biochemistry, Obstetrics and Gynecology, 
Untv of Chicago, Chicago, III In previous work a 
relationship betw een the metabolism and action of 
the estrogenic hormones and b-glucuronidase was 
mdicated In castrate female mice, the uterine 
glucuronidase responds by an increase in its activ- 
ity following the injection of estrogenic substances 
In pregnant women, the serum b-glucuronidase 
becomes elevated Additional experiments have 
now been done in humans with a view to exploring 
the ex-tent of the relationship of estrogen metab- 
olism to b-glucuronidase activity The following 
observations have been made In 15 post-partum 
women receiving no medication, whether lactating 
or non-lactating, the serum b-glucuronidasc falls 
from approximately 500 u/100 cc regularly- to non- 
pregnancy levels by the sixth day after parturition 
On theother hand, the decline in glucuronidase was 
much smaller and more gradual in post-partum 
women receixing stilbestrol (5 to 25 mg/day for 
periods of 10 days) Endometrial biopsies were ob- 
tained from 33 women at various dai s of the normal 
menstrual cycle and assayed for B glucuronidase 
actmty The enzymic actix ity increased during 
the first two-thirds of the menstrual ciclc, followed 
bx a decline, particularly in the last three dais of 
the cycle The presence or absence of proge«tatioiul 
endometrium seemed to bear little reference to 
these changes From these and other ohscriations, 
it is felt that estrogen max be at least one of the 
factors which influence the b-glucuronida-e lexel 
in the serum and in uterine endonietriuni 
Amylase and lipase m the intestinal lymph of 
the rat E V Flock and J L Bouaix Tt' j 
Foundation, RocIrCcr, Mint Lxmph x - r--’. 
Icctcd continuou'h from the - lull m*' t 

rat after cannulation of tl t riL-in 1 i ,j a e imi 
with poll cthxlcnetubi-'g Ti ■ r ' 1- He < 
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24 hours prior to the operation, and on the day 
follownng received 2 meals of either a fat-free or 
high-fat diet by stomach tube Lymph collected 
overmght before the first meal and at 2, 4 and 18 
hour intervals thereafter was analyzed for amylase 
and lipase actmtj The amylase was determined 
by the copper reduction method of Somogyi and the 
lipase (tributyrinase) by the method of Goldstein 
and Roe The amylase activity of the intestinal 
lymph was lower than that of the plasma in the 
fasting rat The response to feeding was slight 
and variable If an increase was found, the level 
reached n as generally lower than that of the plasma 
of the fed rat The average hourly output of amylase 
in the Ijmph increased markedly only during the 
first 2 hours after feeding and this was at least in 
part due to the increased rate of flow Higher values 
for tributyrinase activity were found throughout 
the 24 hour feeding period studied in the intestinal 
lymph of rats fed the high-fat diet than during 
fasting or after feeding of the fat-free diet The 
average hourly output of lipase in the lymph of rats 
fed the high-fat diet nos also increased throughout 
the 24 hour period whereas in rats fed the fat-freo 
meals an increase was found only during the first 
2 hours after feeding 

A new P-free and S-free brain lipidc J Folcii 
and S Arsove (by invitation) McLean Hospital, 
Waverlcy, Mass and Harvard Medical School, 
Boston, Mass A new hpidc has been found to bo 
present m gram It appears to be P-froc and S-freo 
and to have ns a constituent an ns yet unidentified 
primary amine which becomes water-soluble after 
short-time acid hydrolysis The new’ lipidc has been 
partially purified The preparation obtained is still 
contanunated by phosphatidcs (0 16 per cent P) 
and sulfatidcs (0 25 per cent S) Tlic constituents 
of the new lipidc appear to be sphingosinc (1 1 per 
cent sphingosinc n) or a sphingosinc-likc substance, 
carbohydrate (20 per cent as galactose), an un- 
identified primary amino (1 1 per cent water- 
soluble NHj after acid hydrolysis) and unsaponifi- 
able substances (only small amounts of fatty acids 
are obtained from it after saponification) The con- 
stituent ammo is not neuraminic acid (Klenk, E , 
Zischr f phystol Chem 208 50, 1941 and it is 
linked to the rest of the molecule by its NH»-group, 
since the intact lipido does not c\hibit any free 
NHj-group The new lipide is soluble m acetic acid, 
and in CHCIj CHjOH mixtures at room tempera- 
ture and insoluble in the latter at —10° The 
method of isolation which has yielded a partially 
pure pioduct is based on these solubilities The 
new lipido appears to bo a contaminant of a large 
number of cerebroside and sphingomyehn prepara- 
tions that have been analjzcd 

Cholesterol studies on lyophilized chicken 
serum J C Forbes and G H L Dillard (by 
invitation) Depi of Biochemtslry, Medical College 


of Virginia, Richmond, Va The serum cholesterol 
of both male and female chickens of varying ages 
has been fractionated m a manner previouslj de- 
scribed (Proc Soc Exper Biol A Med 68 240, 
1948) The results mdicate that a large percentage 
of the cholesterol of Ijophilized serum from old 
hens IS extracted by cold chloroform m 3 hours, be- 
having in this regard very sinularly to the serum of 
nephrotic patients and hypercholesterolenuc rab- 
bits Old hens, however, show this high degree of 
cholesterol extractability even though the total 
cholesterol concentration is normal The sera of 
young chickens and old roosters show a low value 
for this ‘readily extractable fraction ’ Studies on 
the efi'ect of a high fat diet on these fractions in 
roosters of various ages wall be presented also 
Synthesis of some benzoylamino acid anilides 
as catalyzed by papain SID^ET W Fox, 
Frederick N Minard (by invitation), Harht 
Wax (by invitation), Cornelius W Peitinga 
(by invitation), and Jacquetta Strifert (by in- 
vitation) Chemical Laboratory, Iowa State College, 
Ames, Iowa The synthesis of anilides from 4 
bcnzoyl-DL-amino acids and aniline, as catalyzed 
b}-^ papain, has been studied m consolidated experi- 
ments The alanine and leucine derivatives were 
considerably preferred in reactivity over glycine 
and vahne Benzoylglycine showed relatively 
moderate reactivity and benzojdvalme barely re- 
acted Bonzojlvnlme was the only valme deriva- 
tive of several (formj 1, acetyl, 3,5-dmitrobenzoyl, 
benzoyl, phthaloyl, and o-carboxybenzoyl)-DL- 
valinc, w Inch gave the acj lamino acid amlide The 
last 2 valine derivatives yielded N-phenjlphthali- 
midc, which was also the product isolated from 
o-carboxy benzoyl -DL-valino and aniline in either 
the absence or presence of enzyme The relative 
non-reactivity of benzoyl valme was not due to the 
presence of the D-isomer, as shown by approx- 
imately equal reactivity of the L-component in the 
L- and DL-forms These results are of interest m 
relation to the observation of Roche and Mourgue 
that papain liberates much more leucine than 
vahne from casein Roche and Mourgue ascribed 
this behavior to position of residues in the sub- 
strate molecules, in the present work the results 
can be explained on the basis of greater reactivity 
of leucine bonds than of valme bonds m papain- 
catalyzed systems Hydrolytic data for papain and 
compounds containing the same residues has been 
obtained The retarding effect of various sub- 
stances, such as lodoacetic acid, p-quinone, and 
2,3,6-triphenyltetrazole, upon some anilide syn- 
theses lias been studied 

Mechanism of reversible inactivation of lyso- 
zyme by iodine and sulfite H Fraenkel Conrat 
Western Regional Research Laboratory, Bureau of 
Agncultvral and Industrial Chemistry, Agricul- 
tural Research Administration, U S Dept of 
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Agriculture, Albany, Calif Meyer et al {J Biol 
Chem 113 303, 1936) shelved that lysozinne loses 
and regains actmty upon treatment with iodine 
and sulfite, rcspecti%ely It has non been found 
that the effect of a great excess of iodine is partly 
rexersible only after 10-120 minutes at or above 
ncutralitj Reactivation was achieved also with 
thiogijcol and nas found associated with a loss in 
bound iodine, equivalent to 60-100% of the histi- 
dine content of Ij sozjTne Proteins of greatly vary- 
ing histidine contents, nhen treated with iodine 
and sulfite under similar conditions, contained re- 
xcrsibb bound iodine m proportion to their histi- 
dine contents From this and other evidence it is 
concluded that the reversibly inactivated denva- 
ti\e 18 formed first and probably contains a labile 
N-iodohistidinc residue, whereas the irreversibly 
inaclnated derivative is formed later by rearrange- 
ment of the N-iodohistidine into a stable c-iodo 
form The concomitant lodination of some phenolic 
groups appeared to cause little inactivation, but 
n hen o\ cr 2 iodine equivalents (per mole lysozyme) 
ucre introduced into these groups, the activity 
i\as grcatlj loncred The incipient oxidative de- 
struction of tr}ptophan residues Gess than 1 per 
mole) appeared reversible by early reduction 
Lxsozjnie contains no — sn group 
Pterojlglutamic acid deficiency m the dog as 
produced by ‘i-mefhyP pteroylglutamic acid 
\ L Franklin (bj invitation), T H Jukes, E 
L R Stokstad, and M Belt (by invitation) 
hcdcrlc Laboratories Division, American Cijanamid 
Company, Pearl River, N Y Dogs nere kept on 
virc floors in individual cages and nere fed a puri- 
fied diet with pteroylglutamic acid (PGA) omitted 
and w 1 th a crude PGA antagonist, ‘x-methyP PGA, 
added The dogs gren slowly or lost weight and 
dc\ eloped a condition marked by emaciation, alo- 
peen, nncmia and ulceration of the skin A slight 
hcmojioictic response n ith a small reticulocyte rise 
n as obt lined v hen In er extract u as injected Hov - 
c\cr, nhen PGA uas administered a marked re- 
sixinsc was obtained together wath a prompt gam 
in weight ind with growth of hair in the denuded 
irca'' Dogs appeared normal when they receixed 
the diet with the antagonist omitted or wath suffi- 
cient 1 G \ added to rc\ erse the antagonist as 
judged from experiments with other species 
Obsen aliens on the equilibrium between gly- 
cine and ghcrlglycine in the presence of liver 
peptidase I\ xx D Fuxvrz, Jr , Robert B Loft- 
311 in, md \.x\ s Blrxer (introduced bx Fritz 
Midtcal Laboratories of the Collts P 
ILnti cion Uenonn! Hospital of Hanard L nn , 
' C' tic/ I'ctts Gtmral Hospital, Bo ton, Mass 
It K been xiorlcd out which permit the 
I h s cqiiihhnuni mixtures of gUcyLUcinc 
'1 ghciiir 3 hese irt leased on the of long- 
"id rooirvctnc cirlon, for the detection and 


measurement of small amounts of the reactants, and 
chromatography of starch, for their separation In 
a typical experiment, labeled glycine is incubated 
at 3S° with a peptidase preparation made from rat 
liver The pH is held at approximately 7 6 by means 
of a borate buffer After 48 hours the reaction is 
stopped Glycylglycine is added as carrier, and the 
reaction mixture is placed on a column of potato 
starch 2 1 normal propanol-water is passed through 
the column, and the effluent is analyzed by the 
photometric mnhydnn method of Moore and Stem 
(J Biol Chem 178 367, 1948) The glycine and 
glycylglymme peaks are each pooled and analyzed 
for radioactivity With glycine concentrations as 
high as 1 molar, the experiment has also been 
earned out with the addition of earner, allowing 
confirmation of the results independent of the use 
of radioactive carbon This possibility exists be- 
cause of the high resolving powder of the column, 
and its large capacity for glycine Thus, 30 mg of 
glycine may be completely separated from 60 jig 
of glycydglycine, formed during the reaction The 
free energy of the peptide bond as determined in 
this way is in fair agreement with the value cal- 
culated by Borsook and Dubnoff , based on thermal 
measurements (J Biol Chem 132 307, 1940) 

Purification and properties of ovomucoid E 
Fredeeicq (by invitation) and H F Deutsch 
Depis of Physical and Physiological Chemistry, 
Untv of Wisconsin, Madison, Wis The solubility 
of ovomucoid in trichloracetic acid solution has 
been utilized for its isolation In an egg white 
system of 5% sodium tnchloracctate and pn 3 6, 
the major portion of the ovomucoid remains in 
solution while the other proteins arc precipitated 
almost quantitatively' The ovomucoid is tlicn re- 
covered by precipitation at an ethanol concentra- 
tion of 65% and temperature — 7°C The product 
consists of 2 components which arc closely related 
electrophoretically' The major component com- 
prises from 90-95% of the total protein It max be 
separated in relatively pure form from 1% solution 
by sex'eral precipitations at pii 3 2, ionic strength 
0 01, and etlianol concentration 42% On electro- 
phoresis this protein bchax'cs as a single comjiontnt 
oxer a considerable pn range and Ins an isoclectnc 
point at pn 3 8 In experiments performed in the 
region of the iBoclcctric point some clcctrophon tic 
inhomogeneitx isexident Its cloctropliorctie mo- 
bility in dicthylbarbituratc buffer it pii 8 0 md 
ionic strength 0 1, is 4 3 X 10' cm - xolt ' 
Oxomucoid which has been noLtod bx difiro 
phoresis gixcs a scdinitnl ition coii'-t mt of ^ 

2 93 This xaluc IS also olit iim I \ ith th- o on ti 
cold sojiarated bx friction ition l*-<Iiiimi' ' rb* 

hydrate amlx-^c- of tho cnid' o o nuro, 1 -i . 

Icxcl of approximatclx 10% Cjlriil ♦< i m 

Competitive antagonists of th'roxmi and' rar- 

turallv related compound*' I xi i Fi i ' 
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invitation) and RichabdJ Winzler Dept of Bio- 
chemistry and Nutrition, Univ of Southern Cali- 
fornia School of Medicine, Los Angeles, Calif 
Thyroxine antagonism by several new compounds 
has been observed using the amphibian meta- 
morphosis test system described by Frieden and 
Winzler {J Biol Chem , 176 156, 1948) The com- 
petitive nature of these inhibitors was shown by 
the relative constancy of the molar ratio of inhibi- 
tor to thyroxine required for reduction of the thy- 
roxine effect by 50%, and by adherence of the data 
to the more rigorous equation of Lineweaver and 
Burk (J' Am Chem Soc , 66 658, 1934) Reduction 
of the thyroxine effect by 60% by O-benzyl-3,6- 
diiodo-DL-t3TX)sine was achieved with molar ratios 
of 37, while the N-acetyl derivative, described by 
Woolley (J Biol Chem , 164 11, 1946), required 
a ratio of 550 The benzyl, p-nitrophenylethyl, and 
methyl ethers of 3,5-diiodo-4-hydroxybenzoic acid 
reqmred ratios of 8, 76, and 150 respectively for 
similar effects Specificity of these antagonisms was 
indicated by the absence of any inhibition of 
thyroxine by structurally related compounds, 
goitregens, and other substances Inhibition of the 
thyroxme-like activity of 3,6-diiodo-4-(3',6'- 
duodo-4'-hydroxyphenoxy)benzoic acid was ob- 
tained at the same molar ratios with several of the 
above thyroxine antagonists However, no inhibi- 
tion of the activity of 3,5-diiodo-4-(4'-hydro\y- 
phenoxy)aniline was observed at very high 
molar ratios Assuming that thyroxine-like active 
compounds act by serving as a prosthetic group or 
coenzyme for some enzyme system or systems, 
these data lend suppiort to suggestions that the side 
chain of thyroxine serves as an enzyme-associating 
locus while the ortho-diiodo hydroxy phenyl group 
acts as a ‘functional’ locus of the molecule 
Liver regeneration in the adrenalectomized 
rat Charles E PhuEDGOon (by invitation), 
Harrt M Vars and Joan W Zerbe (by invita- 
tion) Harrison Dept of Surgical Research, Schools 
of Medicine, Univ of Pennsylvania, Philadelphia, 
Penna In continuing previous studies of N metab- 
olism and liver protein regeneration male Wistar 
rats have been adrenalectomized at the time of 
partial hepatectomy Saline drinking vater aas 
available throughout thd 2-week postoperative 
period Total net N balances and new liver protein 
formed have been determined Adrenalectomy re- 
duced the amount of liver protein regeneration in 
rats both protein-fed and protein-depleted before 
operation Whole adrenal extract administered to 
such rats restored their ability to regenerate new 
liver protein Rats, protein-depleted for 2 neeks 
and subjected to the double operation, nere given 
daily injections of desoxycorticosterone acetate, 
11-dehydrocorticosterone acetate and 11-dehydro, 
17-hydroxycorticosterone (acetate) during the 2 
week postoperative period At the dose levels used, 


all stimulated hepatic protein metabolism and 
caused the same or greater regeneration of new 
liver protein than occurred in animals with intact 
adrenals DOGA caused the greatest increment, 
accompanied by evidence of hormonal overdosage 
11-dehydrocorticosterone appeared to be slightly 
more active than 11-dehydro, 17-hydroxycortico- 
sterone 

Flavoenzyme catalysis Sulfhydryl character of 
the d-amino acid oxidase W R Frisell (by in- 
vitation), E C Weinbach (by invitation), R C 
CowGiLL (by inxutation), and Leslie Hellerman 
Dept of Physiological Chemistry, Johns Hopkins 
Univ School of Medicine, Baltimore, Md In earlier 
studies (1940—42) we observed that the activity of 
the d-amino acid oxidase of lamb kidneys is sup- 
pressed by p-chloromercunbenzoate (Hellerman in 
Cold Spring Harbor Symposia on Quantitative 
Biology,! 165, 1939) and by porphynndine Notes 
have appeared from other laboratories on effects of 
sulfhj dry 1-binding agents upon such oxidases Of 
outstanding biochemical importance is the role of 
‘available’ protein -sulfhydryl groups essential to 
the activity of certain enzymes Although p- 
chloromercuribenzoate and also lodosobenzoate can 
attack the separated protein of lamb d-amino acid 
oxidase, and, less reversibly, pig kidney oxidase, 
it IS demonstrated that these reagents in low con- 
centration may function instead as competitive 
inhibitors for the substrate It is essential, in these 
studies, to recognize that certain flavoenzymes 
dissociate, further, that the aforementioned 
‘sulfhydryl-reagents’ function as such, and, inde- 
pendently, as typical unsaturated anionic inhibi- 
tors (Transactions of the Second Conference, Bio- 
logical Antioxidants, 78, 1947 Any labile sulfhydryl 
groups of these flavoenzymes appear to be ‘pro- 
tected’ by' FAD Certain reagents attack protein- 
sulfhydryl irreversibly, in the thermodynamic 
sense Cogent evidence is revealed in experiments 
with phenylmercuric acetate Kinetic studies show 
that the inhibition observed here is not substrate- 
competitive The action of authentic competitive 
inhibitors, e g cinnamate ion, may be superim- 
posed upon that of the mercurial The results in no 
way support a concept that enzyme-sulfhydryl 
here is concerned directly with substrate binding 
or IS involved in substrate ‘activation ’ 

Preparation of deuterated steroids David K 
Fhkushima (by invitation) and Setmodb Lieb- 
ERMAN Dept of Steroid Biochemistry, Sloan- 
Kettering Institute for Cancer Research, New York 
City For the purpose of studying some problems in 
steroid metabolism we have investigated the prep- 
aration of deuterium labeled steroids Two general 
methods for the introduction of slably bound deu- 
terium mto A‘-8teroids have been developed The 
first of these involved halogenation with bromosuc- 
cinimide at C? of a steroid ester followed by cataly- 
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tic reduction nuth deuterium m the presence of 
palladium or deuterized Rannej nickel An. alter- 
nate procedure, irhich nas advantageous m that 2 
deuterium atoms vere incorporated, consisted m 
the conversion of a A®-7-ketosteroid ester to the 
corresponding mercaptoi bj condensation mth 
etlianedithiol Upon desulfurization with deuter- 
ized Ranej' nickel, the C 3 clic thioacetal was con- 
verted to the A®-7,7-d;-steroid Bj these methods 
deuterium labeled cholesterol aadii'^-androstene- 
diol-3P,17a-acetate-3, benzoate-17, an intermedi- 
ate in the sj nthesis of testosterone, w ere prepared 
Hepato-renal factors m circulatory homeostasis 
XXIV Conditions leading to aerobic formation of 
VDM by liver Robebt F Furchgott, BE^JAiHN 
W ZwEiFACH (bj invitation) and Ephraim Shorr 
(bj inntation) Dept of Medtcine, Cornell Umv 
Medical College and The Kew York Hospital, New 
York City Preiuous experiments from this labora- 
torj have shown that normal in er slices form the 
vasodepressor, "YDM, only under anaerobic condi- 
tions, on aerobic incubation, ITDIM formation is 
inhibited and added to the incubation 

medium is inactnated In contrast, Iners from 
animals in irrei ersible shock sustain a profound 
impairment in the capacity to inactivate \T3M on 
aerobic incubation A similar impairment is show n 
bj normal liver slices following prior exposure to 
anacrobiosis In a recent extension of these studies, 
it has been observed that liver slices from dogs m 
irreversible shock not only lose then capaeitj to 
inactivate ^T)lM aerobicallj , but also continue to 
form undei aerobic conditions This was also 
the case with normal liver following an appropriate 
period of anaerobic exposure , anaerobic incubation 
of normal liver (dog, rabbit) for one hour at 37 5'’C 
usuallj’’ results in the continued elaboration of 
VDM on the restoration of aerobic conditions With 
both tj pes of liver preparations, the rate of aerobic 
\TDM formation is comparable to that of normal 
liver slices under anaerobic conditions Respira- 
tory studies of liver slices, treated so as to form 
^ DM aerobicallv , revealed no relation between the 
loss of abilitj to inhibit aerobic VDM formation 
and changes in oxjgen consumption The signifi- 
cance for shockof this derangement in \TI>M metab- 
olism resides in the fact that the temporal^ res- 
toration of aerobic conditions within the bver by 
transfusions would not, per se, prevent the con- 
tinued elaboration of njIM and the persistence of 
the decompensatorj effects of this vasodepressor 
principle on the peripheral circulation 
Chloride diarrhea and systemic alkalosis m 
potassium deficiency Lxtt I Gardxeb, Elsie A 
JiIacLvchlax, XIxhv L Terrt, Jalet W Mc- 
Arthcr and Xulax M Bittleb (introduced bv 
Rvlph V McKee) Children’s Medical Senice, 
Mossachitseils General Hospital, and the Dept of 
Pediatrics, Harvard Medical School, Boston, Mass 


Severe potassium deficiency was produced in 160 
to 176-gm rats by use of a diet containing 0 003% 
Kand 0 7% sodium K added to the diet produced 
excellent growth m controls Rats fed the deficient 
diet gamed weight slowly for 35-40 days, then 
diarrhea began, followed by anorexia, wasting and 
death between 60 and 120 daj's Muscle K was re- 
duced almost 60% Hj pochlorenuc alkalosis wras 
present Metabolic studies while on the deficient 
diet showed negative K and Cl, and positive Na 
balances A single injection of 1 0 inBq K as 
KjBGPOt produced transitory reversal of these 
balances and temporarily arrested the diarrhea and 
anorexia The Cl and Na balances lagged 3-4 days 
m their reversal Fecal excretion of Cl progres- 
sively diminished for 6 days post-injection Un- 
nary'- Cl decreased for 3 days post-injection, then 
abruptly increased on the 4th day , coincident with 
marked Na diuresis This may reflect the extrusion 
of intracellular Na, covered in the unne by the 
amon Cl, cf Comvay and Hmgerty, Btochem J 
42 372, 1948 On the deficient diet daily 01 excre- 
tion was double that on the control diet There was 
4 times as much Cl m the feces of the deficient 
animal as m the feces of the control Even during 
diarrhea there w ere twice as many mEq of Cl as 
Na m the feces of the deficient animal The re- 
ported cases of congenital alkalosis w ith diarrhea, 
and 2 cases of ulcerative colitis seen at this hospital, 
show many metabolic similarities to the above 
findings, which suggest deficit of intracellular K 
The etiologic role played in these syndromes by 
adrenal overproduction of the 11-desoxycorticos- 
teroid (DOCA) type of hormone, known to pro- 
duce K deficiency when injected, is under m- 
v'estigation 

Inhibition of hyaluronidase by blood serum and 
bile constituents Davtid Click, Lee W Wattbn- 
bebg (by invitation) and Erick Y Hakanson (by 
mvntation) Dept of Physiological Chemistry, 
Umv of Minnesota Medical School, Minneapolis, 
Minn In an attempt to determine the origin of the 
hyaluronidase inhibitor m blood serum, 29 organs 
and bile, urine, and ammotic fluid of the rabbit, in 
addition to human saliva, milk, and spinal fluid, 
and hog symovial fluid were tested No inhibitory 
activity was found by-- the viscosimetnc method m 
any of them exceept bile and urine The inhibitor 
m the latter fluids was heat stable and active in the 
presence of phosphate, thus differentiating it from 
that m serum Avrariety of hemoglobin derivatives, 
bile salts, and sterol hormone conjugates have been 
found to inhibit hvaluromdase The additive vixlue 
of the indivndual inhibitions of any one of the com- 
pounds and that of serum was alwav s greater than 
the observed inhibition of a combination of the 
two The data would indicate that the hemoglobin 
derivatives and bile salts inhibited the serum in- 
hibitor, and that serum also reduced the inhibition 
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of these compounds Exceptions to this mutually 
antagonistic effect were observed with certain of 
the sterol conjugates Stercobihn was unique in 
that it did not inhibit hyaluromdase under the con- 
ditions used while it did inhibit the serum inhibi- 
tor Studies of the variations of the human serum 
inhibitor during the menstrual cycle revealed 
highest levels during actual menstruation and 
lowest during subsequent and nnddle phases of the 
cycle No significant change was found during preg- 
nancy or labor, but a marked post-partum rise was 
observed which reached a maximum from the 2nd 
to 6th days after delivery 
Ammo acid composition of casern, a-casein and 
/B-casein William G Goedon, Williaii F Sem- 
METT (by invitation), and Myron Morris (by 
invitation) Eastern Regional Research Laboratory, 
Philadelphia, Penna The investigation of the 
comparative ammo acid composition of whole 
casein, a-casem and /3-casein previously reported 
in part (Federation Proc 6 255, 1947) has been 
completed The analytical results, expressed ns 
grams of ammo acid yielded by 100 gm of dry, 
ash-free protein, follow 



BTiolc 

Casein 

1 

a Casein 

|3-casein 

Glycine 

2 7 

2 8 

2 4 

Alamne 

3 0* 

3 7* 

1 7* 

Valine 

7 2 

0 3 

10 2 

Leucine 

9 2 

7 0 

11 C 

Isoleucine 

6 1 

0 4 

6 6 

Proline 

11 3 

8 2 

18 0 

Phenylalanine 

6 0 1 

4 6 

6 8 

C^tine 

Methionine 

0 34 

2 8 

0 43 

2 5 

<0 1 

3 4 

Tryptophan 

1 2 

1 0 

0 65 

Arginine 

4 1 

4 3 

3 4 

Histidine 

3 1 

2 9 

3 1 

Lysine 

8 2 

8 9 

G 6 

Aipartic acid 

7 1 

8 4 

4 0 

Glutamic acid 

22 4 

22 5 

23 2 

Amide nitrogen 

1 0 

1 0 

1 0 

Senne 

6 3 

6 3 

6 6 

Threomno 

1 4 0 

4 9 

6 1 

Tyrosine 

1 63 

8 1 

3 2 


* frovisional 


Calculation of the data on the basis of N distribu- 
tion shows that 101 5% of the whole casein N, 
101 8% of the a-casem N and 103 4% of the |3-casem 
N have been accounted for in terms of recognized 
amino acids and amide groups 
Effect of N,N-dibenzyI-j3-chloroethylamine (di- 
benamine) on blood sugar response to insulin and 
epinephrine R Lorimee Grant Division of Phar- 
macology, Food and Drug Administration, Federal 
Security Agency, Washington, D C The subcu- 
taneous injection of dibenzyl-/3-chloroethylanune 
hydrochloride 18-20 hours before the injection of 
an insulm-contaming drug appeared to prolong the 
liypoglycenuc effect of the insulin Epinephrine 
injected during the hypoglycemia was significantly 
inhibited as an antidote to the insulin Nickerson 
and Goodman (J Pharmacol and Exper Therap 
89 167, 1947) found that dibenzyl-/3-chloroethyl- 


amine produced no significant inhibition of the 
epinephrine-mduced blood sugar rise m rabbits 
We repeated their experiment using a 12 rabbit 
cross-over test and demonstrated a sigmficant in- 
hibition of the epmephrine-mduced blood sugar 
nse following treatment with dibenzyl-)3-chloro- 
ethylamine The effect of dibenzyl-^-chloroethyl- 
amme on the response to insulin is apparently due 
to inhibition of endogenous epinephrine or other 
syunpathomimetic factors which increase the rate 
of glycogenolysis 

Studies on hypoxanthine synthesis in pigeon 
liver with labeled formic acid G Robert Green- 
berg (introduced by Harband G Wood) Dept 
of Biochemistry , School of Medicine, Western Re- 
serve Univ , Cleveland, Ohio It previously has been 
shown that HC'^OOH is incorporated into hj'po- 
xnnthine m pigeon liver homogenates (Arch Bto- 
chem 19 337, 1948) Further studies have been 
conducted to elucidate the intermediate steps m 
this synthesis using HC'^OOH to trace the re- 
action Approximately 60-70% of forimc acid was 
accounted for m hypoxanthine but almost 100% 
of the formic acid disappeared during the same 
period of time This suggested that the HC'^OOH 
had either entered into other reactions or was 
present m intermediate compounds involved m the 
synthesis of hypoxanthine Small volumes of the 
reaction mix'ture were subjected to filter paper 
chromatography The paper strips vere cut into 
0 5 or 1 cm sections and the radioactivity of each 
determined Two distinct radioactive compounds 
migrated down the paper One of these has been 
identified as hypoxanthine and contains the major- 
ity of the radioactmty The other component has a 
distinctly different absorption spectrum than that 
of hjqxixanlhine The homogenate may be sepa- 
rated into 2 components, the washed particles and 
the supernatant Neither fraction shows much ac- 
tivity alone but in combination almost the full 
synthetic ability is restored Either component is 
inactivated by^ boiling 

Short-term pyridoxine deprivation in two hu- 
man subjects Louis D Greenberg, David F 
Bohr (by invitation), Hope McGrath (by invita- 
tion) and James F Rinehart (by invitation) 
Dept of Pathology, Univ of California Medical 
School, San Francisco, Calif Studies of the blood 
pyridoxine and the urinary excretion of pyridoxine, 
4-pyiidoxic acid, xanthurenic acid, tryptophan and 
Ni-methylnicotinamide nere carried out on two 
human subjects who persisted on a pyridoxine de- 
ficient diet for tliree weeks The diet consisted of 
casein, suciose, corn oil and salts supplemented 
with the known vitamins excepting pyTidoxine, p- 
aminobenzoic acid, vitamin K and tocopherols 
By the administration of exdra pyridoxine prior 
to the withdrawal of the vitamin, the blood pywi- 
doxme concentration was increased from initial 
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values of 1 5 to 2 0 to values of 4 1 to 7 1 pg 
% At the end of the deficient period the levels had 
fallen to approximately the initial values or lower 
The urinarj* pjondoxine and 4-p3Tidoxic acid paral- 
leled each other, rising and falling during periods 
of administration and depletion of the vitamin, 
respective!} At the end of 2-3 weeks of depletion, 
xanthurenic acid excretion following 10 gtn doses 
of DL-tr}Titophaii was markedly increased and re- 
turned to Ion levels after supplementation with 
pmdoxine {10-15 mg daily) for one week The 
unnar} excretion of tri^itophaii as measured micro- 
biologically aas not significantly altered by de- 
ficienc} , but chemical determination of tr 3 ’ptophan 
revealed that large quantities of tryptophan or an 
indole derivative appeared m the urine durmg the 
depletion period when test doses of i)n-tr 3 'ptophan 
were fed Excretion of the metabolite remained 
high despite supplementation of the experimental 
diet with p 3 T]do\me for one iieek In confirmation 
of the work of others, an mcreased excretion of Ni- 
meth} Inicotinanude was observed after the feeding 
of tr 3 q)tophan 

Effect of aromatic hydrocarbons on the metab- 
olism of exogenous sulfur ammo acids Helmut 
R Gutmais (b} invitation) and John L Wood 
Depl of Chemistry, School of Biological Sciences, 
Univ of Tennessee, Memphis, Tenn The changes 
in urinar} sulfur distribution produced b}' ad- 
ministration of aromatic h 3 '’drocarbons to rats were 
studied after inject on of L-cystine or Dii-methio- 
nine labeled with radioactive sulfiir The labeled 
total sulfur, inorganic sulfate, and chloroform- 
extractable sulfur-containing compoimds in the 
urines were estimated b}’' radioactmt}^ measure- 
ments Fifteen % of the sulfur vas recovered in 
the urine 24 hours after injection of 10 mg of jl- 
C 3 ’stine and vas chiefl}’" m the form of inorganic 
sulfate "RTien 150 mg of bromobensene vere ad- 
ministered Emiultaneousl}^ the amount of labeled 
total sulfur excreted appeared in the unne as 
chloroform-extractable sulfur at the ex^pense of 
inoi^anic sulfate The radioactive sulfur m this 
fraction was incorporated into bromophenylmer- 
capturic acid since, following the addition of un- 
labcled bromopheny Imercaptunc acid to the urme, 
radioactive bromopheny Imercapturic acid vas 
reemered Tneuty % of S” administered as dl- 
mcthionine a as found in the urine in the form of 
inorganic sulfate after 24 hours The admirustra- 
tioa of bromobensene caused an increase in the 
total excretion of the injected S’* to 60% without 
appreciable change m the inorganic sulfate The 
increase in excreted S” nas not accounted for by 
the mercapturic acid found but by other organic 
sulfur compounds not extractable by chloroform 
The studies will be extended and correlated with 
alterations m sulfur metabolism produced by 
carcinogenic ludrocarbons 


Study of the carbohydrate-regulating hormone 
of hog adrenal extract William J Haines (by 
invitation), Richakd H Johnson (by invitation), 
Mahi P Brunner (by invitation), Marvin L 
Pabbt (by invitation), and Marvin H Kuizenga 
Research Laboratories, The Upjohn Company, 
Kalamazoo, Mich In 1933 Grollman reported that 
autolysis of beef adrenal tissue caused a significant 
decrease in the recovery of cortical hormone ac- 
tivity of the survival-growth tyqie Hon ever, sub- 
sequent biochemical studies on adrenal extracts, 
including those resulting in the isolation of 28 pure 
steroids, appear to have been done wuth adrenal 
glands collected by the usual slaughter-house pro- 
cedures The large quantities of tissue required m 
these earlier studies would seem to have prohib- 
ited the use of specially-collected glands More 
recently vs e have developed techniques of isolation 
and identification W'hich allow rather complete 
characterization of cortical hormone from rela- 
tively small amounts of adrenal tissue These 
methods have now been applied to the investigation 
of the carbohydrate-regulating hormone of quick- 
frozen hog adrenals, in which autoiytic changes 
have been greatly reduced Comparison of this 
material, at various stages in its purification, with 
that obtained routinely from glands collected by 
by usual procedures, indicates some of the effects 
of autolysis The neutral, composite extract from 
quick-frozen gland contamed 120% more bioac- 
timty (liver-glycogen deposition) than that from 
regular gland Five hundred mg (10-kg gland) of 
it gave a normal benzene-water distribution after 
2 cycles Long standing in this system caused a 
47% loss of activity Five hundred fifty mg (11-kg 
gland) when chromatographed over MgSiOj, 
wherem bands were characterized by optical rota- 
tion, formaldehyde-fomuag capacity^, and infrared 
absorption, yuelded 70 mg of 17-hydroxycorticos- 
terone, or 4 tunes the amount obtained from nor- 
mal gland Further characterization of the car- 
bohydrate-regulating hormone are discussed 
Blood changes in acute ammo acid deficiencies 
W Knowlton Hall, Lester L Bowses (by^ in- 
vitation) and V P Stbenstriceer (by invita- 
tion) Depis of Biochemistry, Microscopic Anat- 
omy and Medicine, Univ of Georgia School of 
Medicine, Augusta, Ga In order to investigate the 
blood changes which result from amino acid de- 
ficiencies, litter mate Wistar-strain rats were 
placed on diets devoid of one of the indispensable 
ammo acids or on control diets The deficient 
diets contamed 3 times the minimum requirement 
of the other indispensable amino acids Blood was 
obtained for counts and analyses by sacrifice of 
the animals and the values obtained inth the dif- 
ferent groups wore compared Except for some ani- 
mals which were sacrificed at the beginning of the 
experimental period, the animals remained on the 
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diets until the sjuuptoms of the deficiency became 
extreme In rats fed a phenyl-alanine-deficient diet 
there was a reduction in blood volume although the 
blood counts and plasma protein levels were nor- 
mal There was a marked reduction in the number 
of reticulocytes In valine deficiency the reduction 
in blood volume was less marked, there was a 
slight reduction in plasma protein level and the 
blood from most of the rats seemed devoid of retic- 
ulocytes In isoleucme deficiency there was a 
reduction in blood volume, plasma protein levels 
and the reticulocyte count These changes may be 
compared with the extreme hypoprotememia, re- 
duced blood volume and moderate anemia observed 
m deficiencies of threonine or protein There was 
little difference between control rats fed the mix- 
ture contaimng only the indispensable ammo acids 
and those fed a comparable level of an amino acid 
mixture similar to casein 

Mode of action of parathormone PHturp Hand- 
les, W J A DeMajua (by invitation) and D V 
Cohn (by invitation) Depts of Btochemtslry and 
Pediatrics, Duke Univ School of Medicine, Dur- 
ham, N C The intravenous administration of 
commercial parathyroid extract to dogs consist- 
ently resulted m an increased flow of a relatively 
alkaline unne contaming considerably more so- 
dium, bicarbonate and phosphate than the control 
urmes In some animals this phenomenon was im- 
mediately apparent nhile in others there nns a 
lag period of 16-40 minutes Studies of inulin and 
p-aminohippurate clearances revealed that the 
diuresis occurred simultaneously with a marked 
rise in renal blood flow and glomerular filtration 
These in turn appeared to be secondary to a rise in 
systemic artenal blood and pulse pressures The 
lag period occurred only in those dogs in whom 
parathormone administration induced a temporary 
shock-like state with low blood pressure, glomer- 
ular filtration and renal plasma flow In no instance 
did the parathormone function by actually in- 
hibiting renal tubular reabsorption of sodium, 
bicarbonate, chlonde or phosphate, the altered 
composition of urine being due solely to the in- 
creased glomerular filtration consequent upon the 
rise in blood pressure and renal plasma flow 
Studies are now in progress to determine whether 
the pressor principle in parath 3 TX)id extract is 
identical with the calcium mobilizing hormone or 
whether it is an artifact created during the ex- 
traction procedure 

Enzymatic hydrolysis of carnosine and related 
peptides H Thbo Hanson (by invitation) and 
Emil L Smith Laboratory for the Study of Hered- 
itary and Metabolic Disorders and the Depts of 
Biochemistry and Medicine, Untv of Utah School 
of Medicine, Salt Lake City, Utah Liver, spleen, 
and kidney of the rat, and swine kidney are ex- 
cellent sources of an enzyme, carnosinase, which 


hydrolyzes carnosine /S-alanyl-L-histidme The 
swine kidney enzyme has been partially purified 
Carnosinase is a metal-protein as indicated by the 
inhibition produced by cyamde, sulfide, and cys- 
teine Although both kln++ and Zn++ activate the 
enzyme, it is likely that Zn++ is the naturally- 
occurring metal This is suggested by the similarity 
of the Zn++-enzyme and the unactivated prepara- 
tion with respect to ps of optimal activity, poor 
stability at 40° m absence of substrate, and in- 
sensitivity to phosphate and citrate At 0 05 m 
carnosme, the hydrolysis follows the kmetics of 
a zero order reaction, and the rate is proportional 
to the enzyme concentration over a range of at 
least 1-12 The optimal action with Mn++ is at 
pH 8 0-8 4, with Zn"*^ at 7 8-7 9, and without added 
metal at 7 4-7 5 The hydrolysis of carnosme can- 
not be attributed to any previously described pro- 
tease In addition to L-carnosme, the enzyme rapid- 
ly hydrolyzes both l and D-alanyl-L-histidine, 
and glycyl-L-histidine while L-a-ammo-butyryl-L- 
histidine, and glycyl-L-histidmamide are hydro- 
lyzed more sloa ly D-Carnosine , /?-L-asparty 1 L-hist- 
idine, carbobenzoxy-L-carnosine, and carbobenz- 
oxyglycyl-L-histidinamide are relatively resistant 
to the enzyme These data indicate that carnosi- 
nase IS an exopeptidase of dipeptidape or amino- 
peptidase specificity 

Application of micro methods to the study of 
steroid metabolism J D Hahdt (by invitation), 
Hildegard Wilson (by invitation) and Konrad 
Dobriner Sloan- Kettering Institute for Cancer 
Research and the Dept of Physiology, Cornell 
Univ Medical College, New York City The de- 
tailed study of the steroid hormone metabolites 
in the urine of healthy and diseased persons has 
been possible in the past vnth long term collec- 
tion periods By the use of infrared sjiectrometry 
as a method for the identification of the individual 
steroids in amounts of 1-3 mg the period of urine 
collection was shortened A further improvement 
of this specific method of analy^sis was the develop- 
ment of a microcell for routine use The cell has a 
volume of 0 03 ml , and is filled by capillary^ action 
It IS designed to be used immediately in front of 
the slit of a Perkin -Elmer spectrometer so that the 
entire cross section of the cell is effective in pro- 
ducing absorption With this cell the mdividual 
steroids and their mix-tures as obtained by 
chromatographic procedures can be recognized 
routinely in amounts of 25 iig and under 
favorable circumstances 3 ug suffice The methods 
of separation and chromatographic analysis have 
been adapted for small amounts and estimation of 
ketosteroids by the Zimmermann reaction has 
been modified so that 2 /ig can be determined This 
development has made possible a precise qualita- 
tive and quantitative procedure for the establish- 
ment of steroid excretion patterns in collection 
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periods of I-IO dEj-s The details of the methods 
applied and the results obtained mil be discussed 
Toxicity of tetramethyl succinonifnle and the 
antidotal effects of thiosulphate, nitrite and bar* 
biturates R N Harger and H R Hgirietj (by 
in%ntation) Depi of Btocheimsiry and Pharma- 
cology, Indiana Umv School of Medicine, Indian- 
apolis, Ind Tetramethyl succmonitnle (T S N ) 
and nitrogen are the chief products formed when 
azo bis-isobutjTo nitrile, ‘Porofor N’ is heated with 
rubber to make sponge rubber T S N , M P 187", 
IS quite volatile, air saturated with it containing 
120 ppm at 25“ and 7820 ppm at 100“ Animals 
poisoned with T S N exhibited violent convul- 
sions, with asphyxial death m from 1 minute to 5 
hours after the first convulsion Adnainistered 
subcutaneously, the LDSO in mg/kg was about 30 
for rats and 23 for guinea pigs Two rats receivmg 
49 and 56 mg/kg per os first convulsed at 5 hours 
and died several hours later Intravenously, the 
LDSO of T S N for rabbits was 20 mg/kg , but 2 5 
mg/kg caused convulsions Dogs were killed by 
20 mg/kg or more, given -subcutaneously When 
TSN vapor was inhaled by rats, 60 ppm killed in 
2-3 hours, and 6 ppm caused death in about 30 
hours Neither artificial respiration, thiosulphate, 
or thiosulphate followed by nitrite had any effect 
on the toMcity of T S N Barbiturates adminis- 
tered as needed saved animals receiving up to 50 
mg/kg The use of a quick-acting barbiturate fol- 
low ed by phenobarbital gave the best results ob- 
tained Preliminary experiments indicate that 10 
of T S N has a greater analeptic effect than 
6 mg/kg of picrotoxin, n hen tested in rabbits with 
sei ere phenobarbital depression 
Bacterial synthesis in the rat of an unidentified 
growth-promoting factor A M HArtman (by 
invitation), L P Drtdea (by invitation), and 
C A Cart Division of Nntniion and Physiology, 
Bureau of Dairy Industry, U S Dept of Agricul- 
ture Although rats require a chemically still- 
unidentified vitamm, (X), when 35 young were fed 
an X-deficient diet contaimng extraordinarily high 
levels of the 10 B vitamins, methionine and vita- 
mins C, E, and K, 20 rats grew 169 gm and 15 grew 
only 87 gm m 4 neeks Tnelie of the latter in- 
creased in growth from 13 gm per n eek before to 
16, 36, and 32 gm in successive weeks after being 
fed a single small dose of feces from the former 
Additional slow-groinng rats fed sulfasuxidine in 
the diet did not respiond to this feeding of feces 
These results suggest very strongly that X may^ 
be sinthesized by microorganisms which may be 
induced to thrne m the rat This synthesis was 
made possible bi the extraordinanly high lex el of 
nbofiaxin, ‘inoculations’ being ineffectne mth 
a\crageintakcsof71±S D lO^g/day Material (s) 
With X activity as well as with ammal protein fac- 
tor and antipcmicious anemia activities is (or 


are) {aimed simultaneously microbiologically in 
vitro (Stokstad, J Lab Clin Med 33 860 1948) 
Crude preparations of Bu and of the ‘cow manure’ 
factor are active as X These results and those of 


Ott (/ Biol Cheni 174 1047, 1948) and Bird (/ 
Biol Chem 176 1477 1948) with Bu suggest that 
all of these factors are either very closely related 
or identical X occurs m different combinations 
ID different feeds , all are active m the normal rat 
Isotopic studies of the biosynthesis of nucleic 
acid components I Purines and pyrimidines 
Milton R Heinrich (by invitation), D Wright 
Wilson and Samuel Gurin Dept of Physiolog- 
ical Chemistry, School of Medicine, Umv of Penn- 
sylvania, Philadelphia, Penna The incorporation 
of carbon dioxide, acetate, and glycine into the 
nitrogenous bases of nucleic acids and nucleotides 
in the rat has been studied After administering 
C'^-labeled compounds to rats, nucleotides were 
extracted from the carcasses with acid, hydrolyzed, 
and adenine isolated Lipids were removed, nucleic 
acids extracted with 10% NaCl, and the latter 
hydroly'-zed to individual punnes and pyrimidines 
Within 7 hours after injecting labeled NaHCOj 
into a rat, a very small amount of radioactive car- 
bon was found in the nucleotide ademne and the 
nucleic acid adenine, guamne, and uracil Perman- 
ganate degradations showed the isotope to be m 
the non-ureide carbon of guanine, and the ureide 
carbon of uracil When an approximately equival- 
ent total amount of isotope in the form of carboxyl- 
labeled sodium acetate was injected into rats for 
5 days, about the same degree of incorporation was 
observed No isotope appeared in the ureide or 
guanidino carbon of guanine The highest concen- 
tration was found m the ureide carbon of uracil, 
probably due to incorporation of carbon dioxide 
Glycine labeled in the carboxyl position was fed 
to a group of rats for 10 days, using about tmce the 
quantity of isotope given in each of the previous 
experiments Incorporation into the purines of 
nucleic acids and nucleotides was about 20 times 
that observed wuth either bicarbonate or acetate 
Very little isotope was found in the uracil or thy- 
mine A sample of the nucleic acid guanine was 
hydrolyzed with concentrated HCl to give glycine 
in which the carboxyd group is derived from carbon 
4 of guanine This gly cine carboxy I, obtained with 
ninbydrin, contained essentially all the isotope 


incorjiorated into the guamne 

Cytochrome c reductase (DPN) Leon A Hep- 
pel (introduced by B L Horeckek) Experi- 
mental Biology and Medicine Institute, National 
Institutes of Health, Bethesda, Md The reduction 
of cvtochrome c by reduced diphosphopvTidinc 
nucleotide (DPN) has been observed in freslily 
prepared pig heart suspensions {Lockhart and 
Potter,/ Biol Chem 137 1 , 1941 ) and a part. alv 
purified preparation of the enzyme lias icon oj 
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tained from baker’s yeast (Altschul, Persky and 
Hogness, Science 9i 349, 1941) Lack of informa- 
tion regarding the properties of the cytochrome c 
reductase (DPN) of animal tissues has prompted 
t.hiH investigation The enzyme could be stored for 
long periods in hog liver acetone powder, from 
ivhich it was extracted with 0 06 M phosphate, 
pH 7 4 The turbid extract was incubated at room 
temperature with crude steapsin After this treat- 
ment a considerable jxirtion of the activity was 
precipitated betn een 0 4 and 0 6 saturation with 
ammonium sulfate and on addition of water a clear 
solution was obtained With extracts not treated 
with steapsin almost all of the activity was pre- 
cipitated below 0 3 saturation with ammonium 
sulfate and could not be redissolved The am- 
monium sulfate fraction had a pH optimum at 6 8 
and the enzymatic activity was precipitated below 
pH 6 3 By lyophilization a stable powder was pre- 
pared which 18 being subjected to further purifica- 
tion 

Degradation of polysaccharides by muscle 
phosphorylase Shlomo Hestein (introduced by 
C F Gobi) Dept of Biological Chemistry, School 
of Medicine, Washington Univ , St Louis, Mo 
Branched polysaccharides (glycogen and amylopec- 
tin) could only be degraded partially (40 i 5%) 
by recrystallized muscle phosphorylase /S-amylase 
limit dextrins of the branched polysaccharides acre 
not degraded to a significant extent by the recrys- 
talhzed muscle phosphorylase Like |3-araylnse 
and potato phosphorylase, the phosphorylase of 
muscle 18 thus incapable of degrading starch and 
glycogen chains beyond their branchpoints The 
phosphorylase limit dextrin of glycogen differed, 
however, from the ^-amylase limit dextrin of 
glycogen in respect to priming activity for musclc- 
phosphorylase Since the phosphorylase limit dex- 
trin afforded roughly an equivalent of one mole 
maltose per calculated end group nhen treated 
with /S amylase, the outher chains of the phos- 
phorylase linut dextrin are probably three or more 
glucose units long The role of this dextrin in the 
eqmhbnum mediated by phosphorylase is dis- 
cussed 

Ataxia and loss of equilibrium in manganese- 
deficient rats (motion picture) Robert M Hill, 
Dorset E Holtkamp (by invitation), A R 
Buchanan (by invitation) and Enid K Rutledge 
(by invitation) Depts of Biochemistry , Anatomy, 
and Pathology, Univ of Colorado Medical Center, 
Denver, Colo Shils and McCollum {J Nuinlton 
26 1, 1943) reported the development of ataxia and 
poor equilibrium in rats on a manganese-deficient 
diet Symptoms increased in seventy to the 18th 
day of life when the rats either died or ‘recovered 
to a great extent ’ We have seen these symptoms 
in the 2nd, 3rd, and 4th generations of rats on a 
very low manganese intake, about 0 006 mg/rat/ 


day In animals placed on low manganese diets 
after maturity no symptoms appeared Symptoms 
appeared in 5 female rats m the 2nd generation, 2 
before 6 months and 3 between 6 and 14 months of 
age The latter 3 of these ammals raised litters, 
although poorly Of 3 males and 4 females that were, 
allowed to reach maturity in the 3rd generation, 
1 male and 2 females developed symptoms before 
weamng One of these females that did not show 
symptoms was bred and successfully raised one 
of a litter This one 4th-generation rat, a female, is 
now 80 days of age and exhibits marked symptoms 
The symptoms appeared earlier in this rat than in 
those of the 3rd generation All 8 females with 
symptoms showed shoulders leaning to the right 
with the head rotated to the left The 1 male 
showed shoulders leaning to the left with the head 
rotated to the right After rotation on a turntable 
all low-manganese animals showed extreme ataxia 
and loss of equilibrium Post-rotational nystagmus 
w'as normal in direction but slow and of shorter 
duration than normal 

A 16-oxygenated steroid from adrenocortical 
tumor urine H Hirschmann and Frieda B 
Hieschmann (by invitation) Dept of Medicine, 
Western Reserve Univ , and the Lakeside Hospital, 
Cleveland, Ohio The triacetate (I) ([a] d = —101°) 
of a triol CsiHwOa (provisionally designated as 
Compound A (Hirsclimann and Hirschmann, J 
Biol Chem 167 601, 1945)) isolated from the unne 
of a boy with an adrenocortical tumor has been 
reduced catalytically' to the triacetate CwHi Oj 

(II) (m p 177-179°, [a]* = - 58°) The same sub- 
stance has been prepared from the triacetate 

(III) of the alloprcgnnnetriol-3, 16,20 of the urine 
of pregnant mares (allopregnanetriol-3(^),16(o),- 
20 (/3) (TV) (Hirschmann el al J Biol Chem in 
press)) The 20-monoacetate of IF was tritylated 
in positions 3 and 16 and the ditntyl ether (m p 
170-172°) saponified in position 20 The 3(^),- 
16(a)-ditritoxyallopregnanol-20 (/S)(mp 168-171°) 
was oxidized with chromic acid in acetone to the 
3(/3),16(a)-ditritoxyal]opregnanone-20 (m p 269- 
270°) which w'as reduced with lithium aluminum 
hydride, then hydrolyzed wnth acid and acetylated 
to yield 2 tnacetates which were identified as 
compounds II and III Substance II, therefore, is 
alloprcgnanetriol-3(/9),16(a),20(a) triacetate In 
view of the change in molecular rotation accom- 
panying the reduction of I it is most probable that 
Compound A is A‘-pregnenetriol-3 (jS) , 16 (a) , 20 (a) 
As this triol was obtained from adrenal tumor 
urine in a yield of about 6 mg/1 it is derived most 
likely from compounds formed by adrenal tumor 
cells This finding seems to warrant an inquuy 
into the corticoid activity of suitably substituted 
16 oxygenated steroids and into the jiossible pres- 
ence of such compounds in the normal adrenal 
cortex 
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Dietary manganese and susceptibility to pneu- 
mococcal infection George H Hitchings, El- 
nRA. A Falco (b 3 '^ invitation) and Marion B 
Shervood (by invitation) The Wellcome Re- 
search Laboratories, Tuclakoe, N Y The chief 
component of the dietary factor which increases 
the susceptibility of mice to pneumococcal infec- 
tion (Proc Soc Exper Biol <£- Med , 61 54, 1946 , 
Federation Proc 6 261, 1947) has been identified 
as manganese By the use of a highly purified diet 
and a minimally infective dose of the pneumococcus 
{Type I SVl strain) it can be shown that the sus- 
ceptibility of mice to infection steadity increases 
mth increasing manganese content of the diet to 
levels as high as 0 6 mg Mn/gm of diet The effect 
of manganese in some cases can be partially an- 
tagonized b} a large e\ce6S of dietary cobalt 
Similar tests v ith other types and strains of pneu- 
mococci and hemolytic streptococci have resulted 
in the discovery of several aith which the same 
dietary' effect on susceptibility is demonstrable 
Effect of dietary manganese on the growth of 
nhitc rats Dorset E Holtkamp (by invitation) 
and Robert M Him Dept of Biochennstry , Unto 
of Colorado Medical Center, Colo Several labora- 
tories have shonm that manganese is an essential 
dietary factor for growth of young rats, but hitherto 
no uncomplicated dietary study has been made to 
determine the optimal manganese intake for this 
function In the nork reported here, 55 female 
rats, just before breeding, were divided into 7 
groups and put on identical manganese ‘free’ (6 
/jg/rat/day) but otherwise adequate basal diets 
with supplements of manganese in the respective 
groups added at the follon mg average daily intakes 
per rat none, 0 1 mg , 1 0 mg , 5 0 mg , 10 0 mg , 
20 mg and 40 mg These diets nere maintained 
throughout gestation, lactation and the subsequent 
gron th period of the j'oung Forty-eight litters 
were obtained of which 38 (194 jmung) were raised 
bejond IS da 3 s of age In the Mn ‘free’ group 5 
litters were born from the 8 females bred, and 3 
litters (16 rats) were raised to weaning age The 
other 6 groups showed normal birth records with 
no significant differences between them Growth 
records of the 3 oung were started on the second 
and third days and were continued through the 
50th day of life Growth was better with increased 
manganese supplements up to 5 mg/mother/day 
This intake was optimal Grow th was progressn ely 
poorer with the higher supplements of 10, 20 and 
40 mg/niothcr/ day At the 40 mg le\ el growth was 
similar to that on the Mn ‘free’ diet The advan- 
tage of the optimal Iciel of manganese intake o\er 
l>oth higher and lowerlcicls becomes more appar- 
ent the longer the diets are maintained 
Quantitative paper chromatography of peni- 
cillins 1 Leo of aqueous solution as developing 
agent Irvung R Hooper, Dvvtd L Jounson, 


AifD Harold D Tatlor (introduced by S B 
Binkley) Research Division, Bristol Laboratories 
Inc , Syracuse, N Y The commonly known peni- 
cillins were separated in paper strip chromatog- 
raphy by development with a sodium citrate solu- 
tion 2-Pentenylpenicillin and n-pentylpenicillin, 
moving fastest, were not separated Benzyl peni- 
cillin and p-hydroxypemcillm, appearing together, 
were not completely separated from the 2-pentenyl- 
penicillin and n-pentylpenicillin n-Heptylpeni- 
cillin moved slowest and was completely separated 
Schleicher and Schuell 589 Blue Ribbon filter paper 
strips, i inch wide were spotted with 0 5 to 2 5 umts 
of pemcillm in 0 5 to 5 microliters of solution and 
then were developed by allowing 40% sodium ci- 
trate to flow^ over the strip in a humidified cham- 
ber After development the strips were placed on 
Staphylococcus aureus inoculated trays which were 
incubated to demonstrate the position of the peni- 
cillins on the strip The results were photographed 
By this procedure benzylpenicillm m miv'tures 
has been determined quantitatively without 
purification or concentration The percentages of 
the penicillins present were determined from the 
maximum widths of the inhibition zones of two 
Btnps with different volumes of a pemcillm solu- 
tion placed on one tray A statistical analysis was 
made on the accuracy of the quantitative deter- 
mination of benzylpenicillm in a series of solu- 
tions prepared with known amounts of benzyl- 
penicillin, n-pentylpemcillm and n-heptylpem- 
cillin For benzylpemcillin content it was 
concluded that the observed average for two strips 
should be wnthin 8 6% of the true value 95 times 
out of 100 and within 4 2% tw'o times out of three 
Cytochrome c reductase {TPN) from liver 
B L Horecker Expll Biology and Medicine 
Institute, National Institutes of Health, Bethesda, 
Md Haas, Horecker and Hogness {J Biol Ghein 
136 746, 1940) have isolated an enzymic from yeast 
which catalyzes the reduction of ferricydochromc 
c by reduced tnphosphopyridme nucleotide 
(TPNH-) Cytochrome reductase (TPN) lias now 
been purified from hog liver by extraction of ace- 
tone piowder with Na-HPOi, digestion with tryp- 
sin, fractionation between 0 45 and 0 70 saturated 
(NHi):SO<, fractionation with alcohol at pii o 0, 
adsorption on Al(OH)i C y gel, elution with 
Na-HPOi, adsorption on CajfPOil.-gcl and elution 
w ith Na-HPOi This procedure y iclds a pale y ellow 
solution which is 170-fold purified compared to the 
acetone powder extract The purified enzy me lia-s 
a specific activity in the reduction of cytochrome 
c with excess TPXH- which is about one sixth 
tliat of pure cytochrome reductase from yeast Jn 
the acetone pwwder extracts the bull of the artnity 
IS associated with insoluble particles from i lucli 
it IS liberated by the digestion witli trvqi in Tin 
activity IS found in the mitochondrul fraction 
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prepared from fresh rabbit liver bj the method of 
Hogeboom, Schneider and Pallade {J Biol Cheni 
172 619, 1948) The specific activity in these 
granules is identical with that of the liver acetone 
powder extracts With purified preparations no 
reduction of ferricytochrome c occurs with re- 
duced diphosphop 3 T'idine nucleotide 
Penicillin and ammo acid assimilation m 
staphylococci Rollin D Hotchkiss Rockefeller 
Institute for Medical Research, New York City 
Penicillin is knoun to cause death of growing, but 
not of non-growing, bacteria From the work of 
Gale it appears that those strains of staphylococci 
which are susceptible to penicillin are dependent 
upon pre-formed ammo acids for growth Gale has 
also shon n that staphylococci grown in penicillin 
are subsequently unable to take up glutamic acid 
normally It is difficult to know whether this ef- 
fect IS a cause, or a result, of the primarj bio- 
chemical damage to these growing cells An effect 
upon washed cells could not be demonstrated The 
author bus leported (Redcraiion Rroc 6 263,1947) 
that washed, respiring staphjdococci can take up 
ammo acids and couple them into cell protein In 
the presence of crystalline penicillin G (50 u/nig 
of cells), honever, the nitrogen compounds pro- 
duced are recovered largely or entirely in the sus- 
pending medium This is true although the rates 
and extents of disappearance of ammo groups have 
aluays been found to be identical m the presence 
and absence of penicillin, from a variety' of simple 
and complex mixtures of pure amino acids Similar 
small amounts of ammonia, esterified phosphate 
and other side products are produced in the two 
cases Under appropriate conditions, simultaneous 
utilization of simple ammo acids by washed staph- 
ylococci leads to the disappearance of uracil from 
the environment , this disappearance is markedly’ 
increased by low concentrations of penicillin 
Other pyrimidines or purines are not materially 
affected The uracil utilized cannot be recovered 
by hydiolyzing the bacteria 
Purification, crystallization and properties of 
circulin, an antibiotic from the bacillus circulans 
group Stacex F Howell Biochemistry Section, 
V D Research Laboratory, U S Public Health 
Service, Staten Island, N F Circulm is an anti- 
biotic of polypeptide nature and has been isolated 
in crystalline form fiom the culture fluid of Bacil- 
lus circulans It is purified by acidify ing the 
culture fluid to pa 2 0, adding acetone to 30% fol- 
lowed by saturation yMth ammonium sulfate Tho 
ciicuhn (ransfeis to the acetone layer Part of the 
acetone is removed by distillation in vacuo The 
circulm IS piecipitated from the acetone layer by' 
shaking w'lth chlorofoim The circulm is dissolved 
in water and piecipitated with ammonium sul- 
fate The antibiotic is dissolved in 70% ethyl 
alcohol and ciystallized at reduced temperature 


Circulm can be recrystallized from a number of 
solvents including 30% ethyl alcohol, methy'l al- 
cohol, 70% isopropyl alcohol, 80% acetone and 
molar sodium acetate solution The form of crystal 
obtained vanes with the solvent Circulm is very 
stable Water solutions or dry preparations can be 
stored at room temperature without inactivation 
Circulm has the followmg properties M P 235 
C , —93 3, isoelectric point m 0 02ii citrate 

buffer IS at pH 7 0 and absorption bands are at 2520, 
2580, and 2640 A The elementary analysis and 
molecular w eight of 1050 indicate a molecular for- 
mula of CnHjsOisNj SOi Crystalline circulm is 
soluble m water (0 3%), 0 7m ammonium acetate 
solution (2 0%), ethylene glycol (5 0%), and 70% 
ethyl alcohol (1 5%) at 25 C Although the anti- 
bacterial activ ity of circulm is low, 200,000 E coli 
ti/gm , the spectrum is very wide Circulm is toxic 
to animals 

Phosphate turnover of various nucleotides in 
respiring liver homogenates J P Hummel and 
Olov Lixdberg (introduced by H A Mattill) 
Wenner-Gren’s Institute, Univ of Stockholm, 
Sweden To determine the phosphate turnover m 
the pyTidinc and flavin nucleotides, a respiring 
liver homogenate, with glutamate as substrate, 
was briefly incubated with P” orthophosphate 
After deprotemization with trichloroacetic acid, 
the filtrate was saturated with ammonium sulfate 
and tho liv'cr acid-soluble nucleotides (flavin and 
pyTidinc nucleotides, adenylic acid, and small 
amounts of ATP) were extracted into phenol The 
phenol-extracted material was transferred to water 
by adding excess ether The water extracts were 
analyzed by paper chromatography against the 
followmg solvents butanol-acetic acid, butanol- 
phenol, py’ridme, phenol, and 2,4,6-collidine 
Radioactivity on the paper strips was measured 
directly under a Geiger counter Location of the 
nucleotides was established by analysis of extracts 
from the paper Excellent separations of the com- 
ponents w ere obtained with phenol and collidine 
Radioactivity w as found m a fraction correspond- 
ing to ATP, another radioactive fraction was 
associated with the position of flavin adenine di- 
nucleotide No radioactivity was found with the 
adeny'lic acid, flavin mononucleotide, or cozymase 
fractions On the assumption that only one of the 
two phosphorus atoms of flavin adenine dmucleo- 
tide can exchange phosphate, the specific activity 
of this phosphorus atom w as of the same magnitude 
ns tliat of the easily hydiolyzable P of ATP This 
suggests that flavin adenine dmucleotide is in- 
timately associated wnth aerobic phosphorylation 

Anaerobic phosphorylation due to a coupled 
oxidation-reduction between a-ketoglutaric acid 
and a-iminoglutaric acid F Edmund Hunter, Ju 
Washington Univ Medical School, St Louis, 
Mo When a-ketoglutarate is added to washed 
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particles from rat liver tissue in anaerobic experi- 
ments, essentiallj no dismutative reactions occur 
If ammonium ions are added along with the a- 
ketoglutarate a rapid reaction takes place With 
bicarbonate buffer evolution of carbon dioxide in- 
dicates the formation of acid groups Since the reac- 
tion stops vhen approximately one molecule of 
carbon dioxide has been evolved per molecule of 
ammonium ion added, the ammonium ion must 
participate stoichiometrically rather than cata- 
lytically If ammonia is in excess, the reaction 
stops when the a-ketoglutarate concentration has 
fallen to a very low level These data suggest the 
almost exclusive occurrence of the reaction 2 
a-ketoglutarate -f NHi % succinate + COj -H 
glutamate This dismutative reaction was observed 
b^ Krebs and Cohen {Biochem J 33 1895, 1939), 
but they reported negative results for rat liver 
IMien hcxokinase and glucose are added there is 
considerable phosphorjlation of glucose coupled 
with the oxidation-reduction The inorgamc phos- 
phate removal approaches one molecule per mole- 
cule of ammonium ion added, which would be 
equivalent to one per molecule of a-ketoglutarate 
oxidized to succinate in the propiosed reaction 
Interaction of 9-aminoacridlne8 with proteins 
and nucleic acids J Logan Irvin and Elinor 
Moore Irvin (by invitation) Department of 
Physiological Chemistry, Johns Hopkins Uni- 
versity, School of Medicine, Baltimore, Md The 
pniton acceptor species of 2-methox-y-6-chloro-9- 
(l'-mcthyl-8'-diethylamino-octylamino)-acridine- 
(SN-128G8) and of quinacnne combine reversibly 
with bovine plasma albumin and w ith the proteins 
of fraction III-l of bovine plasma This interaction 
can be evaluated spectrophotometncally with the 
equation^ pn = pKi' log (Di - D) - log [(D - 
D;) -f kj [p] (D — Dj)] in which pKi' is the ap- 
parent ionization exponent for the group on the 
aromatic nucleus, k{ is the equilibrium constant 
for the binding of the first acridine molecule to 
the protein, [p] is the molar concentration of un- 
bound protein at eqmlibnum, and Di, D-, Dj, and 
D arc the optical densities, at a selected wax'e- 
Icngth, when the acridine is completeh in the form 
of the proton-donor species (Di), the free proton- 
acceptor species (D.), the protein-bound acceptor 
species (Di), and an intermediate equilibrium 
state (D) For SX-12S6S xersus bovine albumin in 
the presence of Ixt XaCl to minimize uncertainties 
rcg-irding ionic strength, log k'l = 4 37 (pn 6 7 
to S 3) Binding of this compound bj the mixed 
proteins of fraction III-l is about one-half the 
strength of binding bx albumin on the basis of 
total weight of tins fraction, and the data suggest 
a different txpe of binding Strong interaction 
bclxxcen a cationic species of SX-12S6S and sodium 
ribonuclcate (xcast) or desoxxTibonucleate 
(sperm) lias been obserx cd spectrophotometncallx 


m buffered aqueous solutions from pH 6 to 8 6 
At pH 6 4 and a concentration of the acridme of 
4 X 10~'m, the mid-pomt of the equilibrium is 
attained at a concentration of 0 011 gm of sodium 
ribonucleate per 100 ml 

Difference in electrophoretic behavior of sickle 
cell hemoglobin and normal human hemoglobin 

Harxtiy A Itano and Lintjs Pauling (mtroduced 
by Carl G Niemann) Gates and Crellin Labora- 
tories of Chemistry, California Institute of Tech- 
nology, Pasadena, Calif The nature of the phenom- 
enon of sickling of erythrocytes in sickle cell 
anemia suggests that this disease involves a patho- 
logical state of the hemoglobin molecule The elec- 
trophoretic behavior of hemoglobin from mdivid- 
uals xvith sickle cell anemia and from normal 
individuals has been studied with the TiseUus 
apparatus with the collaboration of Dr S J 
Singer Ferrohemoglobin and carbonmonoxyhemo- 
globin from sickle cell blood and from normal blood 
were studied in phosphate buffers of 0 1 ionic 
strength at pH values of 5 7, 7 0, and 8 0 A sig- 
mficant difference was found between the electro- 
phoretic mobilities of hemoglobin derived from 
sickle cell anemia blood and from normal blood in 
both ferrohemoglobin and carbonmonoxyhemo- 
globin The curves of mobility against pH are 
roughly parallel, the isoelectric pomt of normal 
hemoglobin being lower than that of sickle cell 
hemoglobin for each compound At pH 7 0 sickle 
cell carbonmonoxj hemoglobin moves as a positive 
ion while normal carbonmonoxyhemoglobin moves 
as a negative ion The most plausible explanation 
for the observed differences in mobitility is that 
there is a difference in the lomzable groups in the 
two hemoglobins With use of the titration data of 
German and Wjman it is possible to calculate the 
approximate difference in net charge between the 
two hemoglobins This calculation indicates that 
the sickle cell hemoglobin molecule in the pH 
range studied has betw een 2 and 4 less net negative 
charges than the normal hemoglobin molecule 

Mechanism of action of phosphoglucomutase 
Venkataraman Jagannathan (bj inxntation) 
and James Murray Luck Dept of Chemistry, 
Stanford Univ , Stanford, Calif Phosphogluco- 
mutase was prepared from rabbit muscle bj ex- 
traction, heating and fractionation xnth acetone 
and manganous sulfate The purified enz^-me rc- 
quued Mg"*^, scrum albumin, and sodium sulfite 
for maximum actmtx at pH 7 5 It contained non- 
dialx sable phosphorus IMien the enzxTne acted 
on glucose-l-phosphate labelled with P’= the 
enzj-me became radioactixe while the specific 
actixit 3 of the ester-P decreased The obserx ed 
X alues for the subsequent radioactixuD of enzx-me 
and substrate corresponded w ith those calculated 
on the hj'pothesis that an exchange between en- 
zx-me-P and substrate-P took place The radioac- 
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tivity of the enzyme could not be removed by 
dialysis but after reaction with Don-labelled glu- 
cose-l-phospbate the enzyme lost its radioactivity 
on dialysis After inactivation by iodine the radio- 
activity of the enzyme was -not removed by a 
similar treatment An exchange between enzyme-P 
and substrate-P is postulated as an essential step 
m phosphoglucomutase action 
Interaction between dasopropyl fluorophos- 
phate (DFP) and proteins of brain tissue Bek- 
NABD J Janbobp and Priscilla D McNaiuara 
(by invitation) Biochemistry Section, Medical 
Division, Army Chemical Center, Md Rabbit 
brain homogenates were incubated with 10~’ to 
lO"* M DFP solutions With these concentrations, 
the inhibition of brain cholinesterase progresses 
at a slow rate and requires more than 4 hours at 
38°C to become maximal When DFP containing 
15-20 me P’Vgm was used, the initial rate of up- 
take of P” by the tissue was far higher than the 
rate of cholinesterase inactivation, near-maximal 
binding of P“ was attained at a time when more 
than 50% of the cholinesterase activity was still 
unimpaired A small but significant uptake of P” 
was obtained when a brain homogenate, previously 
treated with a 100-fold excess of unlabcllcd DFP 
was incubated with labelled DFP When radio- 
DFP was subjected to mild alkaline hydrolysis, 
the resulting mixture added to brain homogenates 
produced no inhibition of cholinesterase activity, 
and no binding of P*' by protein 
Mode of inhibition of chymotrypsin by DFP 
H Elimination of fluorine and introduction of 
isopropyl Eugene F Jensen, M-D Fellows 
Nuttino (by invitation), Rosie Jang (by invita- 
tion) and A K Bai-ls Enzyme Research Division, 
Bureau of Agricultural and Indusliial Chemistry, 
Agricultural Research Adnnmstrahon, U S Dept 
of Agriculture, Albany, Calif It has previously 
been shown by us that the esterase and proteinase 
activities of crystalline trypsin and chymotrypsin 
are inhibited by diisopropyl fluorophosphale 
(DFP) Since both activities were inhibited at the 
same rate and to the same extent, the activities 
were considered to be due to the same active groups 
of tie enzymes Only 1 7 moles of inhibitor per 
mole of enzyme (using 40,000 as the molecular 
weight) were needed for complete inhibition of 
chymotrypsin, whereas chymotrypsinogen was 
not affected by DFP After complete inhibition 
the resulting inert protein w'as obtained in crys- 
talline form After treatment of crystalline chymo- 
trypsm with DPP contaimng P*^, analysis of the 
crystalline inert protein showed that the chymo- 
trypsm had accepted 1 6 moles of P per mole of 
enzyme Hence all of the phosphorus of the DFP 
needed for complete inhibition was introduced 
into the enzyme Zeisel analyses showed that the 
isopropyl moiety was also introduced, but only 2 S 


equivalents per mole of crystalhne chymotrypsin 
were found Whether the difference between the 
amount of phosphorus and that of isopropyl intro- 
duced 18 real or reflects analytical diSicuities is 
not apparent Fluorine was shown to be absent by 
spectrographic analysis Most probably the m- 
bubition reaction is 2 DFP XtH* — >'Xt(DP)s + 
2 HF where XtHi represents chymotrypsin con- 
taining two peculiar, active hydrogens It is felt 
that a complete knowledge of the mode of DPP 
inhibition may lead to an understanding of the 
mode of action of certain enzymes 
Lipids of Ihe nervous system during in ntro 
degeneration A C Johnson (by invitation), 
A R McNabb (by invitation) and R J Rossiter 
Dcpl of Biochemistry, Untv of Western Ontario, 
London, Canada The changes in the concentration 
of lipids during the in vitro degeneration of cat 
brain slices and sciatic nerve have been determined 
after incubation m bicarbonate buffer for periods 
of time from 1 to 14 days In brain slices incubated 
for 14 days there was a great decrease in the concen- 
tration of total phospholipid with no change m 
the concentration of cercbroside or total choles- 
terol Of the individual phospholipids, there was 
a decrease m the concentration of sphingomyelin 
and cDphalmnnd no sigmficant change in the con- 
centration of lecithin In sciatic nerve incubated 
for 8 days there was a significant decrease in the 
concentration of cephnlm and a decrease of border- 
line sigmficance in the concentration of total 
phospholipid There was no significant change in 
the concentration of cercbroside, free and total 
cholesterol, sphingomyelin or lecithin Thus, in 
confirmation of the work of others, there is a 
phospholipid-spiittmg mechanism, possibly en- 
zymatic in nature, in tissue of the nervous sy'stem 
There are many differences betw een the degenera- 
tion of tissue from the nervous system in vitro 
and the in vivo degeneration of peripheral nerve 
(Rev Canad Biol 1349 in press) 

Chromnlographic separation of bile acids I 
Separation of mixtures of cholic and desoxychohe 
acids Arthur F Johnson (introduced by Arthur 
H Smith) Dept of Surgery, College of Medicine, 
Wayne Umv , Detroit, Mich The quantitative 
separation of milligiam quantities of cholic and 
desoxychohe acids has been accomplished by a 
chromatographic technique Hydrated magnesium 
sulfate (Epsom Salts), in the 4C1-200 mesh particle 
size range, is employed as the adsorbent The ad- 
sorbed bile acids decrease the intensity of the 
fluorescence of the magnesium sulfate making it 
possible to follow the progress of the chromato- 
gram under ultra-violet light Empirical section- 
ing of the completed chromatogram is more con- 
venient for routine determinations Standard 
18-mm diameter chromatographic tubes are 
packed with dry adsorbent under suction to give 
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a column 100 mm m length The acids are intro- 
duced in benzene solution and development carried 
out -mth an additional 100-200 ml of benzene 
After development the column is allowed to dry 
under suction and divided into four equal portions 
which are eluted with alcohol Aliquots of the 
eluatea and of the filtrate are analysed by colori- 
metric or fluonmetnc methods The cholic acid is 
found m the eluate from the top quarter of the 
column and the desoxycholic acid in the bottom 
quarter and in the filtrate 

Inhibitory action of some antioxidants on rat 
kidney phosphatase Cakter D Johnston (in- 
troduced by Ebwun P Latjg) Division of Pharma- 
cology, Food and Drug Admintalraiion, Federal 
Sccurily Agency, Washington, D C The inhibition 
of alkaline rat kidney phosphatase by several 
compounds proposed as antioxidants m food has 
been studied in an exploratory manner The 
enzj me system consisted of a crude kidney extract, 
gljcerol phosphate substrate, barbital buffer 
(pit 9 4) and added Mg ions Hydroquinone (HQ), 
nordiln droguaiaretic acid (NDGA), propyl gallate, 
and tliiodipropiomc acid inhibit this system 20- 
25% in concentrations of 0 001 to 0 005w While 
0 005 m HQ produces 30% inhibition aerobically, 
it show s no or very little effect when the expen- 
ment is carried out anaerobically in evacuated 
Tliunborg tubes Quinone, however, inhibits to 
the same extent under either condition, the degree 
of inhibition ranging from 80% at 0 006m to 20% at 

0 0002m Quinhydrone lies in an intermediate posi- 
tion The inhibitory action of HQ thus appears to 
result from its partial conversion to quinone in 
tlic alkaline buffer Propyl gallate and NDGA 
show inhibition both in the presence and absence 
of ox\ gen At 0 001m there w as a greater inhibition 
acrobicall}' than anaerobically, but still an appre- 
ciable effect in the absence of air (25-40% inhibi- 
tion) The extension of these studies to related 
compounds and under a variety of experimental 
conditions is m progress 

Effocls of metabolic inhibitors on membrane 
potentials Norjevn R Joseph, Erxun Kaplan 
(b\ imitation) and C I Reed Umv of Illinois, 
Chicago Professional Colleges, Chicago, III Deter- 
minations of the membrane potential across the 

noi lalis of the knee m dogs hax e been made with 

1 inous electrolytes and nonciectrolj tes With 
numerous ions the potentials agree with theoretical 
1 ilucscilcukted from ionic mobilities Withmeta- 
I'olic inhibitors or actuators, howeier, the poten- 
t lals are of a grader order of magnitude, and appear 
d lower concentrations Inhibitors or actuators 
h n c htcii cla‘:':cd under fi\ c groups Jf ) cy tochrome 
inhibiior<i, S) hcai-y metals and other sulphydryl 
inhibitors, S) thiols, J) inhibitors or ictiiutors of 
sutcinic dchidrogcnist, and 6) electron accoptora, 
1 t , mdme or H.O. In genera! inhibitors produce 


positive and activators negative potentials Sul- 
phide yields approximately 400 millivolts, about 
twice the effect given by cyanide From the effects 
of the reagents on the respiratory enzymes, a 
theoretical explanation of the sign and m^mtude 
of the potentials can be advanced Hydrogen trans- 
fer systems terminate metabolicaily at one or an- 
other of the cytochromes, which are electron ac- 
ceptors The electrons are earned to oxygen via 
cytochrome oxidase, the component having the 
highest standard redox potential The mean 
difference of potential between this component and 
the original electron acceptor depends on the po- 
tential at which electrons are transferred from 
hydrogen transport systems The potential dif- 
ference depends on facilitation or blocking of 
hydrogen or electron pathways Asymmetrical in- 
crease of the source potential (blocking electrons 
at cytochrome b) or decrease of the terminal po- 
tential (sulphide, cymnide) result in high positive 
potentials Decreasing source or increasing terminal 
potentials produce negative potentials Ex-pen- 
ments on the gastrocnemius of the rat are m essen- 
tial agreement 

Acetate oxidation by a washed rabbit kidney 
cortex preparation George Kalnitskt Dept of 
Biochemistry, Slate Umv of Iowa, Iowa City, la 
A rabbit kidney cortex, homogenized and washed 
in several volumes of NaCl-KCl solution and 
finally suspended in one volume of NaCl-KCl 
solution, oxidizes acetate practically completely 
Acetate is utilized, oxygen is taken up, and carbon 
dioxide IS evolved, according to the following equa- 
tion CHjCOOH -f 20, -* 2COj -f 2H}0 The ac- 
tivity of the tissue suspension is proportional to 
the concentration up to 0 9 ml of the suspension 
Veronal, borate and glycine buffers do not inhibit 
acetate oxidation by this preparation The pB 
optimum IS in the alkaline range, with the peak at 
approximately pH 8 6 This preparation actively 
oxidizes acetate, lactate, caproate and succinate 
Citrate is oxidized at a slightly lower rate Pyru- 
vate, glucose and glutamate are not appreciaiily 
oxidized Mg'^ and inorganic phosphate increase 
the rate of oxidation of acetate Mn'^ cannot re- 
place Mg*^ Kidney cortex was found to be the 
best source of this acetate oxidation sy stem Under 
the same conditions, li\er oxidized acetate onh 
slightly Brain, spleen, lung, heart muscle and 
skeletal muscle exhibited little or no icli\it\ on 
acetate Fluoroacetate and maiomte it OOO'm 
concentrations almost completely inhilnt id t ile 
utilization, owgcn uptake and carlxm dioMdt 
cxolution 

Accljl precursor in aromatic amine actt'lation 
in pigeon liver extracts > \than O Kulw md 
Morris Soodxx (introduced bi I ny Lii -m 
Biochemical Pc torch h'^hornlciru, (o J 
General Ho^p iai ard D v* lUo’rg rc 
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zstry, Harvard Medical School, Boston, Mass The 
product of the reaction between ATP and acetate 
in extracts of E coll which appears to be an acetyl 
precursor in pjuTivate synthesis (Kaplan and 
Lipmann) was tested for activity m the enzymatic 
acetylation of sulfanilamide A partiallj purified 
fraction was found to promote acetylation under 
conditions in which monoacetyl phosphate and 
diacetyl phosphate were ineffective Coenzyme A 
IS necessary for the acetylation with this com- 
pound Compared wuth ATP plus acetate the yields 
of acetylated amine were 50 to 90% at 25°, at 37° 
the yield was 25% only, presumably due to the 
much faster rate of destruction The reactivity as 
acetyl precursor in pigeon liver extract is apparent 
but less pronounced than in coli extract This may 
in part be due to a greater stability of the compound 
m the latter Present results suggest how ever that 
ordinarily no free acetyl precursor may spill into 
solution This is indicated furthermore by experi- 
ments on the differential competition for the acetyl 
donor between the acetyl-trap hydroxylanune and 
aromatic amines of varied acetyl-affinitj The 
nature of the primary acetyl donor in pigeon liver 
and in E coli extracts will be discussed 

Influence of pteroylglutamic acid on glycine and 
on porphyrin metabolism Cectlia K ICeith (by 
invitation) and John R Totteh Dcpi of Biochem- 
istry, School of Medicine, Univ of Arkansas, Little 
Rock, Ark The effect of pteroylglutamic acid 
(PGA) on growth and on fecal porphyrin produc- 
tion of weanling albino rats receiving standard 
purified rations or similar rations w ith 3 per cent 
sodium benzoate was investigated The addition 
of 0 6 mg of PGA/100 gm of purified diet did not 
influence the growth rate of the animals but ele- 
vated the average daily fecal porphyrin excretion 
from 42 /ig for the control group (12 animals, 28 
days) to 60 /ig (12 animals, 28 days) in one experi- 
ment and in a second experiment from 68 ftg (8 
animals, 24 days) to 94 fig (8 animals, 24 days) 
The inclusion of 3% sodium benzoate in the highly 
punfied diets reduced the weekly gam in weight 
from an average of 21 gm/animal to 6 6 gm/animal 
The addition of 0 6 mg of PGA/100 gm of the 
benzoate-containing diet resulted in an increase 
in growth rate to 15 5 gm/week/animal The average 
daily fecal porphyrin excretion by these two groups 
were respectively 27 /ug (13 animals) and 37 /ig (12 
animals) per rat over a 28-day period The addition 
of 2% glycine to the benzoate-containing diet 
prevented the reduction in growth rate and in 
porphyrin production brought about by the ben- 
zoate 

Effect of dietary pteroylglutamic acid on liver 
D-amino acid oxidase of young rats Bahbara 
Kelley (introduced by Patjl L Day) Dept of 
Biochemistry, School of Medicine, Univ of Ar- 
kansas, Little Rock, Ark Weanling male albino 


rats were given a standard purified diet, with and 
without pteroylglutamic acid (PGA), for several 
weeks The oxygen consumption of the liver 
homogenates from such ammals was measured by 
the Warburg technic using DL-alanine as the sub- 
strate The inclusion of 6 mg of PGA per kilo of 
diet resulted in a decreased enzyme activity The 
average oxygen uptakes (jA/gm. wet weight of 
tissue) for 4 groups of control animals receiving 
the basal diet and for 4 groups receiving the basal 
diet with added PGA were respectively at the 
end of one hour, 136 and 111 , at the end of 2 hours, 
262 and 213 , and at the end of 3 hours, 705 and 526 
The addition of an excess of coenzyme (FAD) to 
the reaction flasks resulted m an increase in the 
oxygen uptake of both groups The amount of 
coenzyme present appears to be a limiting factor 
m this reaction Data on the activity of other 
flavin-containing enzyme systems will also be pre- 
sented 

Demonstration of specificity of a simplified 
method for the determination of total cholesterol 
Forrest E Kendall, Liese Lewis Abell (by in- 
vitation), Betti B Levy (by invitation), J Mur- 
ray Steele (by invitation) and Bernard B 
Brodie Dept of Medicine, College of Physicians 
and Surgeons, Columbia Univ , Depis of Medicine 
and Biochemistry, New York Univ College of 
Medicine, and New York Univ and Columbia Re- 
search Services, Goldivater Memorial Hospital, New 
York City Although it has been recognized that 
neither digitonin precipitation nor color develop- 
ment w ith the Lieberman-Burchard reagent is spe- 
cific for cholesterol, one or both of these reactions 
form the basis of all methods for cholesterol de- 
termination Studies on cholesterol metabolism and 
its relationship to arteriosclerosis made it impera- 
tive to know the identity of the substances being 
measured by these reactions A simple method 
which avoids digitonin precipitation has been de- 
vised for cholesterol Serum is treated with alco- 
holic KOH to saponify cholesterol esters After 
dilution w ith w ater the cholesterol is extracted into 
petroleum ether The cholesterol content of an ali- 
quot of the petroleum ether phase is determined by 
the Lieberman-Burchard reaction Accuracy of the 
method was checked by recovery e\-periments 
Specificity w'as assayed by application of Craig’s 
countercurrent distribution technique to the mate- 
rial extracted into the petroleum ether At least 
98% of the material which gave color with the 
Lieberman-Burchard reagent was cholesterol This 
degree of specificity pertained to sera of abnormal 
as well as of normal cholesterol levels The new 
procedure gave results on 100 sera that agreed with 
the values obtained w ith the Schoenheimer-Sperry 
method Indirectly this demonstrates also the 
specificity of the latter procedure 
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Oxidation of higher fatty acids by isolated rat 
liver mitochondria Eugene P Kennedt (by m- 
■vntation) and Albeht L Lehmnger Depts of 
Biochcmislry and Surgery, Untv of Chicago, Chi- 
cago, III It has been difficult to study the enzy- 
matic oxidation of the higher, physiologically oc- 
curring fattj acids by preparations of mitochondria 
from rat liver due to their extreme msolubility and 
the fact that the fatty acids are themselves potent 
inhibitors of the oxidase system By standardizing 
techniques of preparing substrate solutions it has 
been found possible to study the oxidation of the 
normal saturated acids from Cs to Cis With in- 
crease in length of the carbon chain the tendency 
to form acetoacetate diminishes greatly n hile the 
tendency for complete oxidation to CO* increases, 
as indicated by' measurements of R Q , and aceto- 
acetatc formed Purified normal saturated fatty 
acids (Cii, Cij, Cie, Cn) and oleic acid are oxidized 
essentially completely to COj at high rates as 
judged by R Q measurements The oxidation of 
oleic acid has the same cofactor requirements as 
oclanoic acid Linoleic, linolenic, and vaccenic 
acids arc also oxidized at high rates by the rmto- 
chondria a-Monopalraitm and the more soluble 
phosphntidic acid prepared therefrom are readily 
oxidized It appears probable that oxidation of 
cslerificd forms of higher fatty acids is preceded 
by enzymatic hydrolysis 
Analysis of protein hydrolysates by group sep- 
aration and paper chromatography of isotopically 
labelled derivatives Albert S Keston (by in- 
xntntion), Sidnet UnENFRiENn (by' invitation) 
and Milton Lexx Dept of Chemistry, New YorL 
Umv College of Medicine, New York City The 
formation of p-iodophcnylsulfonyl (pipsyl) deriva- 
tucs of ammo acids can be carried out quantita- 
tixcly (Keston, Udenfnend and Cannan, J Am 
Chem Soc 6S 1390, 1946) The derivatives are 
separable by' paper chromatography (Keston cl al 
J -Ini Chem Soc , 69 316, 1947) The analytical 
reagent is labelled with 1-131 \n indicator reagent 
labelled nith S-35 is used to prcfiaro knonn pure 
S-35 pipsy 1 amino acids When these are added in 
known quantities to the 1-131 labelled unknowns 
the estimation of the unknown becomes independ- 
ent of complete resolution and depends only on the 
S 35'I-131 ratio in an\ pure fraction The possibil- 
it\ of errors in identification and of overlapping 
chromatographic liands is greatly reduced bx pre- 
liminary separation of the pipsyl derivatives into 
groups This niav be accomplished by simple 
counter current techniques The most hydrophilic 
pipsvl derivatives (those of aspartic and glutamic 
acids liv droxvprohne, senne and threonine) con- 
stitute group I and are obtained from the aqueous 
end of a CIlCli- Q12\ HCl extraction system 
Group 11 which consists of glv cine and alanine ap- 
pcir p’x-dominatelv in the organic end of a svm 


dichloroethane-0 2 N HCl system For maximum 
separation chromatographic development on paper 
IS best done with butanol-isopropanol mixtures for 
glutamic and aspartic acids (Group la), with bu- 
tanol for hydroxyproline, serine and threonine 
(Group Ib) and with amyl alcohol for glycine and 
alanine In each case the solvent is saturated with 
aqueous N NHj solution before use The bands on 
the paper are located by radioautography and sep- 
arated into strips Constant ratios of counts with 
and without a filter m successive strips indicates 
purity The corresponding S-36/I-131 values are 
used in the calculations Several proteins have been 
analysed by the technique 
Immunochemical studies of factors modifying 
interaction of egg albumin and rabbit anti-egg 
albumm Walter J Kleinschmidt (by invitation) 
and Paul D Boter Division of Biochemistry, 
Umv of Minnesota, St Paul, Minn The effect of 
lomc strength and of pn on inhibition of the EA- 
antiEA reaction and on dissolution of preformed 
EA-antiEA precipitates has been mvestigated by 
quantitative immunochemical procedures Inhibi- 
tion of precipitate formation increases w'lth con- 
centration of NaCl up to iM but decreases with 
higher concentrations With KBr the inhibition 
mcreases with concentration up to 3m KBr pro- 
duces slight and NaCl no dissolution of preformed 
precipitates Definite limits of pn have been 
established for the EA-antiEA reaction , complete 
precipitation occurs between pH 6 25 and 8 45 
Inhibition of precipitate formation is practically 
complete at pn 4 2 and 9 5, and disappearance of 
preformed precipitate occurs in buffer solutions of 
pH beyond the optimal range Knowledge of the 
amino acid composition of egg albumin and T-glob- 
ulin allows approximation of the changes of reac- 
tive groups with pH Such calculations indicate 
that asjiartic acid, glutamic acid and lysine play a 
prominent role in antigen-antibody reactions, w hile 
histidine is relatively unimportant Preliminary ex- 
periments have been made on the effect of soluble 
ammo acid derivatives, in particular acctyltyTo- 
sine, on the EA-antiEA interaction vv ith the v icw of 
further defining the importance of various protein 
groups in antigen-antibody reactions Sodium ace- 
ty Ity rosinate at neutral piishows a marked inhibi- 
tion atO 15x1 and nearly complete inhibition at 0 5m 
concentration Approximately 50% dissolution of 
preformed precipitate is effected bv 0 S75m These 
effects arc much greater than tho=c due to lonir 
strength alone and may be related to the impor- 
tance of tyTosyl residues in the interaction 

Pcnicillin-cvtochromc complexes I M Kir/iz 
and\4 Y lbfr (bv inv it ition i Dry' e/f/"- 
iflrtt, \orlhircslcrn L mr , LvamUm III ‘■fi"' ro 
photometne inv cstipitioiis R-ve l^a n m-i-' i ^ wl 

give direct evidence o*’ mmp’ex fo'U'i.a ijiL 

cvtochrome c and penicillins G, K t 1 \ 
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lively In the presence of any one of these antibi- 
otics at a concentration of 2 X 10“* molar, m a phos- 
phate buffer at pH 7 0, the spectrum of the heme 
protein (7 X 10"“ molar) in the fern state, develops 
2 horns at 520 and 550 uni, on top of the character- 
istic broad absorption with a peak at 630 m/i The 
sample of cytochrome which gave the most stnking 
results was assayed by the method of Rosenthal 
and Drabkin (/ Biol Chem 149 437, 1937) and 
found to be 97% pure Experiments with another 
sample assa 3 ang 54% cytochrome c gave much less 
pronounced effects It seems unlikely, therefore, 
that the observed effects are due to spectral changes 
in hemin impurities All of the penicillins were 
crystalline samples obtained from the Antibiotics 
Study Section of the National Institute of Health 
Of the pemcillins exammed, K was the most effec- 
tive in producing the spectrophotometnc change, 
and hence presumably the most strongly bound in 
this complex As in other anion-protein complexes, 
penicillin can be displaced from its cytochrome 
complex by the addition of a competing anion such 
as sodium dodecyl sulfate (2 X 10"’ molar) This 
displacement by another anion indicates the im- 
portance of electrostatic attraction in the formation 
of the complex with the antibiotic 
Effect of arsenic on the metabolism of selenium 
Haela.n L Kltjg (by invitation), Donald F 
Petersen (by invitation) and Alvin L Moxon 
Chemtstri/ Dept , South Dakota Agncultural Ex- 
penment Station, Brookings, S D The alleviation 
of selenium poisoning by arsenic was first reported 
from this laboratory in 1938 Since then, the study 
has been extended to various laboratory and farm 
animals and the use of nrsemc remains the onlj' 
practical way of counteracting selenium poisoning 
Relatively little is known about the mode of action 
of this selemum-orsemc antagonism although it has 
been suggested that the selenium might be bound 
by the arsenic m a non -toxic form in the tissues 
Three groups of rats were kept in metabolism cages 
and given controlled dosages per os for 2 ten-day 
periods One group received 1 mg/kg of arsenic 
(arsenite) daily, the second group received 1 4 
mg/kg selenium (selenite) daily and the third 
group received 1 mg/kg arsenic plus 1 4 mg/kg 
selenium daily Urine and feces samples for each 
period were analyzed and at the end of the 20-day 
period the rats were sacrificed and various tissues 
analyzed The results show that arsenic had little 
effect on the absorption, excretion or tissue deposi- 
tion of selemum The conclusion concerning tissue 
content is also supported by othei data from this 
laboratorj Metabolism studies indicate that the 
lungs may be an important pathway of elimination 
Enzymes of liver oxidizing tryptophan to a 
kynurenine-like compound W E Knox, Kath- 
leen Mebo (by invitation), W I Grossman (by 
invitation), and V H Auerbach (by invitation) 


Rheumatic Fever Research Institute, Northwestern 
Medical School, Chicago, III The metabohe con- 
conversion of tryptophan to kynurenme and ul- 
mately to nicotinic acid is evidence for the exist- 
ence of a new system of enzymes which act on 
tryptophan Such a system has been obtained, from 
liver only, of several animal species The soluble 
enzyme preparation carries out the aerobic oxida- 
tion of l-tryptophan m the a-position of the indole 
ring , d-tryptophan is not oxidized The product of 
the reaction is a compound similar to kynurenme, 
but has not yet been completely identified The 
properties of the enzymes and the nature of the 
transformations do not agree with those reported 
by Kotake et al for the reactions forming kynuren- 
ine The reaction occurs m air, and the rate is 
doubled by addition of methylene blue The prod- 
uct 13 a diazotizablc amine with a free a-amino 
group Analyses shon the reaction to be 1 1-trypto- 
phan -+-2 0 — 1 amine No COi is produced The 
conversion of tryptophan to kynurenme requires 
the further removal of one atom of carbon One 
atom IS found os formic acid upon hydroly^sis of the 
reaction product Simple fractionation does not 
separate the preparation mto different enzymes 
On dialysis the need for tvo co-factors becomes ap- 
parent These liave been identified as Mg*^ and 
adenylic acid 

Metabolism of testosterone and androstanediol- 
3a, 17a by liver and kidney homogenates Charles 
D Kochakian, N Pabente (by invitation) and 
H V AroBHiAN (by' invitation) Dept of Physi- 
ology and Vital Economics, School of Medicme and 
Dentistry, Univ of Rochester, Rochester, iV F In 
previous reports it was showm that testosterone is 
metabolized by rabbit liver slices {J Biol Chem 
170 23, 1947), and homogenate {Federation Proc 
7 (1) 42, 1948) to androstenedione-3,17, cis- 
tcstostcrono and traces of unidentified compounds 
Also tliat rabbit kidney' homogenate {Federation 
Proc 7 (1) 42, 1948) converts testosterone in part 
to A^-androstenedione-3,17 The homogenates of 
guinea pig liver and kidney also convert testoster- 
one to A''-androstenedionc-3,17 but in smaller 
yields than rabbit tissues Furthermore, other ns 
yet unidentified ketosteroids are formed in small 
amounts These same homogenates convert an- 
drostanediol-3a, 17a to one or more ketosteroids 
The metabolites, however, account for less than 5% 
of the original steroid of which approximately 90% 
was recovered as cry'stallme material 
Micro molecular distillation of fatty acids Al- 
fred E Koehler and Elsie Hill (by invitation) 
Santa Barbara Cottage Hospital and The Sansum 
Clinic Research Foundation, Santa Barbara, Calif 
Distillation of the neutral fat fatty acids of the 
blood from a film at 003 micron Hg for 30 minutes 
indicates that some of the fatty acids distill readily 
at 25° As the temperature is increased more fatty 



March 1949 


AMERICAN SOCrETY OF BIOLOGICAL CHEMISTS 


215 


ncids are distilled but at about 60° the curve flat- 
tens markedly with onl} about 75 per cent dis- 
tilled This uas at first believed to be due to the 
presence of higher homologues with low boihng 
points but it was later found that some pure fatty 
acids undergo changes at the higher temperature 
that retards their distillation In general the fatty 
acids from capr 3 lic to linoleic distill in proportion 
to their molecular u eights at 30° The following per- 
centages v.crc found caprylic 100, capric 76, mj-^- 
ristic CO, palmitic 32, oleic 20, hnoleic 12, and 
stearic 4 At higher temperatures (40° to 100°) this 
relationship no longer holds Palmitic and steanc 
acid have conventional tjTies of distillation curves 
but nijTistic, launc, oleic, and linoleic acids do not 
In fact, mjTistic and oleic acids at certain higher 
temperatures ma}'- distill less completely than at 
lov\ er lc\ els This phenomena is probably explained 
on the basis of poIjTnorphism This may occur in 
the solid phase below the melting point as in the 
case of m 3 Tistic acid or in the acids that are liquid 
throughout the temperature range as in oleic and 
linoleic acid 

Adaptirc enzymatic conversion of /-malate to 
lactate and CO; Setiiocr Korkes (by' invita- 
tion), Alice del CAiiriLLo (by invitation), and 
SrvERO OcnoA Dcpl of Pharmacology, New York 
Unn College of Mcdtctnc, New York City As pre- 
\ 10 usl 3 reported (Korkesand Ochoa,/ Btol Chem 
170 403, 194S) Lactobaalhis arabtnosns can be 
adapted to conicrt malate to lactate and CO- The 
isolated enzyme system requires Mn"*^ and cataly- 
tic amounts of diphosphopyTidine nucleotide 
(DPN) The reaction appears to be the combined 
result of the two reactions (l)l-malate + DPNoi^ 
pyruiatc -f CO; -t- DPNrcd and (2) pyruvate -f- 
DPXrrd lactate + DPNoi The second reaction 
IS c Italy zed by lactic dehy drogenase w hilo the first 
IS catahzcd by an enzyme which, except for its 
OPK 'siiccificili , IS identical to the one previously 
lEohtcd from pigeon lucr (Ochoa cl al , J Btol 
Chem 174 979, 194S) A study of extracts of ace- 
otonc jiowdcrs from cither unadapted or malatc- 
adapted cells shows that 1) Approxamatcly equal 
amounts of lactic dch\ drogenase arc present m 
cither case, f) no ‘nLalate’actnity can be extracted 
from unadapted cells wlnlc aery high actnity is 
obtained from adapted ones, 5) simultaneously 
With the appearance of actnity toward malate the 
extracts become iblc to catahze the dccarlxixy la- 
tion of oxaloacct ite to p\ruiatc and CO., a weak 
fumarnc actnity aPo ijiiicars Vdaptation to 
nwl itc ran 1 c obtained in a short time with suspen- 
s ou'- of renting cell*? in irburg xcssels if glucose 
>1 <1 "-n ill an oiiiit'i of grow th n cdium arc also pres- 
rat Poth a 'upph of phcoKtic energx and of 
a nr o CH.V -ire c'‘^tn1ial for tl e adajitation The 

>' t < n I' irli d pun^'c if ion and propcrticsof f Lc 
c ( •■’i cl, i.( ,]] Pp , r^nbed 


Inorganic pyrophosphate in the enzymatic syn- 
thesis of DPN Arthur Kornbehg (introduced by 
W H Sebrbll, Jr ) Expenviental Biology and 
Medicine Institute, National Institutes of Health, 
Bethesda, Md The purification of an enzyme w hich 
catalyzes the reaction nicotinamide mononucleo- 
tide (NMN) -f adenosine triphosphate (ATP) 
diphosphophyndme nucleotide (DPN) -}- inor- 
ganic pyrophosphate (P-P), has been reported re- 
cently (J Biol Chem 176 1475, 1948) An au- 
tolyzate of dried brewer’s yeast was fractionated 
twice with ammonium sulfate and precipitated at 
pB 4 SO The resulting preparation was free of phos- 
phatase activities and w'as about 1000 times more 
active per milligram of protein than the original 
extract With 60 micrograms of the purified prepa- 
ration in 1 cc of incubation mixture, equilibrium 
was reached in 30 minutes at 38° from either direc- 
tion starting with approximately 2 micromoles each 
of NMN and ATP or of DPN and P-P The equilib- 
^ (DPN) (P-P) 

num constant, K = isapproximately 

0 4 These findings indicate a mechanism for the 
symthesis of DPN and for the origin and function 
of inorgamc pyrophosphate Current studies with 
partially purified preparations from brewer’s ymast 
suggest that the synthesis of triphosphopyndino 
nucleotide involves a direct phosphorylation of 
DPN by ATP 

Fate of the infecting virus particle Lioid M 
Kozloff (by' invitation) and Frank. W Putnam 
Dept of Biochemistry , Untv of Chicago, Chicago, 
III The origin of virus phosphorus and tiic fate 
of the infecting virus particle have been iincsti- 
gated using P’^ to label various components of the 
E colt -Tc bacteriophage system Preiioussfudy in 
synthetic lactate medium rc\ealcd tint the me- 
dium itself IS the ultimate source of 70% of the 
virus P (Putnam and Kozloff, Science lOS 3SG, 
1948) Extension of these experiments to nutrient 
broth has yielded substantially simil ir results In 
experiments on the fate of the infecting \ irus p irti- 
cle Tc bacteriophage was labeled by growth on 1 
coll in broth containing P’’ (2-3 pc, ml ) Uactena 
in isotope free broth were infected with the purifK d 
radioactne iirus (60,000 cts/min ) iindfr condi- 
tions producing i single gcnenitioii of nnis Tho 
phage was purified by concentration in tin ‘■uiter- 
ccnlrifugc followed b\ diffcrcntid ct ntrifm: vtion 
Prior to infection the 1 - 0110101111 !% of fto libfhd 
phage w IS 9S% tedimcnf iblc at 2U 0 I i»')n m 
fcction 60% of the counts were ib'^orb' d b\ tic 
host bacterium After 1\ ^is f/i7c of tin r-idi j e'l it* 
was non sediment iblt in ’! ‘ ‘■op re* i* ifu * 
(50,000 a) The lov ndio cmt o' tb* f-"* . 
could be accounte*! fo- n- ut d - i-I * d I ’/< ' 1 , ’ ,* 
used fo'-inf(ctio 1 Djs-upt o i <•/ *1 ' J * * ' J /' s 
I* a X ru ji uticb 1 - si , J * • 1 ■ ' r ' 
c,s n III I h c f ' d *■ s j,> ' < ' 'e- ' 
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60 to 400 times that of the progeny The data in- 
dicate that the integrity of the infecting virus par- 
ticle IS destroyed in the course of reproduction 

Pteridines and xanthine oxidase activity En- 
■wiN G Kbebs (by invitation) and Earl R Nor- 
ris Dept of Btochcnustry, Untv of Washtnglon, 
Seattle, Wash An enzyme preparation active m the 
oxidation of either xanthopterin or xanthine nns 
obtained from hey Spectrophotometi ic methods 
as described by Kalckar ivere used in studying 
these oxidations The ‘natuial’ substrate for the 
enzyme appeared to be xanthine, nhich ros con- 
verted to uric acid at a rate about 25X greater than 
found in the conversion of xanthopterin to leucop- 
term Xanthopterin was found to be an effective 
inhibitor of xanthine oxidation, the inhibition be- 
ing of the competitive type The dissociation con- 
stant of xanthine with the enzyme was estimated 
to be 7 X 10"^, w hile that of xanthopterin w itli the 
enzyme was around 2 X 10“* Pteridines with a 
substitution in the 7-po8ition, such as xanthop- 
tenn-7-carboxj he acid, inhibited xanthoptei in oxi- 
dation os well as xanthine oxidation These findings 
may be of significance in explaining some of the 
observations of Norns and Majnarich on the effects 
of pteridines in bone marrow cultures or in rats 
made anemic on a diet containing sulfathiazolc 
Xanthopterin in low concentrations or dosages was 
found to stimulate hematopoiesis, but was inhib- 
ited in this action by 7 substituted pteridines In 
higher concentrations xanthopterin inhibited blood 
cell foimation This latter effect might be -attrib- 
uted to Its possible role as a stiuctuial antagonist 
in purine icactioiis such as tlic oxidation reaction 
discussed here 

Effect of diet composition on rehabilitation fol- 
lowing starvation in albino rats W A Krehl iiid 
W P McNuiti, Jr (bv invitation) Yale Nutri- 
tion Laboratory, Dept of Phyvologual Chcmi'itry, 
Yale Untv , Acta Haven, Conn Exponnicnts con- 
ducted With growing and adult ilbiiio rats to de- 
termine the effect of diet com[ ositioii on their 
ability to rehabilitate follow'ing 30% loss of body 
weight as a lesult of complete starvitioii led to tlic 
following obsei vations 1) The efficiency of ints in 
regaining their original weight Imre little oi no sig- 
nificant relationship to the le fed diets, the com- 
position of which varied in piotcin content from 10 
to 60% and in isocaloric substitution of caibohy'- 
dratc wnth fat S) Two of tliicc groups of weanling 
rats held at constant weight foi 5 weeks by ehronic 
inanition w ei o re-fed, respectively, on an optimum 
artificial latioii and on an identical diet, except for 
the isocaloric substitution of fat for cai bohyuli ate 
No significant difference in the rate of gain on tho 
two diets was observed The third group, placed on 
a self-selection regimen (aftei Richter, cxliibited a 
distinctly inferior giowdh lato, in fact, half the 
animals failed to select a diet which was satisfactory 


for growth by any criterion A control group of 
weanling rats placed on self -selection from the start 
either grew poorly or failed to grow at all S) Adult 
rats placed on dietary self-selection after starva- 
tion fell into two groups, a) those that regained at 
a reduced rate and b) those completely unable to 
gain 4) Adult rats starved a second time after re- 
covery either on a prepared diet or on self -selection 
made a more rapid recovery on this second trial 
Furthermore, 100% of the animals placed on the 
self-selection legimen the second time rehabih- 
tated successfully 

Some properties of Chymotrypsinogen B and 
Chymotrypsin B Viegima Kubacki (by invita- 
tion), Kenneth D Brown (by invitation), and 
M Laskowski Dept of Biochcmislry, Marquette 
Untv School of Medicine, Milwaukee, Wts Chymo- 
trypsinogen B and Chymiotrypsin B were prepared 
according to previously described methods (/ 
Biol Chem 170 227,1947,173 99,1948) For the 
purpose of comparison Chymiotrypsi nogen alpha 
and Chymotrypsin alpha were prepared according 
to Kunitz and Noi throp (/ Gen Physiol 18 433, 
1934-35) Each protein has been recry stallized a 
minimum of 4 times Electrophoresis w-as carried 
out in a standard 15 ml cell using a 1% solution of 
protein in 0 1 a buffers at 3°C Each of the 4 pro- 
teins show ed a single component, indicating punty 
of tho protein All mixture of Chymotry'psinogen 
B and Cln motry psinogcn alpha show ed tw o widely 
separated components in approximately equal 
amounts The non-idcntity of proteins of the B type 
wnth proteins of the alpha type was further proved 
by pit mobility curves The zero mobility point for 
Chymiotrypsin B was found at pn 4 7, for Chyuno- 
trypsinogen B at pn 5 2, for Chymotrypsin alpha 
at pH S 3, and for Chymotrypsinogen alpha at pH 
0 1 Solubility studies using Chymotrypsinogen B 
were conducted according to Kunitz (J Gen 
Physiol 13 7SS, 1930) Before the experiment, the 
material was equilibrated 5 times wath the solvent 
(0 1m acetate, pn 5 0, 0 27 saturation with ammo- 
nium sulfate) The slight dcaiation from the the- 
oretical curve foi one component might liave been 
due to the experimental conditions, or the presence 
of a small amount of contaminant 

Bixin and the rate of autoxidation of methyl 
linolcate H 0 Kunkel and Walter L Nelson 
(intioduccd by Tames B Sumner) Dept of Bto- 
chcmtslry and Nulntion, Cornell Untv , Ithaca, 
N F The rate of oxidation of methyl linoleate dis- 
solved 111 triacotm in an oxygen atmosphere was 
measured in the Warburg manometric apparatus 
at 25°C The addition of 130 y or less of bixm to 
50 mg of linoleate in 2 ml of solution decreases 
this rate of oxidation of the linoleate, while at the 
same time the bixin is rapidly decolorized The de- 
struction of bixin proceeds ns an apparent first 
order reaction with respect to oxy'gen uptake as 
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contrasted to a first order reaction w ith respect to 
time When a larger amount of bi\m (325 7 to 50 
mg of linoleate) is added the rate of oxidation is 
considerablj increased, n hile the bixm is destroyed 
at the same rate as m the first case In the presence 
of light from a mcrcur} lamp, bi\in at all concentra- 
tions used has been found to produce a more rapid 
oxidation of the linoleate This is true even ivhen 
a tocopherol has been added to the system at the 
start In the presence of a tocopherol, the bixin is 
not apprcciablj destroyed until the end of the in- 
duction period, after which its destruction is as 
rapid as in the experiments first described Pre- 
hjninar 3 expenments indicate that carotene acts 
in a manner similar to that of bixin Data have also 
been obtained to show that bixm will enhance the 
antioxidant action of a-tocopherol 

Certain organic anions and amide and peptide 
linkages Ghxnvil C Ktkeb and Sanfobd L 
Steeuhx (bj invitation) T>cpl of Biological 
Chemistry and Nuiniion, School of Medicine, 
Unw of North Carolina, Chapel Hill, N C The 
rates of hydrolysis at 65°C of the amide and pep- 
tide linkages of certain proteins (egg albumin, se- 
rum albumin, gelatin and hemoglobin) by hydro- 
chloric acid m the presence of certain organic amons 
depend on the concentration of the protein, the 
anion, and the hydrochloric acid and on the nature 
of the protein Most important of all is the ratio 
of the concentration of the protein to the concentra- 
tion of the anions The differences in the hydrolytic 
effectiveness of the organic anions do not parallel, 
in all cases, the differences m the affinities of the 
anions of the acids for proteins as suggested by 
Steinhardt (/ Research NBS 29 315, 1942) A 
maximum rate of amide hydrolysis is reached with 
sodium dodccy 1 sulfonate and egg albumin This 
IS not the case v ith the other proteins studied Sul- 
fosaheyhe acid, nhich has an ‘intermediate’ anion 
affimt\ for wool protein, inhibits amide hydrolysis 
albumin The catalytic effect of organic an- 
ions on the peptide hydrolysis is limited to the 
initnl stages of hxdrolysis and when the protein 
is further split, the rate tends to approach that of 
HCl For the ones studied, when the protein was 
approximately 25% hydrolyzed the rate began to 
clo'^ch approach that of the HCl The mechanism 
for the cat ah tic effect is uncertain but may be due 
to the dcnaturating action of the anion on the pro- 
tein and to the combination w itb it Vs the hy droly - 
SIS proceeds, there is c\udontly less tendency of the 
anion to combine and the rate of hydrohsis ap- 
proaches that of HCl 

Photoelectric colorimetry of pH Gbxxml C 
Ktrer Dept of Biological Chemistry and Awfri- 
twn, School of Mcdictnc, t nir of North Carolina, 
Chapel HiU, h C Since the adicnt of photoelec- 
tric colonmctcrs, many procedures for the color- 
metne measurement of pn haxc appeared as adap- 


tations to ■various instruments Such procedures 
presume the accurate determination of one color of 
an indicator m the presence of its other The colors 
vary reciprocally with pH The selectivity of filters 
employed by photelometnc instruments to yueld 
monochromatic light is generally inadequate to sep- 
arate quantitatively the two colors The effect of 
one color on the other is compensated by the pres- 
ent method to permit accurate measurements of 
pH The choice filter is selected for each of the 
colors of an indicator The indicator is added to a 
sample and instrumental readings are taken using 
each filter The two readings are expressed as a 
ratio The ratio vanes with pH The procedure af- 
fords certain distinct advantages A source of error 
IS eliminated since the concentration of indicator 
has no effect over generous limits When comparing 
8, 10, and 12 drops of bromphenol blue, respec- 
tively, m 10 ml samples of standard buffers (pH 
3 0-4 6) readings varied greatly with concentration 
(Klett-Summerson blue and green filters) while 
the ratio remained constaut with pH Indicators, 
for xvhich neither color is accurately determinable 
by an insti ument depending on filters, may be ac- 
ceptable The method has given excellent results 
in the teaching laboratory , students encountering 
it the firat time obtain titration curves from 5 m! 

0 1m lactic acid which superimpose smoothly upon 
the theoretical Calibration is done m the usual 
manner 

Studies on the metabolism of radioactive su- 
crose in the rat Alvin R Lamb and George 0 
Burk Experiment Station, Hawaiian Sugar Plant- 
ers' Association, Honolulu, Hawaii RecrystaUized 
sucrose, isolated from a sugarcane leaf after photo- 
synthesis in radioactive COj, was given by stomach 
tube to fully-fed mature rats Immediately after 
feeding the 200-mg dose, the rat was placed m a 
desiccator cage through which air was passed from 
a tank at a constant rate of 400 cc/min The CO- 
in the effluent air was trapped in NaOH solution 
By means of a by-pass, samples were taken at inter- 
vals in Ba(OH)-, beginning 1 minute after the su- 
crose was gix'en, and each 10 minutes thereafter, 
with increasing intervals later The BaCOj was fil- 
tered rapidly on 20 mm paper, dried and counted, 
using an area of 2 G5 sq cm In one experiment net 
counts per minute were 18 9 at 11 minutes, 92^ at 
21 minutes, 2S5 1 at SI minutes, 110 8 at 225 min- 
utes and 15 3 at 10 5 hours Sucrose, therefore Ims 
been absorbed and oxidized within 11 minutes of 
ingestion, by a fully fed animal The higla st points 
of the curves of respiratory elimination of radio- 
active COj were reached ni 72-Sl minutes The 
curves dropped quite rapidly thercaft''r Ridioac- 
tivc carbon appeared in the unne within 2 
The dried sample registered 223 0 counts/min L'n- 
contaminatcd fcccs regwle-cd 2? 7 coun*' nun 
The animals were killed afte'* 21 hours \ ft v qi 
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cal counts muscle glycogen, 43 4/min , bone mar- 
row, 10 9 to 24 7, brain, 19 3, plasma proteins, 32 5, 
plasma lipids, 5 8, mesenteric fat, 8 7 to 16 6, total 
carcass residue fat, 7 1 

A new metabolic regulator in mammalian sper- 
matozoa Henbt a Lahdt and D Ghosh (by in- 
vitation) Dept of Btochemtstry, College of Agri- 
culture, Umv of Wisconsin, Madison, Wis Bovine 
epididymal spermatozoa have comparatively low 
rates of respiration and aerobic glycolysis and a 
high rate of anaerobic glycolysis In contrast, ejac- 
ulated spermatozoa separated from seminal fluid 
by centrifugation have much higher rates of respira- 
tion and anaerobic glycolysis and a lower rate of 
aerobic glycolis Thus the Pasteur effect exhibited 
by the epididymal cells has almost completely dis- 
appeared in seminal spermatozoa These metabolic 
differences result from the liberation of an ex- 
tremely labile, lipid-soluble substance from a 
bound form occurring in the epididymal sperm cell 
Until the substance has been characterized we shall 
refer to it as a rMetabolic Regulator’ Additions of 
mmute quantities of the purified regulator to epi- 
didymal spermatozoa immediately stimulates their 
respiration and anaerobic glycolysis and abolishes 
the Pasteur effect An assay for the regulator has 
been developed based on its ability to stimulate 
the fermentation of Bakers’ yeast Using this assay 
the regulator has been concentrated about 2000-fold 
from bull semen It is present also in the spermato- 
zoa of the boar, ram, rabbit and man In low con- 
centrations the regulator stimulates the oxidation 
of pyruvate -t- fumarate and of succinate by n ashed 
residue of rat kidney homogenate It inhibits glu- 
tamate oxidation The regulator functions by un- 
couplmg phosphorylation from enzymatic oxida- 
tions 

Esterification of phosphate coupled to electron 
transport between dihydrodiphosphopyridine nu- 
cleotide and oxygen Albert L Lehninger and 
Morris E Fhiedkin (by invitation) Depls of 
Surgery and Biochemistry, Umv of Chicago, Chi- 
cago, III Previous work in this lalxiratory has 
shown that inorgamc phosphate labeled -mtli P” 
is incorporated into an esterified fraction when di- 
hydrodiphosphopyridine nucleotide (DPNHs) is 
meubated aerobically with washed rat liver sus- 
pension, ATP, Mg++, and cytochrome-c In order 
to study this phosphorylation more closely, a sys- 
tem was devised in which DPNH- vas continu- 
ously generated by action of 0-hydroxybut3rric 
dehydrogenase on |3-hydroxybutyrate The oxida- 
tion of the latter by molecular oxygen is not com- 
plicated by further oxidation of acetoacctate, which 
IS inert in the system Oxidation of /S-hydroxybuty- 
rate by this system in the presence of ATP, Mg"*^, 
catalytic amounts of DPN and cytochrome-c, and 
inorgamc P’^ causes esterification of the latter 
Omission of ATP or Mg''^ has no effect on the rate 


of oxidation but abolishes the esterification, which 
IS therefore not obligatory for the oxidation Agmg 
of the enzyme at 30° causes loss of phosphorj lating 
activity without affecting oxidative activity The 
phosphorylation can also be decoupled from oxida- 
tion by arsemte, dmitrophenol, Ca"*^, and other 
substances Phosphorylation does not occur if cyto- 
chrome-c IS replaced by methylene blue, brilliant 
cresyl blue, or ferncyamde Adenylic acid has been 
used as an acceptor to study the efficiency of the 
phosphorylation in non-isotopic experiments The 
maximum P 0 ratio observed has been 1 10, m- 
dicating that for each pair of electrons passing from 
DPNHo to oxygen, at least one molecule of phos- 
phate IS esterified 

Mammalian tyrosinase Action on compounds 
structurally related to tyrosine and dihydroxy- 
phenylalanine A Bunsen Lerner (by invita- 
tion), T B Fitzpatrick (by invitation), and W 
H SuMMERsoN Biochemistry Section, Medical Di- 
vision, Army Chemical Center, Md Study of the 
ability of tyrosinase preparations from the Hard- 
ing-Passey mouse melanoma to catalyze the oxida- 
tion of a variety of monohydroxy and dihydroxy 
phenolic compounds reveals that, of the vanous 
monohydroxy compounds, only^ tyrosine and its 
ethyl ester possess significant substrate activity 
Comixiunds such as phenol, diiodotjTosine, 4-meth- 
oxyphenylalanine, and tyramine are relatively or 
completely inert as substrates, even in the pres- 
ence of catalytic amounts of added dihydroxy- 
phenylalanine (dopa), which wo have shown pro- 
motes the oxidation of tyrosine by mammalian 
tyrosinase {Federation Proc 7 167, 1948) The 
3 amino, 3-nuoro, N-formyl, and N-acetyl deriva- 
tives of tyTosine proved to be potent inhibitors of 
tywosinase activit}’^ Of the dihydroxy^ phenolic de- 
1 ivatives, only L-dopa and nn-dopa are significantly 
effective as substrates, although certam of them 
(arterenol, catechol, horaogentisic acid) resemble 
dopa in their ability to shorten the mduction period 
in the action of the enzjTne on tyrosine, and others 
(cpincphrin, hydroquinone, cobefnn) are rapidly 
oxidized if dopa oxidation is proceeding simultane- 
ously The bearing of these findings on the question 
of substrate specificity of mammalian tyrosinase 
will be discussed 

Physical stress and liver fat content of the 
fasted mouse Louis Leiun Dept of Anatomy, 
College of Physicians and Surgeons, Columbia 
Umv , New York City The present ex-periments 
confirm previous findings of other investigators that 
administration of crude pituitary extract to fast- 
ing mice causes mobilization of fat to the liver 
There are good indications that this fat mobilizing 
effect 13 mediated by the adrenal cortex Data will 
be presented to show that pure airenocortidotro- 
phin (Armour) is as effective as crude pituitary ex- 
tract Gertain physical stresses thought to activate 
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the piluitarj -adrenal Bj'stem have been tested with 
respect to liver fat mobilization Some of these (ex- 
posure to cold , severe exercise) are very effective 
in causing increase in liver fat The fat increase 
maj be detected vithin one hour after beginning of 
exposure to the stress and increases in intensity 
as the c\posurc period is prolonged Othei stresses 
(exposure to high temperature or to low barometric 
pressure), though indicated to be very severe by 
the inability of manj of the animals to survive, do 
not increase the liver fat content but instead have 
a tendenej to cause a loss of Inmr fat Parenteral 
administration of glucose dunng exposure to an 
othcni isc effective stress or dunng treatment with 
pituitarj extract prevents most of the liver fat in- 
crease Ilowcxer, comparison with the liver fat con- 
tent of glucose injected, non-stressed mice indi- 
cates that the glucose treatment does not com- 
plcteh inhibit the fat mobilizing effect All 
procedures which cause increase in livei fat also 
produce a relative and absolute liver enlargement 
but the increased lix'er w eight cannot all be asenbed 
to the accumulation of fat 
Investigation of phospholipid composition in 
minute amounts Ceua Lexune (by imitation) 
and EnwiN CuARGAiT Dept of Biochemistry, Col- 
lege of Physicians and Surgeons, Columbia Untv , 
Acip York City The procedures for the chromato- 
graphic separation of nitrogenous lipid constituents 
described recentlj (Chargaff, etal,J Biol Chem 
1<5 67, 19-48) haxm been extended to the quantita- 
tive micro estimation of the bases Senne and 
cthanolanune, separated by means of butanol-di- 
ethjlcnc glj col-water (4 1 1), were determined in 
aqueous propanol extracts of the respective ad- 
sorbates on filter paper bj a modification of the 
photometric ninhj dnn method of Moore and Stem 
(J Biol Chem 176 367, 1948) Parallel guide 
strips, dex eloped bj means of ninhj drin, indicated 
the position on the chromatogram of the various 
annno compounds Between 2 and 15y of each com- 
ponent in 0 01 cc of solution serx ed for the deter- 
mination which had an accurac} of ±3% Choline 
(25 to ICO1 ) xxas estimated with a precision of about 
6^ in separate chromatograms bj the planimctnc 
measurement (Fisher ct al , A alurc 161 764, 1948) 
of the niolxbdcnum blue spots produced, as de- 
scribed jircx louslx , bx the successix e treatment of 
the choline adsorbates with iihosphoiiiolx bdic acid 
and stannous chloride Choline standards were run 
xnth each 'jcric® of detcrniinations The use of these 
techniques for the ‘^tudx of the composition of x an 
ou' cillul ir lijiid fnctione and for the inx cstigation 
of iiixil hjiid con'-titucnts will bo discussed 
Lolation ard physicochemical characterization 
cf pituitary follicle-stimulating hormone Ciioii 
B ee> 1 1 / !<• f of Lz,h r " c 'al B o’l e , ini 
t Fill A -7 u jf>< '•/</( C( ,ti \ I! L bod fiw tie 
i’ 01 of folliclc-'-timul itina In*-: u e I ' 


from sheep pituitaries has recently been desenbed 
(Li, Simpson and Evans, Science, in press) 
Ca(OH) extract of fresh whole sheep glands was 
used as the starting material The extract w as nex-t 
fractionated with (NIL);SO< and FSH activity 
concentrated in the fraction 0 50-0 75 saturated 
(NH4)2S04 This fraction was exi;racted wnth 40% 
ethanol, the extractable material was then pre- 
cipitated by adding ethanol to 80% The alcohol 
precipitate was finally frationated again wuth 
(NH4)»S04 at pH 4 7 , FSH precipitated out in the 
fraction 0 55-0 70 saturated (NIDsSOi The hor- 
mone thus prepared behaves as a single protein in 
the ultracentrifuge and in electrophoresis It con- 
tains approximately 1 3% mannose, 0 6% hexo- 
samine, 0 6% t3Tptophane and 4 5% tyrosine 
Qualitative analysis indicated that the hormone 
contains C3"stine but no cysteine The results of 
elementary analysis of the preparation w ere car- 
bon 44 93%, hydrogen, 6 67%, mtrogen, 15 10% 
Electrophoretic analysis of FSH solutions at differ- 
ent pH buffers gave the folloxving mobilities 
-f 4 8 X 10“* at pH 4 00, -f-2 2 X 10~® at pH 4 25, 

-1 5 X 10-‘ at pH 4 60, -1 9 X 10-« at pH 4 81, 

—3 0 X 10”* at pH 5 10, —4 2 X 10~® at pH 5 60, 

—6 5 X 10”* at pH 7 00 These experiments were 

conducted at 2'’C in buffers of 0 10 ionic strength 
Prom these values, the isoelectric point of FSH is 
estimated to be approximatel3'’ at pH 4 5 Ultracen- 
tnfugal study of one specimen of FSH in a Spinco 
ultracentrifuge at 165,000 times gravit3' gave a sedi- 
mentation constant, 820° w, to be 4 3 S Without 
the values of diffusion constant and partial specific 
volume, an approximate molecular weight of FSH 
ma3’’ be estimated to be 70,000 
Relative size of adrenocorlicotropicallj active 
peptide fragments Choh Hao Lr Institute of Ex- 
perimental Biology, Univ of California, Berkeley, 
Calif In previous studies w e found that the adreno- 
corticotropic hormone (ACTH) isolated from slieep 
glands preserx ed its hormonal actn it3 after partial 
acid or peptic h3 drol3 sis Tlie actix c peptide frag- 
ments were not precipitated bx trichloroacetic 
acid and were readil3 diahzable Ye haxc now 
found that the average peptide length in the ictixc 
h3drolx sates is approximatel3 8 In G m IICI at 
120'C for 24 hours, the hormone hydroh'^atc con- 
tained 6 5% of the total nitrogen as iniidc nitrogen 
and 79 4% of the total nitrogen minus tlic imi-ic 
nitrogen as the amino nitrogen Tla -e x ilu< ri i>n 

sent an average of Sdetermination*- from JdiT'' it 

\CTH jireparations Whin thf lio' i ^ ‘b- 

gested at 3r4"C to tlK < xt- ri‘ o i'" 

crude jTji-in iiid tl ' b dml 
corticotropic ill ^'■tix' it ''' 
im.tfh 10' cO l!' ‘ ' Ini" 
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age peptide length in the hydrolysates was com- 
puted and found to vary from 7-9 We are concerned 
with the isolation of the adrenocorticotropical 
active peptide(s) in these hydrob sates 
Studies on the biological synthesis of choles- 
terol from acetic acid Henht N Little (bj in- 
vitation) and Konhad Bloch Dept of Btochem- 
isiry and Institute of Radiobiology and Biophysics, 
Univ of Chicago, Chicago, III Studies on the for- 
mation of cholesterol in animal tissues carried out 
with the aid of deuterium have shonn that acetic 
acid IS employed in the synthesis of both the iso- 
octyl side chain and the cyclic moiety of the sterol 
molecule {J Biol Chem 145 625, 1942) Evperi- 
ments have now been carried out in \\ hich choles- 
terol nas synthesized in liver slices from either 
CHjC’^OOH or C'^HjCOOH Degradation of 
cholesterol obtained from these 2 sources shows 
that the isotope concentration is higher m the 
nuclear portion than in the side chain when 
CHjC“OOH IS tlie precursor and that the isotope 
concentration in the side chain at least equals that 
of the cyclic moiety m cholesterol synthesized from 
C^'‘HjCOOH Cholesterol formed from acetic acid 
labeled by C‘* in the methyl and in the car- 
boxyl group contains and C‘^ iii a ratio of about 
1 4 indicating that decarboxylations occur at some 
stage of the synthetic process Cholesterol ob- 
tained by biosynthesis from labeled acetic acid 
was converted into cholestane and the latter oxi- 
dized with chromic acid to 3ncld the isopropyd 
group of the side chain in the form of acetone 
Isotope analysis of this fraction indicates that the 
isopropjd group is also derived from acetic acid 
Experiments on the mechanism of coupling 
between respiration and phosphorylation W P 
Loomis (introduced by Fritz Lipmaiiii) Bio- 
chemical Research Laboratory, Massachusetts Gen- 
eral Hospital and Department of Biochemistry, 
Harvard Medical School, Boston, 3Iass Some 
aspects of the kidney homogenate technique will 
be discussed Preparations, when quick frozen in 
dry ice, were found to retain piacticall}^ intact 
respiration and phosphoijdation Fieeziiig and 
storage has to occur at around — 80°C At highei 
temperatures fast detei location occurs Phosphoi- 
ylation coupled anaerobically wuth fei ncyanide re- 
duction was studied and a quotient P/2 fen icyanide 
of approximately 1 was found Aerobically a min- 
imum P/0 ratio of 2 3 was found in analogous 
preparations The already reported inhibition of 


the coupling by m-dinitrophenol is also observed 
with p-nitrophenol but not with p-nitrophenol 
phosphate Similar activity was found with di- 
and trihalophenols but none with diiodo-tjTosine 
or thyroxin The apparent substitution in the res- 
piration of tissue dispersions of phosphate by mtro 
or halophenols has been further explored 
Determination of gamma globulin in blood 
serum Joseph AI Looney and AIabt 0 Amuto 
( by invitation) Research Laboratory, Veterans 
Administration Hospital, West Roxbury, Mass 
A study of the method proposed by Kunkel (Proc 
Soc Exper Biol d Med 66 217, 1947) for the 
turbidimetric determination of gamma globubn 
with zinc sulfate indicated that the turbiditj 
varied with the albumin concentration When al- 
bumin was added to a 2 0% solution of 7-gIobulin 
the turbidity readings obtained were 6 0, 14 0, 
10 8 and 8 6 tr, at albumin concentrations of 0 0, 

1 0, 3 0 and 8 0% respectively Irrespective of the 
7-globulin concentration on the maximum turbid- 
ity was obtained at an albumin concentration of ap- 
proximately 1 0% By adding a solution of zinc 
sulfate to a buffered serum dilution in the presence 
of gum ghatti a stable opalescent suspensoid, which 
was proportional to the y-globulin concentration, 
w as obtained For the determination, 0 3 ml of 
serum was mixed with 4 0 ml of barbital buffer 
pH 7 6 (187 mg barbital and 140 mg Na-barbital/1 ) 
and 2 6 ml of 2% gum ghatti, and then 1 0 ml of 
ZnSOi 7H;0 (192 mg/1 ) was added After 30 
minutes the turbiditj' was read at 650 nm in a 
Coleman Jr spectrophotometer against a blank 
containing saline in place of the serum The con- 
centration was determined from a standard curve 
prepared from pure 7 globulin The turbidity pro- 
duced by a given amount of 7-globulin remained 
constant when the albumin concentration was 
varied from 0 0-8 0 Recoveries of 7 globulin added 
to sera were made in a senes of 27 experiments 
The mean value of the 7-globulin as calculated was 

2 20 gm/100 ml , and that found was 2 15 gm/100 
ml The standard deviation of the individual read- 
ings was 0 15 gm The difference between values 
exceeded 0 20 gm in only 3 cases The mean value 
of 7-globulin found 111 32 patients with normal 
scrum proteins was 0 89 gm/100 ml 

Comparative study of growth factors for some 
lactic acid bacteria Caul AI Liman and J AI 
Prescott (bj^ invitation) Dept of Biochemistry 
and Nutrition, AgricuUin al and Mechanical College 
of Texas, College Station, Texas Bv means of 
electrolysis of a dilute solution of liver extract 
picpaied for the treatment of pernicious anemia 
(reticulogen), the growth factois required bj Lcu- 
conostoc citrovorum SOSl and Lactobacillus Icich- 
inannit 4797 were separated The factor foi Lciico- 
nostoc citrovorum migrated toward the positive 
electrode indicating the acidic nature of the sub- 
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stance The factor for Laciohactlhis Icichvxanmt vras 
found in the electrolysis cells nearest to the nega- 
tive electrode Separation of the factor for Lacto- 
bacillus letchmanmi from the other factor was 
also accomplished by treatment of a dilute liver 
extract solution with the anion exchange resin IRA 
400 The factor for Leuconosloc cilrovonnn was 
quantitatively retained on the column while al- 
most 100% of the other factor passed through A 
sinking difference in the stability of the 2 factors 
toward heating in dilute alkaline solution was 
found On autocalving with 0 05 n NaOH at 15 
pounds pressure for 30 minutes, the factor for 
leichmannii was completely destroj'ed while the 
cilrororum factor showed 100% recovery When 
Lactobacillus leichmannii 313 was used as the test 
organism, the activity of the various fractions in- 
dicated above followed verj'' nearly the same pat- 
tern as that obtained with Lactobacillus leich- 
mannii 4797 Although the factors for Leuconosloc 
ciirovoTum and Lactobacillus leichmannii appear to 
be distinctly different compounds, they are very 
probably related In a comparative test on the 
activity of enzymatic digests of various animal 
tissues, liver and spleen gave the highest values 
and muscle tissue gave the lowest values wnth 
both organisms The presence of thymidine may 
have influenced these results 
D-senne inhibition of E colt and its reversal 
by other amino acids and by mutation Werner 
K Maas (by invitation) and Bernard D Davis 
U S Public Health Service, Tuberculosis Research 
Laboratory, Cornell Vniv Medical College, New 
York City, and the Naval Medical Research Insti- 
tute, Bethesda, Md D-senne produces a nephro- 
toxic effect in the rat (Artom et al , Proc Soc 
Bxper Biol A Med 60 284, 1945) Animals can 
be protected against the action of D-senne by 
several amino acids (Wachstem, Arch Path 43 
515, 1947) We have found that growrth of normal 
B coll 18 delayed considerably by concentrations 
of D-senne as low as 5 -y/ml In the presence of 
D-senne the bacteria undergo a few divisions at 
normal rate Further multiplication is then re- 
tarded for a period whose length depends upon the 
concentration of D-senne, but eventually the or- 
ganism overcomes the inhibition This adaptation 
IS due not to the formation of an adaptive enzjnne, 
but rather to an adjustment of the environment 
Of 11 other DL-amino acids tested at 200 v/nil , 
none proved to be inhibitory L-aspartic acid, al- 
though not inhibitory by itself, greatly enhances 
D-senne activity Complete antagonism is pro- 
vided by DL-alanine and glycine Most other ammo 
acids, exen in high concentration, produce only- 
partial reversal of the inhibition L-cysteine, L- 
cystme, L-hy droxy prohne and, curiously, L-serine 
have no effect Spontaneous mutants which are 
resistant to D-senne inhibition occur wnth rela- 


tively high frequency The mutation rate fs greatly 
increased by ultraviolet irradiation Resistant 
colonies when growm on D-senne medium together 
with sensitive bacteria produce a zone of satellite 
grow th of the sensitive bacteria The simple struc- 
ture of D-senne permits this phenomenon to serve 
as a model for studying the mechanism of drug 
resistance 

Evaluation of six standard proteins by growth 
of young dogs Dorothea Mabee (by invitation) 
and Agnes Fat Morgan Laboratory of Home 
Economics, Univ of California, Berkeley, Calif 
This experiment was part of a cooperative effort 
made by several laboratories to standardize 
methods of assessing the nutritive value of pro- 
teins Either 2 or 3 comparable young dogs from our 
purebred cocker spaniel colony were used for each 
diet Growdh and intake were observed for 120 
dayTS, and blood composition and N retention 
regularly determined Raw egg ymlk w as used as the 
control diet The proteins were fed at the 18% 
level except for the egg y'olk and w'hole egg powder 
which W’ere fed at the 12% level and the gluten and 
dried egg albumin at both 18 and 40% levels The 
apparent absorbabilities were gluten 96, casein 93, 
casein plus 1 0% methionine 91, beef 89, peanut 
88, egg yolk 87, whole egg powder 82, heated (15 
minutes at 140°) casein plus 0 6% ly'sine 78, heated 
casein 76, heated egg powder 61, egg albumin 45 
If the gain per gm protein eaten for raw egg yolk 
be taken as 100, that of whole egg powder was 77, 
beef muscle 73, casein 71, heated casern plus lysme 
67, heated casein 65, heated egg powder 61, casein 
plus methionine 55, peanut flour 41, gluten 28 (18% 
level) and 34 (40% level), dried egg albumm 25 
(18% level) and 9 (40% level) The dried egg al- 
bumin contained an active antitryptic agent and 
the gluten produced running fits The egg albumin 
was well utilized by rats showing no evidence of 
antitryptic activity 

Determination of hemochromogen in serum 
William M McCord (introduced by J Rot 
Dott) Dej)t of Chemistry, Medical College of 
South Carolina, Charleston, S C Slight hemolysis 
of red cells interferes with the determination of 
hemochromogen in serums By determination of 
‘oxyhemoglobin hemin’ and ‘total hemin’ the serum 
hemochromogen may be calculated by difference 
By determining the optical density^ of a sample of 
serum, with a Beckman Spectrophotometer, at 
676 mu and at 588 mu, using water as the blank, the 
concentration of the hemin, representing the oxy- 
hemoglobin present, may^ be calculated by using 
the formula Hemin(oxj) = (O D rs — O D ssi) X 
6 86 mgs/lOO ml Total hemin is determined by add- 
ing 8 5 ml of 10% ammomum hy droxide and 0 5 ml 
pyndine to 1 ml of serum Five ml of the mixture 
is used as a blank , to 3 ml of the remainder, in the 
absorption cell, is added 0 1 ml of freshly prepare 
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20% sodium hydrosulphite (NaaSiOi) The optical 
density is read at 555 m/i The total hemin concen- 
tration IS calculated by using the formula 
Hemin(totai) = 0 D eis X 34 72 mgs/100 ml Serum 
hemochi-omogen, in terms of hemin, is then cal- 
culated by difference Standardization is accom- 
plished by the use of crystalline hemin Sensitivity 
of the method is of the order of 1 mg hemin per 100 
ml with an accuracy of about 5% Bilirubin does 
not interfere 

Stability and stabilization of testicular hyaluro- 
nidase D Rot McCullagh, Fi,orence Valen- 
tine (by invitation), and Sibtlle Tolksdorf (by 
invitation) Dept of Biochemistry, Schenng Corp- 
oration, Bloomfield, N J The stability of hy- 
aluronidase which has been dried from the frozen 
state has been investigated It has been found to 
decrease as the purity increases Bulk enzyme as- 
saymg 150 Turbidity Reducing Units per mg does 
not measurably decrease in potency on standing at 
room temperature for several months 500 TRu/mg 
material has a half life of approvimately 3 months 
Hyaluronidase can be sterilized by filtration with- 
out destruction When it is packaged in -v lals, losses 
are occasionally observed during drying The labil- 
ity IS greater when the amount of enzyme intbc 
vial IS very small The enzyme in vials is stable for 
several months at 5°C , but at room temperature 
it decreases considerably in potency in 2-3 months 
At 60°C the aqueous solution is almost immed- 
iately destroyed In the dry state at 60°C the half 
life may vary from a few hours to a feu days accord- 
ing to the amount of enzyme in the vial It has been 
found that the addition of small quantities of gela- 
tin will greatly increase the stability of lijaluroni- 
dase However, when gelatin is included in the solu- 
tion to be dried, the final product is not readily 
soluble Therefore, a polypeptide derived from 
gelatin has been used as a stabilizer When this 
material is used the potency decreases only 15-20% 
in 7 weeks at 60°C The product is very soluble in 
water Various bacteriostatic agents have been used 
in conjunction with hyaluronidase and do not ap- 
pear to destroy the activitj' 

Further studies on enzymatic benzoylations 
R W McGilvery (by invitation) and P P Cohen 
Laboratory of Physiological Chemistry, Univ of 
PFiscoTwrn, Madison, IFis The study of enzymatic 
benzoylations has been extended to the conjugation 
of ornithine by the fowl The washed residue of 
chicken tissue homogenates couples p-aminoben- 
zoic acid (PAB) with N^-benzoyl-L-ornithine to 
f rm p-umino-L-ornithuric acid The product has 
been isolated as the p-(p-hydro\yphenyl) azo 
derivative N“-benzoyl-L-ornithino also reacts 
with PAB, presumably forming p'-amino-L-orni- 
thuric acid, but this reaction has not been studied 
in detail Adenosine triphosphate (ATP) is re- 
quired for the synthesis Other properties of the 
systems will be reported 


Growth stimulatory factors for the malarial 
parasite, Plasmodium knowlesi Ralph W McKee 
and Quentin M Geiman (by invitation) Bepls 
of Biological Chemistry, and of Comparative 
Pathology and Tropical Medicine, Harvard Medical 
School, Boston, Mass Submaximal growth and 
multiplication of Plasmodium knowlesi are ob- 
tained when a nutrient medium of known composi- 
tion (J Exper Med , 84 607, 1946), similating 
plasma, is used The addition of at least 2, appar- 
ently diffeient, factors stimulate in vitro growth 
and multiplication of the malarial parosities One 
factor IS a dialjzable component (or components) 
present in horse, monkey and human plasmas In a 
washed erythrocyte culture system, to which are 
added the nutrient medium and purified serum 
albumin or globulin, growth and multiplication are 
rctaidcd The addition of either plasma or the 
dialyzablc component restores the activity This 
growth stimulatory substance is organic and ap- 
pears to be quite heat stable as deprotemization 
w ith heat at pn 5 does not destroy the activity The 
other active material is a non-dialyzable substance 
(or substances) present in 15 unit antipernicious 
anemia concentrate of liver The liver concentrate 
(0 005 ml per culture) increases the rate of growth 
and the numbers of parasites to as much as 150% 
of that obtained when plasma alone is present The 
addition of folic acid or of additional p aminoben- 
zoic acid appear to have no stimulatory action 
Vitamin Bn remains to be tested Fui ther chemical 
and isolation studies arc under way on these fac- 
tors 

Rate and mechanism of the Liebermann-Bur- 
chard reaction on various derivatives of choles- 
terol Herbert McKennis, Jr , Joseph Y Thomas 
( by invitation) and J C Forbes Dept of Bio- 
chemistry, Medical College of Virginia, Richmond, 
Va , Dept of Physiological Chemistry, The Johns 
Hopkins Univ School of Medicine, Baltimore, Md 
and Laboratory for Surgical Research, Medical 
College of Virginia, Richmond, Va Dunng the 
course of our investigations of the effect of various 
del ivatives of cholesterol on growth it became de- 
sirable to know the comparative behavior of these 
substances in the Liobermann-Burchard reaction 
The 1 csults of rate studies at bath temperatures of 
10° and 22° appear to indicate a process which is 
kinetically of the first order In view of the recent 
isolation of dicholesteiyl ether from the spinal 
cords of cattle (Silberraan, N , and Silberman- 
Martyncewa, S , J Biol Chem 159 603, 1945) it 
was particularly interesting to study this ether 
On a molar basis the amount of color produced was 
essentially twice that from cholesterol itself This 
finding gives indirect support to Yoder’s concep- 
tion of cholesteryl ether cleavage by a cholesterol- 
cholesterilene route It further opens to question 
the view (Nath, M C , Chakravorty, M K , and 
Chowdhury, S R , Nature 157 104, 1946) that 
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didioleateryl ether is not an intermediate in the 
production of the Liebermann-Burchard color 

Formation of formaldehyde m the biological 
ondation of the methyl group of sarcosme Cosmo 
G Mackenzie and Vincent du Vigneauo Depi 
of Bwchemtstry, Cornell Umv Medical College, 
Nmo Yorl City In the course of studies on the 
biological oxidation of the methjd group m S- and 
N-methyl compounds, radioformaldehyde has been 
obtained as an oxidation product of sarcosme 
labeled in the methyl group noth C** The formal- 
dehyde has been isolated as the dimedon derivative 
from the trichloracetic acid filtrate of rat liver 
homogenates incubated with the labeled sarcosme 
This derivative of formaldehyde has also been 
isolated by direct distillation of the incubation mix- 
ture from 0 1m HjPOh into aqueous dimedon Free 
formaldehyde is formed in the course of the oxida- 
tion of the methyl group as can be show n by blov ing 
it out of the incubated homogenate-sarcosine mix- 
ture with a stream of Nj at 37° and trapping it m 
a solution of dimedon The formation of free form- 
aldehyde from the methyl group of radiosarcosme 
by respiring liver slices may similarly be demon- 
strated by drawing a stream of Oj through the 
reaction vessel and into a dimedon scrubber A posi- 
tive color test for formaldehyde in liver homo- 
genates incubated with sarcosme has been reported 
by Handler, Bernheim and Klein {J Biol Chem 
138 211,1941) The homogenate described by these 
authors was employed in the present experiment 
Radioactive CO 2 has also been obtained as a product 
of the oxidation of the tagged methyl group of sarco- 
sme both in liver preparations and in the whole 
animal 

Specific volume of a- and /3-casem and relation- 
ship of specific volume to ammo acid composition 
T L McMeekin, M L Gboves (by invitation) 
and N J Hipp (by invitation) Eastern Regional 
Research Lahoraiory, Philadelphia, Penna The 
specific volume of a protein is of great importance 
in determining its molecular weight by sedimenta- 
tion and diffusion It has been suggested by Cohn 
ei al {J Biol Chem 100 Proc xxvui, 1933) that 
the apparent specific volume of a protein is largely 
determined by the volume mcrements of the ammo 
acid residues of which it is composed The fairly 
complete ammo acid analyses of a- and 0-casem 
reported by Gordon ei al ^Federation Proc , this 
issue), which show considerable-differences m the 
composition of these proteins, offer the opportumty 
of testing the accuracy of the hypothesis that the 
specific volume of a protem is detenomed by its 
ammo acid composition The apparent specific 
volumes of a- and /3-casem, as well as unfractionated 
casein, haie been determined m dilute allmli and 
in acid solutions The following data illustrate the 
agreement of the experimentally detenmned speci- 
fic \olumos with the specific xolumes calculated 
from the ammo acid analyses of Gordon et al 



Apparent Sp | 
Vol Calculated | 
from Ammo ‘ 
Acid Residues 

Apparent 

Sp Voi 
Determined 
at 25 C 

a Casein 

0 728 

0 724 

Unfractionotcd casern 

0 732 

0 727 

(3 Casein 

0 744 

0 740 


Lipids of peripheral nerve during Wallenan 
degeneration A R McNabb (by invitation), A 
C Johnson (by invitation) and R J Rossitee 
Depi of Biochemistry, Umv of Western Ontario, 
London, Canada It has previously been shown 
(Rev Canad Biol m press) that when a cat pe- 
npheral nerve undergoes Wallenan degeneration 
there is a steady decrease m the concentration of 
the myelin lipids, i e cerebroside, free cholesterol 
and sphingomyelin, the substances which W'e have 
previously suggested are the principle lipid com- 
ponents of the myelin sheath (SiocAem J 43 573, 
578, 1948), and an increase m the concentration of 
the ester cholesterol Further observations on the 
concentration of neutral fat and total fatty acid 
make it possible to piece together the changes m 
the distribution of lipids m a nerve when it under- 
goes Wallenan degeneration There is an early in- 
crease m water content and a reduction m the con- 
tration of neutral fat After 8 days, corresponding 
m time to the appearance of macrophages along the 
course of the degenerating nerve, there is a steady 
decrease m the myelm lipids, i e cerebroside, free 
cholesterol and sphingomyelin These substances 
are presumably slowdy hydrolysed, and the pro- 
ducts of hydrolysis, e g glycerol, fatty acid, 
cholme, galactose, sphingosme and phosphate are 
removed There is, m addition, a hydrolysis of 
cephalin and a slower hydrolysis of lecithin Some 
of the fatty acids liberated during hydrolysis pre- 
sumably combine with free cholesterol to form ester 
cholesterol while others may be converted mto 
neutral fat Such a process would explain many of 
the histochenucal observations made on degenerat- 
ing nerve tissue 

Distribution of radiophosphorus in rabbit 
tissues after injection of labelled dnsopropyl 
fluorophosphate (DFP) Phiscilla D McNamaha 
(by invitation) and Bbknard J Jandouf Bio- 
chemistry Section, Medical Division, Army Chem- 
ical Center, Maryland Sublethal doses of DFP, 
containing 15-20 me of P®/gm , were injected in- 
travenously mto rabbits Upon sacrifice of the 
animals from 10 minutes to 24 hours after injection, 
the specific radioactivity (P*=/unit tissue weight), 
m decreasing order, was found to be high m kidney , 
plasma, lung, and lixer, moderate m skeletal 
muscle, heart, and erydbrocy tes The specific activ- 
ity of cerebral tissue was low e% en after injection of 
DFP mto the carotid artery Thus, no correlation 
was found to exist between the cholinesterase ac- 
tmti of these tissues and their ability to retain 
ps denied from DFP The magnitude of spccibc 
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activitj of rabbit organs depended on the time 
interval between injection and sacrifice of the 
animal, while their order of relative activity was 
independent of this interval Kidney and liver 
tissue of animals injected with DFP and sacrificed 
at intervals showed a decrease in total specific 
activity with time, however, the proportion of 
protein-bound to total radioactivity in these organs 
increased steadily during the same interval In 
lung tissue, a mavimum value for total and protein- 
bound P“ was attained within 10 minutes after in- 
jection, these values decreased only slightly dur- 
ing the subsequent 24-hour period When DFP 
was replaced with an equivalent dose of sodium 
diisopropyl phosphate, little or no P” was retained, 
24 hours after injection, in the tissues mentioned 
Micro permanganate acid ashing method for 
determination of serum iodine Evelyn B Man 
and Dorothy A Siegfried (by invitation) Yale 
Vntv School of Medicine, New Haven, Conn Pro- 
tern bound iodine in duplicate 1 cc aliquots of blood 
serum is precipitated with solutions of zinc sulfate 
and sodium hydroxide in micro flasks which fit into 
260 cc centrifuge cups The centrifuged precipi- 
tate, after decantation of supernatant fluid, is 
washed about 3 times with iodine free water to re- 
move as much inorganic iodine as occurs during 
Lugol’s administration The precipitate is heated 
with solutions of potassium permanganate and sul- 
furic acid Without transfer from the precipitation 
flask, the digest is reduced with acid arsemte solu- 
tion and iodine distilled through a micro condenser 
into a dilute acid arsemte solution Iodine in the 
concentrated distillate is measured by recording, 
durmg about 5 minutes, the color change with 
ceric sulfate in Chaney’s constant recording color- 
imeter The average of duplicate recoveries of in- 
organic iodine added to zinc hydroxide blanks after 
centrifugation but before digestion was 2 2 for 2 0, 
4 8 for 6 0, 9 2 for 10 0, and 15 1 for 15 0 gamma % 
of iodine Serum hormonal iodine determined by 
this microprocedure has checked with values ob- 
tained by the Riggs, Man macro permanganate acid 
ashing method This method requires only 2 cc of 
serum for duplicate determinations Precipitation, 
digestion and distillation are continued in the same 
micro flask, without transfer Different concentra- 
tions of acid arsemte solution are used for reduction 
of the digest, collection of iodine in distillate, and 
quantitation of iodide by ceric sulfate Constant 
records of color change eliminate the probJo of 
exact timing and facilitate recognition of irrcgulai i- 
ties in color fading produced by conlarainating 
substances in the distillate 
Effect of methyl-blsfbeta-chloroetliyDamlne on 
blood constituents George H Mangun Dept of 
Laboratones, Henry Ford Hospital, Detroit, Mich 
Hartman and Mangun demonstrated that the nitro- 
gen mustards are capable of inactivating viruses 


and bacteria in the presence of blood plasma and 
whole blood, and that a variety of plasma and red 
blood cell constituents are essentially unaffected 
or only slightly affected by the sterilizing dosage 
of Methyl-bis(beta-chloroethyl)amine (HN2) (500 
mg/1) An exception is the prothrombin tune of 
citrated plasma When undiluted citrated plasma 
is treated with 600 mg/1 of HN2 at pH 7 0, the ap- 
parent prothrombin concentration (Quick’s one- 
stage method) drops progressively over a 3 day 
period at 4°C to about 20-30% of its original value 
The effect of HN2 has been studied on separated 
preparations of bonne thrombin, prothrombin, 
fibrinogen and accelerator globulin TOen treated 
with 500 mg/1 of HN2 at pn to 7 5 at 4°C the fol- 
low ing changes were noted Thrombin (0 6 mg/ml 
of Seeger’s preparation ^480904, 17,800 u/mg of 
tyrosine) is slowly inactivated, showing about 1 of 
its original activity at 3 hours and 2-3% at 20 
hours Prothrombin (Seeger’s #481026, about 500 
u/mg ) 18 rapidly inactivated in 0 6 mg/ml saline 
solution, about 1% of the control activity being 
present at 2§ hours and less than 0 5% at 20 hours 
Accelerator globulin (not purified, treated in 1 10 
saline) after 20 hours was about 5% of the control 
activitj The clotting rate and total fibrinogen 
(Seeger’s #470712, 92% clottable) precipitated by 
thrombin were unaffected by the sterilizing dosage 
of HN2 

Enzymatic degradation of thymidine L A 
Manson (by invitation) and J 0 Lampen Dept of 
Biological Chemistry, Washington Vntv School of 
Medicine, St Loins, Mo In a previous study we 
obtained both phosphorolysis and arsenolysis of hy - 
poxanthine desoxjuiboside by enzyme prepiarations 
from calf thymus and rat liver A desoxypentose-fi- 
phospbate was isolated as a product of phosphoro- 
lysis and evidence was obtained for its formation 
by way of the 1 -phosphate ester (Abstracts, 
Sept 1948 meeting of the American Chemical 
Society) The mechanism of the action of nucleosi- 
dase on the desoxyriboside apjiears identical with 
that demonstrated for the riboside by Kalckar 
Deutsch and Laser (Ztschr f physiol Chem 186 
1, 1930) and Klein (Ztschr f physiol Chem 231 
125, 1935), using phosphate and arsenate buffers, 
showed the existence of a separate pyTimidine 
nucleosidase We have studied the degradation of 
thymidine by preparations from dog bone marrow 
and calf kidney and have again observed both an 
arsenolysis and a phosphorolysis The products of 
the arsenolysis are free thymine and the free sugar 
Free pyrimidines inhibit this reaction The kinetics 
of the arsenolysis will be discussed Thymidine w^s 
not degraded by a hemolysate of rabbit erythrocy- 
tes or a purine nucleoside phosphorylase prepara- 
tion from rat liver The products of the phosphoro- 
lysis of thymidine are free thymine and a 
phosphorylated form of the sugar The evidence for 
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the latter is that an uptake of inorganic phosphate 
occui's and little free sugar is found Also the addi- 
tion of hypovinthinc increases the rate of foi ma- 
tion of free thymine The preparations contain 
purine nucleoside phosplioryhsc, hence this result 

15 in agreement iiith the foimation of a phosphate 
ester a hich is removed bj i eactioii with the hj po- 
\anthme We have not observed anj'^ i equirement of 
a dialyzable cofactor (othei than phosphate oi 
arsenate) by the pjTimidine nucleosidase 

Groups involved in the Zimmerman and Kober 
reactions H W Marlov (introduced bj H C 
Tidwell) Dept of Bioche7nistry , Soiithuestcrn 
Medical College, Dallas, Tex The colored com- 
pounds formed by the Zimmerman and the Kobci 
reagents are still unknown , hence it has not been 
possible to determine the exact groups involved in 
these tests In the Zimmerman reaction, it has been 
postulated that a methjlene group adjacent to a 
carbonyl is necessary foi coloi development In the 
Kober reaction the presence of an o-diketonc was 
at one time believed to be responsible for the speci- 
fic color development With the sjmthesis of various 

16 substituted steroids, it is now piossible to shed 
further light on these color teats relative to the 
groups mvolved Present data indicate that in the 
Zimmerman reaction a carbonyl group at Cn, wuth 
adjacent methylene group at Cie, is necessarj foi 
the highest color development Steroids in w hich 
a carbonyl group is present at Cie with two ad- 
jacent methylene groups, how'ever, give no color 
with the Zimmerman reagent This finding is not 
in agreement with the contention that all — CHj — 
CO — CHi-groupmgs (as in acetone, in ethyl aceto- 
acetate and in cyclopentanone) yield strongly piosi- 
tive Zimmerman reactions 16,17-di-ketosteroids 
also give a negative Zimmerman With the Kober 
reagent, 16-diketosteroids produce no color How - 
ever, 16-keto, 17-hydro\ysteroids give an intense 
Kober reaction Also 16,17-diketosteroids produce 
no color with the Kober reagent 

Incorporation of (P^-formic acid into nucleic 
acid fractions of rat and pigeon Walton H Marsh 
(introduced by Harland G Wood) Dept of Bio- 
chemistry, School of Medicine, Western Reserve 
Univ , Cleveland, Ohio While other workers have 
shown that labeled formate is incorporated mto 
uric acid and hypoxanthine in pigeons, it has not 
previousl} been demonstrated to enter the nucleic 
acid fractions of birds or mammals or to be oxidized 
bj the bird Radioactive formate was fed to a 
pigeon and injected intraperitoneall3^ into rats, the 
time of sacrifice being 3 daj s in the former and 14 
hours in the latter The nucleic acids of both the 
rat and the pigeon were radioactn e, although the 
actmtj was onlj’^ a small per cent of that admin- 
istered The adenine and the guanine from the 
pigeon nucleic acids were radioactive It was also 
found that the formate which was given to a pigeon 


at the 1 ate of 0 7 msi/hi , w as oxidized to COj on the 
average of 6 5% for the fiist 12 hours The rate of 
oxidation increased very rapidly throughout this 
peiiod This oxidation probably was not entirely 
due to intestinal bacterial action since pigeon liver 
homogenates w ere show ii to oxidize formic acid at 
the rate of 0 2 UM/hr /gm wet weight of tissue 
From the respiratoi y C^^02, only 5% of the activity 
in the purines could have come fiom the incorpora- 
tion of CO; whereas, in the lat, on the basis of the 
high formate oxidation (W Sakami, J Biol Chein 
176 995, 1948), all the radioactivity of the purines 
could be accounted for bj^ CO; fixation The loca- 
tion of isotope in the puiines may shed light on the 
mechanism of sjmthcsis 

Determination of fumanc acid in animal tissues 
by partition chromatography Lawrence M 
Marshall (by invitation), James M Ohten and 
Arthur H Smith Dept of Physiological Chemis- 
try, Wayne XJniv College of Medicine, Detroit, 
Mich A method foi examining the fumarate con- 
tent of tissues has been devised It employs column 
partition wuth silica gel as the mechanical support 
for the aqueous phase over which passes an amyl 
alcohol -chloroform mixture, the non-aqueous, mo- 
bile phase The sequence of oiganic acids liberated 
bj-^ the mobile phase fiom the silica gel column is 
directly related to the distribution coefficients of 
the solutes with reference to the system employed 
Citric, malic, lactic, succinic, fumaric, beta-hydio- 
xybutyric, acetic and benzoic acids represent a 
partial list of acids arranged in mverse order of 
their release from the column Glutaimc, aspartic, 
and nicotinic acids, like citric, are delivered after 
fumaric acid The effluent acids are titrated w ith 
0 004n sodium hydroxide When the fumaric acid 
enutted from the column is collected in successive 
fractions having geometrically increasing volumes, 
the concentrations of fumaric acid plotted against 
the fraction number describes a curve which ap- 
proximates the normal curve of error The observed 
curve agrees closely w ith a theoretical curve cal- 
culated from the binomial law' Recovery studies 
demonstrated the applicability of the technic to 
animal tissues The fumarate concentrations, ex- 
pressed in mg %, in several tissues of the fasted 
adult rat maintained on a stock diet show the 
following values brain, 15, kidney, 9 5, liver, / 8, 
gastrocnemius muscle, 2 3 , and blood, less than 0 3 
Preliminary studies indicate the applicability of 
the foregoing procedure to the determination of 
other related organic acids in animal tissues 

Protein changes in the developing chick em- 
bryo Margaret E Marsh vll (by invitation) and 
H F Dedtsch Dept of Physiological Chemistry, 

Univ of Wisconsin, Madison, Wis The proteins of 

the blood serum and amniofic fluid of chick em- 
bryos have been studied as a function of time o 
incubation Xo electrophoretic changes m 
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residual egg white proteins are apparent in pH 8 6 
diethylbarbiturate buffer of ionic strength 0 1 
The proteins of the amniotic fluid from the 12-19th 
day of incubation gave patterns identical u ith those 
of the egg white proteins Analyses of the blood 
serum of embryos, age 10-19 days, revealed marked 
changes On the 13th day of incubation the serum 
contains 102 mg % protein mtrOgen and 8 3 mg % 
lipid phosphorus A large amount of the protein 
possesses an electrophoretic mobility higher than 
that of the serum albumin These faster migrating 
proteins carry the lipid phosphorus as evidenced 
by analyses of electrophoretically isolated material 
and correlating sedimentation studies By the lf)th 
day of incubation they are present in much lower 
concentration Simultaneously the lipid phos- 
phorus appears with slower migrating proteins 
Sedimentation analyses of embryo serum in sodium 
chloride solutions of varying density shows the 
presence of at least 3 molecular components 
Metabolism of dehydroisoandrosterone in a 
woman before and after removal of an adrenocor- 
tical tumor Harold L Mason, John! Schneider 
(by invitation) and Edwin J Kepler (bj' invita- 
tion) Division of Biochemistry and Division of 
Medicine, Mayo Clinic, Rochester, Minn Dchydro- 
isoandrosterone acetate (150 mg/day for 8 days) 
was administered to a women w'lth a virilizing 
adrenocortical tumor The daily amount of 17- 
ketosteroids excreted increased from an average of 
258 to 274 mg , and the proportion of the ^-fraction 
did not change After removal of the tumor, admin- 
istration of the same amount of dehydroisoandro- 
sterone acetate increased the excretion of 17-kcto- 
steroids from 2 8 to 52 3 mg/day (average) The 
j3-fraction increased progressively to 38 and 3G per 
cent of the total 17-ketosteroids on the 7th and 8th 
days Androsterone, dehj droisoandrostorone, 
etiocholan-3(a) ol-17 one, 3-chlorodchydroandro- 
sterone, A‘ androstene-303), 17(a)-diol, prcgnanc- 
3(a), 20(a)-diol and a new alcohol, C2iHj<0, wore 
isolated from the urine during a control period, 
and during the first peiiod of administration of 
dehydroisoandrosterone acetate The quantitative 
relations of these compounds were essentially the 
same in the 2 periods During the period after opera- 
tion, androsterone, dehjMroisoandrosterone, etio- 
cholan-3(a)-Pl-17-one and pregnanediol were iso- 
lated It was expected that administration of an 
amount of dehydroisoandrosterone comparable to 
the amount being excreted w'ould affect the rela- 
tions of the various urinary steroids, and that 
perhapis most of the dehydroisoandrosterone w ould 
be excreted unchanged The only effect, however, 
was a small increase in the total amount of 17- 
ketosteroids After operation considerable dehydro- 
isoandrosterone was recovered from the urine, and 
androsterone and etiocholanolone were isolated in 
amounts (43 and 32 mg , respectively) which were 


considerably greater than the total of the endoge- 
nous 17-ketosteroids This last result is in accord 
with the conclusion that dehydroisoandrosterone 
normally is converted largely to androsterone and 
etiocholanolone before excretion 
Manometne determination of methyl alcohol 
in blood M F Mason Parkland Hospital and 
Southwestern Medical College, Dallas, Texas 
Methyl alcohol, alone or in the presence of 
ethyl alcohol, in blood may be determined with 
accuracy sufficient for forensic purposes by the 
following manometne procedure which is inde- 
pendent of standardized reagents The distillate 
obtained from lOcc or 20cc of tungstate filtrate 
in the Harger method for blood alcohol (/ Lah 
Clin Med 20 746, 1935) is made to 25 cc Appara- 
tus ‘C’ described by Van Slyke et al (J Biol 
Chem 141 627, 1941) for determining carboxjd- 
COj IS modified bj introduction of a side arm 
equipped with a stop-cock and cup at the shoulder 
of the tube Silicone lubricant is used sparingly in 
the stop-cocks, phosphoric acid as a joint seal 
Five cc of a bichromnte-sulfunc acid maxture 
(c g Anstic’s reagent) arc placed in the tube and 
the apparatus evacuated (water pump) several 
times with shaking Five cc of distillate and 0 5 
cc of w atcr for w ashing are admitted via the cup 
wuthout loss of vacuum, the apparatus shaken, and 
boiled for 10 minutes After cooling to about 45°C 
the apparatus is connected to the chamber of the 
Van Sljke-Neill manometne analyzer and the COj 
evolved is determined as described by Van Slyke 
cl al {vide supra) The blank is determined on 
acidified, boiled water, treated similarly Methjd 
alcohol is calculated from the CO; determined 
Recoveries of added methyl alcohol with or w ithout 
ethyl alcohol ranged from 97 to 100% In interpret- 
ing results the specificity features of the bichro- 
mate oxidation should bo kept in mind 
Preliminarj communication on the effect of 
growth hormone on tissue enzymes James C 
Mathis (introduced by OumR H Gabbler) 
Edscl B Ford Institute for Medical Research, 
Henry Ford Hospital, Detroit, Mich Growth hor- 
mone might promote nitrogen storage by reducing 
ammo acid deamination, or by increasing re- 
utilization of D aimno acids, therefore its effect 
on D-amino acid oxidase activity was investigated 
The oxidase was assaj'ed according to Axelrod et 
al {J Biol Chem , 134 749, 1940), but a pyro- 
phosphate buffer of pH 8 3 was employed In vitro 
experiments involving five different oxidase sources 
and various pH values showed growth preparations 
to be without effect Growth hormone also did 
not counteract the oxidase inhibitor effect Ex^ien- 
ments on the intact rat, using two strains, several 
levels of hormone treatment, groups of both sexes, 
with both ad libitum and paired feeding were 
performed The data for one representative senes 
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follow Five ‘plateaued’ Sprague-Dawley female 
rats were given 6 mg hormone intrapentoneally 
per day for 7 days and 12 mg on the 8th day, fol- 
lowing w'hich they and their pair-fed controls were 
killed for enzjmie assay Oxidase activities, and 
standard deviations, are given in cmm oxygen 
uptake per organ/hr/lOO gm final body weight 
The essentially constant enzyme activity would 
mdicate that no specific activating or deactivating 
relationship exists between the hormone and the 


Organ 

Controls 

Treated 

Kidney 

-1170 ±740 

-1220 ±170 

Liver 

-730 ±470 

1 -1100 ±490 


oxidase The total amount of functiomng enzyme in 
the liver appears roughly equal to that in the kid- 
ney Effects of growth preparations on other en- 
zyme systems will also be discussed 
Formazyl color reaction as a possible bio- 
chemical analytical tool Nobman L Matthews 
(mtroduced by Earl R Norris) Dept of Pharm- 
acology, Univ of Washington, Seattle, Wash , 
Emory Univ School of Medicine, Emory Univer- 
sity, Ga , and Univ of Rochester School of Medi- 
cine and Dentistry, Rochester, N F Although the 
fonnazyls were well known in the older literature, 
apparently no attempt has been made to use the 
formation of these highly colored substances for 
analytical purposes The followung classification 
serves to indicate the possible wide range of ap- 
plication of the fonnazyls m this respect I Sub- 
stances which yield fonnazyls by direct reaction 
with benzene diazonium salts in a) mild acid me- 
dium (oxalacetic, acetoacetic, and malomc acids) 
and b) only alkahne medium (pyruvic acid, ace- 
taldehyde, acetone, etc ) , II Substances whose 
phenylhydrazones yield fonnazyls when reacted 
with diazomum salts in alkaline medium (alde- 
hydes, aldose sugars, and certain alpha -ketoacids) 
Fonnazyls apparently have not been prepared from 
aldoses, and only formazyl itself could be isolated 
from the reaction mixture when mannose phenyl- 
hjdrazone and glucose phenylhydrazone were 
studied The advantages of the fonnazyds as 
possible analytical agents are that they are easily 
formed, the sensitivity is great and the colors are 
charactenstic Disadvantages are that a mixture 
of formazjls is often formed from one compound, 
the reaction is not specific, and there is a certain 
amount of blank color Quantitative studies have 
been made with glucose It was found jwssible to 
achicie excellent color development by simply 
treating w ith iodine a solution prepared by addmg 
NaOH to a briefly heated mixture of the glucose 
sample and buffered phenylhydrazme solution 
FTith proper conditions it is possible to minimize 
the blank color, quantitate the amount of color 


with the amount of glucose and limit the effect 
of interfermg substances 
Deamination of crystalline egg albumin Paul 
Maurer (by invitation) and Michael Heidbl- 
BERGER Depts of Biochemistvy and Medicine, 
College of Physicians and Surgeons, Columbia 
University, New York City Water solutions of 
crystalline egg albumin (Ea) were treated at 
0-2°C in acetate buffer with NaNOs at pH 4 0 for 
varying periods The mixtures were neutralized, 
dialyzed mtrite-free, and were treated with thio- 
glycollic acid at pH 7 6 to reduce any -S-S- linkages 
formed After dialysis to remove thioglycollate, 
two fractions were separated at the pH of maximum 
insolubility, 3 9 to 4 0, one soluble, the other in- 
soluble Both fractions gave homogeneous elec- 
trophoretic and diffusion patterns The soluble 
fraction was homogeneous in the ultracentrifuge 
and showed the properties to be expected of an 
undenatured, partly deaminated Ea Complete de- 
amination was not achieved under the mild condi- 
tions used In spite of the care taken, the insoluble 
fraction, which mcreased with time of exposure 
to the deaminating solution, was denatured as 
shown by its insolubility at the isoelectric point 
and other -physical properties and by its chemical 
and immunological reactions Data are presented 
on the percentage of deamination, viscosity, 
Wdj and cross reactivity of each fraction with 
calibrated anti-Ea and anti-denatured Ea sera 
Depolymerase activities of calf spleen and 
thymus cathepsin preparations Mart E Maver 
and Antoinette Greco (by invitation) National 
Cancer Institute, Bethesda, Md In a study of the 
role of cathepsins m nuclear metabolism it was 
found that these intracellular proteinases from calf 
thymus and calf spleen hydrolyzed thymus nu- 
cleoproteins and rendered the nucleic acid di- 
alyzable This dipolymenzing function of the 
cathepsin prepiarations differed from that of the 
pancreatic dipolymerases in showing optimal ac- 
tivity at pH 4 6 for both the desoxyribosenucleic 
acid (DNA) and nbosenucleic acid (RNA) In 
view of the close association of proteolytic activity 


(vith the crystalline depolymerases of the pan- 
3 reas the correlation of proteinase activity with 
the dipolymerase activity of the cathepsins is of 
interest The spleen enzymes which show the high- 
sst catheptic activity of any' tissue studied show 
the greatest depwlymerase activity The same ac- 
tivators and inhibitors which affect the catheptic 
ictivities of these enzymes also affected their 
depolymerase activities The proteinase actiMty 
if the calf spleen cathepsin was found previously 
to be sensitiv'e to the sulfhydryj reagent, p- 
ihloromercuribenzoatc The K value of 22 X 
'or the first order reaction in the depolymenzation 
af DNA as determined by v iscositv measurem»'n s 
ivas reduced 4S% by the addition of 2 5 micromoks 
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of p-chloromcrcunbonzoatc per mg enzyme The 
sime reagent decreased the amount of soluble 
phosphorus liberated from both DNA and RNA 
No inorganic phosphorus iias liberated by the 
cathepsins Cysteine caused a definite increase in 
the rate of depolymcrization of DNA and in the 
amount of soluble phosphorus liberated 

Hepato-renal factors in circulatory homeostasis 
XXI Quantitative immunochemistry of ferritin 
and apoferrltin Abraham Mazur and Ephraim 
Shorr (by invitation) Depl of Medicine, Cornell 
Univ Medical College and The New York Hos- 
pital, New York City During a study which re- 
sulted in the identification of feintin as the hepa- 
tic vasodepressor, VDM, which is concerned noth 
the regulation of the peripheral circulation (7 
Biol Chem , 176 771, 1948), the immunochemical 
behavior of ferritin and its iron-free protein moiety, 
apofcrritin, was investigated Using the quantita- 
tive-precipitin technique, it was showm that horse 
liver and spleen ferritin are identical Similai 
immunochemical identity' was established for 
horse ferritin and apofeintin The iron in the 
specific precipitates accounted quantitatively for 
all of the antigen added in the region of excess 
antibody and up to the end of the equivalence 
zone Thus, in these zones, the antibody N in the 
precipitate may be calculated bj subtracting the 
added antigen N from the total N of the precipi- 
tate Calculation of the molar ratios of rabbit sei mu 
antibody (M 150,000) to apofeintin (M 465,000) 
gave values corresponding to the foimuhe, Anti- 
bodyw Apofemtin in tlie zone of extreme antibod} 
excess, AbuApo at the antibodj excess end of 
the equivalence zone and ABrApo at the antigen 
excess end of the equivalence zone Inhibition of 
precipitation was observed ii ith large c\ccss of 
antigen By the micro precipitin technique, using 
the Folin coloi reagent to estimate the precipitated 
protein, 1 to 2 gamma feiiitin N could bo detci- 
niined By means of the complement-fixation tost, 

0 05 gamma feriitin N w is detected Immuno- 
chemical cross reactions wcic obtained between 
horse and dog ferritins ind to a Icssei extent be- 
tween horse and human feiritins 
Hepato-renal factors in circulatory homeo- 
stasis XXII Chemical properties of ferritin and 
apoferritin Abraham Mazur and Ephraim Shorr 
(by invitation) Dept of Medicine, Cornell Univ 
Medical College and The New York Hospital, 
New York City The identity of ferritin W'lth the 
hepatic vasodepressor, VDM, which is concerned 
with the regulation of the peripheral circulation 
{J Biol Chem , 170 771, 194S) led to a study of 
some chemical characteristics of ferritin and its 
iron-free protein moiety, apofemtin Fractiona- 
tion with varying concentrations of (NH4)sS04 
yielded preparations with widely differing Fc 


content The original ferritin contained 1 88 mg 
Fe/mg N The fraction precipitated at 23% 
saturated (NH 4 );S 04 had 2 20 mg Fe/mg N, 
whereas that precipitated between 40-50% sat- 
urated (NH 4 ) 5 S 04 had 0 55 mg Fe/mg N All 
fractions gave typical crystals with CdS 04 The 
ration of Fe P in all fractions as constant A 
similar ractionation was obtained by centrifuging 
a ferritin solution at 13,000 rpm Electrophoresis 
studies with femtin and apofemtin yielded iden- 
tical mobilities at pii values from 3 95 to 8 6 An 
approximate isoelectric point of 4 4 was thus ob- 
tained Amino acid analyses of apofemtin and 
ferritin yielded identical values for both on the 
basis of N content Some amino acid values for 
apofemtin were (in %) glutamic (17 0), leucine 
(19 1), arginine (9 0), lysine (7 5), histidine 
(4 8), phenylalanine (5 9), tyrosine (4 8), valine 
(4 3), cystine (I 7), methionine (18) The total 
S of vpoferntin (0 89%) was accounted for by 
cystine and methionine The action of crystalline 
pepsin and trypsin on ferritin and apofemtin was 
also studied 

Comparison of the electrophoretic components 
of human serum at pii 4 5 and 8 4 John W Mehl, 
Florence Golden (by invitation), and Jane 
HuMTHREy (by' invitation) Dept of Biochemistry 
and Nidnhon, University of Southern California 
School of Medicine, and the Los Angeles County 
General Hospital, Los Angeles, Calif At a pH of 
4 5, two components with isoelectric points below 
those of scrum albumin may be distinguished One 
of these has been identified ns a mucoprotein, and 
has been found to increase in cancer, pneumonia, 
and i number of other conditions This component 
contributes to the a globulin fraction at pH 8 4 
The otlicr acid component is also increased in 
conditions in which the most acid fraction is in- 
creased, and may be also a mucoprotein Three 
globulin fractions arc obtained at pH 4 5, one of 
which can be identified w ith y-globulin, and a sec- 
ond with p globulin The third component must be 
made up of part of the a-globulin indicated by 
electrophoresis at pit 8 4 The quantitative rela- 
tions Iictwccn the components observed at pii 
4 5 and pii 8 4 will be discussed, and possible ap 
plications to the study of pathological sera consid- 
ci cd 

Metabolism of 2,4- and 3,5-diketo acids 
Alton Meister (introduced by Jesse P Green - 
stein) National Cancer Institute, Bethesda, Md 
The enzymatic hydrolysis of 2,4-diketo acids yield- 
ing pyruvic and fatty acids, which was pieviously 
reported, may be followed by an ultraviolet ab- 
sorption technique Such a procedure was employ ed 
in following the metabolism of 3,6-diketohoxanoic 
acid and its 6-lactone The lactone was enzymati- 
cally converted to free 3 , 6 -diketohcxanoic acid 
and the free acid was hydrolyzed to yield aceto- 
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acetic and acetic acids by homogenates of rat hvei 
and kidney Lactonase activity Tvas associated 
V, ith the sedimentable fraction of liver homogenate 
and had a pH optimum at about 6, ivhile the ac- 
tivity toward 2,4- and 3,5-diketo acids remained 
in the supernatant after high speed centrifugation 
The pH optimum for hjdrolj’sis of 2,4- and 3,5- 
diketohexanoic acids was 7 3 to 7 9 Hydrolysis of 

2.4- and of 3,5'diketo acids are analogous in that 
botii reactions mvolve splitting of a C-acyl group 

2.4- diketohevanoic acid nas hjdrolyzed 11 to 14 
times more rapidly than was 3,5-diketohevanoic 
acid by liver and kidne 3 ’' of several species, by 
mouse hepatoma, and by partially purified enzjone 
preparations Under conditions where n-he\anoic, 
/S ketohexanoic, and 2,4-hexadienoic acids were 
o\idized rapidly by a sedimentable fraction of rat 
liver fortified as described bj Lehninger, both 

2.4- and 3,5-diketohe\anoie acids were metab- 
olized at negligible rates This suggests that these 
pohketo acids as such are not intermediates m 
the oxidation of n-hexanoic acid in this system, but 
are probably mvolved in other metabohc pathways 

S>Tithesis and microbiological testing of some 
alpha-ammosnlfonic acids JtrLixis Mendel and 
Doxald W Visser (introduced by Harrt J 
Del EL, Jr ) Dept of Exochennstry and Nuin- 
Uon, Unw of Southern Cahforma School of 
Medicine, Los Angeles, Cahf Several alpha- 
aminosulfomc acids have been prepared which 
competitivolj’- inhibit the naturally-occurring al- 
plm-aminocarbo\ylic acids Mcllwain has reported 
considerable overlapping in the growth-inhibiting 
abihtj^ of the aliphatic alpha-aminocarboxylic 
acids It Has of mterest, therefore, to S 3 Tithesize 
an aliphatic armnosulfonic acid having no struc- 
tural analog among the naturallj -occurring amino 
acids Alpha-ammopropanesulfonic acid and alpha- 
amino-beta-bromobutanesulfonic acid were sjm- 
tliesized bj the addition of ammonium bisulfite to 
a slight excess of the appropriate aldehyde The 
alpha-anunopropanesulfonic acid was antagonistic 
toward Lactobacillus caset at levels from 10~^ to 
10“^ SI Slight reversal of antagonism was observed 
in the presence of alpha-aminobut^Tic acid, but no 
re\ crsal of growth occurred with an j*' of the other 
imino acids or mixtures of amino acids Alpha- 
amiuo-beta-bromobutanesulfonic acid inhibited the 
growth of LacldbactUus casei completelj at 10"* xt 
concentration 

Quantitation of the growth-retarding and ane- 
mia-producing effects of hexahomoserine E T 
Mkrtz, II H Waltz, Jr , D C Shelton, L P 
Doile, and A L Delez (introduced bj' F W 
Ql ackex-blsh) Dept of Agricultural Chemistry 
and T elcnnanj Science, Purdue University, La~ 
lai/ctlc, Ind Young white rats were dnidcd into 
groups of C and maintained for 2S dal's on a basal 
diet containing zem, tr\p(opIun, histidine, ind 


2% DL-lysine HCl Each group received, in addi- 
tion to the basal diet, a different level of DL- 
hexahomosei me (a-amino, «-hydro\j' caproic acid) 
When the diet contained 0 08% to 0 33 DL-hexa- 
homoserine, the grow’th rate was retarded without 
the simultaneous development of anemia When 
the diet contained 1% DL-he\ahomoserine, the 
giowth rate W'as either retarded or reduced to 
zero, and the animals developed anemia The rats 
W'ere autopsied at the end of the experiment, and 
the autopsy findings will be discussed 

Electrometric method for the determination 
of red blood cell and plasma cholinesterase ac- 
tivity Harbt O Michel (introduced bj Williaji 
H Summerson) Biochemistry Section, Medical 
Dtv , Army Chemical Center, Md Red blood cell 
and plasma cholinesterase activity is determined 
in terms of the change in pa produced at 25° by the 
action of the enzyme on acetylcholine in a stand- 
ard veronal-phosphate buffer, initially at pH 8 00 
The pH change is measured with the glass electrode, 
and the reaction time is l-lj hours Separate buffer 
solutions are used for red cells and plasma, the 
capacity of the buffers is such that relatively large 
variation in buffer capacity of added red cells or 
plasma do not affect results, and the decrease in 
enzymatic activity with decrease in pH is com- 
pensated for by an eqmvalent decrease in buffer 
capacity over the same range Small correction 
factors are provided for non-enzymatic hydrolysis 
and for slight deviation in rate of pH change with 
pH Only 1 ml of a 1 50 dilution of plasma or 
hemolyzed red cells is required for a determination 
The method compares favorably with the standard 
nianometric procedure, and is much more suitable 
for routine use 

Metabolic conversion of the carbon chain of 
DL-iysme-t-C** to L-argmme in the dog Leon 
L Miller Dept of Radiation Biology, Univ of 
Rochester, School of Medicine and Dentistry, Roches- 
ter, N Y DL-Lysine-e-C» (2 00 gm , 1 24 X 10’ 
dismtegrations/min ) was fed mixed with meal 
protein to a normal dog The dog was killed with 
perfusion 24 hours later Tissue and blood proteins 
were h 3 dro]yzed with 20% HCl, and the basic 
ammo acids separated with the ion exchanger Am- 
berlite IRC-50 L-Argmine was isolated as the 
monoflavianate, after several reprecipitations from 
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such and a portion decomposed uith banum hy- 
droxide The arginine was converted to ornithine, 
carbon dioxide and ammonia by further treatment 
uith baryta in a sealed tube Ornithine was iso- 
lated as a diparatoluenesulfonyl derivative which 
was assayed as such The ormthine moiety con- 
tained a^ut 50% of the activity present in the 
arginine flavianate The rest of the activity was 
found in the COi of the guanidine moiety The ac- 
tivity of glutamic acid isolated from the same 
tissues IS included for companson Because the 
glutamic acid had only about 4 tunes the activity 
of the ornithine, it seems more likely that both 
were derived from a common precursor, rather 
than that ornithine is derived from glutamic acid 
through several intermediates postulated by others 
for such a conversion 

Metabolic conversion of the carbon chain of 
DL-Lysine-e-C?’ to L-glntamic and L-aspartic 
acids in the dog Leon L Milleh and William F 
Bale (by invitation) Dept of Radiation Biology, 
XJniv of Rochester School of Medicine and Dentistry, 
Rochester, N Y DL-Lysine-e-C^* (2 00 gm nith 
1 24 X 10® disintegrations/min ) was fed u ith meat 
protein to a normal dog When killed 24 hours 
later, approximately J of the activit} had appeared 
in the expired COi, i in the urine and the rest in- 
corporated in tissue and blood proteins The pro- 
teins were hydrolyzed vith 20% HCl, and the 
dicarbox-ylic amino acids separated with the ion 
exchanger Amberlite IR-4 Glutamic acid W'ns 
isolated as the hydrochloride and aspartic acid ns 
the copper salt Paper partition chromatograpliy 
was used routinely to control the separations and 
as an added criterion of purity of isolated amino 
acids No evidence for the occurrence of a-amino- 
adipic acid was found The most likely interpreta- 
tion of the data must postulate more or less direct 
conversion of the carbon chain of lysine to that of 
glutarmc acid by a hitherto unrecognized mecha- 
nism 

Podophyllotoxin on enzymes and tissue metab- 
olism Zelma Baker Miller, Clarke Davison 
(by invitation) and Paul K Smith Dept of 
Pharmacology, George Washington Univ School 
of Medicine, Washington, D C Podophyllotoxin, a 
carcinoclastic agent from podophyllin, was in- 
vestigated gainst various metabolic systems 
Oxygen uptake of rat kidney slices is progressively 
inhibited by 10~®m podophyllotoxin (74% at 3 
hours) Podophyllotixin at inhibits to a loss 

degree The inhibition is greater in the absence of 
added substrate than in the presenec of alanine, 
pyruvate, succinate and glutamate Acetate oxida- 
tion IS inhibited The oxygen uptake of rat brain 
and liver slices, and of rat testes is only slightly 
reduced The respiration of whole 5 day chick 
embryo is inhibited in the absensc of, but not in 
the presence of, glucose Oxygen uptake is stim- 


ulated by podophyllotoxin below 10“’ai Anaerobic 
glycolysis of 6-day chick embryo is inhibited 30-60 
% by 10“*M podophyllotoxin , that of rat testes is 
inhibited 40-75% Stimulation is sometimes ob- 
served at lower concentrations Rat brain glycolysis 
is not affected Carbohydrate synthesis from kid- 
ney slices and pyruvate is inhibited 40% by 10 “’m 
podophyllotoxin Acetate and butyrate, but not 
glucose, oxidation by rabbit kidney homogenates 
IS markedly inhibited by lQ~hi podophyllotoxin 
Succinoxidase (pigeon breast), cholme and hypo- 
xan thine oxidases (liver), choline esterase (brain), 
leucine oxidase (Proteus vulgaris), adenosine 
triphosphatase (liver), serum acid and alkaline 
phosphatase, nbonuclease (spleen), and thyunonu- 
cleodcpolymerase (dog serum) are not affected by 
this concentration The viscosity of highly purihed 
thymonucleic acid is not decreased by 30 “®m 
podophyllotoxin 

Prolamines treated with nitrogen trichioride. 
Ill Sulfated zein Fernanda Misani (by invita- 
tion, Philip Weiss (by invitation), hi G Cor- 
DASco (by invitation), T W Fair (by invitation), 
and L Reiner Research Laboratories of Wallace 
li Ticrnan Products, lye , Belleville, N J The 
NClj-trcated zein was sulfated according to the 
procedure of Reitz ct al (J A C S 68 1024) 
The resulting product contained 1 9% sulfate 
sulfur and was soluble in water at neutral pH 
values It possessed the typical fit producing 
toxicity' of the parent compound If zein was first 
sulfated and then treated with NClj a non-toxic 
product resulted The NClj consumption by sul- 
fated zein w as at least as great as that of the native 
zein It appears that sulfation blocked in some 
manner the reactive group Sulfamation is hardly 
responsible for the blocking effect since it has been 
shown previously that -NH- groups aie not in- 
volved in the toxogenic reaction Esterification of 
-OH and -SH groups, sulfonation and denaturation 
through dchy'dration might have occurred One of 
the groups involved in these reactions must also 
be involved in the production of a toxic residue 
through reaction with NClj 

Glycogen content of the liver of fasted alloxan 
diabetic rats Yoshikazu IMorita (by invitation) 
and James M Orten Dept of Physiological 
Chemistry, Wayne Univ College of Medicine, De- 
troit, Mich In the course of investigations on the 
effect of inorganic and organic phosphate upon the 
glucose utilization of alloxan diabetic rats, it be- 
came necessary to determine the liver glycogen 
levels in fasting diabetic animals A survey' of the 
literature show ed little information on this ques- 
tion Male Sprague-Daw ley rats, 160-260 gm in 
weight were rendered diabetic by' injectmg allo- 
xan Liver gly'cogen and blood sugar levels were 
determined on 24-hour and 4S-hour fasted ani- 
mals, and the results compared with values found 
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in normal controls Tn enty rats were used in each 
group In the 24-hour fasted animals, the diabetic 
groupa\eraged2 15gm ±0 277 (the standard error 
of the mean) per 100 gm of liver, ivhile the nor- 
mals averaged 0 324 ± 0 053 gm %, a highly sig- 
nificant difference In the 48-hour fasted group, 
the diabetic animals showed 0 679 ± 0 090 gm 
%, also a highlj'^ significant difference The fasting 
blood sugar for the 24-hour fasted group of diabetic 
animals a\eraged 153 ±22 mg %, for the 4S-hour 
fasted ammals, 90 ± 7 mg % The blood sugar 
lalues for the control group of rats were vithin 
the normal range (55-90 mg %) Studies on the 
effect of inoiganic phosphate and hexose phosphate 
on the glycogen content of the liver in the alloxan 
diabetic rat are non in progiess 

Position of the oxygen dissociation curve in 
cyanotic congenital heart disease Minerva 
^ loRSE, Donald E Cabsels (by invitation) and 
Melba Holder (by imitation) Dept of Pedia- 
Incs, Vmv of Chicago, Chicago, III In spite of 
deci eased arterial oxygen satmation, the arterial 
oxygen content in cyanotic congenital heart dis- 
ease IS usually as high or higher than normal be- 
cause of a compensating polycydbemia It is possi- 
ble, however, that the t;ssues suffer anoxia due to 
the low oxygen tension associated with lowered 
saturation The position of the oxygen dissociation 
curve has been examined to determine whether 
the affinity of hemoglobin foi oxygen has been al- 
tered by compensatory processes in such individ- 
uals Data were derived from Van Sly^ke analyses 
of blood samples equilibrated at 37°C with gas 
mixtures containing approximately 5% COj and 
different tensions of Oj Data were corrected to a 
PHo of 7 1 As a control coresjxmding data were 
determined for normal individuals The position 
of the 0. dissociation curve for healthy young adult 
males as determined by us was found to differ 
somewhat from repiorts in the literature Further- 
more the curx’^e for normal children lay to the right 
of that for adult males Positions of the curve for 
patients with cyanotic congenital heart disease, 
compared with those of normal individuals of ap- 
proximately the same age, indicate a trend toward 
the right, i e , toward decreased affinity of hemo- 
globin for oxygen This is more marked in adults 
than in children, and is especially marked in cases 
complicated by pulmonary stenosis This is inter- 
preted as an adaptation to increase the oxygen 
tension of the tissues 

Hemostatic effects of normal blood transfusions 
in hemophiha-Iike swine M E Mtjheer (intro- 
duced by A G Hogxn) Depts of Agricultural 
Chcmistni and Animal Husbandry, Umrersilv of 
Ifi^soiiri, Columbia, Mo Exidence has been accu- 
mulated to show that the hemophilia -like swine 
at the Missouri Experiment Station haxe a blood 
lesscl defect in addition to the prexiously oli- 


seived coagulation defect A number of treat- 
ments have been effective in reducing the coagula- 
tion time to near the normal level but these ti eat- 
ments have not been effective in reducing the 
prolonged saline bleeding tune The injection of 
hemolytic agents or hemolyzed cells will sharply 
lower the coagulation time but has no effect upon 
the saline bleeding time An intravenous injection 
of 5-50 ml of normal blood in a 50-pound bleeder 
pig lowers the coagulation time but the bleeding 
time of over 600 seconds is not affected However, 
if the amount of normal sw me blood transfused into 
a 50-pound bleeder ammal is mereased to 500 ml 
both the coagulation time and saline bleeding time 
are lowered Ten animals ranging from 13 pounds- 
140 pounds in w eight wnre given transfusions rang- 
ing from 175 ml -1000 ml All animals had a saline 
bleeding time of more than 600 seconds before 
transfusion and an average of 195 seconds after 
transfusion It appears that there are two blood 
factors involved in the hemostatic defect in hemo- 
philia-like swine, one that affects coagulation time 
and anothei that affects bleeding time If there is a 
capillary defect, as is usually postulated with 
prolonged bleeding tunes, then the capillaries may 
be affected by' the blood that is flowing thiough 
them and failure of the capillaries to constrict 
could be caused by a blood defect 
Relation of the electrolyte compositions of 
serum and skeletal muscle Edw'ard Muntw tleh, 
Grace E Griffin (by invitation), George S 
Samuelsen (by invitation) and Lois E Grif- 
fith (by invitation) Dept of Biochemistry, Long 
Island College of Medicine, Brooklyn, N Y The 
electrolyse content of the serum and skeletal mus- 
cle was determined in rats and dogs maintained on 
diets deficient in jxitassium, and following repeated 
injections of desoxycorticosterone acetate In rats, 
the loss of skeletal muscle potassium and gam of 
intracellulai sodium was found to be accompanied 
by an increased serum bicarbonate and a lowered 
serum chloride concentration These obserrations 
are in agreement with those reported recently by 
Darrow, et al (/ Clin Invest 27 198, 1948) 

In the present experiments the change m the com- 
position of the muscle with respect to potassium 
and sodium was generally found to be less pro- 
nounced m dogs than in rats Dogs with a deficit 
of muscle piotassium and gam of intracellular so- 
dium failed to exhibit the large increase in the 
serum bicarbonate concentration observed in rats 
Similarlx , there was a smaller decrease in the 
scrum chloride concentration However, in certain 
experiments with dogs the serum bicarboixtfc con- 
centration tended to be increased In these in- 
stances the serum chloride concentration appeared 
to show a relativ elx greater fall 

New colorimetnc reaction for the determina- 
tion of epinephrine S xiivxL N xtel=o andJo^nn 
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B PiNCus (introduced by Albert E Sobbe) 
Dept of Chennstry and Pediatrics, J ewish Hospital, 
Brool lyn 16, N T 100 MS of epinephrine heated 
in a boihng water bath for tn enty minutes n ith 3 
ml of a 2% sclenic acid solution in 1 N sulfuric acid 
will reduce the selenic acid to produce a pale blue 
color turning to yellow and then orange An orange 
precipitate forms on standing When this solution 
IS cooled to room temperature and acid arsenoniolyb- 
date IS added the molybdate blue develops in a 
few minutes Acid Phosphotungstate and acid 
Phosphomolybdate will also produce blues' but of 
lesser intensity Glucose, Tryptophane, Glycine, 
Methionine and Tyrosine do not interfere in this 
procedure Catechol gives the same reaction The 
color read at 730 nip in the Beckman Spectro- 
photometer yielded an E|^ of approximately 2000 
at 730 mp based on the amount of cpincphnnc 
present If the color is developed in 1 ml and the 
micro cuvettes with a 1 cm light path arc used the 
procedure is capable of determining 0 2 pg of epi- 
nephrine 

Concentration of bound pantothenic acid J B 
NEiLALns (by invitation), Harvex Higgies (bj 
invitation), and F M Sthoxg Dept of Biochcm- 
xslry, College of Agriculture, Umv of Wtsconsttt, 
Madison, IFis The development of Lipmann*s 
enzjmatic method foi liberation of pantothenic 
acid from coenzyme A preparations (J Biol Chem , 
167 869, 1947) offered a convenient guide for at- 
tempts to punfy the bound (i c microbiologicallj 
unavailable) form of pantothenic acid present in 
certain fresh biological metei lals Prcliminnrj'vork 
with hog liver and fresh brenci 's jenst inx’olving 
hot water extraction, precipitation nith 70% al- 
cohol, and fractional precipitation with heaxj 
metal salts led to preparations containing only 
about 0 1% pantothenic acid in the Iwund foim 
Better results ncre obtained nhen livers from 
freshly killed rabbits ncrc homogenized with 0 9% 
KCl, and the easily sedimentable fraction (‘cj - 
clophorase’. Green et al , J Btol Chem , 172 3S9, 
1948) was used as starting material When this 
material was deprotoinizcd with triclilomcctic 
acid, and precipitated wnth barium and alcohol, 
the precipitate contmned 0 2-0 4% of bound panto- 
thenic acid Counter-current fractionation (Crgig) 
of such concentrates with phenol and aqueous 
buffer solutions raised the puritj to about 2% 
This represents approximately a 160-200-fold con- 
centration as compared to the original livci Such 
preparations contain no detectable free pantothenic 
acid 

Effect of pu and temperature on carboxypep- 
tidase activity Hans Neurath and Elaine 
Elkins-kaufman (by invitation) Dept of Bio- 
chemistry, Duke Univ School of Medicine, Dur- 
ham, N C Kinetic measurements of the hydrolysis 
of carbobenzoxyglycyl-L-phcnylalanine by carbo- 


xypeptidase were carried out at pn 6 5, 7 5, 8 3 and 
9 0, and at temperatures ranging from 9“ to 32° 
Hydrolysis rates were evaluated according to the 
two step reaction mechanism and were expressed 
in terms of Km, the enzyme-substrate dissociation 
constant, and I', the specific rate constant for 
the activation process (Elkins-Ixaufman and 
Neurath, J Btol Chem 175 893, 1948) Km 
was minimal at pn 7 5 md increased about 5 fold 
between pal 5 and 6 5, and about 2 fold between 
pH 7 6 and 9 0 k' w as constant betw con pH 7 5 and 
8 3, wuth a sharp increase below and a moderate 
decrease above this range The calculated maximum 
proteolj'tic coefficient was highest at pH 7 5 
Measurements of the temperature effects at each 
pn w'cre intcqnctcd in terms of the classical 
theimodynamic constants, AH, AS and AF, for 
the equilibrium reaction (step 1) and in terms of 
the corresponding constants for the activation 
process (step 2), as previously described for 
chyunotrypsin (ICaufniaii, N'eurath and Schwert 
J Btol Chem 177, in press) AH decreased 
markedly wnth increasing pn However, a com- 
pensatory decrease in AS, the entropy' of the equi- 
librium reaction, rendered AF, the free energy 
change, nearly independent of pH (about 1,600 
cal/nvolc) Similar relations were found for the 
concsponding theimodynamic constants of the 
activation process AF* about 15,000 cal/mole) 
The significance of these data is discussed 
Histochemical demonstration of three groups 
of alkaline (pn 92} phosphatases using various 
substrates and inhibitors William Newman (by 
invitation), Irwin Feiqin (by invitation), Abner 
Wolf (by invitation), and Elvin A ICabat Vci- 
eran's Hospital, Kmgshrtdge, Departments of 
Pathology and Neurology, Columbia University 
and the Neurological Institute, Neie York City 
The Gomon histochemical technic for localizing 
alkaline phosphatases was studied using glyxero- 
phosphnte,glucose-l-phosphntc,creatincphosphate, 
y'cast nucleic and adenylic acids, thiaminepy ro- 
pliosphatc hexosediphosphate, muscle adenylic 
acid and adcnosinctriphospliatc as substrates and 
with x'arious inhibitors Three distinct groups of 
alkaline (pii 9 2) phosphatases were recognized 
Group I enzymes wcic seen with all substrates in 
cytoplasm and nuclei of many organs, notably', in- 
testine, renal tubules and adrenal cortex Enzy'me 
action is inhibited by licat, M/4 glycine or arginine 
and M/100 KCN, and corresponds largely wnth 
jircvious histochemical findings Optimal Group I 
staining appeared wat h all substrates except thia- 
mincpyTophosphatc and y cast nucleic acid Group 
II enzy'mes are demonstrated in cytoplasm of cells 
lacking Group I with muscle adenylic acid and 
adcnosinetriphosphate, but not with yeast adenyhe 
acid or other substrates, suggesting specificity 
for the purine-ribosc-5-phosphate linkage Group 
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II enzymes occur characteristically in C 3 rtoplasm 
and nuclei of smooth muscle and some connective 
tissues Group III enzjmies occui in nuclei Mus- 
cle and yeast adenylic acids, creatine and glycero- 
phosphates are more rapidly split than the other 
substrates, these differences in rates of hydrolj^is 
permit recognition of Group III Group 1 1 and III 
enzymes are less affected by heat, glycine, arginine 
and KCN than are Group I faciliatating differentia- 
tion Dialysates of autolyzed rat intestine and 
guinea pig kidney and adrenal enhance staining 
even with optimal Mg"^ and inhibitory glycine 
concentrations 

Effect of folic acid, liver extract and vitamin 
Bij on hemoglobin regeneration in chicks C A 
Nichol (by mvitation), A E Harper (by invita- 
tion), L S Dietrich (by invitation) and C A 
Elvehjeii Dept of Btochemtslry, College of 
Agriculture, Umv of Wisconsin, Madison, Wts 
No change in hemoglobin level accompanied the 
growth response of chicks to injection of anti- 
pernicious anemia liver cTtracts or vitamin Bu 
i\hen a corn -soybean basal ration was fed How- 
ever, chicks fed a folic acid deficient purified ration 
for 21 days developed a slight anemia If a single 
injection of phenylhydrazine hydrochloride (2 
nig/100 gm body wt ) was given at this time a 
severe anemia developed within two days Experi- 
mental treatments were then begun and hemo- 
globin levels were determined at 2- to 4-day inter- 
vals Injection of liver extract or vit amin Bu alone 
did not cause any sigmficant hemoglobin respionse 
Folic acid alone produced a definite increase and 
ptcroyl triglutamate and pteroyl heptaglutamate 


was met at a level of 30% casein plus 30% bulk, or 
by 45% casein in the absence of bulk, indicating a 
relatively high requirement for dietary protein 
When various proteins were fed at 15% of the diet, 
fibrin was superior to casein, followed by lactal- 
bumin, egg albumin, zein, gelatin, oxidized casein 
and ammo acid mixtures, in decreasing order of 
effectiveness The ‘incomplete’ proteins zein, 
gelatm, and oxidized casein supported only slow 
growth, although some roaches fed these proteins 
reached maturity after a 30-fold increase in body 
weight Analyses of cockroaches which had been 
reared to maturity on diets containing oxidized 
casein revealed that normal amounts of trypto- 
phane and methionine had nevertheless been 
formed, indicating the synthesis of these two 
‘essential’ ammo acids by the insect or by its asso- 
ciated microorganisms It was concluded from these 
experiments that the protein and ammo acid re- 
quirements of the cockroach must be quantita- 
tively and qualitatively different from the corres- 
ponding requirements of the rat and chick 
Pteridmes on hemapoiesis and cell prolifera- 
tion Earl R Norris and John J Majnarich (by 
invitation) Dept of Biochemistry , Umv of Wash- 
ington, Seattle, Wos/i Using the technique pre- 
viously described (Am J Physiol 152 179, 153 
133, 1948), the effect of vitamin Bn, xanthopterin, 
folic acid and products of the action of enzymes, 
upon xanthopterin and folic acid, upon blood re- 
generation m rats made anemic on a purified diet 
containing 1% sulfathiazole, was measured The 
results obtained with xanthopterin and folic acid 
checked the results previously obtained Vitamm 


11 ere equally as effective at equimolar dosage The 
combined administration of folic acid and li\er 
extract or folic acid and vitamm Bi" induced a more 
rapid regeneration of hemoglobin tlian treatment 
11 ilh folic acid alone -The duration of the depletion 
period influenced this response After 14 days, 
treatment with folic acid and livei extract did not 
differ from treatment with folic acid alone After 
21 or more days depletion, treatment with folic 
icid and liver extract consistently caused more 
rapid regeneration of hemoglobin than treatment 
with folic acid alone Chicks continued on a folic 
acid-deficient diet or on a diet contammg vitamm 
Bi* and Ion levels of folic acid developed a charac- 
teristic paralysis The response of these chicks to 
treatment nith folic acid and related compounds 
will be reported 

Protein and amino acid requirements of the 
German cockroach J L Non and (by invitation) 
ind C \ Baumann Dept of Biochcmistrit, College 
of -ignculturc, hntr of ]] isconstn , Madison, is 
Cockroaches were fed «emi sy nthetic diets con- 
taining various amounts and kinds of protein, and 
the rates of growth and mituration were deter- 
niined The quantitative requirement for casein 


Bn, and the products of the action of enzy mes upon 
xanthopterin and folic acid were much more effec- 
tive m alleviating the anemia and leukopenia m 
the rats than were xantoptenn or folic acid The 
results obtained in vivo substantiated the results 
reported previously for cell culture in vitro, where 
vitamm Bn, and the products of the action of 
enzyunes on xanthopterin and folic acid were show n 
to be more effective than xanthopterin or folic 
acid The effect of certain minerals upon the anemia 
will be discussed 


Phosphatase activity in homogenates of liver 
;nd other organs of the rat Ilex B Novikoff 
introduced by H-arold B Pifrci.) Dept of 

^alhology, Umv of Vermont College of Medicine, 
Surhngton, T'f Frcshlv prejiared rat liver liomog- 
nates were assayed for phospliatxst ictivitv \ itli 
V inctv of substrates m i pit rangi of 4 0 to o 
;’hc activity curves obtained fill ckurh into J 

Lasses Class /includcsy east adtnvliciicid (\-{ B/ 

nd 2 esters wideh used in plio-.p)i3t t-s' d< tirmi 
ations, sodium beta gly cr ro pb'e,ph3t< , and di 
jdium phenvl pbosplutc (<i>V) ^on< of ^ 

resent m animal cclL \ctivitv 

low It pit 7 4 ind erv lo- i* pn '■ I U 
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includes esters of physiological significance adeno- 
sine triphosphate (ATP), muscle adenylic acid 
(A-5-P), glucose-6-phosphate (G-6-P), fructose 
1,6 diphosphate (HDP), and glucose-l-phosphate 
(G-l-P) There is little activity at pH 5 0 At pH 
9 1, there is high activity with ATP, A-5-P, and 
HDP, and low activity with G-6-P and G-l-P 
Most significant is the very high activity obtained 
with all 5 of these esters at pH 7 4, which is pre- 
sumably close to physiological When tested with 
2 esters from Class I and A-3-P) and 2 from 
Class II (A-5-P and ATP), homogenates of spleen 
and kidney give essentially the same type of ac- 
tivity curves as liver does, uith onlj the Class II 
esters bemg^ actively split at pH 7 4 However, 
kidney is highly active with all 4 substrates at pH 
9 1 The pH activity curves of intestinal mucosa 
homogenates are strikingly different from those of 
the other oigans tested All 4 esters yield similar 
curves, and irrespective of whether they belong 
to Class I or II they are actively split at pH 7 4 
Enzymatic synthesis of Z-malic acid by CO; 
fixation Severo Ochoa, J B Veiga Salles (by 
invitation), and Priscilla J Ortiz (by invita- 
tion) Dept of Pharmacology, New York Uni- 
versity College of Medicine, New York City As 
previously reported (Ochoa, Mehlcr and Korn- 
bergJ Biol Chem ,174: 979, 1948) tlio equilibrium 
of the reaction Z-malate -h TPNoi pjTuvte -f 
COi + TPNred, catalyzed by an enzyme isolated 
from pigeon liver, can be shifted toward CO; fixa- 
tion by a dismutation with the glucose-6-pliosphate 
dehydrogenase system The overall reaction glu- 
cose-6-phosphate + pyruvate -f CO; = O-phos- 
phogluconate + Z-nialate thus obtained, has been 
further studied with highly purified preparations 
of the pigeon liver enzyme As nith the tricarbox- 
ylic system (Ochoa,/ Biol Chem ,174 133,1948) 
the reaction can be followed manomcti ically' 
through the liberation of CO; from bicarbonate by 
the phosphogluconic acid formed, since the disap- 
pearance of CO; by fixation is balanced by^ the 
formation of a carboxyl group of malic acid l- 
Malate was determined with the enzyme system 
from L arabinosus which specifically and quantita- 
tively converts it to lactate and CO: (Korkes, and 
Ochoa, J Biol Chem , 176 463, 1948) The isola- 
tion and identification of i-malic acid will bo de- 
scribed The disappearance of glucosc-G-phosphato 
and pyruvate was determined enzymatically wuth 
‘Zwischenferment’ and lactic dehydrogenase re- 
spectively The rate of malate synthesis is propoi - 
tional to the CO; tension By combination of the 
isocitric and malic enzyme systems one obtains the 
reversible reaction d-isocitrate -f- pyiuvate -f- 
CO; 1 =^ a-ketoglutarate -t- CO; -(- J-malate The 
equilibrium position of this reaction favors the 
formation of ^piglate 

Extraction and estimation of desoxypentoso 


nucleic acid (DNA) and pentose nucleic acid 
(PNA) from plant tissues Maurice Oqur and 
Gloria Rosen (introduced by H G Albaum) 
Botanical Laboratories, Univ of Pennsylvania, 
Philadelphia, Penna Pentosans and polyuronides 
in plant tissues invalidate the estimation of PNA 
by pentose assay The use of the ultraviolet ab- 
sorption at 260 mu , for the estimation of the nucleic 
acids extracted from tissues, has been studied m 
this laboratory Perchloric acid, which does not 
absorb significantly in the ultraxiolet, is used to 
extract the nueleic acid constituents from the 
tissue residue Our data indicate that prolonged 
contact in the cold with perchloric acid extracts 
PNA but not DNA from the plant tissue residue 
Perchloric acid at elevated temperatures extracts 
both PNA and DNA Root tip segments of rye and 
corn were homogenized in ethanol, centrifuged, and 
the tissue residue extracted with a mixture of 
alcohol and ether, and then with cold, dilute 
perchloric acid Two alternate procedures were 
followed after these preliminary extractions 1) 
The tissue residue was treated with hot perchloric 
acid DNA W’as determined in the extract by the 
diphenylamine reaction and total nucleic acid by 
the ultraviolet absorption at 260 mu RNA was 
estimated by difference , 2) The tissue residue was 
treated with perchloric acid in the cold and RNA 
determined in the cold extract The residue was 
now treated with hot perchloric acid and the DNA 
determined All fractions w ere exammed by photo- 
colorimetric estimation of 1) total and inorganic 
phosphorus 2) total nitrogen 3) pentose 4) desoxy- 
pentosc 5) ultra-violet absorption at 260 mu 
Effect of biotin and choline intakes on liver 
storage of ingested cholesterol Ruth Okex , 
Eleanor Risser Vernon (by invitation), S 
Lepkovskx and R Pencharz (by invitation) 
Dept of Home Economics and the Division of 
Poultry Research, Univ of California, Berkeley, 
Calif To test the effect on liver cholesterol storage 
of vary ing choline and biotin intakes 250 young rats 
were given biotin deficient diets with and without 
1% cholesterol Protein content of the diets (about 
20%) total lipid, salts and vitamin supplements 
other than choline, biotin, and for one group, 
inositol, were kept constant and adequate for 
growth One diet contained egg w hite and another 
w hole egg One third of each group received no 
biotin, one a borderline supplement and the last 
an ample amount Subgroups of the egg white series 
were given choline in amounts furnishing respec- 
tively 0 10 mg , 0 26 mg , 0 50 mg and 1 0 mg/gm 
of diet The w hole egg diet furnished about 7 mg 
choline/gr diet Rats were killed after 7 to 9 w eeks 
on diet None of them showed kidney damage In 
the egg white-fed animals given ample biotm or 
placed on diet after biotin storage (at 80-90 gm ) 
decreases in liver cholesterol w ilh the increases in 
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choline intake noted above vs-ere slight and incon- 
sistent Egg white fed rats placed on diet at 46 gm 
and allowed to develop borderline biotin deficiency 
stored maMmum liver cholesterol (about 1 6%) 
vithOSmg choline and 0 6 mg inositol/gm diet 
One group of rats given 0 1 mg choline/gm diet 
stored less tlian half this amount Without added 
biotin liver cholesterols of rats fed whole egg v ere 
as low as 0 3% , with ample biotin supplements 
thej reached 1 7% in the same time 

Acetate metabolism and ergosterol synthesis 
in Nenrospora R. C Ottke (by invitation), E 
L Tatum and S Simmonds Dept oj Microbiology, 
Yale Unxv , New Haven, Conn , and Dept of 
Biology, Stanford Unw , Calif Ergosterol has 
been identified as the principal sterol of Neuro- 
epora The incorporation of deuteroacetate into 
mold mycelium, fat, and sterol has been followed 
using the wild-type strain and a mutant strain 
(Y-2492), Mhich requires acetate for growth Since 
considerably more deuterium is incorporated in 
the mutant than in m ild-t3q)e grown under similar 
conditions, the results support the conclusions 
obtained from growth experiments (Tatum and 
Garnjobst, unpublished) and indicate that the 
mutant, in contrast to w ild-tjqie, is unable to form 
acetate from sugar The results also show that 
acetate is incorporated in increasing proportions in 
Nenrospora mycehum. (about3%), fat (about 10%, 
and in ergosterol (about 20%) Thus acetate 
metabolism in the mold appears to resemble closelj’’ 
that in the rat as shown bj Bloch and Rittenberg 
In an attempt to determine the location of the in- 
corporated deuterium in the sterol molecule, infra- 
red absorption spectra have been obtained for the 
deuterated ergosterol The spectra of ergosterol 
isolated from Nenrospora grown on deuteroacetate 
and on normal acetate in heavy water show distinct 
and different absorption peaks, the former sample 
at 2225 cm~' and the latter at 2190 cm''i Neither 
peak IS shov n bj’- normal ergosterol Although there 
IS some uncertaintj in the interpretation of the 
infra-red spectra, the location of these absorption 
peaks suggests that deuterium given as acetate niaj 
appear on the more unsaturated carbon atoms in 
ergosterol and that gi\en as heax’y vater maj ap- 
pear at more saturated centers , i e methj 1 and 
mctlnlenc carbons 

Electrophoretic studies of the proteins of plasma 
and ascitic fluid in cirrhosis W D Patil (b\ in- 
Mta(ion),J D Gordon (b\ imitation), Robert 
L Drier (bj imitation) and Joseph I Routh 
Depts of Medicine and Biochemislrv, CoUcqc of 
Hcdicinc Slate L nit of loira Iowa Citv, Iowa 
Marked dcMation from the normal plasma protein 
distribution is an outstanding feature of cirrhosis 
of the luer The lovcred total protein and in- 
serted \/G ratio is often accompanied hi forma- 
‘lon of protein-rich ascite-^ M o ha\ e deltrmincd bx 


electrophoresis the protein components of simul- 
taneously collected samples of plasma and ascitic 
fluid taken from several patients over intervals of 
time ranging from 7 weeks to 6 months The results 
show a close qualitative similarity between any 
plasma sample and the corresponding ascites sam- 
ple, which IS perhaps produced by the dynamic 
equilibria between the blood and the transudate 
Certain quantitative differences are also evident 
In everj’^ case the ascitic fluid is richer than the 
plasma in albumin, ai -globulin and y-globulin, while 
the plasma was richer than the fluid in aj-globulin, 
/3-globulin, and fibrinogen The best available es- 
timates of the molecular weights of the various 
protein fractions show they increase in the order 
albumin, 7-globuIin, ai-globulin, a::-globulin, fi- 
brinogen, and /9-globulin These values indicate that 
possibly the selective protein enrichment of ascitic 
fluid may be directly related to the molecular 
weight of the protein components, and that in 
cirrhosis altered vascular permeability may be as 
important as altered protein 83mthesis 

Metabolism of alpha-estradiol in vitro W H 
Pearlman and R H DeMeio (by invitation) 
Dept of Biochemistry, Jefferson Medical College, 
Philadelphia , Penna Alpha-estradiol-17-hemisuc- 
cinate as dissolved in a Krebs -phosphate medium 
buffered at pH 7 4 and incubated with rat liver slices 
at 37° for 4 hours The ratio of hormone to liver 
tissue was approximately 1 to 500 parts by weight , 
in all, 846 mg of alpha-estradiol (os succinate) were 
used On extraction and fractionation of the in- 
cubation mixture, 54 mg of crude cr3'stalline estrone 
and 329 mg of crude cr3'5talline alpha-estradiol 
were obtained These cr3'Btalline products were 
purified, estrone was further identified b3 C,H 
analysis of the acet3 1 derivative An unsuccessful 
search was made for beta-estradiol Although an 
appreciable amount of strong]3 acidic phenols were 
obtained, this material 3uelded no cr3stalline frac- 
tions on chromatograph3 Most of the estradiol 
succinate had undergone h3 drol3'Sis during incuba- 
tion and vcr3 little if 003 of the hormone liad been 
conjugated (eg as sulfate or glucuronide) Lm- 
dcntly alpha-estradiol can be con\erted to estrone 
in vitro, a process which is also known to occur in 
vno Estrone IS 1 er3 likch not the sole mctalwlitc 
in vitro inasmuch as onh about half of the estro 
gcnic substance incubated could be rccoxerid 
This xnew IS supported b\ earlier experiments (Df 
Mcio ct al ) wherein the biological inaclnation of 
hormone was practicalK complete the nt 10 of 
estradiol to li\er tis'ue was 1 to 5,000 part*; b 
weight 

Electrophoretic and chemical analvse*; of 
plasma and its fractions in health and dicfavi 
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fractions obtained by Method 6 of Cohn el al were 
analyzed for their electrophoretic distribution and 
protein nitrogen, total lipide carbon and choles 
terol contents Data are presented for normal in- 
dividuals and for patients with diseases involving 
the kidneys, liver, and lungs General trends are 
observed without the development of any charac- 
teristic pattern for these conditions The plasma 
and fractions of multiple myeloma cases present 
specific electrophoretic patterns The variations 
in the electrophoretic and chemical analyses are 
non-specific and do not yield sufficient information 
for diagnosis 

Comparative studies in niacin metabolism W 
A Peelzvteig, Feed Rosen (by invitation), I G 
Ledeb (by invitation), S Hunter (by invitation) 
and P B Pearson Dept of Biochemistry, Dule 
Umv , Durham, N C , and A and M College of 
Texas, College Station, Texas Data on the urinary 
evcretion of the major knovm metabolites of niacin 
in various species after saturation with nicotina- 
mide will be presented In man approximately 90% 
of 7 mg/kg/day of nicotinamide was recovered in 
equal amounts of N'-methyl-mcotinamide (NMN) 
and the 6-pyridone of NMN The major end- 
product in the dog is NMN which accounts for 
90% of 10-20 mg/kg/day In the rat 50% of 100-200 
mg/kg/day was recovered as NMN, 16% as free 
macin, and only 3% as the 6-pyridone, leaving 
30% unaccounted for The excretion of NMN in 
the rabbit (100 mg/kg/day), guinea pig (200 mg/ 
kg/day), goat (80 mg/kg/day), calf (50 mg/kg/ 
day), sheep (50 mg/kg/day), and horse (25 mg/kg/ 
day) IS less than 1% of the dose The rabbit and 
guinea pig excreted 3% as the 0-pyridonc, whereas 
the goat, calf and sheep excreted less than 1% of 
this metabolite After the ingestion of NMN ap- 
proximately equal amounts of NMN and the 6- 
P3rridone were found in the urine of man and the 
rabbit However, in both species the sura of these 
metabohtes accounts for only 50% of tlic dose 
After ingestion of NMN, the rat excretes 50% un- 
changed and 3% 6-pyridone, leaving 47% unac- 
counted for The recovery in the urine of a single 
oral dose of the O-pyridone is approximately 70% 
(of 50 mg ) in man, 85% (of 10 mg ) in the rat, 
90% (of 25 mg ) in the rabbit and 40% (of 25 mg ) 
m the guinea pig These data establish the 6- 
pyridone as a major metabolite of excretion for man 
but not for the other species studied The rabbit, 
guinea pig and the polygastric herbivora can metab- 
olize large amounts of niacin to unknown end 
products 

Incorporation of radioactive amino acids into 
the protein of acellular liver homogenate frac- 
tions Elbert A Peterson (bj invitation), 
Theodore Winnick, and David M Greenberg 
Division of Biochemistry, Umv of California 
Medical School, Berkeley, Calif A homogenate is 


employed which consists of equal parts of 1) 
cytoplasmic granules obtained by fractional cen- 
trifugation , and 5) supernatant from a concentrated 
(11) homogenate centrifuged at 2600 X g Compo- 
nent (£) IS completely inactive in the absence of 
(1) Component (1) serves as the locus for the 
amino acid incorporation process However, radio- 
active protein appears in higher concentration in 
(£) during incubations with C‘‘-labeled amino 
acids Accordingly, the mixture of (1) and (8) 
gives best results Comixment (1 ) is inactivated by 
freezing, (S) is not 0 33 ml of the mixture, con- 
taimng 0 020 gm protein, is incubated with either 

0 4 aM of labeled glycine or 0 8 labeled DL- 
alanine at 37° in horizontally-rotated centrifuge 
tubes, flushed with ox-ygen The incorporation 
process is stopped by the addition of trichloro- 
acetic acid The precipitated protein is centri- 
fuged, washed repeatedly with trichloroacetic 
acid, and freed of lipid by extraction with hot 
alcohol -ether The lipid contains bound radioactive 
serine, when labeled glycine is used in the incu- 
bations After 1 hour, approximately 0 75 /iM of 
gl 3 'cine or 0 36 of alanine are incorporated per 
gm protein These values represent uptakes of 
3 8% of the glycine and 1 8% of the L-alanine em- 
ployed in the experiments 

Some factors which influence the synthesis of 
peptide bonds as catalyzed by papain Cornelius 
W Pettinga (by invitation) and Sidney W Fox 
Chemical Laboratory, Iowa State College, Ames, 
Iowa The effects of various experimental condi- 
tions upon peptide bond symthesis as catalj'zed by 
papain have been studied The use of citrate buffer 
concentrations higher than had previously been 
reported, was especially effective in increasing the 
amount of benzojdamino acid anilide formed from 
the acid and aniline The pn-jueld curves for the 
reactions were similar in form for both 0 1m and 

1 Om buffer concentrations with the optimum pn 
being near 6 0, pH-activity^ curves of similar shape 
have prcviouslj’' been obtained by others for other 
substrates With the amounts of substrates, en- 
zyme, and activatoi held constant, the yield of 
anilide decreased as the volume of buffer used was 
increased, for those acylamino acids studied When 
bcnzoylamino acids of different solubility behavior 
were used, viz , beiizojd-DL-phenjIalanine and 
benzoyl-DL-alanme, the effects of varied experi- 
mental conditions ncre nevertheless qualitatively 
similar Six dal's’ incubation gave only slightly 
greater yields than did 3 dal's’ incubation, com- 
mcrical papiain catalyzed almost as well as a hy- 
drogen sulfide-treated preparation, greater dif- 
ferences resulted when a more concentrated buffer 
was used, and from use of a higher ratio of aniline 
to benzoylamino acid In the case of N-benzoyl- 
phenyl -alanine another important factor was the 
type of sidc-cham substitution Related behavior 
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of aubstmtcs conlfliinnp Iho ‘yimc ammo arid 
residues has been sludicd 

Oxalacctnlc dccnrboxyJasc of Arolobaclcr 
Jandh G W H PjMT(b\ m\ iHlion) and III nhi 
\ Laiidi Depi of Bwchcoitftrtf, I nti of 11 it 
consin, Madison, 11 is Tlic cnrMuc omIiccItIc 
decarboxj lasc laas isoHlrd from nrclono tlrird 
cells of Azoldbaclcr vinlandu In prcciintalum of 
inert proteins at pn 4 S adcorption on ropper 
hjdroMdc gel, elution nith 0 1m pw 0 8 pliospbair 
buffer and fractionation nith amnionmni sulfate 
Kn increase in actiMt\ of lO-SO fold oAcr tint of 
the original aqueous o\trict of Incteml acetone 
powder was achic\od The purified dcearlxiw lase 
was actmitcd bi Mn'^, Co"^, ZtP"' and slight h 
bj P\Topliospln1c, \ T P , and orthophos 

phate acted ns inhibitors in the presence of MiP^ 
Wlicn Co"*^ was the actmtor orthophosjdnte was 
not inhibitorj The inhihitmn bj orlhophosplnte 
in the presence of Mn"* * could be eompctit n eh re 
\crsed b> Co"^ indicating the esistenet of an m 
actiic phosphate ni ingaiie'^e eii/Mue complex 
Co"*^ seems to compote iv ith the pho-^plnte nniig i 
nesc radicle for the same iKiint of nttachnunt on 
the cnzxmc Mnhle inhibited %\l\cii either Mn 
or 03^ were used is nctixators >.o fixation of 
C”Oi into oxalaccl itc could he <lcnionstrtte<l m 
the presence of the purified onzjmc ^^el^hc^ was 
the incorporation of ndioactuc eirlion dioxide 
stimulated bj ATP , funnmtc, orthojihosjdi ite, 
or pjTu%atc cither singh or in combination The 
lack of fixation indicates lint thisenzjmc morcH 
cataljzcs the cqmlibnummction oxalacotic acid 
PJTUVIC acid + COj (K = 1 0 X 10') and is 
free of coupling cnzjme sx stems The biotin ac- 
tivities for L arabmosns of en7>mc fractions m 
Aanousstagcsof purit> wore found to decrease with 
increasing puritj 

Biosynthesis of carotenes in tomatoes John 
W PoETEnand Haivu E Lincoln (introduced bj 
P W Quackenblsii) Depts of Agricullxiral 
Chcmxslry and Botany and Plant Pathology, Pur- 
due Vntv , Lafayette, Jnd Several carotenes and 
3 colorless polyenes have been found in small quan- 
tities in fruit of Lycopcrsicon species and stiams 
By breeding, it has been possible to obtain selec- 
tions containing an increased content of 1 or more 
of these compounds Chemical analysis of the more 
prominent colorless polyenes and carotenes has 
shown the structural similarity between these 
compounds and the well known carotenes It is 
suggested that these compounds are intermediate 
steps in the synthesis of lycopene and beta-caro- 
tenc None of these compounds are found in quan- 
tities exceeding the quantity of lycopene in coni- 
nicrcial tomatoes Genetic studies have shown 
that a single gene difference exists between toma- 
toes containing lycopene and those y cllow tomatoes 
containing little or no ly'copene and only' 2-3 pg of 


nrofenc per gni of fruit A single gene difference 
aNo exists between tom does containing lycopene 
nnd tiinsc coitlnining predominantly :cla carotene 
and prohoopein Another single gene difference 
1 xists belween tomatoes ront uiung lycopene and 
those rontaimng beta carotene I rom the chemical 
iiid genetic studies, if is postulated that the syn- 
llusis of rarotenes in tomatoes proceeds from 
sinqilo comjKiuiuls through zctn carotene to lyco- 
peni ind then to brio c irofone The chemical steps 
for the jKislulafcd scIk mo m\ oh e dehydrogenation 
to form heopcnc, followed by ring formation to 
X icld hrla earofene The srhemc probably docs not 
ippK to rarotcnc formation m green leaxes 

Oxidative phosphorylation without deamination 
in mitochondria! preparations Van R PoxTEn 
and W C Fciini irii u (In inxitation) McArdlc 
Mfumnal Lnboraloni, Medical School, Vtiii o/lf is- 
cnnsiti Madison, H n In isotome homogenates 
phosphors laf ion could be eoupled with the o\ida- 
tioii of miNtures of pirux ifc and oNalacctatc or 
funianite \ia the Krebs exele proxided the reac- 
tion nnvture w is fortified with magnesium loits, 
moi-ginic jihosphali and adenosine triphosphate 
( \TP) or muscle adc n\ be aeid (\MP) During the 
peiiod of arlnc inoigime phosphate upl ike, (he 
rote of Nils lihcrit ion w is \en slow , but when the 
inorgimc phosphate eoneenfration began to nsc 
following n decrease in either substrate or enzjanc 
actnity, the output of MI; began to accelerate 
and continued until the NIL formed was equal to 
the amount of \TP idded In those c\permicnfs 
tlic amount of whole homogcii itc per flask was low , 
usually 50 nig wet weight of tissue per flask When 
homogenates in isotonic suerose were fractionated 
by centrifugal means, the mitochondria from liver 
iiid kidney possessed considerably less than one- 
hulf of the oNidatixc actixity of the whole homog- 
enates, but if amounts of mitochondria wore 
chosen so is to give an ovidative rate equu alent to 
what was obtained with (he whole homogenate, the 
phosphate balance was maintained much longer 
w ilh the mitochondria than w ith the w'hole homog- 
enate and when phosphate output began, it was 
not followed by Nlla output The results conform 
w ilh the view that ATP must bo depliosphorylated 
bcfoio it can be dcaniinntcd The presence of the 
deaminase appears to constitute an irreversible 
leak from the ATP- AMP system, and its separation 
from the mitochondria by' centrifugal means fa- 
cilitates the study of certain aspects of oxidative 
phosphorylation 

Water and electrolyte losses from skin of in- 
fants EdwakdL Pbatt (by invitation), Robert 
E Cooke (by invitation ) and Daniel C Darhow 
Dept of Pedtalncs, Yale Vmv School of Medicine, 
Now Haven, Conn By balance techniques the 
w ater loss from the lungs and skin at S0°F w im about 
4S gm/kg of body weight per day M 90° it was 
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106 gm At 80° skin washings contained about 

1 mM of chloride, 0 9 ium of sodium, and 1 mM of 
potassium per day At 90° skin washings contained 
about 5 mM of chloride, 4 mu of sodium, and 6 
mu of potassium per day Calcium and phosphorus 
losses were negligible The concentrations of elec- 
trolyte in sweat were calculated using 2 assump- 
tions First, all nater losses from the skin at 90° 
were considered due to active sweating with no loss 
by diffusion Therefore, the volume of sweat 
equaled the total water loss from the lungs and 
skin at 90° minus i of the insensible water loss at 
80° The loss of water via the lungs was considered 
to be constant in the 2 periods and approximately 
equal to ^ of the non-sweating insensible water 
loss Second, skin washings at 80° were considered 
to arise from desquamation The electrolyte in 
sweat equaled the skin washings at 90° minus the 
washings at 80° The concentrations per kg of 
sweat were about 5 mu of chloride, 4 mM of sodium, 
and 6 mu of potassium These data indicate a low 
concentration of sodium and chloride in the sw eat 
of normal babies The concentration of potassium 
IS high 

Metabolism of acetone T D Price (by invita- 
tion) and D Rittenberg Depl of Btochcmxsiry, 
College of Physicians and Surgeons, Columbia 
Univ , New York City Acetone labeled with car- 
bon-14 in the methyl groups was administered to 
rats From 0 2 to 1 1 mg of the acetone w’os given 
by stomach tube Little of the acetone is directly 
excreted, since only 0 6-10% of the acetone radioac- 
ti\ity was expired as carbonyl compounds How- 
ever, 50-80% of the activitj appears in the respira- 
tory carbon dioxide within 24 hours The maximum 
activity in the expired carbon dioxide occurs about 

2 hours after administration of the acetone, the 
activity of the carbon dioxide drops to a very low 
value after 12 hours The administration of phen3’’- 
laminobutyric acid resulted in the urinarj'' excre- 
tion of a radioactive acetjd derivative The activit}’' 
of this product indicates that about half of the ace- 
tone was convei ted to acetate In the normal rat, sig- 
nificant activity appeared in the carbon of the fol- 
lowing compounds arranged in order of decreasing 
specific activity liver cholesterol, bone carbonate, 
carcass cholesterol, carcass glutamic acid, liver gly- 
cogen, carcass aspartic acid, total carcass amino ac- 
ids, carcass arginine and carcass fatty acids No ac- 
tivity was found in the carcass leucine or tjuMsine 

Partial separation of d- and L-peptidases and 
analogous dehydropeptidase I Vincent E Price 
( by invitation), Alton Meisteb (by invitation) 
and Jesse P Gheenstein National Cancer In- 
stitute, National Institutes of Health, Bethesda, 
Md The enzymatic hydrolysis of glycyl-L alanine, 
glycyl-D-alanine, and gl3'-cyldchydroalanine by 
aqueous homogenates of several normal rat tissues 
was studied By means of high speed centrifuga- 


tion (18,000 X g for two hours) a partial separation 
of the enzymatic activities was achieved Between 
75 and 95% of the original activity toward glycyl- 
D-alamne of homogenates of liver, kidney, spleen, 
bram, pancreas, testis and lung was associated 
wuth the sediment, whereas 80-95% of the original 
activity toward glycyl-L-alanine remained in the 
clear supernatant About 80% of the original ac- 
tivity toward glycyldehydroalamne was also found 
in the supernatant in all of the tissues examined 
except kidney, in w'hich 80-90% of the activity was 
associated with the sediment Betw een 85 and 110% 
of the original activity was recovered in the pellet 
and supernatant fractions The ratio of n-pepti- 
dase, L-peptidase, and dehydropeptidase activities 
in a preparation derived from kidney sediment was 
100 53 122, while the ratio for the original kidney 
homogenate Xvas 100 193 105 A preparation ob- 
tained from lung sediment possessed these activi- 
ties in a ratio of 100 31 22, compared to 100 230 60 
for the original homogenate Thus in a variety of 
tissues D-peptidase activity may be readily sepa- 
rated from L-peptidase activity These results 
suggest that hydrol3Sis of the 3 substrates studied 
may be catalyzed by different enzymes The ratios 
obtained for the sediments support this hypothesis 

Fate of mercury in the rat following adminis- 
tration as mercuric acetate and phenylmercuric 
acetate Claudia S Prickett (by invitation), 
Edwin P Laug and Frieda Kunze (by invita- 
tion) Division of Pharmacology, Food and Drug 
Administration, Federal Security Agency, TFusA- 
tnglon, D C When phen3 Imercuric acetate and 
mercuric acetate are administered intravenously 
at a level of 120 /ig Hg per rat, marked differences 
in the excretion and storage of mercury occur 
Thus, after mercuric acetate, 25% of the dose can 
be recovered in the kidney within 2 hours, only 
4% after phen3'’lmercuric acetate In the liver, the 
situation IS reversed, with phenylmercuric acetate 
favoring greater storage In line wnth greater kid- 
ney storage after mercuric acetate is a sigmficantly 
greater urinary excretion in 48 hours this amounts 
to 17% of the dose for mercuric acetate, but only 
3% for phenylmercuric acetate The greater liver 
storage following phenylmercuric acetate is cor- 
related with a prompt appearance of mercury in 
the small intestine, and a sigmficantly elevated 
fecal excretion in 48 hours this amounted to nearly 
40% for phenylmercuric acetate, and only 10% 
for mercuric acetate Oral administration, in con- 
trast to intravenous results in much lower storage 
and excretion of mercury for both type of salts 
However, phen3 Imercuric acetate is absorbed to 
a much greater extent than mercuric acetate, ap- 
proxunately 6 times as much mercury being stored 
in the liver and kidney, and twice as much ex- 
creted in the urine 

Identification of L-ascorbic acid in the urine 
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of normal and chlorctone-trcatcd rn(s G AV 
Phobst (bj invitation ) and M 0 SciiuiT/r 
Division of AgncitUura! Biochcmistru, Univ of 
Minnesota, Minneapolis, Minn Prcliniinnrj to 
other studies ne lin\c isolated and identified as 
n ascorbic acid (M P 101°, mixed M P lbl°, [alt, 
21“ in methanol + 50 5, 174 nig equnnlcnt to 
1 mil iodine, nionoaeetonc dornatne M P 220“, 
22S mg equivalent to 1 mii iodine) the indoplienol 
reducing substance in urine of rats treated with 
1,1,1-tnchloro 2-methj 1-2-propanol (Longeneckor 
el al J Biol Chem 135 407, 1040) Rat urine 
oxidized wath 2,C dichloroplienolindophenol or 
norite and treated with 2,4-dinitroplicii>lhjdra- 
zinc (DNPH) under conditions prescribed by Roc 
andKucthcrfJ Bwl Chcni 1 17 390, 1943) jiclds 
mixtures of DNPH-dornalivcs from which that 
of L-dehj droascorbic acid can he isolated in pure 
form bj chromatograplij on magnesium phosphate 
tetrahydrate This dcrnativc in 25 N II;S 04 has 
absorption maxima at X52S mp 415) and 

X370 m/i (Ej|,',jj 4S0) and a minimum at X448 mp 


^ictt extinction ratios and 

AiOU 

X370 „ , , 

^icm servo as an excellent criterion of its 

purit} Depending upon the L ascorbic acid con- 
tent of the urine, the oxidant and the conditions 
of incubation, compounds other tlian L-dohj dro- 
ascorbic acid jncld DNPH derivatives which when 
dissolved in 25 N H;SO« and at X530 mp account 
for 10-57% of the absorption of crude unchromat- 
ographed DNPH derivatives The implications 
of this to methodology for determination of i - 
ascorbic acid will be discussed From urine of 
normal rats on a milk diet we have isolated the 
pure DNPH derivative of L-dehydroascorbic acid 
The latter, under suitable conditions, can be re- 
covered quantitatively when n-ascorbic acid is 
added to urine 


Studies on lysozyme Chahles M Proctor and 
Sherman R Dickman (introduced by Emil L 
Smith) Dept of Biological Chemistry, Uinv of 
Utah Medical School, Salt Lake City, Utah An 
assay for lysozyme consistent to 5% lias been set 
up The increase in transmission at 4400 A of 
Sarcina lutea suspensions is measured after incuba- 
tion with the enzyme, followed by addition of al- 
kali The effect of various agents on rate of lysis 
has been studied No inactivation resulted from 
treatment of lysozyme overnight at 22“C wuthO 1m 
alloxan or 2 Om hydroxylamine, w’hile 0 1m sodium 
hydroxide resulted in about 50% inactivation Gal- 
ston (1948, private communication) has observed 
an inactivation of several plant enzymes by incu- 
bation with riboflavin in strong light A 40% inacti- 
vation of lysozyme has been obtained imder similar 
conditions Meyer and Hahnel {J Biol Chem 163 


723, 104G) observed n striking increase in IvsozjTnc 
nctivitv b\ 0 2\i sodium chloride when estimated 
Mscosimetncnllj , but no effect on (he rate of ap- 
peamnee of reducing sugars This concentration 
of sodium chloride had no effect on the rate of lysis 
of.S fiifco, whereas 0 5m «odium chloride gave about 
60% inhibition and 1 Om sodium chloride 90% in- 
hibition Treatment of cither lysozyme or <5 lulca 
cells with high concentrations of sodium chloride 
had no effect on subsequent lysis 
Factors affecting the diazotization of bilirubin 
Brrrv Kiso Proititt (In invitation) and Demt- 
sir B Morrison Dept of Chemistry, Univ of 
Tennessee, Memphis, Tenn The theory that scrum 
bilirubin exists in more than one form is largely 
based on the difference in color developed when 
dinzotization occurs in nqiicoiis (direct reacting) 
and in alcoholic (total) solutions The difference 
in color resulting from indirect reacting bilirubin 
In nn attempt to account for this difference we have 
investigated the diazotization of bilirubin over a 
wide range of conditions Crystalline bilirubin dis- 
•solved in buffers, diluted human bile, a protcin- 
bihrubin complex isolated from human bladder 
bile, and sera from patients with different types 
of jaundice and v’nry mg degrees of by pcrbilirubine- 
mia was used The pn after diazotization of the 
above varied from 1-9 The concentration of nitrite 
in the diazo reagent was adjusted to optimum 
for any senes and for a giv cn pu From the data 
to be presented it will be evident that the con- 
centration of nitrite is highly critical for aque- 
ous solutions By adjustment of nitrite concentra- 
tion it 18 possible to produce n biphasic reaction, 
maximum color and stability , fading colors or to 
suppress the development of color Methanol solu- 
tions arc less sensitive since the methanol appears 
to destroys the excess nitrite Maximum color de- 
velops in aqueous solutions for all the materials 
tested at a pn 7-8 and optimum nitrite concentra- 
tion All sera so far examined w hen diazotized with 
optimum nitrite concentration give a direct/ total 
color ratio of approximately^ 0 7 
Prothrombin consumption test Armand J 
Quick and Jean Fav^re-Gillt (by invitation) 
Dept of Biochemistry , Marquette Univ School of 
Medicine, Milwaukee, TFis On adding serum to a 
mixture of CaCL, thromboplastin and fibrinogen, 
a coagulation time is obtained which can be em- 
ployed as a measure of the prothrombin remaining 
unconverted during coagulation in a test tube The 
test has been standardized as follows As a source 
of fibrinogen, normal plasma is used w'hich is 
treated with Caj(P 04 )s to adsorb prothrombin 
(component B) To a mixture of 0 1 cc of calcium 
phosphate-treated plasma, 0 1 cc of 0 02 M CaClj, 
and 0 1 cc of Quick’s thromboplastin, 0 1 cc of 
serum is added and the time required to form a 
clot accurately measured The serum prothrombin 
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tune (or prothrombin consumption time) for noi- 
mal blood 1 hour after coagulation generally ranges 
from 16 to 35 seconds In hemophilia it varies be- 
tween 9 and 12 seconds and similar low values are 
found in severe thrombocytopenic purpura The 
thrombin formed is inactivated so rapidly by the 
normal antithrombin that its effect on the test is 
not sigmficant Immediately after coagulation the 
serum prothrombin time is short (8-10 seconds) 
and remains constant for approximately 20 minutes 
or more before it begins to increase and finally 
reaches a maximum value The increase in serum 
prothrombin time occurs sooner if the coagulated 
blood IS centrifuged The reason for this has not 
been determined 

Growth-promotion of yeasts by neopynthiamin 
Jesse C Rabinowitz (by invitation) and Essiond 
E Snell Dept of Biochemistry, College of Agri- 
culture, Umv of Wisconstn, Madison, Wis Several 
yeasts are inhibited by thiamm when grown in the 
absence of vitamin Be (Schultz and Atkin Arch 
Btochem 14 369, 1947) Saccharomyccs carlsher- 
gensis 4228, commonly used for determination of 
vitamin Be, shows a similar behavior In the ab- 
sence of vitamin Be or thiamin, 3 0 mg of dry cells 
were obtained per cc of culture medium The addi- 
tion of only 0 017 my of thiamin per cc of cultuic 
medium caused 60% growth inhibition, and the 
addition of 1 7 my of thiamin per cc completely 
prevented growth This inhibition of growth by 
thiamin is alleviated by either vitamin Be or b\ 
neopyrithiamin, a growth-inhibiting analogue of 
of thiamin Thus, in the absence of other data, 
neopyrithiamin might erroneously' appear to act as 
an essential growth-factoi for the yeast cells under 
these conditions Inhibition of the organism by' the 
addition of thiamin may' i csult from increased sy n- 
thesis of intermediate products, which may be 
toxic unless furthei metabolized If vitamin Be 
were the limiting factor in tins metabolic process, 
the addition of this vitamin would be expected to 
oveicome the inhibition Addition of neopy'iithia- 
min would similarly' ovei come the inhibition since 
by acting as a competitive inhibitor of the added 
thiamin it could block formation of an excess of the 
toxic product Thus, the antimctabolite would ap- 
pear to be an essential growth factor, even thougli 
not involved in the normal metabolism of the cell 
Reported instances in which organisms have come 
to require streptomycin or sulfonamides for grow tli 
may have a similar explanation 

Biosynthesis of heme Nohman S Radin (by 
invitation), D Rittenbebg and David Shemin 
Dept of Biochemisti y , College of Physicians and 
Surgeons, Columbia Umv , Neto York City In 
an attempt to determine the precursors of home 
we have incubated duck blood cells, both in plasma 
and buffer, wath various compounds labeled with 
and N*'’ The mixture of preformed and newly 


synthesized heme was isolated as hemin and an- 
alyzed Although the a-carbon and mtrogen atoms 
of gly cine are utilized for porphyrin synthesis the 
carboxyl caibon atom is not Comparison of 
and N“ concentrations in henun arising from gly- 
cine labeled in the a-carbon and nitrogen atoms sug- 
gests that more than 4 carbon atoms per hemm 
molecule are derived from the a-carbon atom The 
carboxyl carbon atom of acetic acid participates in 
the sy nthesis of heme Degradation of this hemin 
reveals that about half of the activity is in the 
carboxyl group Some of the activity is m the rmgs 
containing the vinyl side chains (rings I and II) 
The hemin obtained from methyl labeled acetic 
acid IS 6 times as radioactive as that obtained from 
carboxyl labeled acetate The a-carbon atom of 
pyruvic acid is also utilized The implications of 
these findings in relation to the biosynthesis of por- 
phyrins will be discussed 
Effect of Theiler’s GD VII virus on P32 uptake 
of one-day-old-mouse brain cultures Max E 
Rafelson, Jr (by invitation), Harold E Pear- 
son (by' invitation), and Richard J Winzler 
Depts of Biochemistry and Bacteriology, Univ of 
Southern California School of Medicine and Labo- 
ratory Division, Los Angeles County Hospital, Los 
Angeles, Calif The influence of Theiler’s GD VII 
strain of mouse oncephalomy elitis virus on the m- 
corpomtion of P32-labelled phosphate into the 
phospholipid , total protein bound and orgamc acid- 
sol ublc fractions of minced one-day-old-mouse brain 
cultures incubated in Simm’s solution at 35°C has 
been studied The total protein bound phosphate 
was fractionated by combining the methods of 
Schmidt and Thannliauscr {J Biol Chem 161 83, 
1945) and Schneider {J Biol Chem 161 293, 
1945) y iclding four fractions ribonucleic acid, de- 
soxyiibonuclcic acid, phosphopiotein and morganic 
phosphate liberated from phosphoprotein The 
xirus-infcctcd cultures, in comparison with non- 
infcctcd cultures, had a markedly higher rate of 
P32 incorporation into the phospholipid, total pro- 
tein bound and ribonucleic acid fractions in the 
first 6-24 hours of incubation This is the period of 
maximal virus propagation Phosphate turnovers in 
the oiganic acid-soluble, phosphoprotein, dcsox^- 
1 iboiiucleic acid and protein-liberated inorganic 
phosphate fractions were no different in the in- 
fected than in noninfcctcd cultures Both infected 
and noninfcctcd cultures had P32 uptakes increas- 
ing up to 48 hours of incubation after which time 
the relative specific activities of the fractions de- 
creased 

A new ganglionic blocking agent Lowell 0 
Randall, William G Peterson (by invitation) 
and G Lehmann Pharmacology Dept , Hoffmann- 
La Roche, Inc , Nutley, N J The d-3,4-(l',3'- 
Dibonzyl-2'-keto-imidazolido)-l , 2-trimethylene- 
thiophanium d-camphor sulfonate (Nu-2222) is a 
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ganglionic blocking and ^ isodcjircssor agent v, Inch 
has about 30 times the potenc} and tn ice the dura- 
tion of action of tctracthjlammonium bromide 
The TOSodepressor effect is attributed to the block- 
ing action on ganglia Nu-2222 blocks transmission 
through the superior cervical ganglia since the re- 
action of the nictitating membrane to preganglionic 
stimulation is inhibited uhile the response to jxist- 
ganglionic stimulation is not affected It blocks the 
aaisodepressor response to \agus stimulation and 
the vasopressor response to carotid occlusion 
The vasodepressor and ganglionic effects arc count- 
eracted by large doses of acetj Icholinc and Prostig- 
min Ephcdrine is an cffcctne antidote for Hit 
msodepressor action Relatuclj large doses inhibit 
gastnc and intestinal niotilitj There is little or 
no demonstrable curarc-liko action Nu-2222 is 2 to 

4 times as to\ic as tetractlnlanimonium bromide 
bj the intravenous route in mice, rats and rabbits 
but about 75 times as to\ic in dogs Lethal doses 
produce a hemorrhagic disorder in dogs nhich is 
accompanied by a prolonged clotting tune Such 
effects arc not apparent in rabbits or cats Nu-2222 
lias an approximate safety margin of 25 in dogs and 
700 in rabbits 

Enzymatic mechanism of arginine synthesis 

5 Ratntjr and Anm Paitas (In in\ Ration) 
Depl of Pharmacology, New Yorh Untv College of 
Mcdtcine, New York City It has been reported pre- 
viously (S Ratner, J Btol Client 170 7G0, 1947) 
that rapid synthesis of arginine from citrulline oc- 
curs Mith partiallj purified enzyme preparations 
from extracts of beef lucr acetone powder The 
isolated sy^stem catalyzes the overall reaction 
L citrulline + L-aspartatc -f adcnosinctriphos- 
phate (ATP) — i-L-argininc -f f-m date -f- ADP -f- 
HjPO^ The reaction has been found to proceed in 
several steps Two distinct enzy nics have now been 
obtained by fractionation with ammonium sulf itc 
One of these catalyzes a i caction betw ecn citrulline 
and aspartic acid to form an intermediate condensa- 
tion product ATP participates in the condensation 
reaction and inorganic phosphate is formed ns cit- 
rullme is removed A portion of the endergome re- 
quirement of urea synthesis may therefore bo 
associated with the formation of this condensation 
product, the necessary energy being derived from 
the high energy phosphate group of ATP Magne- 
sium ion IS required and 0 01m fluonde causes a 60% 
inhibition The second enzymic catalyzes the by - 
droly tic cleavage of the intermediate accumulated 
in the first step, with the simultaneous appearance 
of arginine and malic acid Experimental details 
relating to the enzymatic mechanisms and to the 
fractionation procedure w ill be discussed Experi- 
ments on homogenates demonstiate that the above 
mechanism represents the main pathway of the 
conversion of citrulline to arginine in the biosyn- 
thesis of urea 


Studies on prolamines treated with nitrogen 
trichloride I Fractionation of hydrolysates L 
Ri liXEn, Pmnr Wfiss (In imitation), Fernamia 
Misam (by inM(ation), M G Coriiasco (by in- 
Mtatioii),nnd T W F\in (by ui\ Ration) Research 
Laboratories, Wallace A Ticruan Products, Inc , 
Belleville, N J Finch divided zem and gliadin 
were reacted with NClj \apors or by suspending 
them in a solution of NCL in carbon tetrachloride 
Miout 20 gni of NClj arc used up per kg of prola- 
mine The reacted prolamine produces ty pical run- 
ning fits in rabbits in a minimum dose correspond- 
ing to 500 mg Norally Zciii was hydrolyzed with 
pancrcitin and with Protease IG to an 
\alue (formol titration) of 45-05% without impair- 
ment of its toxicity It was then adsorbed to a cation 
exclmngc resin from which R was eluted with 2% 
pyTidmc The cluatc was toxic in a dose of 220 mg 
N/kg in rabbits, orally Repeating this procedure 
with the first cluatc yielded a second cluatc which 
was toxic in a dose of 70 mg N/kg The second 
cluatc was passed through charcoal prcMOUsly con- 
ditioned w itli dilute acetic acid The adsorbed ma- 
terial was eluted with large \oliimcs of water The 
combined cluatc was toxic at a dose of 20 mg N/kg 
iiidsomc fractions of the cluatc were toxic at a dose 
of 10 mg N/kg Part of the dried residue of the 
cluatc was cr\stallizcd from EtOH This was also 
toxnc at 10 mg N/kg Its paper ehromatogram 
(butanol-aectic acid) contained 5 spots suggesting 
that the product was not pure 
Studies on prolamines treated with nitrogen 
trichloride II Acetylated zem L Reiner, Fer- 
nanda Misam (by invitation), Phiijp Weiss (by 
in\ Ration), M G Cordasco (by invitation), and 
T W Fair (by invitation) Research Laboratories, 

11 allace A Ttcrnan Products, Inc , Belleville, N J 
Fi'actions which were isolated from zem treated 
with NClj and which woic toxic to rabbits in a dose 
corresponding to 30-220 mg N/kg w ere acetylated 
w ith acetic anhydride The acetylated products did 
not produce running fits in dogs or rabbits when fed 
in doses 4 times as great as the minimum toxic dose 
of the unacetylated parent compound Hydrolysis 
with 6N HCl reestablished their toxicity Differ- 
ences in the ability to acetylate in vivo may account 
for the great differences in the sensitivity of vari- 
ous species towards NClj treated prolamines 
XJnhydroly^zed toxic zcin was also detoxified by 
acetylation Toxic zcin lost its ability to produce 
fits w'hcn it was deammated by dmzotization When 
zcin was first acetylated, then treated with NCIj, 
a product resulted which was as a laile less toxic, 
but it became more toxnc upon deacetylation 
These results suggest that a free — NHj group which 
IS at the end of a peptide chain is essential for the 
elicitation of the toxicity but that blocking this 
group by acetylation does not interfere with the 
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formation of the toxic residue through reaction 
with NCI, 

Determination of serum protein Studies of 
agents for separation of albumin and globulin 

John G Reinhold, L W Blhemlb, Jh (by in- 
vitation), Fbancisco Campot (by invitation), Lo- 
gan Gilman (by invitation), Edward F Gould 
(by invitation), Vernon L Martens (by invi- 
tation) and Richard Shuman (by invitation) 
Pepper Laboratory of Chmcal Medicine and Nutri- 
tional Service, Hospital of the Univ of Pennsyl- 
vania, Philadelphia, Penna Need exists for a rapid 
procedure for determination of serum albumin and 
globulin incorporating advances made recently in 
this field A survey of agents proposed for separa- 
tion of serum albumin and globulin was made by 
comparing the results with those of electrophoretic 
measurements at pH 8 6 and ionic strength 0 1 
Sodium sulfate at a concentration of 26% and an 
approximate pH of 7 0 gave results approximating 
albumin and globuhn values found by electro- 
phoresis Values obtained by use of sodium sulfite 
at 26 9% concentration were in fair agreement, 
while results obtained using 0 6 saturated ammo- 
mum sulfate (at a pH of 5 4 or 7 0) , or methanol at 
42 6% concentration pH of 6 8 and temperature of 
1°C were less satisfactory None of the salting-out 
methods were consistently in agreement with the 
electrophoretic separations Attention to details of 
tecnique in the salting -out procedures appears im- 
portant The rapid separation method employing 
ether and centrifugation devised by Kingsley gave 
results sinular to those obtained by filtration when 
26% sodium sulfate was used The applicability of 
the biuret reaction has been reevaluated Deter- 
minations made by the biuret methods of Kingsley 
or Weichselbaum were compared with those of 
Kjeldahl or gravimetric methods The means of all 
methods agreed closely, but occasional individual 
vanations Here marked Discrepancies were least 
frequent between Kjeldahl and Weichselbaum 
biuret methods and the two ma> be used inter- 
changeably for the usual serum analyses 

Influence of high levels of fat with suboptimal 
levels of riboflavin on the growth of chicks Ray- 
mond Reiser (by invitation) and P B Pearson 
Agricultural and Mechanical College of Texas, Col- 
lege Station, Tex Chicks receiving moderately high 
levels of refined cottonseed oil (Wesson Oil) in diets 
low in buoflavin ceased to grow much sooner than 
those on a similar diet without added fat The 
higher the cottonseed oil content of the diet the 
greater the inhibitory effect on the rate of gain 
The addition of riboflavin to the diets at a level of 
4 ng/gm of feed prevented or corrected the phe- 
nomenon Lard did not retard the growth rate on 
low riboflavin diets and a commercial hydrogenated 
vegetable oil to only a slight degree The effect is 
not due to the development of rancidity in the 
high fat diets The efficiency of utilization of the 


feed was lower on the cottonseed oil diets than on 
the low fat diets at low levels of riboflavin, but no 
differences were found in the riboflavin content of 
the livers 

Liver respiration as related to its xanthine 
oxidase activity Dan A Richert (by invitation) 
and W W Westerfeld Dept of Biochemistry, 
Syracuse Univ College of Medicine, Syracuse, 
N Y The determination of xanthine oxidase ac- 
tivity (Axelrod and Elvehjem) in a senes of rat 
livers whose xanthine oxidase activity vaned from 
0-1800 units (Cmm 0-/gm/dry Iiver/hour) has 
demonstrated the following 1) The imtial rate of 
the endogenous respiration of liver decreased 50% 
as the xanthine oxidase activity fell from 1600 umts 
to zero 2) Tipping in xanthine to a respuing liver 
brei of low xanthine oxidase activity' inhibited the 
endogenous respiration instead of mcreasing the 
oxygen consumption S) Adding hy^poxanthine to 
the brei at the start intensified the xanthine in- 
hibition effect and prevented the detection of 
xanthine oxidase in livers with normal activity 
4) Adding purified milk xanthine oxidase to livers 
of low activity restored the endogenous respiration 
to normal and prevented the inhibition otherwise 
caused by tipping in xanthine 5) Dialysis of the 
liver brei removed the substrates otherwise de- 
tected by adding purified xanthine oxidase, and 
also removed the xanthine inhibition effect The 
results show that about 60% of the imtial endo- 
genous respiration in a normal rat liver homogenate 
IS duo to the oxidation of one or more substrates 
similar to hypoxanthine, and the relative accumu- 
lation of such substrates in a brei mth low xan- 
thine oxidase activity is responsible for the in- 
hibition produced by added xanthine, m accordance 
with the known enzyme — substrate relationships 
for this system 

Utilization of human serum albumin injected 
intravenously Cecilia Riegel and Nicholas 
Gimbel (by invitation) Hamson Dept of Surgi- 
cal Research, Schools of Medicine, Univ of Penn- 
sylvania, Philadelphia, Penna Human serum 
albumin nas administered both orally and intra- 
venously as the sole source of protein to 3 human 
volunteer subjects Control periods using either 
milk or casein orally' vere also studied Nitrogen, 
calcium, potassium, phosphorus and suKur bal- 
ances, changes in albumin-globulin ratio in the 
blood, blood and plasma volumes, thiocyanate 
space, mtrogen content of leg ly'mph and urea ex- 
cretion Mere determined Albumin administered 
orally was utilized in comparable fashion to milk 
and casein On an oral intake of albumin of 12 0 
gm nitrogen daily 1 of 2 subjects was in nitrogen 
equilibrium , 1 had a daily negative balance of 1 6 
gm A 3rd subject was in negative balance on an 
oral intake of 8 0 gm nitrogen daily All 3 nere in 
marked positive balance on an intravenous intake 
of either 8 0 or 12 0 gm of albumin nitrogen daily 
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From 1) increase in total circulating plasma pro- 
tein, 2) excess circulating interstitial fluid albumin, 
as detemiined from thiocjanate space determina- 
tions and from anal} sis of l}Tnph obtained from the 
leg, and S) amount of albumin excreted in the urine 
as albumin, i\e can, in Patient S, account for 774 
of the 1100 gm injected over a period of 22 da}S, 
leaving 326 gm to be accounted for If the difTcr- 
ence betireen an assumed endogenous nitrogen ex- 
cretion and theactuall} determined nitrogen excre- 
tion represents metabolic breakdown of albumin, 
the excretion of this amount of nitrogen in the urine 
15 more than sufficient to account for the injected 
albumin not present in the bod} fluids It is pos":!- 
ble that this amount of albumin ma} Iiave been 
metabolized during the 22 da}s of injection That 
such breakdown is slow is indicated by the stead} 
accumulation of albumin in plasma the longci the 
albumin injections w ere continued, by the low lex cl 
of nitrogen excretion during the period when al- 
bumin was administered intravenousl} , and b} a 
slowly increasing excretion of sulfur, which fell to 
a very low level when the subject was first changed 
from oral albumin to intravenous albumin 
Studies on the origin of serum proteins Sidnfx 
Roberts (by invitation) and Abraiiaxi Whitf 
Dept of Physiological Chemistry, School of Medi- 
cine, Vniv of California at Los Angeles, Los An- 
geles, Calif Serum protein levels have been de- 
termined electrophorcticall} in the rat after cither 
partial hepatectomy or abdominal evisceration 
After partial hcpatectom} , the earliest change was 
a decline in ai -globulin, followed by later decreases 
in albumin and in the other globulins Subse- 
quently, the globulins, especially ai-globulin, were 
rapidly restored Albumin levels, however, re- 
mamed low over the 48 hour experimental period 
A maximum reduction in total serum protein con- 
centration of 1 2gm/100ml occurred 24 hours after 
partial hepatectomy Following abdominal evis- 
ceration, the serum protein level dropped rapidly, 
falling 2 0 gm/100 ml w ithin the 23-hour experi- 
mental period In this instance, the decline was 
due almost entirely to a diminution of albumin 
Incubation of surviving liver mince in rat serum 
in an atmosphere of 95% oxygen, 6% carbon di- 
oxide resulted in the liberation of large amounts of 
a protein wnth the electric mobility of serum 


a globulin The rate of liberation of this liver pro- 
tein was initiall} as high as 30 mg/gm of tissue per 
hour, but declined rapidly over the 3 hour incuba- 
tion period Similar experiments in a nitrogen at- 
mosphere resulted in an increased rate of liberation 
of protein In all experiments, a disappearance of 
albumin from the serum medium accompanied the 
release of ‘a globulin’ The results provide further 
Cl idcncc that the formation of blood proteins in- 
x'olvcs the integrated action of the liver and ex-tra- 
hcpatic tissues 

Tissue collagen in experimental scurvy Wil- 
liam X B Robertsox (introduced b} H B 
PinncL) Division of Experimental Medicine and 
Dept of Biochemistry, College of Medicine, Umv 
of Vermont, Burlington, Vl Tlic collagen eoncen- 
trations in the skin and liver of normal guinea pigs, 
of those on a scorliutigenic diet and moribund x\ ith 
acute scurvy, and those on a scorbutigenic diet but 
maintained deficient for about 10 weeks wuth 0 35- 
0 15 mg of ascorbic acid per day w'crc determined 
No ehanges in the collagen concentration in skin 
XX ere found, whereas that in the liver was higher 
than normal in both scorbutic groups The implica- 
tions of these findings will be discussed 

Chemical changes in isotonic saline solutions 
placed in successively loxver levels of human small 
intestine C S Robinson, Glacis R Bucher (by 
invitation) and D Dziew iatkow ski (by invita- 
tion) Dept of Biochemistry, Vanderbilt Univ , 
Nashville, Tenn The survey of the gradient in the 
small intestine altering saline solutions introduced 
at successive levels spaced 60 minutes apart, 
through a Miller-Abbott tube, has been continued 
using 50 cc volumes per instillation of approxi- 
mately isotonic solutions of NaiSO^, NaHjPO< or 
Na:HPO< Samples w’lthdrawn 20 minutes after in- 
stillations were analyzed for total base, total COi, 
pH and the anions The differences between suc- 
cessive pairs of samples (lower minus upper) were 
examined statistically The average differences, 
with standard error, which represent the rate of 
change at intestinal levels 60 minutes apart as the 
tube advanced from pylorus to terminal ileum, are 
tabulated A = number of samples, B = number of 
subjects, C = hours pylorus-terminal ileum, D = 
volume recovered in 60 minutes, E => mean differ- 
ence m pH 


Saline used ^ 

A 

B 

C 

D 

E 

NaCL 60 cc 160 him 

NaiSOi 50 CO 112 mu 

NaHjP04, M cc 104 mu 

NaiHPOi 60 cc 101-143 mu 

Total Base 

Naa,-H) 70 +0 28* 

Na^4 +1 02 ±2 11 

NaHjP04 +0 67 ±1 17 

NaiHPO^ +4 SO ±2 13* 

88 

28 

48 

62 

14 

8 

11 

11 

7- 8 
4-6 

8- 7 
6-6 

62 6 ±3 cc 

63 7 zt3 CO * 

74 4 ±3 cc * 

62 3 ±4 cc * 

-1-0 186 ±0 03* 

-f 0 290 ±0 05* 

-fO 036 ±0 02 
-H) 109 ±0 02* 

mu CO» 

Cl mEq/l 

SO.roEq/1 POi mEq/1 

-f3 80 ±0 63* 

-H 64 ±1 09* 

-)-0 82 ±0 24* 

-H) 97 ±0 40* 

—3 32 ±0 80* 

—7 1 ±2 99* 

—9 9 ±2 80* 

—6 6 ±2 24* 

+9 9 ' +9 3-6 0 

+9 6 ±0 2 

entrance of chlonde ana vhls 


! differences marked * ore statisticauy sigmuomv "re- 

pression IS more pronounced as the ileocecal valve is pp 


dy signin 
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Analysis of certain components of skeletal mus- 
cle during vitamin E deficiency Chaklotte E 
Roderuck: (introduced by H A Mattill) Depi 
of Biochemistry , Slate Univ of Iowa, Iowa City, 
Iowa In nutritional muscular dystrophy resulting 
from a deficiency of vitamin E, the free and total 
biotin content of skeletal muscle of hamsters, rab- 
bits and guinea pigs did not vary from that of con- 
trol animals Reduction of the biotin intake (ham- 
sters) decreased muscle biotin irrespective of the 
adequacy of the vitamin E intake It is therefore 
unlikely that vitamin E acts as an antio\idant in 
tissue to preserve biotin, although this relationship 
has been observed in the autoxidative destruction 
of biotin by unsaturated fats in vitro A sparing 
action of vitamin E on DPN nas not demonstrated 
by mere addition of coenzyme I to Ringei phos- 
phate medium in which dystrophic muscle stiips 
were resprring, Q 02 was not affected Qoj values 
were also not influenced by addition of glucose, 
glutamic acid or phenylananine Muscle strips from 
hamsters on vitamin E-deficient diets but not 
grossly dystrophic had Qo; values 33% highei than 
those from control animals Differences of the same 
order were found in control and dystrophic guinea 
pig muscle The glutamine content of skeletal mus- 
cles of dystrophic guinea pigs was about onc-tliiid 
that of muscle from control animals, the average 
content of non-glutaminc ammo acids nas un- 
changed In vitamin E deficient rabbits, the dif- 
ference was less maiked The possible significance 
of decreased glutamine levels is discussed biicflj 
with reference to cncigy i clationships These re- 
sults may be fuithcr evidence of an inefficient ex- 
penditure of energy possibly due to impaii ment in 
the process of phosphorylation 
Effect of a series of fiavanoids on hyaluronidnsc 
activity Gertrude Rodnev , L M Wheeli r and 
Ann Swanson (introduced by J J Pfiffiici) Re- 
search Laboratories, Parke, Dams d. Co , Detroit, 
Mich The action of a scries of ffavanoids 1 elated 
to rutin on bovine hyaluronidase nas studied in 
vitro by both the viscosity-reduction tost and the 
turbidity-reduction method Crj'stallinc rutin was 
found to have no effect in concentrations of 5 X 
10~^M to 1 X 10“’M on 10 units of enzyme but a 
product foimed by pancreatic digestions showed 
some inhibition of the enzyme activity Investiga- 
tion of a senes of 16 1 elated fiavanoids showed in- 
hibitory activities which could be coi related with 
structural diffeiences 111 the compounds The ac- 
tion of these compounds in vtio on the spi ending 
effect of hyaluronidnsc injected wuth hemoglobin 
in guinea pig skin was compared to the activity 
shown in viho 

Studies in the metabolism of d-arabinose 
Joseph H Roe, Eugene W Rice (by invitation) 
and Benjamin W Smith (by invitation) Dcjit of 
Biochcmistiy, School of Medicine, George Washing- 


ton XJniv , Washington, D C Following oral ad- 
ministration of D-Arabinose to rabbits, in doses of 
2 gm/kg of body weight, this sugar appears in the 
blood within i hour, reaches a peak level in 1-2 
hours and disappears from the blood stream in 6-8 
hours The rate of absorption of D-Arabinose in 
the rabbit, determined by the Con technique, was 
found to be 0 036 gm/100 gms of body weight/hour 
Balance studies after the oral administration of 
D-Arabinosc, in which analyses of the alimentary 
tract, tissues, feces and urine were made, showed 
tho following average total recoveries of this sugar 
after 1 hour, 80%, after 2 hours, 67%, after 6 
hours, 15%, after 12 hours, 9 6%, after 24 hours, 
5 9 % In tho 24-hour analyses the pentose was 
found only in the urine Analy’scs were made 
w ith the colorimetric method of Roc and Rice (J 
Btol Chcin 183 507, 1948) which is based on 
furfural formation Thesedatashow thatD-Arabin- 
ose undergoes a metabolic transformation in the 
rabbit In intro studies of D-Arabinose added to 
homogenates of liver, kidney, muscle, blood and 
brain have show n a disappearance of this sugar after 
13 to 24 hours’ incubation at 37°C , under aerobic 
and anaerobic conditions This disappearance is 
prevented bj' heating, lodoncetic acid and fluoride 
Hcmoljtic action of alloxan and alloxan deriva- 
tives Catharixe S Rose (by invitation) and 
PaulGt6rot Null itwnal Service of the Dept of 
Pediatrics and the Gastro-Intestinal Section of the 
Medical Clinic, School of Medicine, Univ of Penn- 
sylvania, Philadelphia, Penna In the course of 
studies on the effect of dietary factors in alloxan 
diabetes it was found that alloxan caused marked 
hemolysis in rats receiving a tocopherol-deficient 
diet {Science 108 716, 1948) The nature of this 
reaction has been investigated Dialuiic acid, al- 
loxantin and ninhjdnn caused hemolysis in the 
same manner as alloxan, ninydrin being the most 
active of the substances tested The increased fra- 
gility of the red blood cells towards these com- 
pounds could be demonstrated after the rats had 
received the tocopherol-deficient diet for only 1 
week Alloxanic acid did not cause hemolysis 
Studies were made in vitro using a suspension of 
red blood cells, all substances tested for hemolytic 
activity^ were prepared in phosphate buffer at pH 
7 4 With dialuric acid the cells of tocopherol de- 
ficient animals w ei c hemolyzed Alloxan was wath- 
out effect , but treated w ith an equivalent amount of 
cysteine it behaved ns dialuric acid Larger amounts 
of cysteine inhibited hemolysis with either alloxan 
or dialuric acid Vai lous alloxan-related compounds 
and 1 educing agents have been studied The red 
blood cells of animals 1 eceiving tocopherol w ere re- 
sistant to the action of dialui ic acid and addition of 
tocopherol in about l/50th tho amount of dialuric 
acid protected the colls of tocophcrol-dcficicnt ini- 
mals These obscrvitions arc in accord with an as 
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sumption that tocopcrhol intercs with the forma- 
tion of a free radical, a first oxidation product of 
dialuric acid, which is the actual hemolytic agent 
In vitro action of gentisic acid on hyaluronidasc 
SiUL Roseman (by invitation), Faitu Pearson 
(by invitation), and Albert Dortman Dept of 
Pediatries, Univ of Chicago, Chicago, III The ad- 
ministration of sodium salicylate to rabbits in- 
hibits the spreading effect of h} aluronidasc 
(Guerra, F , J Pharmacol A Exper Thcrap 87 
193, 1946) It has been demonstrated that salicjl- 
ates do not inhibit hyaluronidase in vitro in con- 
centrations that are achieved in vivo (Dorfman, 
Eeimers, and Ott Proc Soc Exper Biol tt il/crf , 
64 357, 1947 , Pike Science, 105 391, 1947 , Meyer 
Physiol Rev 27 337, 1947) hlej'cr and Ragan 
(Science lOS 281, 1948) have recently claimed that 
this is due to the fact that salicy latcs arc converted 
to gentisic acid which acts as the true inhibitor 
Analytically' pure gentisic acid nas prepared by the 
oxidation of salicylic acid Purification nas 
achieved through lead salt fractionation and re- 
peated recryBtallization from water and ethyl ace- 
tate Gentisic acid so prepared did not inhibit bo- 
vine testicular hy'aluronidase This confirms the 
findings of Low cnthal and Gagnon (Canad J Re- 
search 26 200, 1948) Crude fractions were found 
to be inhibitory as was pure gentisic acid treated 
with alkali m the presence of air Similar results 
were obtained wath homogentisic acid Thus the 
apparent inhibitory effect of crude gentisic acid 
18 due to impurity which is probably an oxidation 
product The possible significance of these results 
in the explanation of the in vivo effects of sali- 
cylates wall be discussed 
Arginase, rhodanese ATPase activity of re- 
generating livers in protein-depleted rats Orro 
Rosenthal, Charles S Rogers (by mvitation) 
and Colin C Ferguson (by invitation) Harnson 
Dept of Surgical Research, Schools of Medicine, 
Univ of Pennsylvania, Philadelphia, Penna Ar- 
ginase, rhodanese and ATPase activities of regen- 
erating liver following 70% hcpatcctomy have been 
studied in male 250-gm Wistar rats maintained on 
a protein-free diet Enzyme assays and determina- 
tions of the protem mtrogen were done upon ali- 
quots of glass-homogenized tissue specimens Dur- 
ing 2 weeks of preoperative protein starvation the 
ammals lost about 44% of the protein, 70% of the 
arginase, 65% of the rhodanese, and 50% of the 
ATPase of their livers Thus while arginase and 
rhodanese activities of the liver protein were 
markedly' diminished ATPase activity decreased 
but little Following partial hepatectomy the con- 
centrations of rhodanese and ATPase in the re- 
generating remnant continued to decrease sbghtly' 
whereas the arginase concentration rose strikingly' 
The rise was apparent as early as 12 hours after 
hepatectomy At 24 to 48 houi-s, 1 e , at a time when 


only about 36% of the opcmtivcly removed protem 
was regenerated, the liver remnant contained as 
mucii or even more argimsc than the entire pre- 
operative liver Smaller changes in arginase were 
found in livers examined 4 to 8 days after partial 
hepatectomy The fluctuations of the liver arginase 
concentrations arc probably a reflection of the 
changes in the endogenous piotcin metabolism 
which temporarily increases as a consequence of 
traumatic tissue breakdown and inadequate food 
consumption No similar changes w ere observed in 
regenerating livers of rats kept on an 18% casein 
diet during the entire experimental period 
Hydrolysis of esters by rabbit polymorphonu- 
clear leucocytes R J Rossiter and Esther 
Wong (by invitation) Dept of Biochemistry, 
Univ of R'^cstern Ontario, London, Canada It has 
been found that washed sus])cnsioii8 of rabbit poly - 
morphonuclcar leucocytes, besides hy'drolysing 
phosphate esters (Btochem J 43 xxi, 1948), also 
hydrolysed simple methy'l esters of the aliphatic 
acids That poly'moi phonuclcai leucocytes hy - 
droly sc tnbutryrin has been reported previously by 
Flcischmann (Biochem Ztschr 200 25, 1928) and 
by' Barnes (Brit J Exper Path 21 264, 1940) 
These workers, however, refened to the enzyme 
as a lipase It has now' been show n that the enzy’me 
is capable of hy'drolysing simple trigly'cerides and 
simple methyl esters (up to Cs liave been tested), 
but not higher glycerides such as triolein The en- 
zy’me should, therefore, be rcfcri ed to as an esterase 
rather than a lipase The rabbit polymorphonuclear 
leucocyte can hydrolyse neither acety'Ichohne, 
acety]-yS-methy']chohnc noi bcnzoylcholine and, 
therefore, contains neither ‘true’ cholinesterase, 
‘pseudo’-cholinesterase noi specific benzoylcholin- 


estcrase 

Studies on copper-containing oxidases in higher 
plants hi L Rothchild and Robert MacVicar 
( introduced by V G Heller) Depts of Chemistry, 
OUahoma A and M College and Agnculiural 
Chemistry Research, Oklahoma Agricultural Ex- 
periment Station, Stillwater, Okla The distribution 
of polyphenol oxidase and ascorbic acid oxidase in 
leaf-blade tissue of several species of higher plants 
has been determined Rapid oxidation of both 
catechol and 3,4:-dihydrox'y-DL-pheny]alnnme oc- 
curred in the presence of leaf tissue homogenates 
of several species of Dicotyledonacae Of the plants 
studied tomato and sweet potato contained the 
most highly active enzyme system Polyphenoloxi- 
dase activity could not bo demonstrated in wheat 
leaf -blade homogenate Ascorbic acid oxodase was 
present in sweet potato, soybean, and tomato leaf 
tissue, Swiss chard and wheat were less active 
Sodium diethyldithiocarbamate in concentr^ion of 
001 and 0 01 m did not appreciably inhibit O; con- 
sumption by leaf tissue homogenates in the pres- 
of added DOPA, ascorbic acid oxidation was 
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markedly inlnbited by both concentrations of this 
substance The endogenous rate of O 2 consumption 
was not significantly affected by this inhibitor 
Copper deficient tomato plants showed a marked 
decrease in polyphenoloxidase and ascorbic acid 
oxidase activitj’^ The administration of copper 10 ns 
resulted in rapid restoration of oxidative activity 
of these two enz 3 Tne systems 

Relationship of cell surface phosphatases to 
sugar metabolism in yeast Abeh Rothbtein and 
Rebecca Meiek (introduced by H C Hodge) 
Atomic Energy Project of the Untv of Rochester, 
Rochester, N Y It has been shown that the surface 
of the yeast cell contains phosphatases, which can 
dephosphorylate a large variety of compounds in- 
cluding phosphorylated sugars The surface phos- 
phatases can be completely inhibited by very low 
concentrations of molybdate or tungstate without 
any apparent injury to the cell The inhibition is 
reversible and competitive in nature It seems to 
be specific for the phosphatases In the absence of 
molybdate, phosphorylated sugars can be metabo- 
lized at a slow rate which is limited by the rate of 
dephosphorylation In the presence of molybdate, 
the phosphorylated sugars arc not metabolized at 
all although glucose and fructose are consumed at 
a normal rate It can be concluded, therefore, that 
phosphorylated sugars cannot be metabolized di- 
rectly as such, but that the sugar residue can be 
metabolized after the phosphate group is split off 
The function of the cell-surface phosphatases seems 
to be limited to the splitting of phosphate contain- 
ing compound in the medium into utilizable resi- 
dues, with no direct role in carbohydrate metabo- 
lism involved 

Inhibition of oxidation and phosphorjlation in 
kidney homogenates by yeast adenjlic acid 
Henbt Z Sable (introduced by Caul F Coni) 
Dept of Biological Chemistry, Washington Umv 
School of Medicine St Louis, Mo Various agents 
are known to inhibit aerobic phosphorylation in 
tissue homogenates It nas found that the oxygen 
consumption of washed kidney' particles was in- 
creased to a maximum value, when, in addition to 
glutamate. Mg"'"'' and fluoi idc, about 1 /hm of muscle 
adenylic acid (adenosine 5' phosphoric acid) was 
added per 2 ml of reaction mixture Inci casing 
amounts of this nucleotide up to 12 ;im caused a 
progressive increase in the uptake of inorganic 
phosphate from the medium, and correspondingly 
increased formation of acid labile phospliate com- 
pounds When 6 /^m of yeast adenylic acid (adeno- 
sine-3'-phosphoric acid) w'as added along with 12 
yu of muscle adeny'lic acid, oxygen consumption 
was decreased, in a particular experiment, from 34 
to 10 /zM, uptake of inoiganic phosphate was de- 
creased from 775 to 107 yg and formation of acid 
labile phosphate was decreased from 653 to 130 yg 
In a similar experiment muscle inosinic acid 


(inosine-6'-phosphoric acid) in place of yeast aden- 
ylic acid had no inhibitory effect The inhibitory 
effect of yeast adenylic acid on phosphorylation is 
probably due to competition with muscle adenylic 
acid for the enzyme which catalyzes the transfer 
of phosphate from intermediates formed during 
oxidation 

Formation of serine from glycine in the intact 
rat Wabwick Sakami (introduced by Harland 
G Wood) Dept of Biochemistry, Western Reserve 
Umv School of Medicine, Cleveland, Ohio Glycine 
has been shown to condense with formate or a 
formate derivative to form serine When C'* car- 
boxyl-labeled glycine and C“ -labeled formate were 
administered to rats the liver senne was found to 
contain the C” in the carboxy group and largely 
in the |9-position In the present investigation we 
have studied the physiological formation of ‘for- 
mate ’ A possible mechanism is the deamination of 
gly'cine (Ratncr, Nocito and Green) and oxidative 
decarboxylation of the resulting glyoxylic acid 
gly'cinc — >• glyoxylic acid —* 'formate' -f CO» To 
test the possible significance of this pathway in 
providing ‘formate’ for the conversion of glyeine 
to serine w e have administered gly cine labeled with 
C'^ in the methyl carbon to rats by stomach tube 
and determined the distribution of isotope m the 
liver serine and gly'cogcn The ^-carbon of senne 
was almost (S0%) as active ns the a-carbon while 
the w as equally distnbuted betw een the 1 , 6 and 
2,5 carbons of the glucose units of the glycogen 
These results indicate tliat gly cine itself may pro- 
vide the formate or formate derivative involved in 
its conversion to senne The data of Winnick, 
Moring-Claesson and Greenberg are in accord wath 
this view The /3-cnrbon of their senne isolated from 
liver homogenate after equilibration with 0“ 
methyl -labeled ghcinc contained a small amount 
of the isotope 

Tryptophane requirement of the rat as related 
to dietary level of other amino acids W D Sal- 
xioN Laboratory of Animal Nutrition, Alabama 
Polytechnic Institute, Auburn, Ala The addition 
of 12% of acid hy drolysnte of casein or an equivalent 
amount of gelatine to basal diets containing 7% of 
casein, 002% of niacin, and either 40% of corn 
grits or 7% of corn gluten meal depressed growth 
of rats The growth depression was corrected by 
DL-try'ptophane but not by additional niacin , 05% 
of DL tryptophane added to the diet prevented 
growth depression or even supported growth at a 
higher rate than was obtained on the original basal 
diet When the casein content of the basal diet was 
increased to 20%, the addition of gelatine depressed 
growth only if niacin was omitted from the diet 
With niacin in the diet, this level of casein pro- 
vided sufficient surplus try ptophane to balance the 
added gelatine When 6% of glycine was added to 
the diets containing 7% of casein, growth was de- 
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Pressed and the effect was not nullified by cither 
niacin or tr 3 ^ptophane , the further addition of 
casein hj-^drolssate restored growth Moreover, 5% 
of gb cine added to a 21% casein basal diet, contain- 
ing adequate niacin, did not depress grow th sig- 
nificantl} It is apparent that, as the dietary level 
of other ammo acids is increased, the essential re- 
quirement for tryptophane is also increased The 
results w ith glj cine suggest that the requirement 
for other essential amino acids maj be similarly in- 
creased 

Effect of x-ray radiation and of starvation on 
hemoglobin synthesis in the rat K Salomon, 
K I Altman, G W Casarbtt, and T R Noonan 
(introduced by F L Hai'en) Dept of Radiation 
Biology, Unw of Rochester School of Medicine and 
Dentistry, Rochester, N Y After w hole body radia- 
tion and m acute starvation cry thropoicsis is de- 
pressed Information concerning the anabolism of 
the circulating hemoglobin under these conditions 
seems desirable Since the alpha-carbon atom of 
gly^eme has been show n to be incorporated m hemin 
and globm, methylene labeled glyctnc was used m 
this investigation Glycine (oneortwomicrocuncs) 
ivas administered to radiated and to starved rats 
All animals were killed 24 hours later Hemoglobin, 
hermn and glubin w ere isolated from their blood and 
the C?* content of these compounds determined 
The C“ activity ratio of hemin to globm on a gram 
to gram basis was found to range from 4-13 m all 
control animals The ratio of C“ activity of hemm 
to globm isolated from rats injected with gly'cinc 
immediately after radiation w ith 600 r varied from 
25 to 32 Hemin synthesis was increased in all these 
rats On the other hand, when glymine was injected 
si\ days after exposure to 600 r no measurable hemin 
synthesis occurred, and the activity ratio w as found 
to be zero The activity ratio after five days starva- 
tion was 64 , hemin synthesis in these rats w as in- 
creased whereas globm formation was depressed 
In seven days starv ation the activity ratio was zero, 
hemm synthesis was not measurable, globm forma- 
tion was depressed In both radiated and starved 
animals the ratio of C** activity of hemin to that 
of globm deviates considerably from the control 
values 

Effects of India ink injections m avitaminosis A 
Stelios C Samaras (by invitation), Nicholas 
Dietz, Jk (by invitation) and Victor E Levine 
Dept of Biological Chemistry and Nutrition, 
Creighton Umv School of Medicine, Omaha, Nebr 
One hundred male rats were divided into several 
groups, some of which served as controls while 
others were allow ed to develop the classical signs 
of vitamin A deficiency Rats on the adequate 
stock diet and those on the vitamin A-deficient diet 
plus carotene tolerated injections of India ink 
Rats on the vitamin A-deficient diet presented a 
sudden aggravation of the usual deficiency symp- 


toms when injected subcutaneously witli India ink 
The rats injected in the afternoon, when examined 
the next morning, showed startling symptoms re- 
ferable to the visual apparatus They seemed nearly 
blind or totally blmdj and could not find their food 
and water Enophthalmos w is marked, the decrease 
in tlic size of the eyebdi being apparently due to 
loss of fluid In vitamin A-dcficiency blindness has 
a slow onset and is the end result of dryness, bac- 
terial invasion and infection, bacterial damage or 
ulceration, and rep ur w ith formation of opacities 
In vitamin A deficiency aggravated by blocking or 
irritating the rcticulo endothelial system blindness 
occurs suddenly due to loss of physiological func- 
tion, and is probably^ a depletion phenomenon The 
piingocy tosis induced by the introduction of the 
foreign body , india ink, may completely exhaust 
the vitamin reserve or may increase the metabolic 
demand for vitamin A to sucli an extent that hardly 
any of the small quantity yet available can be al- 
located to the retina for the rhodopsin-retmene 
cycle Histological studies and analyses of tissues 
for carotene and vitamin A are in progress 
Relationship of purines, folic acid, and other 
principles m the. nutrition of Leuconostoc citro- 
vorum 8081 H E Sauberlich (introduced by 
W D Salmon) Laboratory of Animal Nutniion, 
Alabama Polytechnic Institute, Auburn, Ala Fur- 
ther investigations on the nutrition of Leuconostoc 
ciirovorum 8081 has revealed that the unknown fac 
tor appears to be involved m purine metabolism 
The organism w as found to require for growth either 
xanthine, guanine, or hypoxanthine Adenine, thy- 
mine, and uracil had no apjmrent activity when 
tested alone, but did have a sparing action on xan- 
thine, guanine, or hypoxanthme Increased 
amounts of anti-pernicious anemia preparations, 
liver concentrates, rat urine preparations, or vita- 
min Bi- concentrates could replace (in part at 
least) the requirements for guanine, xanthine, or 
faypoxanthine High amounts of folic acid could, in 
the presence of purines, replace the unknown factor 
required by the organism The omission of folic acid 
had no effect upon the response of the organism to 
the various concentrates of the growth principle 
However, aminopterin at a level of 10 gamma/10 
ml assay tube inhibited growth completely The 
inhibition could be reversed fay anti-pernicious 


emia preparations, liver concentrates, rat urine 
eparations, or thymidine Folic acid was effective 
ly when extremely high amounts were used Rats 
lected with folic acid or fed diets containing 5 or 

mg offohcacid/kg excreted m the unne a com - 

und(s) active for the growth of Leuconstoc citro- 
mm Sulfaguanidine fed to rats along with 1 o 
1C acid did not decrease the activity of the urine 

le feeding of vitamin Br. concentrates ascorbic 

td, or thymine m the place of fohe acid m the 
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diets to rats did not cause an increase in the ac- 
tivity of the urine 

Effect of low environmental temperature on 
thyroid function as studied with radioactive 
iodine H G Schachnee, Z S Giehlach and A 
T Ksebs (introduced by H Jensen) Medical 
Dept , Field Research Laboratory, Fort Knox, Ky 
From studies with radioactive iodine, it was con- 
cluded by Leblond et al (Leblond, Gross, Peacock 
and Evans Am J Physiol 140 671-676,1943-44), 
that “exposure of rats to cold (0°-2°C ) for various 
periods of time produces a thyroid stimulation 
which IS doubtful after 1-3 day^, definite after 7 
days, maximal at 26 days, but absent after ex- 
posure for forty days ” A remvestigation of the 
problem seemed indicated to show how early stim- 
ulation occurs and compares with the long time 
mterval Rats were exposed in individual eages 
to temperatures of 1°-4°C and the uptake and 
orgamc binding of tracer and carrier doses of 
inorganic iodide after 1, 3, 7, 9, 26 and 60 day’s ex- 
posure were determined A definite increased up- 
take of iodine was shown in the 1-, 3-, 7- and 9 day 
group The results of these early time intervals 
mil be compared with 26-, 40- and 60-day groups 

A study of tryptophane metabolism using iso- 
tope tracer technique R W Schater (by invita- 
tion), G L Foster, and David SuBMiN Dept of 
Biochemistry , College of Physicians and Surgeons, 
Columbia Untv , Neiv York City Try'ptophanc 
containing N'*’ in the indole nucleus has been sy n- 
thesized and resolved into the D- and L- isomers 
Tryptophane containing C'* in the/9-position of the 
side chain has also been synthesized Aftci the in- 
trapcritoneal injection of N“ L-tryptophanc into 
lats and rabbits, the isolated kynureninc, ky'urcnic 
acid and xanthurenic acid contained N'^ liaving 
approximately the same concentration as tlic ring 
nitrogen of the tryptophane Similarly, N>^- 
labeled kynurenine produced xanthurenic acid in 
rats without dilution The 6-pyridone of N-mcthyl 
mcotinamide, isolated from rat urine mth the aid 
of carrier after intrapieritoncal injection of N*' 
DL-tryptophane, was found to have a small but 
significant N*'’ concentration In contrast to this 
finding, the 6-pyndone isolated after incubation of 
N”” DL tryptophane with rat liver slices, and after 
intrapentoncal injection of the C'* DL-tiypto- 
phane in rats, contained no excess isotope Hemin 
isolated from rats after injection of laige quantities 
of N'^ DL-tryptophane had an insignificant N'‘ 
concentration Studies aie in progress on the fate 
of N'® indole, N“ L-tryptophane and N*^ D- 
tryptophanc in lats 

Determination of uric acid in whole blood and 
plasma Arnold H Sciiein and Emily F Rice 
( introduced by Harold B Pierce) Dept of Bio- 
chemistry, College of Medicine, Univ of Vermont, 
Burlington, Vt The determination of uric acid by’ 


the Folin method (or by’ its various modifications) 
is beset with many difficulties which render un- 
certain the values obtained thereby Lack of speci- 
ficity, inhibition of color development by various 
substances and low recoveries of added uric acid 
have proved to be a great hindrance to accurate es- 
timation of uric acid in biological material Specific- 
ity can be increased by employing uricase (Blauch- 
Koch, Buchanan) Starting at this jwint we have 
investigated the conditions necessary for the ac- 
curate and precise determination of unc acid m 
blood and plasma It was found that pH control 
(pH 9 2 — borate buffer) during color development is 
a requisite for good recoveries of unc acid Folin- 
Wu filtrates of many substances, notably proteins 
and ammo acids which cause color mhibition do so 
partially by virtue of their depressing effect upon 
the pn of the color reaction True inhibitions of 
color development of the order of 10-20% caused 
by’ many amino acids in their expected normal (and 
abnormal) plasma concentrations, can be com- 
pletely compensated by ‘swamping’ both the 
standards and the solutions containing inhibitors 
yyith adequate amounts of glycine Experiments 
upon blood and plasma in vhich these new modi- 
fications of the Folin method were employed 
revealed 90-95% iccoycry of added uric acid Re- 
coveries of the same order of magmtude u ere ob- 
tained ujxm addition of knovn amounts of unc 
acid to uncase incubated blood and plasma (uric 
acid free) These results vere chocked by ultra 
y lolet enzyme spectrophotometry 
Intermediary metabolism of phenylalanine 
labeled with C'* Bernard SchepartZ (by inyata- 
tion) and Samuel Gurin Dept of Physiological 
Chemistry, School of Medicine Univ of Pennsyl- 
vania, Philadelphia, Penna Administration of 
DL-phenylalaninc (labeled in the carboxyl and 
alpha positions) to phlorhizmized rats results in 
the appearance of C“ in the urinary ketone bodies 
as y\ ell as in the respiratory CO; Upon incubation 
of this ty’pc of phenylalamne with fiver slices, 
acetoacctatc labeled solely in the carboxy’l group 
IS obtained When iing-labeled pheny'lalanine 
(carbons 1, 3, 5) is administered to phlorhizmized 
lats, appears in the respiratory CO 2 as well as 
in the acetone moiety of the urinary acetoacetate 
Incubation of ring-labeled phenylalanine with fiver 
slices produces acetoacetate labeled chiefly in the 
terminal methyl group The aromatic ring of 
phenylalanine readily undergoes cleavage in the 
course of metabolism, the immediate precursor of 
acetoacetate being a four-carbon unit derived from 
the ring and sido-cham Appiarently no 2 carbon 
units are involved in this jiathway It is apparent 
that the alpha carbon of phenylalanine becomes the 
carboxyl carbon of acetoacetate while either carbon 
atom 1 or 3 of the ring forms the terminal carbon 
of acetoacctatc This furnishes direct proof that 
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the side chain of plienjlalaninc shifts to an ad- 
jacent nng carbon during the formation of ketono 
bodies 

The quantitative determination of gljcerjlphos- 
phorylchollne (GPC) in tissues Geuh'Ird 
S cHiiiDT, L Hecht (bj' invitation), N Strickler 
(by invitation) and S J THA^^HAUSER Tvfts 
College Medical School, Boston, Mass Trichloro- 
acetic acid filtrates of tissues arc freed from intci - 
fering substances by precipitation \\ itli mercuric 
acetate at pH 5 (GPC and choline remain quanti- 
tatively in the supernatant ) Aliquots of the Hg 
free supernatant are precipitated vith Rcincckc 
salt before (A) and after (B) acid h 3 'di-ol 5 'sis (N 
HCl , 20' , lOO") The i cineckatcs obtained from the 
niajonty’^of tissues can be analyzed colorimctrically 
without further purification, but in certain tissues 
(intestinal mucosa) a reprccipitation of the concen- 
trated acetone solution of the rcincckate i\ ith aque- 
ous Reinecke salt is necessary in order to obtain the 
choline remeckato in well crystallized form The 
hjdrolyzable choline (B-A) represents the choline 
group of GPC The following amounts of GPC 
(mg P/100 gm fresh tissue) nere found in fresh 
beef organs liver 25 , pancreas 16 , subma\illarics 
4, muscle, heart, brain, intestines negligible Free 
choline negligible in all fresh tissues Aftci 3 
hours’ incubation, a strong increase in the amounts 
of GPC occurs in pancreas (40), and strong in- 
creases of free choline, but not of GPC, occur in 
kidney and intestines In incubated liver the 
amount of GPC remains practically unchanged, 
and no free choline appeal’s in appreciable 
quantities 

Factors concerned in the liberation of pterojl- 
glutamic (folic) acid from its heptaglutamate by 
chick liver M L Scott (by invitation), C H 
Hill (by invitation), and L C Norris Cornell 
Vnw , Ithaca, N Y Previous results from this 
laboratory have shown that under certain condi- 
tions the activity of the vitamin Be conjugase 
system in the livers from young chicks is increased 
by the addition of ^-pyracin (4-pyrido\ic acid) 
(J Biol Chem 158 291, 1945, ibtd 160 265,1945 ) 
In a continuation of these studies, it has been 
found that livers from day-old chicks, produced by 
hens whose diet contained no animal protein, were 
nearly^ devoid of vitamin Be, conjugase activity 
Under these conditions the effect of added ff- 
pyracin was variable On the other hand, the addi- 
tion of certain concentrates derived from the 
alcohol-soluble material obtained m the prepiara- 
tion of a commercial liver extract produced marked 
increases in the liberation of folic acid from pteroyl- 
heptaglutamate This effect was further enhanced 
when both the concentrates and /S-pyTacin were 
combined In view of the suspected presence of 
small amounts of the antipermcious anemia factor 
in the luer concentrates, it was thought that 


Vitamin Bu might be one of tlie factors required in 
the conjugase system Accoidingly, experiments 
were conducted in which concentrates of this 
vitamin were added to the liver incubation system 
with and wuthout /3-pyraciii Symcrgistic effects 
were also obtained bctw'ccii these two factors at a 
level of the vitamin Bj; concentrate which pro- 
vided approximately 4 /zjim of vitamin Bu Pic- 
liniinary' work using crystalline vitamin Bu have 
yielded similar results The results obtained in 
these studies indicate, therefore, that this vitamin 
is required in addition to /J-pyracin in the 
enzymatic lelcase of folic acid 
Activation of purified prothrombin with sodium 
citrate Walter H Seegers and Arnold G Ware 
(by' invitation) Dept of Physiology and Pharma- 
cology, Wayne Univ , Detroit, Mich Purified pro- 
thrombin prepared by' the method of Ware and 
Seegers (J Biol Chem , 174 565, 1948) is free of 
thromboplastin and Ac-globulin The protein, w hen 
dissolved in 30% sodium citrate solution, is trans- 
formed to thrombin At raom temperature 
thrombin first begins to appear slow'ly aftei 16 
hours, then rapidly for about 3 hours, and there- 
after again more slowly The form of the activation 
curve suggests autocatalysis The prothrombin 
molecule apparently contains all of the necessary 
structural material foi the formation of thrombin 
The activation with sodium citrate can be com- 
pletely blocked with small amounts of 3,4,4'-tri- 
aminodiphcnyl sulfone or with 2-hydroxy-4,4'- 
diaminodiphcny] sulfone All of the protein of the 
prothrombin preparation can be adsorbed on 
BaCOs The thrombin activity is not adsorbed on 
BaCOs Consequently pmafied prothrombin can 
be activated with sodium citrate, and any protein 
which is then not adsorbed on BaCOj must be 
thrombin alone or thrombin together with other 
poits of the original prothrombin This provides 
an easy method to piepaie thrombin Moreover, 
all of the above facts are unusually valuable for 
gaining insight into the natuie of prothrombin, its 
activation, and the nature of thrombin 

The estimation of glycogen m liver and muscle 
Sam Seieteh and Setmour Datton (by' invita- 


tion) Dept of Biochemisti y, Ijong Island College 
of Medicine, Brooklyn, N 1 Dieywood {Ind 
Eng Chem , Anal Ed , 18 499, 1946) described the 
use of anthrone for detection of cai bohy'drates, and 


doins (Science, 107 254, 1948) suggested its use 
or the estimation of glycogen The present authors 
mvc employed the reagent in a simple direct 
ncthod for glycogen in livei In this method 4 to 
:m of liver (loss may be used) are delivered into a 

ieighcd, graduated tube containing approxiiratcb 

!5 cc of 30% KOH, and the tube rcwcighcd The 
,ube contents are digested for 30 “mutes in a 
Knhng water bath, cooled and J, ", 

nth KOH Appropnate dilutions of the g 
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made water (1 50, 1 250, etc ), and 5 cc ali- 
quots are transferred to Evelyn tubes While sub- 
merged in cold water, the tubes then receive 10 cc 
of 0 2% anthrone made up in 95% HjSO^ 5 cc of 
standard containing 80 y of glucose is similarly 
treated All tubes are then heated for 10 minutes 
in boiling water, cooled, and read in the Evelyn 
photoelectric colorimeter at wavelength 620 The 
glycogen content of the liver is then calculated 
When the glycogen content of liver or muscle is 
less than 0 6% this method is inapplicable due to 
interference of color produced by anthrone with 
the relatively increased protein contents of ade- 
quate aliquots In these cases the glycogen may be 
first precipitated with alcohol, redissolved, and 
deterrmned as above The i esults agree v ith those 
obtained by the method of Good, ICramer and 
Somogyi 

Effects of ionizing radiation on the anaerobic 
COj production and colony production in saccharo- 
myces cerevisiae Fhedehick G Shemian and 
Herman B Chase (intioduced by P H Mitch- 
ell) Brown Univ , Providence, R I Yeast was 
grown (48 hours at 30°C ) in Reader’s medium to 
which was added glucose 20 gm/litei ahd biotin, 2 
micrograms/liter Cells i\oic washed twice with 
m/ 15 IiH!PO< or supplemented Reader’s medium, 
diluted to standard density and dispensed into 
lusteroid centrifuge tubes One half the tubes wcic 
irradiated 30 minutes (90,000rat 3000r/miii) A 200 
kv therapy tube operated at 20 ma w as used as the 
source Aftei irradiation cell suspensions wore 
transferred to small flasks and incubated at SO^C 
for 2 to 24 hours Aliquots were taken for plate 
counts and manometric estimation of anaerobic 
CO- production at stated intervals Two to 4 hours 
aftei the beginning of irradiation the anaerobic CO- 
production (glucose or supplemented Reader’s ns 
substrate) is inhibited appro\imatcly 30% and 
about 85% of the irradiated cells arc unable to form 
visible colonies No inhibition of anaerobic COj pro- 
duction was observed immediately after irradia- 
tion Between 12 and 24 hours anaerobic CO. pro- 
duction on a per cell basis progressively declines 
suggesting that some ‘injured’ cells have further 
reduction in ability to ferment glucose, or liave lost 
it entirely Investigations by earlier workers on 
the effect of \-radiation on enzyme systems in vivo 
indicate that fairly large doses have practically no 
effect in diminishing their activity (Weis and 
Osann, PJlilgers Arch 207 156, 1925) Only with 
yeast grown on Reader’s medium plus biotin have 
we been able to obtain consistent and reproducible 
inhibition of fermentation after irradiation 

The biological synthesis of serine from glycine 
Philip Siekevitz (by invitation), Theodore 
W iNNiCK and David M Greenberg Div of Bio- 
chemistry, Univ of California Medical School, 
Berkeley, Calif The in vitro synthesis of serine 


from glycine has been demonstrated both in rat- 
liver slices and homogenates bj^ means of tracer 
experiments with C'''-labeled glycine The reac 
tion proceeds anaerobically Employing -carboxyl- 
labeled and methylene-labeled glycine, it has been 
shown that the carboxyl-carbon of glycine appears 
in the carboxyl-group of serine, while the methyl- 
ene-carbon of glycine appears in both the alpha and 
beta carbons of serine Aeiobically, the concen- 
tration of the beta-carbon was approximately 40% 
that of the alpha-carbon Anaerobically, it was only 
5% Sakami (J Biol Chem 176 995, 1948) has 
showm that formate reacts with glycine to form 
serine, the formate carbon appearing in the beta 
carbon of serine We have now shown that this 
formate, at least in part, may be derived from gly- 
cine itself Rat liver slices w ere incubated in nitro 
gen with radioactive glycine and non-radioactivc 
formate, the latter at tw ice the concentration of the 
former One flask (I) contained methydcne-labeled 
glycine, the other (II) had carboxx 1-labeled gly- 
cine Gainer formate was added, steam distilled, 
and oxidized to CO- (Osborn, W’ood,and Werkman, 
Anal Ed , Ind Eng Chem 5 47, 1933) Glyoxydic 
acid is not oxidized to CO; by this method The 
CO- obtained from flask (I) was radioactive, that 
from flask (II) was not, showing that formate is 
dcriv cd fram the alpha cai bon of gly cine The dilu- 
tion of radioactivity in the beta-carbon indicates a 
non gly cine source of formate, which is more active 
anaerobically' than aerobically 

Oxygon consumption of ‘Killer’ and ‘Sensitive’ 
stocks of pnramecium aurelia, variety 4 D H 
SiMONSEN (by invitation) and W’ J v'an W’agten- 
DONK Dept of Zoology, Indiana Univ , Blooming- 
ton, Ind Two genetically diverse stocks occur 
w itliin variety 4 of Paramecium aurelia The ‘killer’ 
stocks produce a toxic substance, ‘paramecin’, 
w Inch kills ‘sensitive’ animals in a ty pical manner 
The two ty'pos arc determined genetically The 
killer stocks possess the killer gene Iv which can 
support the multiplication of the self-duphcatiag 
cytoplasmic factor, ‘kappa’, but cannot initiate its 
production per sc Ixappa in turn controls the pro- 
duction of paramecin Sensitive animals mav be 
those having the genotype IQv without kappa, or 
those w itli the recessive allele kk Sensitive ani- 
mals are killed in a ty'pical fashion when mixed with 
killer animals, w hen placed in culture fluid in w hich 
killers have grow n, or when exposed to a dilute brei 
prepared by crushing killer animals Measurements 
of the rates of oxygen consumption of these stocks 
were made using the Cni tesian diver micro-respira 
tion technique The stocks used for comparison 
belonged to the same mating ty'pe and w ere grown 
under the same conditions of feeding The live ani- 
mals were suspended in steiile ‘exhausted’ lettuce 
infusion in the divers Rates of oxy gen consumption 
were determined over a period of S-10 hours at 2 
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Killer anmmls ei e found to respire at a higher rate 
than sensitive animals The respiration of sensitive 
anmials while under the influence of paramecin 
was follon ed Pertinent data will be presented 
Serum lipides of Eskimos Effect of a high fat 
diet (pemmican) and of fasting R G Sinclair, 
G M Brown (by invitation) and L B Cronk (by 
invitation) Depls of Btochemisiry and Medicine, 
Queen’s Untv , Kingston, Canada As part of a 
clinical and biochemical study of the Eskimos on 
Southampton Island in the Eastern Canadian Arc- 
tic, lipides were determined in the serum of 126 
persons Regardless of age, se\ and absorptive state, 
the average values, m mg/100 ml ,were Total fatty 
acids, 329 rfc 103 (S D ), hpide P, 9 9 d= 2 0, total 
cholesterol, 173 ± 29, free cholesterol, 47 6 ± 9 4 
Free cholesterol amounted to 27 7 ± 3 0% of total 
The molar ratio of phospholipide to total cholesterol 
was 0 72 ± 0 09 A palpable hepatomegaly was ob- 
served in about J of the Eskimos The average 
values for the serum lipides in this group were the 
same as in those without enlarged livers In a small 
group of 2 men and 2 women who subsisted for 6 
daj^ evclusivelj on pemmican (75% of the calories 
from beef fat), the levels of aU lipides increased 
considerably A subsequent 4 day fast by 3 subjects 
caused a further appreciable mcrease in all lipides 
total fatty acids, 55% mcrease, hpide P, 30%, 
total cholesterol, 15% A similar fast by a man n ho 
bad been on his customary diet of meat and bannock 
caused an mcrease m total fatty acids but not m 
hpide P , total or free cholesterol Little or no keto- 
nuria developed after 6 days on pemmican, the 
subsequent fast caused a definite ketonuria 
The lipotropic action of threonine S A Singal, 
V P Stdensthicker (by invitation) and Julia M 
Littlejohn (by invitation) Univ of Georgia 
School of Medicine, Avgusta, Ga While studying 
the mcotmic acid-tr3rptoplian relationship in rats 
on 9% casein ration containing 5% fat and 0 2% 
cystine and choline, yellomsh livers were observed 
at autopsj Upon analysis the liver lipids were 
16 0% Supplementary nicotinic acid, tryptophan, 
valine, histidine, phenylalanine or serine were 
without effect The addition of threonine reduced 
the liver lipids to 5 1% Because of the growth de- 
pressing action of threonine under these experi- 
mental conditions (J Biol Chem 176 1063,1948), 
mcotmic acid or tryptophan was added to this diet 
under vhich conditions grovth was satisfactory 
and the liver lipids were 6 6% When choline was 
increased to 1 0%, a similar reduction of liver lipids 
was observed That the lipotropic action of threo- 
nme was not the result of increased food intake was 
demonstrable in paired-feeding experiments Here 
the liver lipids of rats on the casein ration supple- 
mented with tr^-ptophan was 14 4% as compared to 
5 9% when threonine was also included When the 
dietarj fat was increased to 40%, the liver lipids 


weie 21 S and 10 1% respectively The livers of rats 
on an ammo acid diet simulating the 9% casein ra- 
tion supplemented with tryptophan contained 
17 0% lipids Supplementary threonine reduced the 
lipids to 5 3% When threonine was omitted from 
the entire ration, the rats lost weight and the liver 
lipids w ere only slightly above normal 

Unlikelihood of specific long range forces in 
immunologic and enzymatic reactions S J 
Singer (introduced by L Zechmeister) Gates 
<t Crellin Laboratories of Chemistry, California 
Inst of Technology, Pasadena, Calif Rothen 
has performed experiments (J Biol Chem 168 
75, 1947) m which antibody is adsorbed on antigen 
films which are apparently covered with inert bar- 
riers, and other experiments (J Am Chem Soc 
70 2732, 1948) in which enzymatic reactions 

occurred despite apparent separations of enzyune 
and substrate proteins From these he concludes 
that specific long range forces are involved m im- 
munologic and enzymatic reactions By 3 ap- 
proaches, we have obtained evidence that holes m 
the barrier films are responsible for the effects 
observed 1) Certain cellulose derivatives used as 
inert barriers reduce the adsorption of antibody on 
films of bovine serum albumin considerably Ethyl 
cellulose films cast from ethylene dichlonde solu- 
tion are particularly effective, but those cast from 
acetone solution permit increased antibody adsorp- 
tion This demonstrates the importance of the 
physical state of the barrier films 2) With the elec- 
tron microscope, we find that antibody is concen- 
trated in clumps when adsorbed on formvar films 
above bovine serum albumin layers, although anti- 
body IS evenly distributed when adsorbed directly 
on the antigen, and the surfaces of the formvar 
films without antibody are uniform This suggests 
that reaction occurs through holes in the formvar 
films 3) Intervening formvar films permit antibody 
directed against the p-azophenylarsonic acid group 
to be adsorbed on p-azophenylarsonic acid conju- 
gated proteins Since the work of Landsteiner, 
Pauling and collaborators, among others, makes it 
extremely hkely that these conjugated protein 
systems react by a short range mechanism, these 
experiments indicate that the antigen and antibody 
molecules actually' come into contact through holes 
in the polymer films 

Inhibitors of the L-amino acid oxidase of snake 
venoms Thomas P SiNGEsandEoNAB Keabnet 
(by invitation) Dept of Biochemistry, Western 
Reserve Univ School of Medicine, Cleveland, Ohio 
The L-amino acid oxidase of snake venoms, appar- 
ently a yellow enzyme, is inhibited by flavin ana- 
logues The analogue, isonboflavin, which has 
proved mhibitory to every y ellow enzyme tested in 
this laboratory , inhibits the L-amino acid oxidase 
of moccasin venom 50% at 0 OOOIm concentration 
Riboflavin itself inhibits appreciably eicn at 
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0 00004m concentration 0 002m atabnne decreases 
the activity 50% A group of polyvalent anions 
are even more inhibitory to this enzyme Notable 
among these are inorganic phosphate and arsenate, 
which completely inactivate the enzyme at 0 0001m 
or lower concentrations, under appropriate condi- 
tions An extensive study of this enzyme in various 
venoms revealed that the oxidases of pit vipers are 
highly sensitive to phosphate, those of true vipers 
less sensitive, and those of colubrine venoms insen- 
sitive While the action of riboflavin analogues on 
the enzyme is instantaneous, the effect of phos- 
phate and arsenate increases with time and also 
with temperature, pu, and the molarity of phos- 
phate , it IS inversely related to the protein concen- 
tration Monovalent anions and organic bases 
protect the enzyme from the action of phosphate, 
while substrates and riboflavin analogues protect in 
catalytic amounts The inhibition is not of the 
competitive type Metaphosphate, pyrophosphate, 
organic phosphates, arsenite, molybdate, sulfate, 
and thiosulfate arc less inhibitory, but fcrricjanide 
IS as effective as phospliatc The kinetics of the re- 
action have been studied in detail, and a combina- 
tion with the enzyme protein is suggested as a 
pixibable mechanism 

Phosphomannose isomcrase Milton W Sleia 
(introduced by GEurr T Cori) Dept of Btologi- 
ral Chemistry, Washington Univ School of Medi- 
cine, St Louis, Mo Lohmann’s phosphohexosc 
isomerase catalyzes the reaction, glucose-fl-phos- 
uhate fructose-6-phoaphate A purified isomoi asc 
which can be prepared from rabbit muscle or from 
yeast does not act on mannosc-fl-phosphatc The 
latter was prepared by allowmg crystalline j'cast 
hexokinase to act on mannose in the presence of 
ATP It nas found that rabbit muscle contains a 
separate enzyme vliicli together Mith Lolmiann’s 
isomerase establishes an equilibrium betneen the 
three phosphorylatcd hcxoscs in the approximate 
latio of glucose 66, fructose 29, and mannose 15% 

Isolation of the staphylococcus stimulatory fac- 
tor(s) (SSF) Nathan H Sloane (by invitation) 
and Ralph W McKel Dept of Biological Chem- 
istry, Harvard Medical School, Boston, Mass 
Staphylococcus albus grows maximally on a syn- 
thetic medium but with a lag phase of 12-16 houra 
Grow’th IS stimulated with extracts of vegetable, 
animal and bacterial products Antipcrmcious ane- 
mia liver extraet is inactive The active factor (s) 
in deproteinatcd plasma and urine are non-dialyz- 
able, heat stable, moderately stable to acid and 
alkali, stable to proteolytic enzymes, soluble in 
methanol (pii 3), insoluble in common oi-gamc sol- 
vents, precipitable with silver (pn 6) and inacti- 
vated by^ ninhydnn Combining dialysis and silvei 
precipitation the activity in human urine is con- 
centrated 200- to 400-fold (nitrogen) with almost 
100% recovei y The material is quite unstable upon 


standing but activity can be restored by reaction 
with glutathione The electrophoretic pattern (pH 
8 6) shows five peaks, the mobilities of two being 
within the range of ai and 02 globulins, the other 
peaks had mobilities greater than the normal 
plasma constituents Using bovine plasma, dopro- 
teinizing with heat (about pH 5), dialyzing and 
precipitating with silver, the activity is concen- 
trated 140- to 400-foId (0 06-0 021 mg N/u) with 
50-100% recovery The electrophoi etic pattern (pn 
8 6) shows 4 peaks, the mobilities of 2 being within 
the range of ai and at globulins This concentrate 
gave a positive orcinol hexose test Treatment of 
this concentrate with chloroform-isoamyl alcohol 
(pH 6 6) causes a 90-100% loss of activity, w hich is 
restored with glutathione or cysteine The degree 
of purification is 850- to 1700-fold (nitrogen) The 
purified material is non-dialyzable Human plasma 
and its protein fractions (Cohn el al ) were studied 
and fraction lV-4 contained the greatest concen- 
tration of SSF 

Studies on transaminase in germinating seeds 
and its relation to protein synthesis Betsy Pat- 
terson Smith (by invitation) and Harold H 
Williams Dept of Biochemistry and Nutrition, 
Cornell Untv , Ithaca, N 3^ The relative changes 
in the amounts of glutamic-alamne and glutamic- 
aspartic transaminase and protein w ere determined 
dunng the first 120 hours of gcimination of seeds of 
Gramincae (barley and corn), Leguminosae (pea 
and wax bean), and Cucurhitaceae (pumpkin and 
squash) All the seeds tested began germination 
with the same low lex el of transaminase, but the 
amount synthesized during grow'th ranged from 0 3 
units in the pea to 1 33 units in barley' for the glu- 
tamic-aspartic transaminase and from 0 20 units m 
squash to 0 70 units in barley for the glutamic- 
alamne cnzy'me In almost every case the glutamic- 
aspartic transaminase increases more rapidly than 
the glutamic-alamne enzyme In general, the rate 
of transaminase formation during germination was 
greater than tliat of protein as judged by the in- 
creased number of units of the enzyme per milli- 
gram of protein nitrogen Supplying the germinat- 
ing seeds with a nutrient solution caused an 
increased rate of synthesis of both transaminase 
and protein, but the change is greatei for the en- 
zyme than for protein Thus it is indicated that 
transarmnation is limited in its role in the plant to 
the interconversion of ammo acids and keto acids, 
and tliat the new ammo acids formed may have 
several possible fates, only one of which is the sx n- 
thcsis into protein 

Optical and side-chain specificity of leucine 
aminopeptidase Emil L Smith and W J Pol- 
qlabe (by' invitation) Lahy for the Study of 
Hereditary and Metabolic Disorders and the Depts 
of Biochemistry and Medicine, Umv of Utah School 
of Medicine, Salt Lake City, Utah The side chain 
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specificity of tins enzj me is not absolute , a numbei 
of aliphatic ammo acid amides arc attacked at dif- 
ferent rates These rates weic estimated from tho 
first-order coefficients obtained m ith two different 
preparations of the enzjnic, one liaving 20 tunes 
the actmtj of the other Nevertheless, the relative 
rates for the 2 preparations for the following com- 
pounds vere identical n-leucinnmide (100), nn- 
norleucinamidc (100), nn-norvalinamide (80), nn- 
a-ii-anunohutyrylanudc (44), l alamnamide (6 3), 
and glycinanude (0 34) Onh the n forms are hydro- 
hzed, D-leucinamide, n-leucj ]gl3mine, and D-leu- 
cjl-L-tjTOSinc are compietelj resistant to the 
enzjme L-Leucyl-L-alanme is split about 25 tmies 
faster than n-Leucyl-n alanine Both bonds of 
h alanyl-L-lcucmamide are rapidlj hydrolj'zed, 
and the rate is about S50 times greater than the 
action on n alanyl-L-leucinamidc n here only the 
terminal amide linkage is split ^-Alanjl-n-leucm- 
amidc IS h 3 drolyzed even more slonl 3 ’' than is the 
latter compound An interpietation of the action of 
this enzymie has been nude in terms of the poly- 
affimty theory The substrate combines with the 
protein through the metal (Mn++ or Mg'^) at the 
free ammo group and at the nitrogen of the sensi- 
tive amide or peptide linkage The residue which 
bears the caibonyl of the sensitive bond has its 
side-chain bound directh to the protein , the affin- 
it 3 of the protein for the sidc-cham is a function of 
the mass of the aliphatic group The en 23 rniatic 
specificity thus depends on correct stenc relation- 
shijffi of the sido-chain and of the groups w hich arc 
Iwund to the metal 

Interrelationship between chloramphenicol 
(Chloromycetin) and enzymatic systems Ghant 
N Smith and Cecuja Worrel (introduced by 0 
E Bird) Research Lahoraioi les, Parke, Davts &, 
Co , Detroit, Mich Studies of the action of chloram- 
phenicol on cnz 3 Tnatic systems have been con- 
ducted to determine if the action of the new anti- 
biotic can be explained on the basis of an inhibitory 
effect on enzyunes and enzyme systems Members 
of the following classes of enzymes esterases 
carbohydrases, amidasos, protcoh tic enzymes, iron 
oxidases, copper oxidases, dchy drogenases and mis- 
cellaneous enzymes were subjected to the action 
of chloramphenicol Thiee methods were used to 
evaluate these actions The fii’st method used was 
to test the action of the antibiotic on highly purified 
preparations of the isolated enzymes The other 2 
methods consisted of studies on the mtact enzymes 
present in bacterial cells using the plate techmque 
dev eloped by Dufrenoy ct al and the broth culture 
technique No indications of inhibitory action of 
chloramphenicol could be detected m any of the 
systems studied The effect of various enzymes and 
enzymatic sv stems on chloramphenicol have also 
been studied to determine if the antibiotic can be 
destroyed by cnzymiatic conversion to an inactive 


foini Both isolated enzyunatie systems and en- 
zymes liberated into the culture media by mtact 
oi-ganisms liave been tested on the antibiotic Re- 
sults liavm shown that a partial bieakdown of 
chloramphenicol is possible 
Phosphorus metabolism of molds I Uptake and 
transformation of orthophosphate by penicilimm 
chrysogenum Q176 J F Snell (by invitation) and 
W H Peterson Univ of Wisconsin, ilfadtson, 
T}''i 8 Uptake of orthophosphate by P chrysogenum 
Q176 m shaken flask and stirred jar fermentations 
on vaiious media has been determined Although 
thcie was considerable variation, the most rapid 
and complete uptake occuiTcd in stuTed jar fer- 
mentations on corn steep media Mycclia varied in 
total phosphorus content (0 “%-6%, dry basis) 
depending upon aeration, age, media, etc In a given 
fermentation, for example, the dried mycelium 
contained 3 1% at 3 days, i cached a maximum of 
4 7% at 6 day's and fell to 2 1% at 8 days On media 
containing a large excess of orthophosphate, higher 
amounts accumulated m the mycelium From 30- 
60% of the total phosphorus was extracted by 4% 
trichloracetic acid in 2 hours at 0° The proportion 
of labile phosphorus to total phosphorus in the ex- 
tract (0-6%) was affected by' medium age of my- 
celium, method of extraction, etc A typical ex- 
tract of mycelium showed a Po Pi P>7 ratio of 
25 6 69 Inorganic pyTophosphate and metaphos- 
phatc have been isolated from the extract, in con- 
fii mation of the w ork of Mann Further components 
of this extract have been studied No adenosine 
triphosphate has been obtained from the mycelium 
by procedures which gave good preparations from 
rabbit muscle in parallel experiments Studies on 
the rate of turnover of the foims of phosphorus 
have been limited by inadequate fractionation pro- 
cedures Fractionation has not been successful by' 
schemes proposed to date in the literature Some 
fractionation has been achieved, however, and 
turnover studies utilizing P“ are in progress 
Aqueous dispersions of fat-soiuble vitamins 
Albert E Sober, Abraham Rosenberg (by invi- 
tation), Roy Geduedig (by' invitation), Eli 
Engel (by' invitation), IWichabl West (by invita- 
tion) and Benjvmin Kramer Dept of Chemistry 
and Pediatrics, Jetoish Hospital of Brooklyn, 
Brooklyn, N Y Post-partum mother rats w cre fed 
vitanoin A in aqueous dispersion or the same A in 
oily solution The suckling rats of tlicaqucousgroup 
show cd higher vitamin A stores Tlic same prepara 
tionsliad been previouslv fed nursing women Dis- 
tinctly higher rises of A were found in tho milk of 

the aqueous group Thus, one might conclude that 
with aqueous dispersions (without ind with other 
V itaimns Vifort ) there is an increased total st cn 

non of milk vitamin 4 The higher blood levels oh 
tamed with aqueous dispersions fulfill the fhcorcti 
cal requisites for greater diffusion to the site of 
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milk production To produce controlled high levels 
and overcome absorption problems, conditions were 
developed for intravenous injection of aqueous dis- 
persions of fat-soluble vitamins No hemolysis oc- 
curs in whole blood when concentration of the 
dispersing agent is 0 1% or less Bearing this in 
mind, aqueous dispersions of vitamins A and E 
were intravenously injected into rabbits with no 
pathologic effects That aqueous dispersions may 
help in the absorption of other fat-soluble vitamins 
besides A was shown by studies with E Higher ab- 
sorption m normal adults occurred when aqueous 
dispersions of vitamin E were given orally as meas- 
ured by vitamin E absorption curves 

Cystine and methionine content of portal blood 
plasma James D Solomon (by invitation), and 
Habold D West Dept of Biochemistry , Meharry 
Medical College, Nashville, Term The cystine and 
methionine levels in the plasma of portal and 
peripheral blood were determined before and after 
administration of these ammo acids to the dog 
Smce failure of cystine to rise in the penpheral blood 
plasma after feeding this amino acid has been 
demonstrated, it appeared that a study of its contcn 
in the portal blood plasma might thron further 
light on the absorption of this amino acid Cystine 
together with methionine was fed by gavage to the 
trachael-cannulated dog under ether anesthesia 
Blood samples were taken from portal and femoral 
veins before feeding and at intervals of one and one- 
half and three hours Cystine and methionine n ere 
determined in the plasma tungstate filtrates before 
and after hydrolysis by use of microbiological meth- 
ods The control samples from theportalandferaoral 
(penpheral) vessels showed no increase in the 
microbiologically available methionine or cystine 
following hydrolysis of the tungstate filtrates In 
samples taken after administration of these acids 
to the animal there was no significant rise in the 
level of the cystine in either case, but there was 
significant rise in the methionine level in portal 
blood accompanied by a much greater increase in 
its content in peripheral (femoral) blood When 
these filtrates were hydrolyzed there was a con- 
siderable increase in cystine but the increase in 
methionine content of the portal blood plasma was 
not sigmficant, in the peripheral blood filtrate hy- 
droly^tes there nos no increase in thecontentof 
cystine or methionine 

Electrophoretic studies of the soluble proteins 
of rabbit liver S Sorof (by invitation) and P P 
Cohen Laby of Physiological Chemistry, Untv of 
Wisconsin, Madison, IFts Reproducible electro- 
phoretic patterns have been obtained using high 
speed supernates of homogenates of perfused rabbit 
liver All experiments were carried out in a cold 
room maintained at 4°C Aliquots of whole livei , or 
homogenate, or supernate from the same rabbit 
liver were used for comparative electrophoretic ex- 


periments The following factors n ere investigated 
mth reference to their eflfects on the electro- 
phoretic patterns homogenization medium, pn 
stability, time stability, effect of freezing and 
thamng, and ultracentnfugation From the large 
number of studies earned out, the following 
emerged as significant findings 1) the electro- 
phoretic pattern of rabbit liver supernate consists 
of four principal components The component in 
liver supernate with the mobility of rabbit serum 
albumin electrophoretically represents 4% of the 
soluble liver proteins 2) The soluble proteins of 
rabbit liver are unstable, unless special measures are 
taken Certain of these alterations are reversible 
S) Expiosuro to air causes changes pnncipially in 
two components Cy^steine, thioglycollate and 
glutathione are each capable of reversing the 
aerobic changes in one of these two components 
Hovever, in order to reverse the aerobic changes 
in the other component, glutathione is required 
Ascorbate is ineffective toward both components 
4) In the case of first mentioned component, present 
evidence indicates that protein sulfhydr j 1 groups 
are involved in a reversible reaction 

Composition of brain lipids in male and female 
rats Warren M Sperry, Florence C Branb 
(by invitation), and Merrill Webb (by invita- 
tion) Dcpl of Biochemistry, New York State 
Psychiatric Inst , New York City Weil reported 
(Groicth, 7 257, 1943) that brains of female rats, 
90-180 doj-s old, contained more 'ether-soluble 
phospholipids (cephalin)’ and less ‘alcohol-soluble 
(lecithins), pjTidinc-soluble (galactolipids), and 
-insoluble lipids (sphnj'gom5elins)’ than male 
brains Such a sc\ difference should manifest itself 
in the P choline ratio of the brain lipids In a few 
preliminary measurements, reported previously 
(Proc Div Biol Chan , Am Chan Soc , 50C 
Sept , 1048), a small, but notstatisticallj'significant 
difference in this ratio was observed However, 
further studies under more carefully controlled 
conditions the same average P-choline ratio was 
obtained in rats of both sexes Following are the 
average values, nith standard delations, for 
various lipid constituents, determined in this in- 
vestigation, expressed as percentage of fresh brain, 
from 125-156 days-old male and female rats, re- 
spectively Choline, 0 462 ± 0 019, 0 469 ± 0 027, 
P, 0 245 ± 0 018, 0 248 ± 0 011 , cholesterol, 1 89 
± 0 14, 1 89 =b 0 11 , gb cosphingosides, 2 47 ± 0 13, 
2 45 ± oil Average stoichometric ratios calcu- 
lated from these data are P choline, 2 07 ±0 15, 
2 07 ± 0 19 , cholesterol choline, 1 28 ± 0 10, 

1 27 ± 0 13, P cholesterol, 1 62 ± 0 08, 1 64 ± 0 07 , 
P glycosphingosides, 2 63 ± 0 13, 2 68 ± 0 22 No 
support for the hypothesis that there is a sex differ- 
ence in the lipid composition of the biam may be 
derived from these data The findings n iH be com- 



March 1949 


AiSIERICAN SOCIETY OF BIOLOGICAL CHEMISTS 


255 


pared rs ith values determined in the same w ay in 
rats of other ages 

Combined ultraspectrographic and chemical 
studies m cerebrospinal fluids (CSFs) in normal 
and pathologic conditions M Spiegel-Adolf and 
H T Wtcis (by invitation) Depts of Colloid 
Chemistry and Neurosurgery, Temple Umv Medi- 
cal School and Hospital, Philadelphia, Penna 
Sj^stematic ascorbic acid determinations m CSFs 
(Federation Proc 7 No 1) weie made according to 
Robinson and Stotz In 20 cases 2 ascorbic acid 
standards were used The average error was 0 17 ± 
1 83% Ascorbic acid was determined simultane- 
ously with the ultraspectrographic examinations 
The extinction coefficients Eesp at 265 m/i were 
corrected for the corresponding values of ascorbic 
acid Ea and proteins Ep D = Ecsf-(Ea + Ep) 
was determined in 60 cases of f unctional and organic 
neurological conditions The lowest D values 
(0-0 14) were observed in ps 3 'choneurotics, old 
brain injuries, imtial stages of brain affections 
The highest D values (from 0 61-2 16) occurred in 
brain tumors, frequent grand mal attaques, spinal 
block, compression of the cord, lecent cerebral 
concussion Intermediate values were found in 
milder convulsive states, herniated discs, head 
traumata without unconsciousness and brain 
tumors of specified histological and/or anatomical 
properties In an attempt to analyze the sub- 
stances producing the D values micro-Kjeldahl 
determinations of the non-protein-nitrogen content 
were carried out in CSFs showing low and on sam- 
ples showing high D values The NPN values of 
the latter exceeded the supprasedly normal values 
by an average of 50% The above results seem to 
indicate that the selective absorption of pathologic 
CSFs at 265 a is not explained by the ascorbic acid 
and protem content alone Presence of nucleic acids 
and/or their cleavage products is suggested by the 
optical behavior NPN determinations as well as 
the clmical findings support this interpretation 

Relative importance of plasmatic and vascular 
factors of hemostasis in the hemorrhagic diathesis 
of liver dysfunction Maeio Stefanini (intro- 
duced by A J Quick) Dept of Internal Medicine, 
Univ of Roma, Italy, and Dept of Biochemistry , 
Marquette Univ School of Medicine, Milwaukee, 
Hhs Of 200 patients vith evident liver dy'sfunc- 
tion,30 (15%) presented spontaneous hemorrhages 
The effectiveness of the hemostatic mechanism was 
studied in all , in an attempt to evaluate the relative 
importance of vascular and plasmatic factors of 
hemostasis in the pathogenesis of the hemorrhagic 
manifestations of these cases Capillary fragility was 
variably increased in all patients Plasma pro- 
thrombin activity'^ was below 50% of normal in 
53 3% of the cases, and below 20% in 23 3% 
Plasma fibrinogen lei el i aried from 90-356 mgr % 
being, therefore, constantly above the critical lei el 


of 60 mgr % established by Pinniger and Prunty 
Changes in antithrombm activity of plasma vere 
too inconsistent for definite conclusions Therefore 
the diminution of capillary resistance was pre- 
dominantly important in the pathogenesis of spon- 
taneous hemorrhages in this senes of liver patients 
Furthermore, among the remaining 170 patients 
not presenting hemorrhages, capillary resistance 
was found diimnished in 2 cases only, and pro- 
thrombin activity below 20% of normal in 9 , so it 
appears that even a serious defect of the coagulation 
mechanism did not determine spontaneous hemor- 
rhages when capillary resistance was normal 
Hypoprothrombinemia and diminution of the capil- 
lary resistance found in liver disorders may present 
a common pathogenetic factor because of their as- 
sociation in about 50% of cases As vitamin K 
normalizes the dimimshed capillary resistance of 
reversible liver dysfunction, this common factor 
might be represented by a defect of utilization of 
the vitamin by a diseased liver 
Effect of various adsorbants on the components 
of the prothrombin complex Mario Stbfaotni 
(by invitation) and Armand J Quick Dept of 
Biochemistry, Marquette Univ School of Medicine, 
Milwaukee, IFis Oxalated plasma when treated 
with CajCPO^)}, A1(0H)3, BaSOi, or Mg(OH)j uill 
not clot on recalcification even in the presence of 
excess thromboplastin These agents adsorb vary- 
ing quantities of the components of the pro- 
thrombin complex and also some fibrinogen By 
carefully regulating the quantity of adsorbant, a 
fairly quantitative separation especially of com- 
ponent B, the factor which diminishes in dicumarol 
poisoning, can be achieved The best agent is 
Ca,(P 04 )j since in the proper concentration 
(0 005m) it adsorbs component B completely, but 
removes only a trace of the labile factor and fibrino- 
gen The action of BaSOj is similar Both of these 
adsorbants are unable to remove component B from 
citrated plasma, therefore no decrease in pro- 
thrombin activity occurs on mixing citrated plasma 
with either of these adsorbants The prothrombin 
time of citrated plasma is prolonged to infinity 
by Al(OH), and Mg(OH). Citrate therefore does 
not block the adsorption of component B by^ these 
agents Neither A1 (OH) j nor Mg (OH): are as selec- 
tive as CaiCPOi): for they adsorb appreciable 
amounts of the labile factor, some fibrinogen, and 
probably other factors that are associated with 
coagulation This explains vhy the prothrombin 
time curve constructed by diluting plasma uith 
alumina treated plasma is similar to the cum c using 
saline as diluent , v hcreas the cum cs obtained v ith 
BaSOi and Cm(PO,)- treated plasmas as diluents 
are not 

Combination of wool protein with strong bases 
J\cix-TO SxmxHARDT and Ethel M Zuskr (b\ 
invitation) Dept of Chemistry, Massachuictts 
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Insl of Technology , Cambridge, Mass Eailierwork 
■with 2 proteins, ivool and egg albumen, has sbo'nn 
that their titration curves, obtained v ith diffcicnt 
strong acids, diffei widely in jiosition on the pii 
avis This effect is due to combination of the pro- 
teins with anions as well as hydrogen ions, and 
the diffoi ences between titration curves permit cal- 
culation of the 1 elative affinities for protein of the 
anions The effect of added salt on the titration is, 
in part, another manifestation of combination with 
amons Since the effect of salt on the acid titration 
IS exactly paralleled by its effect on titmtion w ith 
bases, these proteins must bind cations also It is 
now shown that titration curves of wool at 0°C 
with 10 strong monovalent bases also exhibit w idc 
diffei ences As with anions, the affinitj of cations 
for protein inci eases with increasing molecular 
dimensions Among oiganic cations of the same 
weight, asvmmctiic ions produce much the largci 
shift Unlike the effects of anions, which arc uni- 
form over the entire acid curve, the effect of cations 
is moic marked on the same portion of the titration 
curve which is affected bj formaldehj dc, i c , the 
part due to Ijsine The maximum shift in position 
of this part of the titration curve, obtained with 
totradeej Unmet hyl ammonium hydroxide, exceeds 
two pH units Maiked effects on other jioitions of 
the curve ai e show n only bj nsj mmctric ions largei 
than the hexyltrimcthyl ammonium ion Explana- 
tions of this distinction are suggested, and effects 
on the stability of the piotein will be described 

Conversion of S“ homolanthioninc to S“- 
cystine in the rat Jacob \ Stekoi and KATimiN 
Weiss (by invitation) Laukcnaii Hospital lie- 
search Inst and Inst for Cancer Research, Phila- 
delphia, Penna Wo icpoitcd that i mixture of 
isomers of homolanthioninc is available to i its for 
growth pui poses on a diet free of cjstinc but with 
minimal amounts of methionine These results were 
interpreted as indicating the convcision of one or 
more isomers of homolanthioninc to cystine in vivo 
(J Biol Chem 175 405, 19-lS) To sccuic a pioof 
for the hypothesis w e sjnthcsized S“-homolnnthio- 
nine and fed it to young rats mixed with the diet 
(ammo acid mixtuic diet) which was fine of cystine 
but with 0 2% of methionine After the rats grew 
for some time on the S“ honiolaiithionine contain- 
ing diet, the hair was clipped off, hydixilyscd, and 
pure cyrstine was isolated and its ladioactivitj was 
measured The product had a high radioactivit j' 
These data establish beyond doubt the availabilitj 
of the sulfur of homolanthionine for the synthesis 
of cystine in vivo 

Metabolism of hydroxyproline Mahjorie R 
SriniTEN Dept of Biological Chemistry, Harvard 
Medical School, and Division of Nutrition and 
Physiology, Public Health Research Inst of The 
City of New York, New York City The ammo acid 
hydroxyproline was synthesized in such a way as 


to contain about 30 atom % excess N^^ The syn 
thetic mixture of 4 isomers was fractionated into 
the two BE forms The nL(a) form, containing the 
naturally occurring l(—) hydroxyproline, was fed 
to 2 rats for 3 days and the distribution of N“ in 
the carcass, excreta, and a number of isolated 
ammo acids was studied The isotope analysis of 
the hydroxyproline isolated indicated that the 
dietary hydroxyproline was incorporated into the 
body proteins of the rat The prolmc isolated con- 
tained only^ a trace of N*‘, indicating that hydroxy 
prolme is not converted to proline to any appreci- 
able extent m the rat Tins is m contrast to the 
pieviously obsei ved extensive biological oxidation 
of prolme to hydroxyproline These findings arem 
accord wuth othei indications that prolmc and 
hy'droxyprolmc are not metabolically equivalent 

d-Aspartic oxidase of rabbit kidney and liver 
J L Stile and V Blell (introduced by D E 
Green) Inst for Enzyme Research, Univ of 
Wisconsin, Madison, n''is Rabbit kidney and liver 
contain an oxidase which catalyzes specifically^ the 
oxidation by' molecular oxygen of d-aspartatc to 
oxaloacetate according to the equation d-Aspartatc 
-b Oj — > oxaloacetate -f- IhO- A stable preparation 
of this enzymie can lie prepared by homogenizing 
the tissue, ccntiifugmg off the insoluble residue, 
then icmovmg the precipitate formed at pH 5 4 
iiid finally making an acetone powder of the clear 
supernatant fluid This preparation contains little 
if any' of ICrcbs’ d-amino acid oxadase Unlike the 
d ammo acid oxidase the aspartic oxidase is insen- 
sitive to benzoic acid in M/300 concentration 
The liver and kidney cy clophorase preparations at 
the 3rd residue stage contain significant amounts of 
the d-aspartic oxidase Under appropriate condi- 
tions the complete oxidition of d-aspartate to CO: 
and H:0 can be accomplished Fluoride and the 
presence of some mcmbei of the citric acid cy cle are 
essential for the complete oxidation Aspartate can 
be synthesized by incubating the cy clophorase 
system with oxaloicctite and NHj underaerobic 
conditions The basic inaction appears to be 3 
oxaloacetate -f Nllj -> citrate -f aspartate + CO 
Uiidei the acrobie conditions of the experiment 
citrate undergoes fuithei oxidation The oxidase 
does not oxidize / aspartate, d-glutamate or other 
d-amim acids 

Metabolism of 16-ketoestrone and 16-keto-a- 
estradiol in man Bi njamin F Stimmel, Arthttb 
Geollman, and Max N Hutejian Rccs-Slealy 
Medical Research hind, Ltd , San Diego, Calif , 
and the Depts of Pharmacology and Expeninentol 
Medicine and of Biochemistry, Southwestern Medi- 
cal College, Dallas, Texas Colorimetric unnnrv 
estrogen excretion data on men after mjcction nf 
16-ketoestrone and 16-keto-a estradiol indicate 
that man is cajiablo of converting these compounds 
in part to estnol, but not to estrone and estradiol 
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Zinc-h>drochlonc acid hydrolysis of aliquots of 
the post-injection urine y iclds greatly augmented 
estrogen titers in the estradiol and estriol fractions 
of our (Stinirael J Biol Chem 162 99, 1946) 
liquid chromatogram Theie is cmdence that 16- 
kctocstronc appeare lu the unne following injec- 
tion with cither of these compounds and that 
reduction of it to 16-kctoeslradiol by zinc-hydro- 
chlorie acid hydroly'sis of its conjugate in uiinc, 
accounts for the augmented estrogen titeis ob- 
tained by this method of hydrolysis These studies 
with evogenous estrogens therefore provide a w ork- 
ing model m suppoi t of the hy pothesis of Smith 
and Smith {Endocnnology 28 740, 1941) that moie 
highly^ oxidized estrogens than those presently 
known are excreted in the urine and that these 
may be converted to more active fonns during 
hydrolysis by the addition of zinc dust 
Microbiological assay of vitamin Bu by Lacto- 
bacillus leichmannu E L R Stokstad, A C 
Dornbush (by invitation), A L Frankun (by' 
invitation), C E Hoftmann (by invitation), 
B L Htitchings and T N Jukes Lederh Laboi a- 
toncs Diinston, American Cyanamtd Co , Pearl 
River, N Y Lactobacillus leichmannn 313 (ATCC 
7830) was leported to respond to the ciy'stalhne 
anti-permcious-anenna factor (vitamin Bs-) Fur- 
ther studies showed that thioglycoUic acid in- 
creased the giowrth response produced by vitamin 
Bi; This was shown to be pnmanly due to protec- 
tion of vitamin Bis against destruction during 
autoclaving of the samples with the medium 
Protection was also accomplished by the addition 
to the medium of other reducing agents such as 
ascorbic acid or certain natural supplements that 
had been freed such as ascorbic acid or certain 
natural supplements that had been freed of thymi- 
dine and vitamin Bj- Similar results were obtained 
by adding the sample ascptically Thioglycolhc 
acid did not inciease the response due to thymi- 
dine, presumably because thymiidine is more stable 
and 16 not destroyed during autoclaving L letch- 
wianni f 313 w as found to require a grovrth stimulant 
produced during autoclaving of the medium, as 
vciy little growth was obtained with a sterile- 
filtercd or steamed medium even m the presence of 
vitamin Bn This growth stimulation could alter- 
nate ch be supplied by methyl glyoxal or thio- 
gly collie acid, suggesting an effect due to a reduc- 
tion m oxygen tension Similai results were ob- 
tained with another strain, ATCC 4797, of L 
Icichinannn, which was found to grow more slowly 
ind to hav c a low er requirement of v itamm Bi- 
for lialf-maximum growth 
Non-participation of acetyl phosphate in the 
fixation of formate into p-rruvate Harold 
Strecker (by mvutation) and Harlax-d G Wood 
Dept of Biochemistry, B estem Reserve Univ 
School of Medtewe, Clci eland Ohio It has been 


previously demonstrated noth B call extracts that 
synthetic acetyd phosphate w'as not an active 
intermediate in the dissimilation of pyruvate The 
possibility that biologically' pioduced acetyl phos- 
phate might differ from the synthetic materml was 
investigated m the follow mg maimer carbonyl 

labeled pyruvate was sy'nthcsized and incubated 
wutb cell free extracts of E coh Fermentation was 
allowed to proceed until 30-50% of the original 
py'Tuvate w as determinable as acetyl phosphate by 
the Lipmann hy'di oxy lamine method The residual 
pyruvate was then diluted approximately tenfold 
with non-isotopie pyruvate, and foimate 
cqmvalent to the acetyl phosphate formed was also 
added for measurement of the extent of reversi- 
bility An aliquot was withdiawn for analysis and 
degradation and the lemamder was allow'ed to 
ferment If the biologically formed high count 
acetyl phosphate was m dynamic equilibrium 
wuth pyruvate in accordance with the reaction 
CH, CO COOH7:iCHj CO OPCOH)^ -l-HCOOH, 
the final residual pyn u vate should show an increase 
of specific activity in tlio carbonxyl group com- 
parable to that of the carboxyl group as introduced 
from the formate No such increase was obtained 
although C” was introduced into the carboxyl 
group It IS therefore concluded that acetyl phos- 
phate 15 not an intermediate in the formate ex- 
change reaction That exchange of formate may 
not occui through the phosphoroclastic reaction is 
indicated by ex-periments with aged enzyme 
Py'Hivate was not broken dowm as measured by 
acid production in bicarbonate yet exchange w ith 
formate occurred at the same rate as with a fi esh 
preparation 

Effect of dihydroxvphenylalanme on enzymotic 
digestion M X SuiuvAxandS Stephen Schiaf- 
FiNO (by invitation) Cheino-Medical Research lit' 
sttiuie, Georgetown Xjntv , Washington, D C In 
1913, Torquato Torquati isolated a nitrogenous 
py'Tocatechol complex from the germ of the broad 
bean {Yicia faba) and Guggenheim extracted a 
similar material from the broad bean pods and 
identified it as dihy droxy pbeny lalaninc Since then 
this compound has been found m a number of 
legumes Some y cars ago w e bad occasion to study 
the lentil which had been found of poor nutritive 
value and wc found lliat the lentil contained di- 


Irovyqiheny Jaiamne as determined cohrimetnc- 
The same color reaction was positive with 
cr legumes such as the Georgia velvet bean 
w n to contain diby drovy pheny lalaninc Accord - 
j a studv was made of the effect of dihydrovy - 
nyUlaninc on ficptic and tryqitic digestion of 
albumin Bv tlie procedure described by C il- 
y (J Biol Chem 102 73 , 1033 ) no inhibition of 
tic digestion was found when dilndroxyphenyl- 
une was added at various levels to the digestion 
lure, albumin, pcp'-in laid at pn 2 In trvp ic 
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digestion, however, dihydroxyphenylalanine has 
an inhibitory action This n as proved by estimat- 
ing the amount of dye released from a dyed protein 
during 4-16 hours of digestion by trypsm and also 
by the amount of methionine released and esti- 
mated by the McCarthy, Sullivan colorimetric pro- 
cedure On estimating at different levels, it was 
found that 25 mg of dihydroxyphenylalanine to 1 
gm of albumin had the same effect as 60 mg , a very 
marked inhibition Even with 10 mg and 6 mg of 
‘dopa’ there n as 59 and 62% inhibition respectively 
in the amount of methiomne liberated 
Reactions of hemoglobin with aliphatic and in- 
orgamc nitrate and nitrite esters F William 
SuNDEBMANandHAKOLD Wooster (by invitation) 
Mellon Institute, Pittsburgh, Penna , and Cleveland 
Clinic, Cleveland, Ohio The quantitative aspects 
of methemoglobin formation have been studied 
following incubation at 38°C of washed, laked hu- 
man erythrocytes with solutions of potassium ni- 
trate, butyl nitrate, dicthyleneglycol dinitratc, 
nitroglycerine, potassium nitrite, and amyl nitrite 
All of the nitrate compounds studied produce 2 
molecules of methemoglobin per molecule of nitrate 
in accordance with the equation NO? -f- 2Fe++ 
(hemoglobin) — > NOr -(- 2Fe''^ (methemoglobin) 
Our analyses reveal a disappearance of nitrate 
without a conesponding increase in nitrite Hemo- 
globin solutions incubated with potassium nitrite 
for 5 hours at 38®C yield 2 molecules of metbemo- 
globin per molecule of nitrite , i\ hen incubated for 
24 hours they yield more than 3 molecules of mcthc- 
moglobm If nitrites were to act directly as oxidiz- 
ing agents, they would theoretically produce only 
1 methemoglobin molecule per molecule of nitrite 
The finding of higher ratios, therefore, suggests that 
nitrite probably first forms nitrate, v hich then re- 
acts with hemoglobin to produce methemoglobin 
Our studies indicate that amyl nitrite differs from 
other compounds studied in that it may cither oxi- 
dize hemoglobin or reduce methemoglobin 
Activation of phosphoglucomulase E Suther- 
land (by invitation), T Posternak (by invita- 
tion), and C F CoRi Washington Univ , School of 
Medicine, Biological Chemistry Dept , St Louts, 
Mo Various samples of glucosc-l-phosphate (G-1- 
P), prepared enzymatically or chemically, were 
found to differ greatly in the rate of convcraion to 
glucose-6-phosphate (G-6-P) by yeast or crystalline 
muscle phosphoglucomutasc Addition of active to 
inactive G-l-P raised the rate of conversion of the 
latter to that of the former A possible explanation 
was the suggestion of Leloir and covorkers (Arch 
Biochem 19 339, 1948) tliat glucoso-l,6-diphos- 
phate (G-l,6-P) uas an activator in catalytic 
amounts according to the equation G-l,6-P -f- 
G-l-P G-6-P + G-1,6-P G-1,6-P was synthe- 
sized by interaction of crystalline a-l-bromo-2,3,4- 
triacetyI-6-diphenylphosphonoglucose with silver 


phosphate, followed by catalytic hydrogenation to 
remove phenyl groups and partial hydrolysis with 
hydrochloric acid m methanol to remove acetyl and 
two hexosephosphate groups The substance nas 
isolated as the banum salt, more soluble in cold 
than in hot water, and gave correct analytical val- 
ues for labile and stable phosphate, and for reduc- 
ing power after hjdrolysis Cysteine (0 01m) was 
used to insure full activity of the enzyme Cysteine 
could be replaced by heavy metal reagents such as 
diphenylthiocarbazone, 8-hydroxj quinoline, and 
histidine Both the yeast and muscle enzyme were 
strongly activated by these reagents or protected 
by them when traces of zinc w ere added The cys- 
teine-activated enzyme did not convert G-l-P to 
G-6-P unless G-l,6-P was added in catalytic 
amounts, confirming Leloir’s scheme Half maximal 
activity of the enzyme was obtained when the con- 
centration of the G-1 , 6-P was about 2 X 10"^ molar 
A sample of G-l-P containing only 0 1% G-1, 6-P 
will therefore be fully active in the usual reaction 
mixture contain 6 X 10“’ molar G-l-P 
Specificity ofliverglucose-G-phosphalase Mar- 
jorie A Swanson (introduced bj Camillo Ab- 
tom) Dept of Biochemistry, Bowman Gray School 
of Medicine, Winston-Salem, N C It has been 
known for some time that liver extracts hydrolyse 
hexosemonophosphates, but the number of enzymes 
concerned and their degree of specificity are un- 
certain In the present investigation, extracts vari- 
ously prepared from rat liver were found to liberate 
inorganic phosphate from glucose-l-phosphate, 
fructosc-l,6-diphosphato, ATP, and glycerophos- 
phate at a low rate, and from glucose-6-phosphate 
and fructose-6-phosphate at a much higher rate 
Isoelectric precipitation at pn 5 5 increased the 
glucosc-C-pliosphatasc activity/mg of protein 
about threefold Simultaneously the ability to split 
glucoso-l-phosphate and fructose-1, 6-diphosphate 
was lost, and the activity toward fructose-6-phos- 
phalc was diminished The decrease m the rate of 
splitting fructose-6-phosphate paralleled the de- 
crease in hexosc isomemse activity , suggesting that 
its presence is necessary' for the liberation of phos- 
phate from fructose-6-phosphate Thus it might 
logically be concluded that there is in the liver a 
specific glucose-6-phosplmtase which, in the ab- 
sence of phosphoglucomutase and hexose isomerase, 
hydrolyzes neither glucose-l-phosphate nor fruc- 
toso-G-phosphate Glycerophosphatase activity ac- 
companied glucose-6-phosphatase (in the ratio of 
1 5 to 1 0) through several attempts at purification 
Presumptive evidence for the non-identity of these 
two enzymes was obtained on the basis of differ- 
ential fluoride inhibition, lack of competitive inhi- 
bition, and different pH-activity curves 

Changes in the cholesterol concentration of rat 
liver homogenates during incubation Leon Swell 
(by invitation) and C R Treadwell Dept of 
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Biochemislry , George Washington Untv , School of 
Medicine, Washington, D C Normal rat livers were 
homogenized ivith 0 154m phosphate buffer of pH 7 2 
and diluted to definite volume with buffer All 
manipulations were performed at 0-3°C Fifteen cc 
aliquots were transferred to test tubes, mixed with 
100 mg of sodium gl 3 TOcholate and placed in a 
shaker at 38°C Duplicate 1 cc samples were re- 
moved at zero hours and after various periods of 
incubation The free and ester cholesterol were 
determined by a modification of the method of Hess 
{Federation Proc 6 260, 1947) During the first 2 
to 4 hours the total cholesterol concentration de- 
creased markedly, then decreased slowly until 6 
hours had elapsed With continued incubation the 
total cholesterol increased over that observed at 6 
hours After 8 to 12 hours the concentration approx- 
imated the zero hour value Still longer incubation 
up to 36 hours usually gave values above the ongmal 
level The trend was toward a decrease in both free 
and ester cholesterol from 0 to 6 hours and an m- 
crease from 6 to 24 Studies of the influence of pH 
on these changes indicated that whde the imtial 
phase of decrease occurs over a range of 5 8 to 8 0, 
the increase in concentration occurs only from pH 
6 8 to 7 2 Other experiments show that the ob- 
served changes in cholesterol concentration are not 
caused by microorganisms or volume changes The 
effects of different temperatures and of the addition 
of possible precursors of cholesterol on these 
changes have been studied 
Isolation of a crystalline heat stable trypsin in« 
hibitor from lima beans Hbnrt Taxtber V D 
Research Laboratory, U S Public Health Service, 
U S Marine Hospital, Staten Island, N Y A. 
crude concentrate, containing at least two protein- 
ase inhibitors, was prepared by a modification of 
Kunitz’ {J Gen Physiol 29 149, 1946) procedure 
for the initial purification of crystalline soybean 
trj’psin inhibitor Ground lima beans were ex- 
tracted Tilth 0 25n HiSO< The proteinase inhibi- 
tors were adsorbed on Bentonite, eluted with 10% 
aqueous solution of pjTidine, precipitated by 
{NH<):S 04 , dialjzed salt-free, and 3 volumes of 
acetone added for precipitation From this precipi- 
tate a crj-stalline heat stable trjqisin inhibitor was 
isolated as folloivs the precipitate was dissolved in 
1% NaCl solution In order to remove impurities, 
a small amount of Bentonite ivas added and the mix- 
ture was shaken for 15 minutes The clear filtrate 
Mas dialjzcd for about 20 minutes against ctlianol, 
applying occasional stirring Small microscopic 
crj-stals formed The solution iras allowed to erj's- 
tallizc OT crnight at room temperature The cr} stals 
IT ere dissoh cd in 1% XaCl \cetone vas added till 
the mixture was slighth turbid The solution was 
allowed to cr\atatli 2 c ot crnight at room tempera- 
ture Two recrist illizations of this material re- 
sulted in colorless octahedra of much larger size 


This crystalline material is a globulin It is precipi- 
tated by acetone, ethanol and trichloracetic acid 
It does not dialyze through cellophane It power- 
fully inhibits crystalline trypsin Proteolj^sis and 
milk clotting by chymotrypsin are moderately 
effected The proteolytic and milk-clotting action 
of pepsin are not inhibited This trypsin inhibitor 
somewhat resembles Kumtz’ crystalline soybean 
trypsin inhibitor In contrast to his inhibitor, how- 
ever, the crystalline lima bean inhibitor is excep- 
tionally heat stable The soybean inhibitor is de- 
stroyed on short boiling 
Molecular weight of human fetal hemoglobin 
John Fuller Taylor and Richard L Swarm (by 
invitation) Washington Univ School of Medicine, 
Dept of Biological Chemistry, St Louis, Mo We 
have measured the sedimentation and diffusion con- 
stants of fetal oxyhemoglobin (HbOj) prepared 
from cord blood taken from normal full-term in- 
fants The er 3 rtlirocytes were washed with sahne 
solution and laked wuth toluene Adult HhOj solu- 
tions were similarly prepared from bank blood 
Sedimentation velocity was measured in a ‘Spinco’ 
analytical ultracentrifuge at 20 to 30° Diffusion 
was followed in a Claesson cell at 2° Results have 
been corrected to water at 20° We observed for 
fetal HbOj an Sm w of 3 98 at 0 9% protem, and 4 01 
at 0 5% , and for adult HbOj an Sso ^ of 4 00 and 3 99 
respectively Essentially identical S values were 
obtamed for fetal HbOs and HbCO in dilute phos- 
phate buffer M A Andersch, D A Wilson, and 
M L Menten (/ Biol Chem 153 301, 1944) had 
reported values of 2 6 to 3 0 for 0 5% fetal hemo- 
globin An average diffusion constant, D»w, of 
6 6 cm * sec'T was obtained for 1% fetal HbO- in 
1% NaCI D values of 6 3 to 6 9 for adult hemoglo- 
bin have been reported in the literature The iden- 
tity in the sedimentation constants and the agree- 
ment in the diffusion constants of fetal and adult 
HhOi indicate that the hemoglobins from cither 
source have the same molecular w eight under the 


conditions of our experiments 
Bound coenzymes of the cyclophorase complex 
ofrabbit kidney and liver L J Teplt (introduced 


yD E Green) Institute for Enzyme Research, 
Jniv of Wisconsin, Madison, Wts The cy clophor- 
se gel of rabbit kidney or li\ or at the third residue 
tage (exhaustively washed with dilute salt solu- 
lon) contains considerable amounts of the follow - 
[ig coenzymes in bound form adenine nucleotide^, 
.yridine nucleotides, acetylation coenrnm ■?, floTin 
muclcotido, pywidoxal phospliatc and dipho'-pho 

hiamine It also contains apprccuble miount^ of 

ound biotin and folic acid The admim mwl'o 
ides exist in the form of \MP, \DP, md VJJ 
arious dcMccs 4-MP can b< coni* n^d Lr.r I to 
lTP and T ice t cm Durinir ^tomc' of tin ' n i ‘ 

t 0° for scT era! <Li\s or it 3^' ‘ 

dcninc nucleotide bT<I ’’"hi' 
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nucleotides are a mixture of COi and COn in ap- 
proximately equal amount The relative propwrtion 
of these two coenzymes remains fairly constant 
under a variety of conditions With aging of the 
enzyme there is a stcadj declme of the level of 
pyridine nucleotides The bulk of the acetylation 
coenzyme of rabbit liver and kidney appears to be 
bound up with the protein of the cyclophorase com- 
plex All the above coenzjuncs are released from 
the cyclophorase gel in varjung degrees by treat- 
ment with boihng vater or 5% trichloracetic acid 
A crude barium salt fraction prepared from the 
neutralized trichloracetic acid extract contains 
mainly pyridme nucleotides, flavin dinucleotide, 
the acetylation coenzyme, adenine nucleotides and 
inorgamc phosphate 

Studies of growth factors in liver extract using 
paper partition chromatography Gabson H Tisn- 
KOFF, H T Pbeuer, Alejandbo Zaefaroni, 
Henbt Tesltjk, and L C Nonnis (introduced by 
Elmer H Stotz) Depts of Palhology and Bio- 
chemistry, School of Medicine and Dentistry, Untv 
of Rochester, Rochester, N' 1 , and School of Nutn- 
Iton, Cornell Univ , Ithaca, N Y Recent investi- 
gations by Darnel, Peeler, Norris, and Scott (J 
Biol Chem , in press) have demonstrated the pres- 
ence of two unidentified factors in purified liver 
extract which are distinct from strepogonin but re- 
quired by Lactobacillus casei for growth These 
investigators have also demonstrated that a correla- 
tion exists between the antipernicious anemia 
activity of the extract and the growth response of 
Lactobacillus casei to one of these factors (APA 
factor) in the presence of an excess of the second 
factor (‘whey’ factor) In older to establish the 
nature of these factors, and as a possible method 
for their isolation in pure form, liver extract was 
fractionated using paper pai tilion chromatographic 
technique and the individual fractions assayed for 
the APA factor and ‘nhej^’ factor 

Preparation of hyaluronate from some mamma- 
lian sources Sibylle Tolksdobf (by invitation). 
Jambs W Cassiby (by invitation), Cabol Bonsai. 
(by invitation) and D Rot McCuleagii Dept of 
Biochemistry, Schering Corporation, Bloomfield, N 
J Human umbilical cords, bovine synovial fluid, 
bovine vitreous humor and hog belly skin have been 
processed by various methods in investigating the 
production of hyaluronic acid Modifications of the 
Rogers method {Biochem T 39 1945) liave been 
employed and in general his technique has been 
used succcssfuUy except in the case of hog belly 
skin However, it has been found that certain sub- 
stances which interfere with the assay of testicular 
hyaluronidase are frequently present in such hyal- 
uronate preparations We liave found that these 
impurities can be removed by u ashing the crude 
mucin clot with 0 2% acetic acid before separating 
the proteins by precipitation with chloroform A 


simpler method has been employed for the produc- 
tion of hyaluronate from umbilical cords for assay 
purposes The macerated cords were heated ivith 
water to S0‘’C to precipitate proteins Impurities 
were removed by adsorption on bentonite or other 
agents The hyaluronates form a white powder 
when precipitated with acetone and dried uith 
acetone and ether No success has been attamed in 
applying this procedure to other starting materials 
Elementary chemical analysis would suggest that 
the polysaccharide from all these sources is essen- 
tially the same The characteristics of the hyal- 
uronate molecule which govern its viscosity must 
be due to different aspects of the molecular struc- 
ture than those which control its capacity to cause 
turbidity with acidified proteins This is attested 
to by the fact that preparations of similar punty 
show no quantitative relationship between the two 
phenomena 

Biochemical studies on the livers of chicks 
receiving graded levels of pteroylglutamic acid 
John R Totter, William Martindale (by invi- 
tation), Marion McKee (by invitation), Cecilia 
K Keith (by invitation), and Paul L Day Dept 
of Biochemistry, School of Medicine, Vntv of Ar- 
kansas, Little Rock, At] Groups of day-old White 
Ijcghorn chicks u ei e given a purified diet (Keith 
ETAL J Biol Chem 17C 1095, 1948) supplemented 
with 0, 5, 10, 20, 40, SO, 200, and 1000 jug of pteroyl- 
glutamic acid (PGA) per 100 grams An additional 
control group received a commercial starter diet 
At the end of 4 weeks the birds were killed The 
livers were analyzed for 1) PGA, using Strepto- 
coccus faccahs and conjugases from hog kidney and 
chicken pancreas, 2) conjugase, S) desoxypentose 
nucleic acid and 4) pentose nucleic acid The PGA 
levels in the livers indicated that storage of excess 
vitamin did not occur until the dietary level ex- 
ceeded 40 /ig/100 gm The liver PGA freed by 
autolysis w as approximately the same as that deter- 
mined with conjugases from hog kidney or chicken 
pancreas The conjugaso levels of the livers ap- 
peared to be unrelated to either the dietary level of 
PGA or the nucleic acid content of the livers 
Desoxypentose nucleic acid wns found to be some- 
what low in the chicks receixing no dietary PGA, 
but the differences among all other groups w ere of 
doubtful significance 

Cholesterol esterase of pancreatln C R Tbead- 
w'ELL, R S Yamamoto (by invitation), and Nob- 
man P Goldstein (by invitation) Dept of 
Biochemistry, George Washington Untv School of 
Medicine, Washington, D C Prelumnary to an 
investigation of the significance of cholesterol and 
its esters we have attempted to evaluate the opti- 
mum conditions for demonstrating the activity of 
the enzyme Commercial pancreatin was used as a 
source of cholesterol esterase In most of the previ- 
ous work natural materials, such as serum, have 
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been used to supplj^ the substrate In these experi- 
ments sjmthctic cholesterol oleate has been used 
as the substrate Technical difficulties were en- 
countered in the preparation of a stable emulsion 
of the ester When various emulsif jang agents were 
tested, singl}’' and in combination, the most efficient 
found was phosphate buffer containing albumin and 
bile salts WTien cholesterol oleate was emulsified 
in this mixture and the emulsion incubated at 38°C 
with shaking, the solution vas homogeneous in re- 
spect to the ester for periods up to 48 hours as 
shown by analysis of duplicate aliquots When 1 cc 
of a 20% suspension of pancreatin in 60% glycerol 
and 14 cc of the substrate mixture were incubated 
for 24 hours, 45% hydrolj-sis u as obtamed The rate 
of h} droljsis was constant for 24 hours The opti- 
mum pH was found to be approximately 7 Heat 
inactivation experiments indicated that the en- 
zi-me was completelj inactivated by heating at 
G5®C for 1 hour The degree of hydrol 3 ^is was pro- 
portional to the concentration of the enz 3 mie 
Quantitative aspects of coprecipitation in the 
purification of substances isolated in tracer 
studies Sidney Udenfriend (by invitation), 
Alberts Keston (by imitation), Nora Le vitas 
(bi invitation) and Miltox Levy Dept of Chem- 
tslnj, New York Univ College of Medicine, New 
Yorl City In the isotopic derivative method we 
encountered, in several instances, considerable 
difficulties in the elimination of impurities by crys- 
tallization The basis of the difficult}’’ was a distri- 
bution of the impunt} between crystals and 
solution as though betveen iinimscible solvents 
and ma} be formulated K = I,/C,/Ic/Cc where I 
and C are the amounts of impunt} and carrier in 
supernatant (subscript s) and cr}’stals (subscript 
c) The amount of purification achieved in a single 
cn'stallisation is greater the larger is K and the 
greater the loss of carrier in the supernatant 
\ddition of the non-isotopic analogue of the im- 
purit} to dilute its activit} has no ad’vantage as 
long as the above formulation holds and it has been 
found to hold in instances from an impimty level 
of 0 0001% to 5% Cr}-stallization of DL leucine 
containing S-35 methionine ga\ e K 2 5 For alanine 
\\nthgl}cine as the impunti K = 1 5 Practical!} 
the same constants are found for the same amino 
acids as pips}l deriiatncs Thus it is not neces- 
sanh adi antageous to prepare different derivatives 
in the course of purification As an example of the 
import of this phenomenon onU by 200 recr}'st3l- 
lizations, sacrificing 5% of the remamder at each, 
Mould a s\-stcm with K = 1 5 reach a leicl of 1% 
of the original impunt} Coprecipitation must be 
considered in c\ aluating an\ ‘constant isotope eon- 
eenlration’ attained b\ erv stallization Chromato- 
graphic ind countercurrent sohent e'xtractions 
loehniques arc more dependable in this respect 
Action of streptomrcin in tissue homogenates 


W W Umbbeit and N E Tonhazt (by invita- 
tion) Merck Institute for Therapeutic Research, 
Rahway, N J Previous reports have demonstrated 
that one of the actions of streptomycin is to inhibit, 
the condensation between o’mlacetate and pyruvate 
m susceptible strains of Escherichia coli Inasmuch 
as this IS an important reaction in ammal cells, the 
question arises as to why streptomycin is able to 
enter the animal body, kill or inhibit the suscep- 
tible bacteria contained in it, without comparable 
harm to the animal The condensation of o’uilace- 
tate and pyru-vate is largely localized m the mito- 
chondrial fractions, whose activit} may be pre- 
served by homogemzing in isotomc KCl or isotonic 
sucrose Using isotonic homogenates from rat liver 
and rat kidney, it nas demonstrated that strepto- 
mycin in concentrations of 30-60 y/ml had no effect 
upon the oxalacetate -pyruvate reaction However, 
when the concentration uas increased to 300 y/ml 
inhibition was frequently obtamed Inhibition of 
this reaction could be demonstrated for low levels 
of streptomycin if the homogenate and the strepto- 
mycin were meubated in the cold for two hours 
The circumstances of these experiments are such 
as to suggest that streptomycin will inhibit the 
oxalacetate-pyruvate condensation in the animal 
as well as m the bacteria but that in the animal 
there is a permeability barrier at the cell wall and 
at the mitochondria which prevents the strepto- 
mycin from reaching the enz}'mes in the animal cell 
concerned ■with catalyzing this reaction 
Conversion of isotopic pyruvate to oxalacetate 
by pigeon liver M F Utter and Mary T Cheno- 
■WETH (by in-vitation) Dept of Biochemistry , 
School of Medicine, Western Reserve Univ , Cleve- 
land, Ohio Although it has been assumed that the 
formation of oxalacetate in the Wood-Werkman re- 
action IS accomplished b} the carboxylation of 
p}Tuvate, pre’vious studies ha\e dealt only Mith 
CO- mthout identification of the other component 
In the present work, the incorporation of labeled 
pyTuvate into oxalacetate has been compiared v it li- 
the incorporation of C*0: to determine the nature 
of the immediate precursor of oxalacetate Corbox \ 1 
labeled pyTUvate -was smthesized from acctyl- 
bromide and Cu;(C*N): via pyTUVonitrile and 
pyTUvamide Oxalacetate uas decarboxy lated by a 
pigeon liver preparation in the presence of pyrui ife 
and C*N: and the residual oxalacetate separated 
and purified as the mercurous salt The oxalacetate 
•was analyzed for isotope content in the tvo car- 
boxyl groups since one group originates from CO- 
and the other from the pxxuxatc carborjl Rcsult«: 
indicate that the fixation of pxxux-atc inoxal ici t iti 
occurs with certain cnz\Tnatic pn p-iratioiis but i- 
not correlated vrlh the fi'xation of CO ''om < nz\ 
mafic preparations that fix CO, xerx rapidly ^ n 
inactixe on pxTUX’atc In contrast to the mar»‘'i 
stimulation of CO. fixa lan esuseJ by KTP, 1 i 
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pyruvate fixation occurs it is relatively unaffected 
by ATP The foregoing findings lead to the tentative 
conclusion that pyruvate is not the immediate pre- 
cursor of oxalacetate Prel iminary results show that 
labeled pyruvamide can be substituted for pyruvic 
acid in the reaction mixture and is also incorporated 
in a compound resembling oxalacetate The mecha- 
nism IS under mvestigation 
Isotopic studies of the biosynthesis of nucleic 
acid components II allantoin Jerome D Valen- 
tine (by mvitation), Samuel Gurin and D 
Wright Wilson Dept of Physiological Chemistry, 
School of Medicine, Umv of Pennsylvania, Phila- 
delphia, Pa It has been established that the car- 
boxyl carbon of glycine is a source of carbon 4 in the 
uric acid excreted by the pigeon In order to deter- 
mine what role glycine plays m the biosynthesis of 
purines m mammals, glycine labeled in the carboxyl 
position with was mixed with a stock diet and 
fed to young albino rats for a period of 10 days 
From pooled 24-hour collections of urine, allantoin 
was isolated, purified and analyzed All samples of 
allantoin were found to be radioactive, the specific 
radioactivity increasing gradually to a maximum on 
the 10th day By degradation of allantoin to gly- 
oxylic acid and urea the C“ was found in the gly- 
oxylic acid fraction, corresponding to carbons 4 and 
6 of the allantoin molecule Allantoin isolated after 
giving carboxyl labeled sodium adetato mtrapcri- 
toneally to 5 rats over a 6-day pei lod a as found to 
be very weakly radioactive It w ould appear tlint 
this compound is either not directly utilized as such 
for purine synthesis or that it is directed into other 
metabolic pathways These results arc of interest 
in view of the fact that much of the carboxyl carbon 
of acetate is incorporated into carbons 2 and 8 in the 
uric acid excreted by the pigeon 
Inactivation of stilbestrol in alkali Raymond 
Vanderlinde (by invitation) and W W Wester- 
FBLD Dept of Biochemistry, Syracuse Uni V College 
of Medicine, Syracuse, N Y The inactivation of 
Stilbestrol that occurs on standing in an alkaline 
solution results fiom a dehydrogenation of the stil- 
bestrol to isodionestrol and a subsequent ring 
closure to indenestrol Both of these products have 
been isolated from reaction mixtures A nearly 
quantitative conversion to indenestrol w'as ob- 
tained when 0 S mg of stilbestrol per cc of 0 8n 
NaOH stood at room temperature for 30 days Iso- 
dienestrol and small amounts of unchanged stilbes- 
trol were the principal products obtained v hen 1 
mg of stilbestrol per cc of 0 02n NaOH stood at 
room temperature for 14 days Isodionestrol is 
approximately 1/700 as active estrogenically as 
stilbestrol, indenestrol is at least 1/10 as active as 
stilbestrol The relative decrease in estrogenic 
potency of the original stilbestrol solution will 
obviously depend upon the proportions of the three 


main constituents in the final solution, and this 
varies with the conditions of inactivation 
Antigenic transformation in paramecium anreha 
under the influence of proteolytic enzymes W J 
VAN Wagtendone. Dept of Zoology, Indiana 
Untv , Bloomington, Ind Within stock 61 of 
variety 4 of Paramecium aurelta 6 antigenically di- 
verse strains have arisen (strains A, B, C, D, E 
and G) Each of these 6 types is inherited under 
standard conditions of culture Differences in anti- 
genic type do not depend on differences in genes 
but on cytoplasmic differences These cytoplasmic 
factors are subject to environmental influences 
Exposure to dilute antiserum, high or low tempera- 
ture, brings about a transformation in antigemc 
type to any one of the possible types in this stock 
The new antigenic ty pe is inherited true to type, as 
long as the cultures arc grown under standard con- 
ditions (Sonneborn Scientific Monthly 67 154, 
1948) Five strains of F aiircho (stock 51, variety 
4) liavc been exposed to the action of trypsin and 
chymotrypsin at 27° for 12 and 24 hours After ex- 
posure single isolations wore grown for 8 fissions at 
20°, 27° and 32°, and the antigenic type of the 
resulting clones determined Under these condi- 
tions, strains olA, 51B and 51G xmry rarely trans 
formed into another ty po Ty pcs 51C, 61D and 51E 
gave rise to a large variety in types The suscepti- 
bility to trypsin and chymotrypsin of the latter 
three types is correlated with their instability 
under other external conditions 
Influence of biliary obstruction upon liver pro- 
tein regeneration Harri hi Vars, Colix C 
Ferguson (by invitation) and Charles S Rogers 
(by invitation) Harrison Dept of Surgical Re- 
search, Schools of Medicine, Univ of Pcnnsyliania, 
Philadelphia, Pa Groups of male Wistar rats, pre 
viously' protcm-dcplctcd for a period of 14 days, 
were subjected to partial hcpatectomy (70%) and 
to Bimultmeous high ligation and division of the 
common bile duct Postopcrativcly these animals 
were fed a 10% protein, low fat diet and were then 
killed on the 2d, 4th, eighth and 14th days Control 
groups, only^ partially hcpatectomizcd, were pair- 
fed with the above rats Total nitrogen balances 
were determined Following death the amounts of 
new liver protein were measured, together with 
liver mass (wet and dry'), gly cogen and total hpid 
Histological examination of all livers was made At 
all periods postopcratix'ely it was found that the 
biliary'-obstructed rats not only' had livers of 

grcatci mass but livers containing greater amounts 

of new liver protein than did the controls Un 
doubtedly a portion of this protein increment is 
ductal in origin, and some may' be present in the 
increased fluid content of the obstructed livers as 
plasma or lymph How ever, estimation of the duc- 
tal piolifcration ns seen on histological examination 
and estimation of the protein associated wath the 
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increased fiuid indicate that liver protein regenera- 
tion occurred in the biliary-obstructed rat to a 
degree almost equal to that in the unobstructed 
pair-fed animal Counts of parencbjunal cell mi- 
toses in both groups u ere approvimately equal 
Rat liver fructokmase Cahii S Vestung, 
HksueaIbish (by invitation), Augusta K Hinscn 
(bj- invitation) and Nobman H Gbant (by invita- 
tion) Division of BwchcimslnjfW A Noyes Labo- 
ratory of Chemistry, Umv of Illinois, Urbana, III 
A study of the phosphorj lation of glucose and fruc- 
tose by rat liver homogenates has been earned out 
It has been found that systems v hich pfaosphory- 
late fructose very^ effectively are quite inert to 
glucose Addition of numerous materials (DTK, 
HDP, phosphocreatme, insulin, various phospha- 
tase inhibitors and others) fails to allow phosphory- 
lation of glucose at a rate at all comparable to that 
encountered with fructose The Nelson procedure 
(J Biol Chem 153 375, 1944) and that of Roe 
(Browne and Zerban Sugar Analysis, p 961,1941) 
have been employed m studying sugar disappear- 
ance Slightly hypertonic phosphate buffer homog- 
enates of livers from fasted rats have been used in 
this work The complete systems contain ATP, 
MgClj, a-ketoglutarate or glutamate, substrate and 
homogenate The effect of NaP has been studied 
In certain experiments liver slices have been sub- 
stituted for homogenates with essentially similar 
results The oxidation of a-ketoglutarate or glu- 
tamate by these sy’stems greatly improves the 
phosphory^lating capacity When glucose-l-phos- 
phate, glucose-6-phosphate, or fructose-6-phos- 
phate is incubated in rat liver systems, about 
one-fifth reappears as ‘apparent glucose’ and none 
as fructose When a beef brain hexokmase prepara- 
tion, which will phosphorylate both glucose and 
fructose, is added to a rat liver system, the com- 
bined system phosphorydates both glucose and 
fructose effectively The combmed system phos- 
phory^lates about twice as much glucose as the brain 
hexokmase alone Boiling the brain hexokmase ex- 
tract abolishes this effect 
In vitro utilization of labeled acetate and 
pyruvate by rat diaphragm muscle Ci^unu A 
ViLUBE, Olof H Peabson (by invitation) and A 
Baikd Hastiags Dept of Biological Chemistry, 
Sarvard Medical School, Boston, Mass Diaphragm 
muscle from normal, diabetic and adrenal ectomized 
rats was incubated, using the technique of Gem- 
miU, in a medium containing 0 04m sodium phos- 
phate, 0 005m MgClj, 0 OSm NaCl, and either 
carboxy 1 labeled C*'' acetate or carbonyl labeled 
pyruvate, 10 mw/i , initial pH, 6 8 A half dia- 
phragm was placed m each Warburg vessel , to one 
of each pau of vessels 0 5 u msuhn/ml medium was 
added The diaphragms were incubated for 2 hours 
in an atmosphere of oxy gen The CO- collected in 
the center well was precipitated as BaCOa, plated 


and counted with an end wmdowr Geiger tube 
Samples of the media before and after incubation 
were analyzed for pyTuvato and lactate, and the 
amount of glycogen in the diaphragm before and 
after incubation was estimated The metabolism of 
acetate to CO- m diabetic diaphragm w as decreased 
to 35% of normal and this decrease was unaffected 
by the addition of insulin Insulin had no effect on 
the metabolism of acetate to CO- in normal dia- 
phragm Experiments on the effect of adrenalec- 
tomy and on the metabolism of labeled pyruvate 
are underw ay and w ill also be reported 
Anesthesia with methylal in mice and dogs 
Robbut W Virtue Division of Anesthesiology, 
Dept of Surgery, Slate Untv of Iowa, Iowa City, 
Iowa Exposure of mice to concentrations of 7% 
methylal (OH* — 0 — CH;: — 0 — CHj) m air was fol- 
low ed w ithin 10 minutes by loss of reflexes produc- 
ing a condition compatible w ith surgical anesthesia 
Increasing the concentration to 17 5% methylal 
produced respiratory arrest The anesthetic index 
w as therefore 2 5 The corresponding index for 
ethyl ether was 2 0 Twenty -five% methylal in 
0 9% sodium chloride solution was injected intra- 
venously into dogs Surgical anesthesia was pro- 
duced with blood concentrations of methylal 
between 109 and 235 mg % After injection of suffi- 
cient methylal to produce respiratory arrest the 
blood methylal values varied between 265 and 453 
mg %, and one hour later the blood methylal 
values ranged betw'een 99 and 295 mg % As has 
been consistently observed during ether anesthesia, 
concentrations of blood glucose rose considerably 
during methylal anesthesia, the carbon dioxide 
combining power diminished, and the blood urea 
values increased slightly Recovery of both mice 
and dogs from anesthesia wuth methylal was much 
slower than from anesthesia with ether, probably 
due to slower elimination of methylal because of its 
greater solubility in water 

Chromatographic separation of ribonucleotides 
and its application to the study of ribonucleic acid 
structure Ernst Vischek (by invitation), Boris 
Magasanik (by invitation), and Ehwun Chab- 
QAFF Dept of Biochemistry, College of Physicians 
and Surgeons, Columbia Umv , New Yorh The 
ribonucleotides derived from yeast ribonucleic 
acid, via adenylic, guanylic and cytidylic acids, 
can be separated from each other and also from 
muscle adenylic acid by chromatography on filter 
paper with isobutyrnc acid (saturated wuth water) 
as the solvent m a suitably maintained NHj atmos- 
phere The separated components are fixed on tlie 
paper as the uranyl salts and demonstrated by the 
conversion of the latter to brown uranyl ferrocya- 
mde Parallel undeveloped chromatograms serve 
for the extraction of the adsorbates w ith phos- 
phate buffer of pH 7 1 and the spectrophotomctric 
estimation of the separated nucleotides by procc- 
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dures similar to the recently described method for 
purines and p3Timidines (Vissoher and Chargaff 
J Btol Chem 176 703, 1948) The recoveries 
ranged from 90 to 100% If the distance of the yeast 
adenylic acid adsorbate from the starting point is 
taken as 100, muscle adenylic acid is 76, cytidylic 
acid 60, and guanylic acid 40 Alkaline hydrolysates 
of yeast ribonucleic acid exhibited 3 zones of ad- 
sorption which m their positions on the chiomato- 
gram and in their absorption spectra corresponded 
to guanylic, cytidylic and adenylic acids, respec- 
tively, accounting for a total of 75-85% of the nu- 
cleic acid used The quantitative distribution of 
the nucleotides thus detemuned following the 
degradation by various means of ribonucleic acids 
of yeast and of mammalian tissue ivill be discussed 
with particulai emphasis on the bearing of these 
studies on the problem of nucleic acid structure 
Function of the system, glutamic acid-glutamine, 
in bram metabolism HaiNRicii Waelscii, Paula 
Schwerin (by invitation) and S P Bessiian (by 
invitation) Dcpls of Biochcintshj/, N F Stale 
Psychiatric Instilulc and Columbia Univ , New 
York City The protcin-ficc filtrate of brain (rat, 
mouse, rabbit, calf) contains about 160 mg glu- 
tamic acid and 60 mg glutamiiic/100 gm tissue 
The concentration of free glutamic acid in brain is 
higher than in any otiicr oi’gan analyzed (muscle, 
liver, kidney, blood) Aftci intravenous injection 
of large amounts of glularaie acid or of glutamine 
into rats and mice no increase in the glutamic acid 
content of the brain w is found while the entrance 
of glutamine into the brviii could not be excluded 
with certainty Glutamine appeals to enter the 
liver with greater case than docs the parent amino 
acid The data suggest tliat brain glutamic acid may 
be denved from glucose tliiough the tricarboxylic 
acid cycle At present, however, the possibility 
still exists that this ammo acid originates at least 
in part from circulating glutaniiiio The function of 
the system glutamic acid glutamine is discussed ns 
one of the metabolic buffers of the tricarboxylic 
acid cycle Under physiological conditions the large 
concentration of glutamic acid in the brain assui es 
an optimal functional rate of the cycle at the keto- 
glutaric acid stop Glutamic acid may furthermore 
act as a respiratory substrate uiidei conditions of 
impaired glucose supply^ 

Influence of lipotropic compounds on the lipid 
and protein fractions of blood plasma from chil- 
dren with nephrotic syndrome Cm Che Wano, 
H H BoTLEandS Freemxn Children’s Memorial 
Hospital A Northwestern Untv Medical School, 
Chicago, III A total of 11 children with nephrotic 
syndrome and hpemia w'erc treated dui ing varying 
penods with one or more of the following com- 
pounds Methionine, inositol, choline In some 
cases an effect was demonstrated in the blood lipid 
values In one case all fractions but phospholipids 


definitely decreased following the ingestion of 3 gni 
of inositol foi 11 weeks and 5 days On the other 
hand 4 of the 5 patients receiving inositol alone 
show^ed no consistency in the lipid values during 
inositol mtake One out of 5 patients showed a defi- 
nite decrease in lipid values during the administra- 
tion of choline alone Two children who received a 
combination of 3 gm of inositol and 2 gm of choline 
for 9 days m the case of one patient and for 14 w ceks 
4 days in another patient show^ed a defimte lowering 
of all the hpid fractions Four out of 6 children 
receiving 6 gm of methionine show ed a low ering of 
the lipid fractions with some fluctuations In the 
fifth child there was a slight increase in neutral fat 
The lipotropic comixmnds did not produce a defi- 
nite change in the protein fractions of blood plasma 
of these patients 

Determination of pyrimidines by the isotope 
derivative method Robert C Warner Dept of 
Chemistry, New York Vmv College of Medicine, 
New York City Conditions have been established 
foi the formation of derivatives of uracil and thy- 
mine w'lth pipsyl (iiara-iodo-phcnyl sulfonyl) 
chloi idc The reaction proceeds at room tempera- 
ture in 75% acetone solution bufl^cred with bicarbo- 
nate to give a 94% yield of the mono pipsyl ester 
With I”' in the dcrivatiziiig reagent, this reaction 
has been made the basis of a quantitative deter- 
mination of uracil and thy mine by the same method 
that has been applied to ammo acids by Keston, 
Udcnfriend and Caiman (J Am Chem Soc , in 
pi css) The pyTiniidmc solution is dorivatizcd wath 
isotopic 1 cageiit of know n specific activity A large 
excess of the unlabellcd derivative of the desired 
constituent is added as carriei A sample is purified 
to constant specific icfivity from which the quan- 
tity of the constituent originally present may' be 
calculated Purification is accomplished by means 
of repeated recrystallization wuth norite treatment 
and countercurrent distribution The latter method 
makes it possible to analyze for both uracil and 
thymine on the same i e iction mixture after adding 
carriers for both Recoveries from mixiiures and 
nucleic acid hydrolysates indicate an overall accu- 
racy of 1-2% on quantities of 10 ag Cytosine can be 
determined after conversion to uracil Data on the 
py'rimidine content and i ate of hydroly'sis of nucleic 
acids have been obtained by this method The indi- 
cator technique (Keston, Udenfnend and Levy J 
Am Chem Soc 69 3161, 1941) using both isotopes 
1”^ and S“ and employung paper strip chromatog- 
raphy' can also be applied to 0 1 ag quantities of 
pywimidinc 

In vitro metabolism of testosterone and its 
metabolites by kidney tissue Charles Donald 
West (by invitation) and Leo T Samuels Dept 
of Biochemistry, Unit’ of Utah, Salt Lake City, 
Utah This investigation w as undertaken to deter- 
nuno whether or not the kidney is involved in the 
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metabolism of testosterone When testosterone ;\ ns 
incubated with dog or nbbit kidney mince, the 
testosterone was destroj ed cnzj’maticall}'^ and 17- 
ketosteroids were formed This destruction was 
accomplished bj’’ at least t\\ o 0023^10 systems One 
has DPN for its coenz3Tne and is concerned in the 
OMdation of the hj^dro\3] group on C-17 to the 
ketone The other enz3Tiie s3'stem is much less ac- 
tive and IS concerned in the saturation of the a-/S 
unsaturated bond in the A nng When androstenc- 
dione was incubated with rabbit kidne3' mince, the 
17-ketone group was destro3cd while the a-fi un- 
saturation in the A ring was left intact The addi- 
tion of citrate greatl3’’ accelerated this reaction 
Similar I3 , the 17-ketone group of androsterone was 
destroyed when it was incubated with rabbit kid- 
nei mince This destruction was also catalyzed 63 
the addition of citrate No o-i3 unsaturated steroids 
w ere formed from the androsterone The relation of 
these enz3Tnes to those in the liver will be 
discussed 

Dietary effects on liver van thine oxidase W W 
Westehfeld and DA^ A Richert (b3'^ invitation) 
Dept of Btochemislry , Syracuse Umv College of 
Medicine, Syracuse, N Y Rats were born without 
detectable liver xanthine oxidase activity At 21 
da3’sofage the average activit3 was720umt3 (Cmm 
Oi/gm dryliver/hr ) Adult rats on dog chow aver- 
aged 1550 IT Weanling rats were brought to 1535 
and 1385 u reapectivel3' by' feeding dog chow (21% 
protein) or mineralized whole nulk for 2 weeks 
Feeding purified diets containing 21% protein 
(casein, egg albumm, peanut protein) maintained 
the liver xanthine oxidase activity at approxi- 
mately the weanling level (600-900 u) for about 6 
weeks, but gave values of 1000 to 1200 it in 8 to 10 
weeks Increasing the protein content of the diet to 
25 and 30% by the addition of peanut meal gave 
only 900 to 1000 ij of liver xanthine oxidase after 6 
w eeks Supplementing the 21% purified casein diet 
with 10% dry liver gave 1290 u of activity m 2 
w eeks , supplementing the diet with raw cream w as 
similarly effective wuth some samples of cream but 
not mth all A diet containing 21% crude casein 
gave 1260 tt of activity in 4 weeks Supplementing 
the purified casein diet for 2 w eeks with a mixture 
of Cu, Zn, Mn, CJo, and I or with a mixture of fla- 
iine, adenine, and nbose or with a mixture of 
biotin, inositol, p-aminobenzoic acid, pteroylglu- 
tamic acid, rutin and ei-gostanyl acetate did not 
significantly increase the liver xanthine oxidase 
abov e the control levels A concentrate of vitamin 
Bi: was also ineffectiv e 

Progesterone and testosterone reversal of di- 
ethjlstilbestrol inhibition of succmoxidase of 
tumor mitochondrial elements Ivext Wight (by 
mntation) and Dean Burk National Cancer In- 
stitute, National Institutes of Health, Bethesda, 
Md If has been found that certain hormones act 


competitively' on the succinoxidase sy'stem of the 
mitochondrial elements of the S91 and Harding- 
Passey' iiielanoinas grow n in dba and C mice respec- 
tively The mitochondrial elements (microscopic- 
ally' visible cytoplasmic particulates mostly' 
melanized, see Woods el al J Nat Cancer Inst 
Feb 1949) weie obtained by centnfugationat 10°C 
of saline, glass wool-filtered tumor homogenates at 
10,000 g for 30 minutes, after preliminary centrifu- 
gation at 25 g for 10 minutes to eliminate nuclei and 
heavy' phagocytized cell material Oxygen con- 
sumption was measured manometncally' after 
addition of 0 06 m phosphate (pii 7), 0 OOOOIm cydo- 
chromc C, and 0 02m succinate Diethylstilbestrol, 
at a concenti ation of ^135 7/ml (= 0 0005 m), in- 
hibited particulate oxygen consumption 60 to 75% 
This inhibition was markedly reduced or entirely 
eliminated by the simultaneous addition of •^125 
7/ml (o 0 0002m) progesterone or testosterone 
Progesterone alone had no effect on oxygen con- 
sumption The S91 and Hardmg-Passey tumor 
particulates behaved similarly except that the nor- 
mal Qo, v'alues (ml ^ O2 consumed/mg/dry wt/ 
hour) were about 5 times as great in the case of the 
former (Qo of 10-20 compared to 2-5), and that 
testosterone alone sometimes inhibited the latter 
Essentially no succinoxidase activity was shown by' 
the initial nuclei fractions or the final supernatants 
Diethylstilbestrol also markedly inhibited or elim- 
inated oxygen consumption by' mitochondrial ele- 
ments from non-melanoma tumors such as C3HBA 
breast carcinoma and sarcoma 37 grow n in C3H and 
C mice respectively The foregoing observations on 
sex hormone antagonisms at the mitochondrial 
enzyme level may offer some basis of mechanism 
for the numerous similai antagonisms noted at 
organ and body levels 

Paper chromatography of vitamin Bu and re- 
lated bacterial growth factors Waeter A Wix- 
STEN and EnwARD Eigen* (introduced by Philip B 
Hawk) Food Research Laboratories , Inc , Long 
Island City, N Y In a preliminary note (letter to 
the Journal of Biological Chemistry), Lactobacillus 
leichmannii 313 has been reported to utilize six 
alternate growth factors Tw o of these w ore found 
in vitamin Bu concentrates and presumably' repre- 
sent two forms of the vitamin Hoffmann, el al (/ 
Biol Chem 176 1465, 1948) previously reported 
that crystalline APA factor (v'ltamin Bn) supports 
the grow th of this organism A third grow th factor 
may' be identified as thymidine, reported by Snell, 
etal (J Biol Chem 175 474, 1048) to support the 
growth of L leichmannii 313 The three other 
growth factors are of unknown composition In the 
present report, the paper chromatographic proce- 
dure for separating the 6 afternate growth factors 
is described as well as the method of recognizing 
the positions of the several growth factors on a 
chromatogram bv the use of L leichmannii 313 as 
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a microbiological indicator This techmque allows 
one to interpret assay values for apparent vitamin 
Bi! activity as measured in the tube microbiological 
assay procedure Due to the very slow movement of 
the two forms of vitamin Bi-> on a paper chromato- 
gram using n-butanol as the mobile phase, it is 
possible to separate these entities from the faster 
moving substitute growth factors The isolated 
vitamin Bn entities may then be assayed by the 
usual tube assay procedure Illustrative data are 
presented 

Metabolism of tissue cultures of mouse-brain in 
relation to propagation of Theiler’s GD VII virus 
Richahd J Winzleb and Harold E Pearson (by 
invitation) Dcpts of Biochemtslry and Baclcrtol- 
ogy, Umv of Southern California School of Medi- 
cine and the Laboratory Division of the Los Angeles 
County Hospital, Los Angeles, Calif Sterile cul- 
tures of minced newborn mouse brain incubated at 
36°C are capable of supporting the multiplication 
of Theiler’s GD VII strain of mouse cnecphalo- 
myelitis virus Studies on the o\ygen consumption 
in Warburg vessels of such cultures with or n ithout 
virus reveal no significant difference in the QO» 
values in the presence or absence of the virus over 
the period of most rapid virus grow th (0-24 hours) 
and up to 72 hours Similarly with cultures grown 
in Erlenmeyer flasks the presence or absence of 
virus had no influence on the rate of glucose utiliza- 
tion or of lactic acid production by the tissues The 
rates of oxygen consumption, glucose utilization 
and lactic acid production fall rapidly with time 
and reach levels of about 10% of the original rates 
after 48 hours In spite of this marked diminution 
of metabolism, the tissue retains its ability to sup- 
port the growrth of the virus for as long ns 10 da>'s of 
incubation before virus is added It thus appears 
that the virus has little effect on the overall metab- 
olism of the host tissue and that the rate of metab- 
bolism of the host tissue is not of paramount 
significance in governing the multiplication of the 
virus 

Acetoacetate production from hcxanoic and 
other SIX carbon acids by rat liver preparations 
Robert F Witter (by invitation) and Elmer 
Stotz Dept of Biochemistry , School of Medicine 
and Dentistry, The Umv of Rochester, Rochester, 
N Y Quantitative measurements of acetoacetate 
production from 6 carbon acids were made w’lth rat 
liver homogenates and washed liver particulate 
matter With the latter at pn 7 4-8 0, 1 mole of 
hexanoato yielded 1 J moles of acetoacetate, proving 
a recondensation mechanism At pii 6-7 lower 
yields of acetoacetate were obtained at a slower 
rate, and a heat stable factor from liver w’os neces- 
sary The rate of acetoacetate foi mation from sev- 
eral possible intermediates of hexanoato oxidation 
was measured with both types of liver prepiarations 
at pH 8 0 Only a-hexanoate yielded acetoacetate 


at a rate comparable with hexanoate under the same 
conditions In the washed liver system, sorbate, 
iS-hydroxyhexanoate, /S-hydrox-y-y-hexanoate, and 
/3-ketohexanoate gave low rates of acetoacetate 
production Upon addition of the heat stable 
factor, these rates were all increased but only with 
sorbate did the rate approach that of hexanoate or 
a-hexenoate The washed liver system, unlike the 
homogenate or the soluble extract (Witter and 
Stotz J Biol Chem 176 601, 1948), did not 
metabolize triacetic 03,6 diketohexanoic) acid 
By use of a micro-bromination procedure for a- 
hexanoatc, it has been found that its disappearance 
in liver homogenates is dependent on the presence 
of oxygen Aerobically, /3-hydroxyhexanoate did 
not inhibit the metabolism of a-hexanoate The 
collected facts cast some doubt on a simple hydra- 
tion of a-he\anoate and on /S-hy^droxy'hexanoate 
ns an intermediate A study of various inhibitors 
13 being made in an attempt to differentiate the 
steps in the production of acetoacetate from 
hcxnnoic acid 

Sulfur-free protein hydrolysates for cystine- 
nnd methionine-free diets John L Wood, Shir- 
let Lucille Coolet (by invitation) and Nelson 
Kingsland (by invitation) Dept of Chemistry, 
School of Biological Sciences, Umv of Tennessee, 
Memphis, Tenn In order to prepare a diet entirely 
devoid of organic sulfur, excepting for vitamins, a 
method for removal of all sulfur from protein hy- 
droly’sates has been devised The protein hydroly- 
sates were treated with freshly prepared Raney 
Nickel which removed all organic sulfur as nickel 
sulfide Model experiments indicate that the 
cy stino in the mixture w os converted to alanine and 
the methionine to a aminobutyuic acid A 15% 
solution of the hy'droly state was shaken with 
Raney Nickel for 3 hours at room temperature and 
pii 8 2 The solution was separated from the 
nickel and neutralized before concentration to 
drymess The nickel adsorbed considerable of the 
nitrogenous products of the solution, but much of 
this was eluted by treatment with hydrogen sul- 
fide The ratio of amino nitrogen to total nitrogen 
in the final product was approximately the same 
as in the untreated hy^drolysate Qualitative tests 
for cystine and methionine and sulfhydryl were 
negative Threonine analyses indicated that this 
ammo acid was not destroy ed by the alkaline treat- 
ment A small amount of sulfate was found in the 
hy'droly sate In one instance this w ns removed with 
barium hy^droxide to produce an entiiely sulfur- 
free hydrolysate Growth response in ysung rats 
demonstrated that essential amino acids other 
than methionine wsre retamed in the desulfurized 
preparation Both an acid hydrolysate and an en- 
zyme hydrolysate have been desulfurized When 
supplemented with methionine, or with cystine 
and methionine, each preparation supported 
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growth at appro'omately the same rate as the un- 
treated hydrolj'sate 

Prolongation of pentobarbital sodium anes- 
thesia by nitrates and nitrites Hahold Wooster 
(bj invitation) and F William Sunderman 
Mellon Institute, Pitlshurgh, Penna , and Cleve- 
land Clime, Cleveland, Ohio The recovery time of 
white mice anesthetized vith pentobarbital so- 
dium IS significantly prolonged by the intra- 
peritoneal injection of nitroglycerine, butyl ni- 
trate, diethyleneglycol dinitrate and sodium 
mtrite Nitroglycerine appears to be the most effec- 
tive of the compounds studied The dosages re- 
quired to demonstrate this phenomenon are of the 
order of 20-50 mg/kg of body v eight Significant 
prolongation of recovery time may also be pro- 
duced by the inhalation for 20 minutes of butyl 
nitrate in concentrations of 30-45 mg/1 
Interference of gentisic acid m determination 
of urinary uric acid after administration of salicy- 
lates T F YO (bj' mvitation) and Ale-vander 
B Gutman Research Service, First (Columbia 
Umv ) Division, Goldwater Memorial Hospital, 
and Dept of Medicine, College of Physicians and 
Surgeons, Columbia Umv , N^ew York City The 
chromogen removed by treatment of urine or serum 
with uricase is generally considered to be true uric 
acid We find that in the urine of normal and gouty 
subjects receiving 6 gm acetylsalicylic acid daily, 
as much as 25% of the total chromogens (as meas- 
ured by urea-cyanide-carbonate and arsenophos- 
photungstic acid) may consist of a chromogen 
which IS not uric acid but is destroyed by digestion 
with uricase, due to instabibty in the alkahne buf- 
fer This chromogen was identified by counter- 
current techniques as largely gentisic acid, showing 
essentiall}”' the same distribution between dilute 
HCl and a mixture of isopropyl ether and petro- 
leum either as an authentic sample of gentisic 
acid When 16 gm of sodium gentisate was fed by 
mouth, the chromogenicity of the urine was tre- 
mendously mcreased , of this over 90% was gentisic 
acid In determinmg unc acid in the urine of 
patients receiving salicy^lates, gentisic acid should 
first be removed This can be accomplished by 
shaking an aliquot of acidified urine (pH 4 5-5 0) 
2 or 3 times mth 4 to 5 tunes the volume of ethyd 
ether The gentisic acid is quantitativelj^ removed 
in the ether extract 

Metabolism of isovaleric acid studied with iso- 
topic carbon Iriung Zabin (by invitation) and 
Koxtiad Bloch Dept of Biochemistry and Insti- 
tute of Radtobiology and Biophysics, Umv of Chi- 
cago, Chicago, III In continuation of earlier 
studies on the degradation of branched chain com- 
pounds and their possible role in sterol synthesis 
(J Biol Chem 155 255, 1944), isoialenc acid 
containing C” in the tno end inethjl groups and 
C^‘ in the carboxyl group has been smthesized 


After incubation of labeled isovaleric acid in rat 
liver slices ketone bodies were isolated according 
to Van Slyke and analyzed for C” and C** The 
acetone fraction which includes acetone formed by 
decarboxylation of acetoacetate contained the 
C** and isotopes in a ratio of about 8 to 1 Two 
possible pathways for the formation of ketone 
bodies from isovaleric acid are a) loss of one of the 
end methyl groups with formation of a 4 carbon acid 
followed by oxidation of the latter to acetoacetate , 
b) oxidation of isovaleric acid at the tertiary car- 
bon atom with production of acetone and a 2 
carbon fragment The 2 carbon fragment might con- 
dense to acetoacetate The high absolute C” con- 
centration and the high ratio found m the 

acetone fraction in the present experiment favors a 
pathway which involves spbtting of isovaleric 
acid into three carbon and two carbon fragments 
Cholesterol isolated from the same mcubation 
experiment contained both carbon isotopes, the 
incorporation of C” being significantly greater 
than that of 

Distribution of radioisotopes of carbon and 
calcium administered to rats by continuous intra- 
peritoneal infusion S H Zbarskt (by invita- 
tion), Roger Lienee (by mvitation) and W D 
Armstrong Dept of Physiological Chemistry, 
Umv of Minnesota Medical School, Minneapolis, 
Minn Studies were made of tissue uptake and 
excretion of and Cb.*^ by rats receivmg these 
isotopes by intraperitoneal mfusion The vras 
given as a solution of NaiC’^Oj m saline and the 
C^* in the expired air and excreta determined at 
mtervals over a period of 5 days The C*'‘ content 
of the expired air rapidly reached a high value 
which was maintamed throughout the mjection 
Over 90% of the injected C** was excreted in the 
expired air and the contained in the urine was 
present chiefly as urea The specific activities of 
the tissues and tissue components w'ere found 
to be higher than in earlier experiments in w hich 
rats received intermittent injections of NajC’^Oj 
or mtraperitoneal implants of CaC'^Oj The Ca'** 
was given over a period of 3 days as a solution of 
Ca**Cl 2 m saline Feces and urine were collected 
daily during this time and for 5 days after the in- 
fusion was stopped , Ca^ appeared m all samples of 
feces and the total fecal excretion of Ca“ was 
nearly equal to the amount in the unne The 
Ca'“ present in the skeleton, teeth and other tis- 
sues was determined The results and conclusions 
derived from these and other similar experiments 
will be presented 

Effect of antimalanal agents on adenosine tri- 
phosphatase of snake venoms E Albert Zeller 
( introduced by hlARSCHELLE H Power) Division 
of Biochemistry, Mayo Foundation, Rochester, 
Minn Many snake v enoms are able to cataly ze the 
by droK'Sis of one phosphoric acid from \TP 
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This reaction is activated fay some faivalent ions 
like magaesram, calcium, manganese and cobalt, 
and IS inactivated by some other ions such as zinc, 
copper and mercury (E A Zeller, 1948) Hydrogen 
sulfide, C 3 isteine and ascorbic acid inhibit the reac- 
tion while sodium cyanide activates it, possibly 
by removing inhibiting heavy metals Histamine 
inactivates the enzyme considerably in 0 001m 
solutions Other diamines, like pyndovamine, have 
the same effect (B A Zeller Froc Soc Exper 
Btol & Med , 1949) It has been observed recently 
that still other drugs which are derivatives of 
diammes also influence ATPase in a similar way 
Thus, stilbamidine in 0 004m solution produces 
63% inhibition of ATPase from Btits gabomca, 
regardless of the degree of activation of the enzyme 
by magnesium ions An approximately similar 
degree of inhibition of this enzyme is also produced 
by 0 003m quinine and 0 0015m atabrinc in the 
presence of various concentrations of magnesium 
ion It IS of interest to note that depho3phor3'Iation 
of ATP by homogenates of guinca-pig adrenal 
glands was likewise inhibited to a similar extent bj' 
stilbamidmc and atabrinc 
Non-choIine esters as substrates of c-cholines- 
terase ('true' cholinesterase) E Albeht Zeluer, 
Gbsahd a Fleisubr and Robert A McNacoh- 
TON (introduced by Marscuellb H Pov er) 
Division of Bwchcmielry, Mayo Foundation, 
Rochester, Minn It has been shown that cholines- 
terase, which IS present in certain snake venoms, 
IS of the ‘e’ type (Zeller Hclvei cliim acta 33 
1949) and that it is able to hydrolyze ethyl halo- 
acetates (Zeller and Utz, IIclvcl chin acta 33 
1949) The some lesult has been obtained with 
ethyl chloro acetate and e -cholinesterase of human 
erythrocytes (McNaughton and Zeller Froc Soc 
Exper Btol A Med , 1949) The use of the above- 
mentioned esters lias two disadvantages 1) the 
enzymatic reaction is rather slow' ns compared to 
that obtained with acetylcholine and S) the sub- 
strate blanks are relatively high Wo looked, there- 
fore, for better non-choline substrates of cholines- 
terase ^-Chlorethyl acetate was hydrolyzed bj' 
different snake venoms (Nata nata, Naia melano- 
Iciica and Pseudcchis prophynaens) , and erythro- 
cyte cholinesterase at a suitable rate The non- 
enzyraatic blanks w'crc much low er than those of 
the other substrates Enzymatic liydrol 3 csis of this 
compound and of acctylcholmc was inhibited to 
the same degree by physostigmine Simultaneous 
hydrolj^is with different concentrations of this 
non-chohne ester and acetylcholine alwaj's re- 
sulted in competitive inhibition, both with hcino- 
lyzed erythrocytes and W'lth snake venom Purified 
cholinesterase from human erythrocytes (which, 
contrary to the unpurified hemolyzed erythrocytes, 
does not split methyl butyrate) also catalyzed the 
hydrolysis of /3-chlorocthyl acetate, and gave use 


to competition with acetylcholine The /3-ChIoro- 
ethyl acetate was split more quickly fay e-cholmes- 
terases (snake venoms, erythroojies) than by s- 
chobnesterases (‘pseudo-’ cholinesterase) from 
human serum or gumea-pig parotid glands 
Effect of ultrasonic vibrations on the release 
and inactivation of paramecin L P Zm. (^y in- 
vitation) and W J VAN Wagtendonk Dept of 
Zoology, Indiana Untv , Bloomington, Ind Ex- 
periments were carried out to determine the feas- 
ibility of using high frequency ultrasonic vibra- 
tions as a method of disintegrating large numbers of 
Paramecium aurcha as a preliminary step m the 
isolation of paramecin ('killer* substance of Fara- 
mccium aurcha 51, variety 4) The instrument 
used had a maximum input of 1000 watts at a fre- 
quency of 450,000 cycles/sec Tests which were run 
on whole animals demonstrated that complete dis- 
integration was not obtained with maximum input 
for five minutes Paramecin was completely inac- 
tivated during this treatment In order to investi- 
gate ultrasonic cffecls on parameem itself, experi- 
ments wore performed, using a brei prepared by 
repeatedly forcing a suspension of Paramccia 
through a narrow-gauge injection needle It was 
found that ultrasonic treatment at low intensity 
increased the activitj of the onginal brei The 
maximum increase in activity was found to be ob- 
tained with a constant current of 80 miUiamperes 
(ca 32 watts) and at a bath temperature not 
exceeding 6°C All further experiments were 
performed under identical conditions of vibration 
(constant current of SO milliampercs) If x ibration 
was carried out under an atmosphere of air or oxy- 
gen, increases m activitj’ up to 185% wore ob- 
served No increase or decrease in the apparent 
activity of the brci was found if the vibration took 
place under an atmosphere of mtrogen When oxy- 
gen was passed through the sample during vibra- 
tion, the inactivation of paramecin proceeded ac- 
cording to a first order reaction 
Polarographic micro-method for determination 
of chloride in whole blood, serum and plasma 
Walter J Ziximerman and William M Lattox, 
Jr (introduced by H Jensen) Medical Depart- 
ment, Field Research Laboratory, Fort Knox, Ky 
A polarographic method has been developed for the 
determination of chloride concentration m from 
0 02 to 0 05 ml of w hole blood, plasma and serum 
Proteins are removed by an adaptation of tlie 
Somogyi barium hydroxidc-zmc sulfate precipita- 
tion, the final dilution of the sample for analysis 
being 1 100 in 0 In potassium nitrate The diffu- 
sion current, determined bj' a manual polarogniph 
at an applied voltage of 0 0 volts against a satu- 
rated mercurous sulfate half cell has been found 
to be directly proportional to chloride concentra- 
tion in the range of concentration used It is un- 
necessary to calibrate the apparatus m absolute 
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units or to thermostat the analysis cell, provided 
the diffusion current is determined for two stand- 
ard chloride solutions The method has been tested 
for accuracy by means of duplicate determinations 
on 0 06 ml of plasma with a mean error of 0 6% 
and by addition of 40 millimoles of potassium 
chloride with a mean error in recovery of 0 8% 
Plasma chloride values obtained by the polaro- 


graphic method have been found to correspond 
with values obtained with identical solutions by a 
standard volumetric technic The polarographic 
method has the advantage of utilizing small vol- 
umes of blood, thus allowing frequent serial chlo- 
ride determinations on small laboratory animals 
without causing undesirable changes attending 
excessive blood loss 
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In vitro oxidation of morphine by tissue homog- 
enates L G Abood and Ernest Kun (intro- 
duced by Julius M Coon) Dept of Pharmacology, 
XIniv of Chicago, Chicago, III Isotonic tissue 
homogenates prepared in Krebs-Henselcit solution 
oxidize moi phme in vitro Morphine derivatives in 
which the phenolic hydroxy group is substituted 
are not oxidized, but depiess the endogenous 
oxygen uptake The oxidation of morphine sulfate 
was followed manometncally and colonmctrically 
by determining the reducing value of the flask 
contents In 1 hour 70 to 80% of the added morphine 
was oxidized, a fact which corresponds to an equiv- 
alent decrease in the reducing value of the reac- 
tion mixture (10-100 mg of tissue homogenate plus 
10 mg of moiphine sulfate), suggesting that the 
phenolic hydioxy group is oxidized probably to a 
quinone On this basis 1 mole of morphine utilizes 
one-half atom of oxygen, n Inch is in agreement n ith 
the experimental findings Tlio oxidized morphine 
IS still pharmacologically active, and it is not 
further oxidized by tissue preparations Muscle, 
bram, liver, kidney of rabbit, mt, and guinea pig 
were all able to oxidize morphine Invertebrate tis- 
sues also oxidize morphine The extra oxj gen con- 
sumption of 10 mg of morphine is depressed 59% 
by 0 01m NaCN, 83% by 0 01m Na'SeOa, vhilc 
no inhibition occuried with 0 01m NaNa or 0 001m 
HgCh 

Effect of morphine sulfate on cerebral blood 
flow and metabolism in man Benedict E AnnEU, 
Henry W Elliott, Violette C Sutherland (by 
invitation), Lester Margolis (by invitation) and 
Alexander Simon (by invitation) Divisions of 
Pharmacology and Experimental Therapeutics and 
of Psychiatry, JJniv of California Medical School, 
San Francisco, and Langley Porter Clinic, Stale 
Dept of Menial Hygiene, San Francisco, Calif 
Mean arterial blood pressure (MBP), cerebral 
blood flow (CBP), cerebral 0- and glucose uptake 
and COj output were determined in 5 subjects 
before and 20 minutes after morphine SO4, 10 mg , 
1 m All were voluntary patients who m ci e ni the 
Langley Porter Clinic for psychiatric care Results 
expressed as percentage change from the contiol 
values are indicated in the table 
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The trend of effect as indicated in 5 subjects is for 
morphine to decrease significantly the CBF (in 
2 of 5), 0: uptake (in 3 of 6), CO output (m 3 of 5), 
but to increase glucose uptake (in 3 of 5) 

Simple method for determining the degree of 
insculnr sympatholytic action Raymond P 
Aiilquist Dept of Pharmacology, Univ of Georgia 
School of Medicine, Avgusta, Oa The increasing 
use of sjTiipatholytic agents as tools in pharmaco- 
logical and phj siological research has demonstrated 
the need for a simple method for determining 
more exactly the degree or extent of sympa- 
tholysis present in the experimental animal The 
proposed method is based on the reduction, by 
sjTnpatholj'Sis, of the intense vasoconstriction 
produced by the injection of epinephrine, 0 005 
mg/kg , into the femoral artery This dose, which 
practically' alnays produces a marked pressor 
response when injected intravenously, has little 
or no pressor effect when injected into the femoral 
artery of untreated dogs As sympatholysis de- 
x'clops follon ing the administration of Dibenamme, 
Priscol or other sympatholydics, this intraarterial 
constricting effect becomes diminished, and the 
pressure response to the intra arterial injection 
becomes more similar to the intravenous response 
This method gives much more information regard- 
ing degree of sympatholyBis tlian does a determina- 
tion of the presence or absence of epinephrine 
TeversaP This is veil illustrated by the finding 
that oven though epinephrine ‘reversal’ is present, 
the intia arterial injection shows that epinephrme 
IS still capable of producing marked vasoconstric- 
tion It lias also been found that m some of the 
visceral vascular beds the vasoconstncting action 
of cpincplirine cannot be prevented by any dose of 
the sympatholytic agents tested thus far 

Svmpatholytic action of dibenamme Raymond 
P Aulquist Dept of Pharmacology, Umv of 
Georgia School of Medicine, Augusta, Ga Nickerson 


270 



]ilarch 194B 


PHARMACOLOGY AND EXPERIMENTAL THERAPEUTICS 


271 


el al first showed that epinephrme, even in very 
high dosage, produced only a depressor response 
when injected intravenously into cats or dogs fol- 
loinng an effective dose of Dibenamme Athough 
this tends to shov, that the sympatholytic action 
of Dibenamme is absolute against epinephrine 
constriction, results obtained in this laboratory, 
using direct blood Sow measurements and intra- 
arterial injections of epinephrme, show that the 
action of Dibenamme is not absolute Epinephrine 
continued to produce constriction m the vascular 
bed of the pregnant dog’s uterus following doses 
of Dibenamme up to 40 mg/kg In these same exper- 
iments the epinephrme also produced uterine 
contractions after Dibenamme In some dogs it 
was found that the femoral intra-arterial injection 
of epinephrme continued to produce vasoconstric- 
tion following high doses of Dibenamme although 
the usual response in this case is a slight vasodila- 
tion Other vascular beds are still under investiga- 
tion These results emphasize the fact that the 
response to epinephrme following sympatholytic 
agents is determined by the ratio between the 
receptors which respond unchanged to epinephrme 
(vasodilation, uterine inhibition etc ) and the 
receptors whose response is decreased but appar- 
ently not completely abolished (vasoconstriction, 
utenne stimulation, etc ) These results also in- 
dicate that the apparent differences between so- 
called ‘adrenolytic’ and ‘sjanpathoiytic’ action are 
probably not real since mtra-arterial injection of 
epinephrme corresponds more closely to sjonpa- 
thetic nerve stimulation (other than to the adrenal 
medulla) than does intravenous inj ection 
Influence of orally administered rutm on adre- 
nal ascorbic acid storage in guinea pigs Anthony 
M AiiBHOSE and Fhoyb DeEds Pharmacology 
Laboratory , Bureaxi of AgncuUural and Industrial 
Chamslry, Agricultural Research Administration, 
USD A, Albany, Calif In a previous paper we 
have shown that guinea pigs maintained on a 
Bcorbutogenic diet and receiving suboptimal doses 
of ascorbic acid (0 2 mg/daj ) in conjunction with 
nitm (100 mg/day) survived longer and showed 
less severe scorbutic symptoms than guinea pigs 
reccivnng ascorbic acid or rutin alone In the light 
of results by Cotereau et al {Nature 161 657, 1948) 
on the ‘sparing action’ of vitamin P or catechin on 
adrenal ascorbic acid, it was felt that this approach 
to the cv aluation of the phj'siological role of rutm 
might be more objective Accordingly , 120 young 
guinea pigs nere divided into 4 groups of 30 each 
and placed on a scorbutogemc diet In addition the 
following supplements were administered orally 
each day One group served as control, one group 
receiv cd 100 mg rutm m 0 25 ml propy Icne gly col, 
one group receiv cd 2 mg ascorbic acid, and another 
group received 2 mg ascorbic acid and 100 mg 
rutm After 12 to 20 days, S animals from each 


gyoup were sacrificed and adrenal ascorbic acid 
determined by the method of Roe and Kuether 
Our results indicate that rutm appears to play no 
important role as an ‘economizing factor’ m the 
storage of adrenal ascorbic acid under the condi- 
tions of our experiments Smaller doses of ascorbic 
acid, 1 mg or 0 5 mg/day, clearly demonstrate that 
as the dose of ascorbic acid is lowered there is an 
accompanying lowering of the amount of adrenal 
ascorbic acid stored irrespective of rutm 
Aureomyem protective effect m experimental 
Rocky Mountain spotted fever with particular 
reference to intermittent treatment Ludwik 
Anigstein, Dorothy M Whitney, and Job 
Beninson (introduced by G A Emerson) 
Rickettsial Research Laboratory, Dept of Preventive 
Medicine and Public Health, Untv of Texas 
Medical Branch, Galveston, Texas Time-dose re- 
lationships m intermittent aureomyem therapy 
of spotted fever is the subject of this study A total 
of 30 guinea pigs n ere infected with spotted fever 
and subsequently injected subcutaneously with 
repeated single doses of 1 0, 2 0, and 3 0 mg of 
aureomyem hydrochloride (Lederle) per guinea 
pig (weighing 450-500 gm ), at 48- and 72-hour 
intervals Four injections were given to each test 
animal covering the incubation and most of the 
febrile period of the controls A drastic change of 
the climcal pattern of the infection was manifested 
by all treated guinea pigs The fever was either en- 
tirely suppressed or reduced to abortive attacks 
after long incubation, regardless of time-dose 
schedule Whereas the untreated controls de- 
veloped tyqncal spotted fever and died, all test 
animals recovered with immunity to remoculation 
with spotted fever Evidence was thus gamed that 
intermittent aureomyem therapy with minimum 
dosage is equally' efficient m spotted fever as the 
continuous massive treatment The protective 
effect of aureomyem and the ultimate immunity 
of the infected guinea pig express the balance kept 
by the antibiotic between the rickettsial invader 
and the host resistance This was substantiated 
by the specific antibody response in the meclianism 
of the rickettsiostatic activity of the antibiotic as 
found by' complement fixation tests This phase of 
the problem is understudy 
Physiological disposition of ammopyrinc In 
man Juuus Axelrod (by invitation) and 
Beenard B Bbodie Dept of Biochemistry, A cw 
York Untv College of Ucdianc, hew York Unit 
Research Service, Goldwater Memorial Hospital, 
and Laboratory of Industrial Hygiene, h cw 1 orf 
City AminopjTine is quickly and csscntiUly 
complctelv absorbed from the gastro intisUiu 
tract Onh almut 2^0 of the drug is tvrroiod un- 
changed indicating its almost complete roetalwbmi 

m the liodi Plasma Im els decline «-]ow h , ^ 

to 20'7j per hr The route of maal>o!ism o ammi 
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pynne was shown to be as follows About 65% of 
the drug demethylates to form 4-amuiopynne, 
which in turn is acetylated and excreted in this 
form The other route or routes of metabolism were 
not ascertained Prelimmaij lesults suggest that 
4-armnoantipyrine is an effective antipyretic, 
antirheumatic and analgesic 

Differentiation of sympathetic from parasympa- 
thetic drugs by measurements of phaseboundary 
potentials T C BAENEsandR Beutneh Hahne- 
mann Medical College and Hospital of Philadel- 
phia, Philadelphia, Pa The oil-cell method 
(Barnes and Beutner, Science 104 569, 1946) pro- 
vides a basis for the distinction between adrenergic 
and cholinergic nerves Previous reports (Federa- 
tion Proc 4 112, 1945, Intel nat Physiol Congress 
1947, p 60) showed that adreneigic drugs dissolve 
in triglyceride oils on which they form negative 
phaseboundary potentials In contrast, the cho- 
linergic drags choline, acetylcholine, mccholyl, 
pilocarpme, eserine, prostigmmo, etc are inacti\c 
on adrenergic oils Tests shon that atropine , curare 
and etamon also have the solubility of cholinergic 
drugs The alipathic sjmpathomimetics give 
potentials with the adreneigic oils (In this ab- 
stract all concentrations ni o 0 05% and potentials 
negative) Aranthol gi\c 19 mv on tnbutjiin, 
octin produced 32 mv on tnacctin and ocncthjl 
gave 16 mv ontiiatctin Adi cncigic blockade ma\ 
be competitive negativity since priscol produced 
45 mv on tnbutyrin, joliimbiiic 77 mv on tn- 
butjTin and dibenaminc 6 mv on tnacctin Most 
eigot compounds are difficult to test in the oil cell 
but eigonovine gave 53 mv on the adreneigic oil 
tnbutyrin It is interesting that nicotine has the 
solubility characteristics of adrenergic drags 
giving 87 mv on tnbutjnn suggesting that the 
pressor effect is direct adicncrgic action The 
problem of mcotinic and niuscaiinic effects is non 
being investigated by the oil cell method 
Relation of 4-methyl and 4-elhyl substituted 
imidazoles to 1) histammic action, 2) antag- 
onism by antihistaminics W Barrett (by invita- 
tion), J Feickert (by invitation), B Graver 
Division of Macrobiology , Research Dept , Ciba 
Pharmaceutical Products, Inc , Summit, N J In 
respect to the i elation betneen chemical structuio 
and histaminic activity' as judged by' the stimulat- 
ing action of these comjxiunds upon the smooth 
muscle of the ileum of the guinea pig, the follon iiig 
observations seem justifiable the activity ap- 
peared progressively to dimmish as one oi both of 
the hydrogens of the amino group nere replaced 
by alkyl groups, and the length of these alkyl 
groups was extended , the i eplacement of the 
ammo group with other groups diminished or elim- 
inated the activity , the ammo methyl derivative of 
imidazole was devoid of this action unless at least 
one hydrogen were substituted by an alkyl group. 


but otherwise the effect of mcreasmg the length 
of the aUcyl group was the same as in the ethyl 
senes As to the relation between the chemical 
structure of these compounds and the antihis- 
tammic activity of Pyribenzammc, the following 
conclusions appear justifiable minimal doses 
eliminated the histammic action of the compound 
in the ethyl senes only in the presence of an amino 
group, IV bother it were mono- or di-substituted, but 
in the methyl series the low doses of Pyribenz- 
amine sufficed only if but one hydrogen had been 
icplaced by an alkyl group and not if both had been 
replaced Its antagonism m high doses toward other 
derivatives n ould appear attributable to its nuld 
anticholmei'gic activity 

Effect of certain mitotic poisons on uric acid and 
allantom excretion in mice Allan D Bass and 
Elizabeth F Place Dept of Pharmacology, Col- 
lege of Medicine, Syracuse, N Y Kopac (Pr N Y 
Acad Sci S 5, 1945) has called attention to the 
relationship of mitotic poisons to nucleoprotein 
systems ICrizik cf al (US Atomic Energy Com- 
mission Report MDDC 1647) found no increase m 
uric acid or allantom in the urine of dogs given 
lethal doses of X-ray, a well established mitotic 
inhibilor These obscrv'ations appeared to be some- 
n hat at v ariancc m light of the reduction in amount 
of ly'iuplioid tissue w c Lave observed m mice fol- 
low mg administration of such mitotic poisons as 
nitrogen mustard and urctliaiic A study was there- 
fore begun to dctcnninc in mice the effect of 
mitotic ixnsoiis on the jiroducts of nucleoprotein 
catilmlisin C3II or C31in liybiid mice bcarmg 
fiCSIIED tumors were used since these ly'mphoid 
tumors gave a large reservoir of ly'mphoid tissue 
high in nucleoiirotoms Urine was collected from 
groujis of 10 to 15 animals over a penod of three 
hours Daily doses of colchicine (0 75 mg/kg ) and 
nitrogen mustard (2 or 4 nig/kg ) in saline were 
adinmistcred iiitripcritoneally Uric acid-creatine 
and allniitom-crcatiiinic ratios were determined 
since only fractions of the 24-hi output of urine 
were collected The uric ucid-crcatine ratio v\as 
elev'ated m the 6 to 48 hour period following drug 
administiation The allantoin-crcatinino ratio was 
elevated to a lessci extent Less striking but 
definite changes were observed m non-tumor bear- 
ing animals Blood uric acid levels were also found 
to bo elevated following administration of the 
agents used The findings suggest that no major 
defect in nucleoprotein catabolism is affected by' 
the mitotic poisons studied 
The subcutaneous use of thiomenn, a new 
mercurial diuretic for treatment of congestive 
heart failure Robert C Batterman, David 
Unterman (by inv'itatioii) and Artihir ^ C 
DeGraff Dept of Thciapeutics, New York 
Univ College of Medicine, New 1 ork City The 
diuretic effectiveness in terms of predictability o 
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response, and degree of diuresis was ascertained 
for a new mercurial diuretic, Tluomenn, N03- 
carboxjanethj 1 mercapto - mercuri - 7 - methoxy) 
propyl camphoramic acid disodium salt In a group 
of 45 patients with congestive heart failure, the 
subcutaneous adimnistration of Thiomerm re- 
sulted in a satisfactory diuresis in 86 6% of trials as 
compared with 81 0 and 83 3% of the trials for 
Thiomerm and Mercuzanthin respectively, given 
intravenously The degree of diuresis for each 
drug regardless of route of administration was 
eqmvalent, indicating that complete absorption 
occurred from the site of subcutaneous injection 
In an additional group of 35 ambulatory and 73 bed- 
ridden patients, Thiomerm when admmistered 
subcutaneously was satisfactory m removmg the 
edema, preventing the accumulation of edema and 
for maintenance of patients’ state of compensation 
In all 689 injections of 1 to 4 cc of Thiomerm were 
given subcutaneously to 143 hospital and ambu- 
latory patients The drug was well tolerated by 
the patients m 90% of the trials Subjective burn- 
ing at the site of injection occurred m approxi- 
mately 10% of the number of mjections Tender 
induration and nodular formation was noted in 
4 and 2 5% respectively Thiomerm when given 
subcutaneously is an effective and safe diuretic 
with a predictability of diuretic response and 
degree of diuresis equivalent to that noted with 
other mercury diuretics used intravenously and 
IS superior to these preparations used intramuscu- 
larly 

Subacute respiratory toxicity of a new insec- 
ticide activator in ‘aerosol bomb’ mixture Robert 
0 Bauer and Wauter W Jetter (introduced by 
George L Maison) Dept of Pharmacology, 
Boston Univ School of Medicine, Boston, Mass 
Animals were exjxised in a closed chamber to 
dispersions of insecticide mixtures m air 1 hour 
a day for 4 weeks The uiixtuie contamed (acti- 
lator) N-octyl bicycloheptcue dicarbovimide 2%, 
(insecticide) DDT 2% m kerosene) 1%, (vehicle) 
methylene chloride 5%, alkyl naphthalenes 5%, 
freons 11 and 12, 85% Two concentrations at 1 gm 
md 0 1 gm/60 1 air were used Ten guinea pigs and 
10 Wistar rats were subjected to each concentra- 
tion An equal number sen ed as controls Hemo- 
globin, red and white cell counts, urinary albumin 
and sugar were estimated befoie and after the ex- 
periment The test animals display ed irregular food 
consuniption Group gixm th curves were depressed 
Surnnng test animals regained lost weight com- 
pletely Only 4 fatalities occurred and these were 
111 rats on high concentrations In both species 
fine tremors, hyp errrrit ability and conjunctival 
hyperemia vere observed, becoming progressively 
iNorsc and disappearing after exposure Female 
guinea pigs recemng high concentrations developed 
rev ersible alopecia Mild anemia in test gumea pigs 


and leucopenia in test rats were encountered ir- 
regularly Incomplete pathologic examinations 
show 1 ) moderate to severe interstitial pneumom- 
tis in all test ammas , 2) focal necrosis of liver and 
spleen m high concentiation rats, S) extensive 
splenic hemosiderosis and hypoplastic bone mar- 
row, chiefly in high concentration gumea pig 
group Pneumonitis and conjunctival hyperemia 
m test animals point to duect chemical irritation, 
more likely due to the vehicle than the insecticide 
or activator Other chmcal and pathologic changes 
may result from the insecticide mixture, nutri- 
tional disturbance or a combination 
Survival of plasmodiiun cathemerium sporo- 
zoites in hen blood with addition of canary blood 
cells Harry Beckman Marquette University 
School of Medicine, Milwaukee, Wis Mosquitoes 
carrying the sporozoites of P cathemerium 3H2 
weie ground m Locke’s solution and added simul- 
taneously to freshly prepared hen plasma to which 
there had been added to respective portions a) 
freshly washed canary blood cells, b) freshly 
washed hen blood cells, c) a mixture of freshly 
washed canary and hen blood cells The three mix- 
tures were meubated with gentle agitation at 
41 5° C for 1 hour and then portions representing 1 
mosquito each were withdiawn and injected m- 
tramuscularly into canaries, the peripheral blood 
of these buds being subsequently examined from 
the 5th to 16th days, mclusive Buds faihng to 
become positive were challenged by mosquito bite 
Trials employing 4 buds in each group were run at 
sufficient mtervals that at least one complete 
3-week sporozoite-to-sporozoite cycle lay between 
Of the 16 canaries mjected vnth hen plasma plus 
canary cells, all developed patent blood infections 
Of the 16 mjected with hen plasma plus hen cells, 
none developed patent infections and all became 
infected when later challenged by mosquito bite 
Of the 16 buds injected with hen plasma plus both 
hen and canary cells, 13 developed patent blood 
infections It v ould appear from this preliminary 
study that it is the formed elements of canary' blood 
that permit survival of sporozoites m hen plasma, 
in which alone they do not survive, as earlier shov n 


in this laboratory 

Some metabolic changes observed m seizures 
induced by certain agenetrealed protein in dogs 
Julius Belforb (by invntation) and D D Bonm- 
CASTLE Laboratory of Pharmacology , 1 ale Unn , 
New Haven, Conn The resemblance to human 
epilepsy of the motor seizure and EEG dvs 
rytlimia occurring m canine ‘epilepsy ’ (caused hv 
certain ‘agenc’ (NCD-trcatcd jiroteins such is 
nhcat gluten and zem etc ), vnirrantcd furtlur 
study of this seizure phenomena Five to S dogs 
ivere employ ed m each experiment and vu r( < 1 1 

Qed as being in the normal, pre f'! ''A . 

feasible) mter-piaroxysmal stage B 'y 
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were taken from these animals and examined for 
various entities These results were subjected to 
statistical examination No significant changes were 
found at these several stages in serum calcium, 
magnesium or choline esterase The intravenous 
injection of 100 mg of physostigmine, reputed to 
lower scrum choline esterase by 95% did not pie- 
cipitate convulsions, on the other hand, sub-con- 
vulsive doses of motrazol could induce a seizure 
No significant difTcrenccs were found in arterial 
glucose, but a significant pic fit fall occuricd in 
venous glucose followed by a rise during a seizure 
No significant A-V glucose diffci cnees were ob- 
served although there was a tendency towards 
negative A-V dilTcrcnccs in the abnormal phases 
The oxygen content of ai tci lal and venous blood 
showed no change Howcvei , while the arterial 
carbon dioxide did not change, the venous carbon 
dioxide fell significantly at the time of the fit 
Observations on administration of UAL in 
selenium poisoning J B Brixiaonskv (by in- 
vitation) and Donald SLAuairrrn Dcpl of Phjfs- 
tology and Pharmacology, Umv of South Dakota 
School of Medtetne, Vcrmtllron, S D Braun, 
Lushy and Calvcry, (J Pharmacol cC Exper 
Thorap 87 119, 1940) reported that BAL was not 
only ineffective in the treatment of selenium poi- 
soning but actually increased the toxicity of this 
element in experimental animals Because of the 
prevalence of selenium in the soil of this region, 
fuithcr woik seemed pertinent Twenty young 
rats were used in each of three experiments, sodium 
selenite (SS) was administered intrajici itoiically, 
BAL intramuscularly Animals wcic injected 
daily for a period of 14 to 24 days Varying doses of 
SS caused no toxic symptoms until a level of 10 0 
mg/kg was reached When a non-toxic dose of 
BAL (16 0 mg/kg ) was administered { hour fol- 
lowing the injection of a nontoxic dose of SS, (6 0 
mg/kg ) all animals died This w^ould seem to in- 
dicate that BAL and SS have a synergistic toxicity 
Durlachcr ct al , {J Pharmacol d, Exper Thcrap 
87 28, 1940) state that BAL is toxic in a 16 mg/kg 
dose but our work docs not bear out this statement 
As a matter of fact, histological examination of the 
liver following BAL alone reveals no jiathological 
changes Since the liver is considered to bo the 
probable site for detoxification of SS, it is of un- 
usual Intel cst to observe that BAL prevented the 
necrosis and fat dcjiosits pioduced by SS alone 
Further experimental w'oi k to elucidate this seem- 
ing paradox is being conducted 
Alteration of the activity of the human gastro- 
intestinal tract with dihydrocrgocornino meth- 
ancsulfonatc (D H O 180) W D Bcnni’tt (by 
invitation), L E Monnis (by invitation) and O 
SiDNny Orth Depta of Anesthesiology and Phar- 
macology, Untv of Wisconstn Medical School, 
Madison, TFts Administiation of the dihydrooi’got 


derivatives, particularlydihy drocrgocorninc meth- 
ancsulfonato (D H 0 180— Sandoz), may elicit 
initially unfavorable side effects such as anorexia, 
nausea and vomiting When this drug was given to 
block possible cardiac irregularities before cyclo- 
propane anesthesia, it was noted subsequently in 
patients in which laparotomies w'crc performed 
that the intestines were quite contracted, in fact 
that they had a ribbon-likc appearance It seemed 
possible that such evident stimulation of the 
gastiointcstinal tiact could be used to advantage 
clinically if the proper amount of one of these 
relatively non-toxic dihydroorgot compounds was 
used Diliydocrgocornine has been administered 
in doses of up to 4 mg total intravenously given in 
about 4 minutes, 1-2 mg as a single dose intra- 
muscularly, or 3 mg q i d orally In cases of in- 
testinal distention, intestinal obstruction, and 
congenital mcgacolon, this diug has been found to 
bo distinctly advantageous 
Parabsing action of 2-mc^hyl,2-n-amyl-4-hydrox- 
Jme^hJI-l,3-dioxolane (gljkctal) F M Bfroer 
( introduced by Arnold D Wllcii) Umv of 
Rochester School of Medicine, Rochester, N F 
Numerous 2 substitutod-4-hydroxymcthyl-l,3 di- 
oxolanes possess central depressant properties 
similar to those of the glycerol ethers or benzimi- 
dazoles 2-mcthyl,2-n amyl-4-hydroxjTncthyl-l,3- 
dioxolanc appeared most active in this respect 
Tins compound in doses of 100-160 mg/kg injected 
iiitrapcritoncally to small lalxiratory animals 
caused paralysis of the voluntarj muscles During 
paralysis respiration was not depressed and the 
animals remained conscious There was a marked 
decrease of muscular tone The muscles remained 
excitable to direct and indirect stimulation and 
there w'RS no curarc-like action The corneal and 
pupillary reflexes and the knee jerk remained un- 
affected The animals did not react to painful 
stimuli of moderate intensity This was probably 
duo to tho motoi paralysis The compound had no 
analgesic action in nonparaly'tic doses Paralysis 
was follow^cd by complete recovery of all functions 
After lethal doses death wais due to respiratory 
paralysis On mtmvenous injection mild and 
transient peripheral vasodilatation was caused 
Tlic action of acetylcholine was not intcrfcrrcd 
with Glykctal also liad a local anesthetic and 
quiiiidinc-likc action Its anticonvulsant action 
against stiynclmino w’as of a similar order as that 
of myancsin Myancsin and glykctal differed in 
their motrazol antagonism Myanesm had little 
effect on tho occurrence of convulsions but pro- 
tected the animals from death Glyketal bcliavcd 
as a true, although inefficient, anticonvulsant by 
protecting tho animals from both convulsions and 
death 

Ratio of ammo acid nitrogen to creatinine in 
the urine ns a sensitive diagnostic test for ura- 
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mum pojsonmg in the rabbit H Bebke and A 
Rothstein (introduced by H C Hodge) Depi of 
Radiation Biology, Umv of Rochester, Rochester, 
N Y It has been shown m this laboratory that the 
ratio of amino acid nitrogen to creatinine in the 
urine was asensitive indicator of uraniunoi poisoning 
in the rabbit During daily exposure to inhalation 
of uranium dusts, the ratio remained elevated in 
contrast to the more or less rapid decline of other 
blood and urine constituents which also became 
abnormally high soon after exposure to uranium 
More detailed experiments, therefore, were set up 
to determine the animal response in terms of this 
ratio to intraiienous administration of uranyl 
nitrate The mimmal dose of uranyl nitrate which 
gave a statistically sigmficant increase m ratio 
was 0 02 mg U/kg The ratio was a more sensitive 
test than either urinary protein or blood NPN 
Blood ammo acid nitrogen remained normal in aU 
animals, indicating that the ammo aciduna was 
renal in ongin Multiple injections of UOjNO* at 
2- to 3-week intervals at levels of 0 04, 0 1 and 0 2 
mg U/kg showed 3 patterns of response as meas- 
ured by the ratio In general the magmtnde of the 
response v-as proportional to the dose given At 
lower levels of admimstration, the maximal in- 
crease in the ratio occurred soon after each mjec- 
tion of uramum followed by lower but still high 
values The peak values following each injection 
either remained the same, declined or increased 
in value depending on the dose given A few ani- 
mals, observed for 3 months after their last mul- 
tiple injection, still showed abnormally high values 
of the ratio, even though histological examination 
revealed no renal damage directly attributable 
to uramum 

Effect of a number of aralkylamines on tjra- 
mme oxidation by amine oxidase Fbedehick 
Bernubim and Edwin J Fellows Duke Umv 
School of Medicine, Durham, N C and Temple 
Umv School of Mediane, Philadelphia, Pa 'IRe 
present experiments were carried out in order to 
determine if a correlation existed between the 
central excitatory and amine oxidase inhibitory 
activity of a number of benzj^mine, beta-arjl- 
cthylaminc and arj 1-2-ammopropane modifica- 
fications In many instances an excellent correla- 
tion was observed, however, there were notable 
exceptions Injection of several S-amino-l-pheny 1- 
butanc and 4-amino-l-phenjlpentane dernatnes 
and subsequent histopathological examination of 
the brain and cord of these animals disclosed a 
dcslructnc effect on certain cells of the nciaxius 
STOtem Since enzimatic data on this typo com- 
pound wore not aiailable, it appeared desirable to 
include them m the present studies All of these 
agents exhibited a significant amine oxidase in- 
hibitor% effect 

Chemotherapeutic effect of S-amino quinolines 


in schistosoma mansom infections in mice 
Ratmond N Bieteh, Emzabeth M Cranston, 
Watnb Chadboubn (by invitation), Ashton C 
CuesLER (by invitation), Doinwic DeGotbti 
( by invitation), W W Becklund (by invitation), 
and Harold N Wright Dept of Pharmacology, 
Umv of Minnesota Medical School, Minneapolis, 
Minn Two 8-amino quinolines, 6-methox-y-8-B 
dnsobutylaminoethylamino quinoline dihydrochlo- 
nde (SN2S42) and G-methoxyl-S-diisobutylamino- 
isopropylamino quinoline dihydrochlonde (SN- 
3501 ), have been found to possess a relatively high 
degree of chemotherapeutic activity in schisto- 
somiasis m mice The drugs were administered 
in the diet in varying concentrations to mice in- 
jected mtraperitoneally with 100 to 125 cercariae 
of schistosoma mansom shed from snails of the 
species Australorbis glabratus Therapy was 
started 4 to 6 weeks after infection and continued 
for 1, 2, or 4 weeks Mice were autopsied I or 2 
weeks after therapy was discontinued The number 
of worms in the portal and mesenteric veins and 
liver were counted When mice were treated with 
SN3501 in a concentration of 0 1% for 2 weeks 
85% of 32 mice contained no worms at autopsy, 
compared with 10% negativity m the controls, 
and the average number of worms per mouse 
was 0 25, compared with 8 4 per mouse m the 
controls With SN2842 in the same concentration 
and for the same duration of therapy 97% of 39 
mice vere completely negative for v.orms, com- 
pared with 12% of control mice, and the average 
number of n onns per mouse was 0 1 , compared v i th 
9 5 per mouse in the controls Eleven other 8- 
amino quinolines tested were found to be relatively 
inactive Neither SN3501 nor SN2842 shoved ac- 
tivity as a prophylactic vhen administered simul- 
taneously with infection for a period of 2 i\ eeks in 
a concentration of 0 1% 

Depressor action of nitrate esters of alkyl 
glycoliates Joseph G Bird (by invitation), 
HarktK Iwajioto, John B Harmon (by muta- 
tion) and John C Khaxtz, Jr Dept of Pharma- 
cology, Umv of Maryland School of Medicine, Bal- 
timore, Md A series of nitrate esters of gJy cobc 
acid csterified vith alkyl alcohols larying from 
methyl to decyl were prepared Cerfain pliysico- 
chemical properties associated vith pharmaco- 
dynamic responses vcrc micstigated Depressor 
responses elicited, in dogs under ancslhfsta, by 
these esters verc observed It ap/icirs that the 
depressor response in the serns studicfl incrra.'-tfl 
iiith decreasing water •=olubj!itj of the higher 
esters 

Quality and potency determination of anal- 
getics D D Boxmcistle md Join I - Ii J', 

Jn (hi mutation) Lr-toralor s if J’! j , 

1 ale Inc, keic Ua ui, Co' > I xj^ 'in O' ••’'c 
reported ni vliuh x con®' tk xj ’ i- 
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applied to the rat tail and the log-ratio of reaction 
tune before and during the influence of a drug was 
used as a metameter of response to pain The mean 
response of groups of such ammals nas calculated 
from truncated distributions The relation of re- 
action tune to degree of stimulus also was studied 
The curves illustrating response/log dose relation- 
ship for the individual drugs take various forms, 
and three mam types can be recognized In one 
group, (e g acetylsalicylic acid) the continuous 
rise in respionse levels off aS3mptotically at about 
30% increase in reaction time A second t3T>e 
(e g codeine) presents the same picture at lower 
doses , but with high doses a secondary rise occurs 
tendmg towards an asymptote at about 100% A 
third form of reaction curve is a direct rise from 
0 to an asymptote of 100% Intermediate forms be- 
tween these types may be observed It is suggested 
that the two asymptotic levels represent respec- 
tively the maximum analgetic, (thalanuc?) effect 
and the maximum hypcsthctic (cortical?) effect 
These two properties of the drug are measured by 
the two doses at the respective points of inflection 
in the first and secondary rises In the description 
of the pain-relicving activity of an individual 
chemical compound these ti\ o constants may serve 
to indicate a) simple analgetic potency, and b) 
narcotic activity, respectively 
Binding of streptomycin to plasma proteins 
G E Boxer, V C Jelinek (by invitation), and 
A 0 Edison (by invitation) Research Labora- 
tories of Merck d Co , Inc , and the Merck Institute 
for Therapeutic Research, Rahway, N J Else- 
where it has been icportcd that the clearance of 
streptomycin is about 70% of the simultaneously 
measured glomcrulai filtration rate The possibility 
that protein binding made part of the strepto- 
mycin present in the plasma unavailable for filtra- 
tion through the glomerulus n as investigated Two 
techniques were employed to measure protein 
binding 1) Measurement of the distribution of 
streptomycin on both sides of a cellophane mem- 
brane after dialysis of dog plasma against a Ringer 
solution containing varying amounts of strepto- 
mycin S) Determination of streptomycin in the 
ultrafiltrate of plasma containing varying amounts 
of the drug The dialysis experiments indicated 
33 ± 3% and the ultrafiltration experiment 35 ± 
4% binding of streptomycin to the plasma proteins 
of the dog Within the range tested, 5 to 100 7/ml , 
the percentage of streptomycin bound ivas inde- 
pendent of the concentration of the drug but 
dependent on the protein concentration Both 
albumin and globulins ai e responsible foi the bind- 
ing The observed protein binding accounts quan- 
titatively^ for the obsciwod clearance of strepto- 
mycin at about 30% below the simultaneously 
measured glomerular filtiation rate 

Indirect m vitro action of antibiotics in com- 


parison with activity of accepted amebacides 
John L Bradin, Jr , and Eder L Hansen (intro- 
duced by Hamilton H Anderson) Division of 
Pharmacology and Experimental Therapeutics, 
Univ of California Medical School, San Francisco, 
Calif A comparative study has been earned out 
which reveals differences in amebacidal levels be- 
tween tests performed in cotton-stoppered versus 
vaseline-sealed cultures (see abstract by Hansen, 
Federation Proc , this issue) As a base line for 
the antibiotic studies, the method has been applied 
also to retest representative amebacides, such as 
carbarsone, carbarsone oxide, emetine, vioform, 
diodoquin, and tno thioarsenites (C C 914 and 
C C 1037) All antibiotics tested to date have 
shown some degree of bacteriostatic activity, and 
death of the ameba in cotton-stoppered tubes is 
shown to be duo to inhibition of growth of the as- 
sociated bacteria rather than to duect action of 
the antibiotic on E histolytica It has been shoun 
previously (Bradin, in press) that death of the 
ameba, follomng exposure to an antibiotic which 
produced bactcriostasis, could be correlated v it h a 
shift m oxidation-reduction potentials of the cul- 
tures from negative to positive levels Chang 
(1946) had reported that such positive levels con- 
stitute an environment letlial to this protozoan 
It IS, therefore, suggested tliat the indirect anic- 
bacidal activity, in the case of the antibiotics ob- 
served in cotton stoppered cultures, is due, at 
least in part, to this phenomenon Data arc pre- 
sented allowing oxidation-reduction levels m 
cotton-stoppered and in vaseline-sealed cultures 
Inhibition of cholinesterase activity of human 
blood plasma 11 Studies with hexaethyltetra- 
polyphosphate containing Ralph W Brauer 
and Rita L Pessotti (by invitation) Dept of 
Pharmacology and Exper Therapeutics, School of 
Medicine, Louisiana State Univ , New Orleans, La 
The mechanism of the interaction between plasma 
(cholin) esterase and neutral phosphate ester type 
inhibitors (e g hcxacthyltetrapoljqihosphate 
(HETP), TctraethylpyTophosphatc (TEPP)), 
has been studied in a previous paper (Ralph W 
Brauer, J Pharmacol d Exper Therap 92 162, 
1948) Work to be reported represents an extention 
of that earlier investigation along the following 
lines 1 ) HETP containing C'* in the alkyl groups 
(alpha carbons) has been prepared This matenal 
IS being used to investigate whether the enzyme 
inhibition involves the fixation of any part of the 
inhibitor molecule upon the inhibited enzyme 
The previous study had shown that the P con- 
taining moiety is not firmly attached to the en- 
zyme, and that enzyme inhibition is paralleled by 
disappearance of inhibitor 2) The addition of F-'* 
in amounts which do not affect the enzyme to 
aqueous solutions of HETP or TEPP markedly' 
delays the loss of anticholinesterase activity, ob- 
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served under these conditions in the absence of 
fluonde This reaction is described in detail, and 
discussed in relation to the enzyme-inhibitor re- 
action 5) In VIVO studies of the rate of recovery 
of liver and plasma cholinesterase activities of 
male rats after Di-isopropyl fluorophosphate 
TEPP and p-nitrophenyl thiophosphate adminis- 
tration are reported 

A single injection method for the assay of 
digitalis m pigeons H A Braun and L M 
Luskt (by invitation) Division of Pharmacology, 
Food and Drug Adminisiration, Federal Security 
Agency, Washington, D C A comparative study 
of digitalis assay has been made using a single- 
inj ection pigeon method , the USP XIII mtra venous 
infusion cat method, and the intravenous infusion 
pigeon method (J Pharmacol <L Exper Therap 
93 81, 1948) In the single injection method, 
digitalis dilutions were injected into the alar 
veins of pigeons at 3 dosage levels Sue pigeons were 
used on each dose Death occured in from 3 mmutes 
to 1 hour The slope of the dosage mortahty curve 
IS verj' steep (on the order of 40 probits/log dose) 
and as a result the standard error of the assay is 
small This method results in a considerable sav- 
ing in time over the infusion methods Assays by 
the 3 methods have been completed on a number of 
digitalis preparations of various types with good 
agreement between methods 

Evaluation of several types of drugs and com- 
binations agamst anaphylaxis in guinea pigs 
Buibara B Brown (by mvitation) and BIarold 
W Werner Pharmacology Dept , Research Labo- 
ratories, TFm S Merrell Co , Cincinnati, Ohio 
Eight compounds possessmg parasympathetic de- 
pressant, sympathomimetic, or direct smooth 
muscle depressant action were evaluated for 
antianaphylactic activity in guinea pigs actively 
sensitized to horse serum Activity was determmed 
following intrapentoneal injections of each com- 
pound and of combinations of each with a ma ximal 
noneffective dose of the antihistamine, Decapryn 
Sucemate The direct smooth muscle depressants, 
papaverine and Butaphyilaminc (theophyllmc 
isobutanolamme), considered as a group were the 
most effective antianaphylactic agents both alone 
and in combination with Decapryn Tno of the 
parasj-mpathetic depressants, atropine and Diocyl 
(diethj laminoethyl 1-cj clohexydcj clohexanecar- 
boxjlate), failed to protect against anaphylactic 
death, but doses of 6 to 14 mg/kg injected with the 
noneffective dose of Decapryn reduced mortality 
by about 60% A nev parasympathetic depressant 
which also has direct smooth muscle depressant 
action, 2,2-dipheny 1-4-dinicthy laminomethy 1-1,3- 
dioxolanc methobromidc, was incfTcctiv e alone but 
reduced mortality to a minimum when combined 
with Decapryn Two svmjiathomimctic ammes 
Ncthammc (.V cthylepbcdnne) and ^-mcthyl- 


A^-cmnainyl-2-phenylpropylamine, had no action 
alone but caused a significant reduction in mor- 
tality when employed in 6 to 17 mg/kg doses with 
the antihistamine A test of one triple combination 
composed of noneffective doses of ButaphyUamine, 
Nethamine, and Decapryn demonstrated marked 
potentiation of action These results indicate that 
certam combinations of drug actions may prove 
valuable in allergic bronchial asthma 

Adrenergic-like action of acetylcholine on the 
isolated rabbit heart H D Bruner and Kwang 
Soo Lee (by invitation) Dept of Pharmacology, 
TJniv of North Carolina, Chapel Hill, N C The 
apparent adrenergic action of acetylchobne on 
atropmized isolated mammalian hearts has been 
further analyzed by adding tetraethylammomum 
Br, mcotine, d-tubocurarine, F-933, dihydroergo- 
cornine, ergotamine, dibenamine and priscol to 
the isolated rabbit heart perfused by the Langen- 
dorff technique The findings throughout confirm 
the possibibty suggested by Hoffman ct al {Am J 
Physiol 144 189, 1946) that there are ganglion 
cells on these hearts whose activities are to be 
classed as adrenergic The dose of acetylcholine 
necessary to produce the adrenergic effect is some 
10 to 100 tunes that to produce an intense typical 
cholinergic effect No evidence has been found that 
acetylcholme has a direct myotropic action on 
ventricular muscle Acetyl -/3-methyl cholme docs 
not elicit the response 

Oral Activity of Analogues of 3-ortho-toloxy- 
1,2-propanediol John C Burke, Richard K 
Thoms, G Lee BLassert, Jr and Rita J Wil- 
kins (mtroduced by Charles R Linegar) Phar- 
macological Development Division, E R Squibb ct 
Sons, New Brunswick, N J La June 1948 Berger 
and Schwarz {JAMA 137 772 ) rejiorted that 
3-ortho-toloxyl-l,2-pro]jaDediol (Tolserol) is effec- 
tive by oral administration for the relief of var- 
ious spastic conditions One of the chief limita- 
tions to such use IS its short duration of action In 
an attempt to overcome this difficulty , a large 
senes of compounds, synthesized and screened in 
Squibb Institute for Medical Besearch {Tr New 
York Acad Sci 2 11, 2-5, 1948) for possible in- 
travenous use, were renewed Sev on of these coni- 
pounds were selected on the basis of their intrajK r- 
itoneal potency in mice and their solubility and 
screened for their depressant action orally in mice 
Compounds with lower solubility tlian Tolserol 
showed for the most port a slower onset and longer 
duration of action Elutions of Tolserol liavc 
much as three times the activity as high co ,rr ntr-. 
tion suspensions but a shorter diimtion of actio i 
Two compounds of the senes 2-o (o’o- c'l-aryd 

and 3-fhymyloxy -1,2 proponed ol, -1 o <d^ 
most advantageous combim‘ioii of o-J p/-/' 
and duration of action in niv. Tl < ' co 

pound proved irnlaiit ai 1 <.'i o ■ , 
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level studies in dogs showed that the absorption 
of the latter compound was delayed but more pro- 
longed and constant than that of Tolserol 

Trichloroethanol as a metabolic product of 
trichloroethylene Thomas C Butlbh Dept of 
Pharmacology and Expenmmtal Therapeuhcs, 
Johns Hopkins Univ , Baltimore, Md When urine 
from dogs that have inhaled trichloroethylene va- 
por IS acidified and heated, trichloroethanol is 
formed, presumably by hydrolysis of the glucuron- 
ide, urochloralic acid Trichloroethanol is pro- 
duced in larger amounts from trichloroethylene 
by the dog than is trichloroacetic acid, a metabolic 
product previously identified (Barrett and John- 
ston, J Btol Chem 127 765, 1939, Powell, Brit 
J Indus Med 2 142, 1945) The immediate pre- 
cursor both of trichloroethanol and of trichloro- 
acetic acid may be chloral hydrate 

Influence of alpha-naphthylthiourea (ANTU) on 
iodine metabolism Richard U Baerrum (by in- 
vitation), Kenneth W Cochran (by invitation), 
and Kenneth P DuBois Umv of Chicago Tox- 
icity Laboratory and the Dept of Pharmacology, 
Univ of Chicago, Chicago, III Previous work in 
this laboratory has shown that the administration 
of iodide will protect rats against several lethal 
doses of ANTU while thyroidectomized rats arc not 
protected by iodide We have, therefore, studied 
the effect of acuto ANTU poisoning on iodine 
metabolism Thyroids of normal rats fed a syn- 
thetic diet had an average iodine concentration of 
129 mg % Five hr after a lethal dose (10 mg/kg ) 
of ANTU there was a 50% decrease in thyroid 
iodine Twenty-four hr after a sublctlml dose (4 
mg/kg ) of ANTU thyroid iodine nas onc-third 
the normal level When normal rats nere fed a 
diet containing 5 3 mg I/gm of diet for 2, 5, and 
10 days the average iodine values increased to 201, 
270, and 297 mg % respectively for the 3 feeding 
periods Various tissues from thyrroidoctomized 
rats contained as much iodine as those from 
normal rats after similar iodide feeding periods 
Guinea pigs which have about 1/3 the thyroid 
iodine concentration of rats exhibited an increase 
m thyro idiodine and a decrease in thyuoid weight 
with an o\erall loss in total iodine after 200 mg/kg 
of ANTU Feeding iodide failed to protect guinea 
pigs against ANTU and failed to increase the 
thyroid iodine concentration ANTU inhibited 
the uptake of I'’* by rat and guinea pig thyroids 
Doses of 1 and 10 mg/kg of ANTU to rats caused 
respectively'^ 50% and 90% inhibition and 150 
mg/kg to guinea pigs caused 95% inhibition of 
thyroid uptake of 1”^ 

Relation of chemical structure to action of 
hyaluronidase inhibitor B Calesnick and Iv R, 
Buetner (introduced by R Beutner) Dept of 
Pharmacology, Hahnemann Medical College and 
Keeley Inst , Dwight, III A search was undertaken 


for chemically related substances which inhibit 
hyaluromdase For testing hyaluronidase activity, 
we used the turbidimetnc method by Kass and 
Seastone which is based on the precipitation of 
acidified horse serum by potassium hyaluronate 
Hyaluronate and hyaluromdase were incubated 
with or without the substance investigated The 
decomposition of hyaluronate was then tested by 
adding horse serum Phenol proved to be active 
1 mg inactivating 7 5 gammas of hyaliuomdase, 1 
mg of cresol, 24 gammas, ortho cresol, 37 5 gam- 
mas per mg , chlorine substitution products more 
With longer side chains attached to phenol, the 
activity rises higher 1 mg of diamyl phenol in- 
activates 600 gammas (0 6 mg ) and hexylresor- 
cinol, 400 gammas (0 4 mg ) while the unsub- 
stituted resorcinol is close to phenol in activity 
In contrast salicylic acid proved to be only feebly 
inhibiting, 1 mg inhibiting only 5 0 gamma of 
hyaluronidase These drugs were added to the 
testing mixture dissolved in alcohol which has no 
anti-enzyunatic effect in the amounts used The 
therapeutic use of massive doses of sodium sah- 
cylate in rheumatic fever may be explained by its 
low inhibiting power Sodium gcntisate, a meta- 
bolic product of salicydatc, inhibits even less 
Many anti-histaminc drugs arc known to restrict 
the spreading of a subcutaneously injected dye 
after hyaluronidase, but we found that these 
drugs do not inhibit hyaluronidase in vitro Also, 
epinephrine which restricts spreading, does not 
inhibit hyaluronidaso but enhances it 
Method for assaying potential coronary vaso- 
dilators A Cameron (by invitation), E Soren- 
sen (by invitation) and B Graver Division of 
Macrohiology, Research Dept , Ciba Pharmaceutical 
Products, Inc , Summit, N J In the Langendorff 
preparation of the perfused mammalian heart, 
primary effects upon the coronary' circulation may 
bo difficult to distinguish from effects secondary 
to changes in rate or the amplitude of the contrac- 
tions In studying a senes of mono and di alkyl 
amino derivatives of histamine, it was found that 
a better appraisal of the effects of these derivatives 
upon the actual coronary circulation could be 
achieved by perfusing the heait with a rccvcled 
perfusion fluid to which one microgram/ml of 
2-(Bcta-naphthyd) imidazoline hy drochlondc (Pn- 
vino) had been added The addition of 0 035-0 1 
I U/ml of Pituitnn served almost as well but was 
somewhat less consistent in its action This usu- 
ally allowed the progressive development of a 
decreased coronary' flow which only' after many 
minutes adv'crsoly' affected the rate and amplitude 
of the my'ocardial contractions The addition o 
histamine oi v'arious derivatives of histamine to 
the pel fusion fluid containing the Privinc promptly 
led to a marked increase in the coronary' flow, soon 
thereafter to an increase in rate, and finally' to an 
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increase m the amplitude of the mjocardnl con- 
tractions This order of changes bespeaks therefore 
a direct efToct of the drugs ujKui the coronarj cir- 
culation This ai-gument is slrengthoiicd l)% tlic 
effects of Pitmtrin itself upon the isolated heart, 
since low doses can caert a considerable positive 
inotropic action, espccialh upon the hearts from 
jounger animals with a presumed gieatir reserve 
of coronarj flow This bilaneing of two opjiosed 
effects has al=o been observed with Pn\ mo 

Arsenic content of norma! hair in the Chicago 
area J R C win and \ \ Gvvr (In invita- 

tion) Dept of Toncoionu, I «»' of ///inoiv, 
Chicago, III Beciusc arsenic effects svniploins 
mimicing those of main pathological conditions 
phjsicians frcquentlv consid<r ir-eine intoMci- 
tion in differentia! diagnosis \rsenie determina- 
tion was requested in IS of our cas( s for the 
jcarlOIS 11 ur IS eommonlv submitted for inahsis 
since It IS simpler to collect than a 2J hr urine 
specimen In order to cstalilmlj the amount of 
arsenic found in the hair of hedthv normal in- 
dn iduals in the Chicago area, a aeries of 13 samples 
were analjzcd bv the Giitzeit method with an 
average of 0 51 >ig of arsenic calctil itcd as ir-cmc 
tnoxidc and i range of 0 25 to 0 SS /ig/gm of h iir 
Wide these figures arc soniewli it lower than those 
of Kunkolo and Fordvee, Rosen and Mjers, thci 
agree roasonablj well w ith those rcjiorted bj Glats- 
ter Since tborc IS no wnj to differentiate ‘interior’ 
and ‘exterior’ arsenic tlic amount normailj found 
wail probablj varj from area to area depending on 
the dietarj habits of the communitj , the amount 
of smoke and soot in the itmosphorc, etc We did 
not find an} dear cut difference with age (6-52 
}T ), nor between smokers and non smokers, nor 
between those who did and did not oat spra}cd 
fruit 

Maintenance of T equiperdum in vitro at 38 
C Miluam CAvrnFii (introduced b} E M K 
Geiling) Dept of Pharmacology, Umv of Chicago, 
Chicago, III A modification of the technique of 
Geiman, Anfinson, jMcKcc, Ormsbee and Ball for 
the cultivation of malaria parasites was used to 
maintain Trypanosoma equiperdum in vitro at 3S C 
An increase in numbers of about 50% was observed 
during the first 4 hours when 40 mg /I ascorbic 
acid and 160 mg /I glutathione were added to the 
perfusion medium which contained casein hydroly- 
sate, glucose, p}TidoMne, nicotinic acid, nicotin- 
amide, riboflavin, thiamin, calcium pantothenate, 
choline, and the inorganic salts of the medium of 
Geiman and coworkers The trypanosomes were 
maintained m 14 ml defibnnated rat blood as both 
citrate and heparin had an adverse effect The blood 
was placed in a glass tube 5 cm in diameter and 
10 cm long w ith one end covered with cellophane 
and suspended in 250 ml of the perfusion medinm 
Small glass covered magnets in the blood phase 


mid in (he pcrfimion medium were used to promote 
diffusion through the mcnibr'inc and fo Keep tlic 
Irvpanosomes in suspension The medium was 
sfcnlized bv fill rat ion 

Comparative studies of dihvdroergot deriva- 
tives R I Cvtrs (bv invit itioii), II M .Slckee 
(bv invitation) and 0 Sidm v Outh Dcpls of 
Pharmacology and j\ curomirgen/, L mv of U is- 
consin Medical School, Mndnnii, 15 is Vllcnfions 
of some of the pharmacological [iropcrfics of the 
ergot nlkiloids due to in drogcnation have been 
reixirted for dihvdrodcriv itivisof ergot tmincand 
ergorornme The present studv is eoncerned with 
2 additional Iivdrogenatf d derivatives, M 7 , di- 
hviiroergoeristmo (DCS flO)- and dihvdrocrgo- 
krvptiiu (D II K 135) .Sandoz Comparmons have 
been made of the } derivatives for liotli acute and 
chronic toxic quantities, patliological changes m 
the licirt, lung, liver, spleen, and kidnej , and 
pharmirodv namic actions on the c irdiov oscular 
svstem and gastrointestinal tract Protection was 
found igainsi cardiac irrcgul intics w Inch occurred 
s|)outaneouslv during the administration of vari- 
ous anectlictic agents or were initiated bv cpi- 
noplinnc injections Vugmcntation of movement 
of the pislromtestiiial tract was observed 

Cjclic and noncjclic hydrocarbons and cardiac 
nutomolicllv C Jiluff Cvnn and John C 
IvnANTZ, Ju Dept of Pharmacology, Oniv of 
Maryland School of Medicine, Baltimore, Md 
The inlialation of 12 different hidrocaibons by 
the dog was found to produce a sensitization of 
the myocardium to epinephrine The compounds 
studied were ethane, propane, propylene, cyclo- 
propane, n-butanc, isobutanc, cis-trans-butenc-2, 
eyclobutcnc, cyclobutanc, cyclopentane, isopen- 
tane, and 2,2 dimethyl-butane Ethyclene inhala- 
tion did not sensitize the myocardium under simi- 
lar experimental conditions In an attempt to 
explore further this unique character of ethylene, 
additional comi»unds have been tried, including 
methylene eyclobutcnc, mcthylcyclobutane, cy- 
efopentene, spirocyclopropane, ethylene oxide, 
propydene oxide and acetylene Mixtures of cyclo- 
propane and ethylene were found to produce a 
sensitization of the dog’s myocardium in a manner 
similar to that observed with pure cyclopropane 
Curariforra action of decainethylene-l,10-bis- 
trunethylammonium bromide Julio C Castillo 
(by invitation) and Edwin J de Beer Wellcome 
Research Laboratories, TucKahoe, N F Confirm- 
ing the findings of Barlow and Ing, and Paton and 
Zaimis (Nature 161 718, 1948) on the curariform 
action of polymethy lene bisquarternary ammonium 
salts of the general formula (CHjIjN (CH.)n 
NfCHs)!^ 2BR-, the decamethylene (Cio) mem- 
ber of the senes has been found to have a curare-like 
activity exceeding that of d-tubocurarine chlonde 
(d t c ), the potency varynng wath the species and 
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the method of test It is less toxic and it causes 
less embarrassment of the respiration than d t c 
In cats and dogs the intravenous injection of a 
curanzing dose of Cio causes no significant change 
in blood pressure unless a big dose sufficient to 
depress the respiration is given, in which case a 
tjrpical asphyvial rise in blood pressure is observed 
The curare-like action of Cio is not antagonized bj 
prostigmine in doses adequate to antagonize the 
effect of d t c , but in certain cases appears to be 
antagonized by the Cc, member of the senes An 
interestmg finding is the fact that if a dose of Cio 
IS proceeded by a dose of d-tubocurarine chloride, 
the curanzing action of Cio is markedly inhibited 
N-(p-ar8enoso-benzyl)-gIycfneamide HCI) as 
an amebacide, in vitro and in vivo in macaques 
Y T Chang and R K Reed (introduced by 
Hamilton H Anderson) Division of Pharma- 
cology and Experimental Tkerapetilics, Umv of 
California Medical School, San Francisco, Cahf 
The substituted phenyl arsine oxide (NU-10G7 
supplied by Dr E L Sovringhnus) contains 20% 
arsenic It occurs as a stable white pon dor and is 
leportedly less toxic for mice, rats, and rabbits 
than oxophenarsme HCI It has shoun activitj 
against trypanosomes, treixinema, and liorrclia 
Since it is stable in solution, in contiast to many 
arsenoso compounds , a comparison of its amcbacidal 
activity was made \Mth mapharsen E histolytica, 
grmv n in egg slope medium, after 48 hours’ exposure 
at 37°C (uith a single bacterial associate, or- 
ganism ‘t’), uas killed by mapharsen at I 40,000 
Nu-1067 rvas active uitliin the range of emetine 
HCI (1 20,000) IMarpharscnuasactivc in monkey's 
only during the period of therapy, uhen given in 
toxic amounts (Anderson and Hansen, 1947) 
NU-1067 uas administered at various dose levels 
to 11 macaques Two received 25 and 50 mg/kg , 
intiavenously', total foi 5 days without clearance 
of E histolytica Tno were given orally 30 and 100 
mg/kg total for 10 days with clearance of amebas 
for 6 weeks at the highci dose level Two monkeys, 
similarly' treated u ith 300 nig/kg , u ere cleared of 
amebas during 3 months’ follow-up in one One 
developed edema of the genitalia and increased 
urca-N (20 mg %) as u ell as depressed ‘T’ naves 
on the electrocardiogiam At 450 mg/kg , similarly' 
administeied, 2 were cleared over 3 months At 
650 mg/kg, similarly given, one was cleared 
The other iccoivcd identical treatment, had in- 
creased urea-N (32 5 mg %) and depressed ‘T’ 
naves also At 1 0 gm/kg orally for 10 day's, the 
urea-N after thempy was 20 mg % Thus, NU- 
1067, like mapharsen, was amebacidal in vitro, 
but in macaques amounts that cleared natural 
infections nere within the toxic range 
Action of diphenhydramine (benadryl) in re- 
versing the epinephrine reversal of blood pres- 
sure Graham Ciiln and David Russell (by in- 


vitation) Research Laboratories, Parke, Davis and 
Co , Detroit, Mich Diphenhydramine, 5 to 10 mg/ 
kg , was found to reverse the ‘epinephrine reversal’ 
of blood pressure of a dog, previously receiving an 
adrenergic blocking agent A number of the para- 
substituted derivatives of diphenhydramine and 
cocaine in larger doses can produce the same effect 
Since these compounds also potentiate the pressor 
effect of epmephrine, this and the action in revers- 
ing the ‘epmephrine reversal’ of blood pressure may 
be similar in nature The blocking of the vasode- 
pressor receptors is suggested as a possible mode of 
action of these compounds on the vasopressor re- 
sponse to epinephrme 

Comparison of the cardiac action of thevebioside 
and neriifolin with thevetin K K Chen, Robert 
C Anderson (by' invitation), and Francis G 
Henderson (by invitation) The Lilly Research 
Laboratories, Eh Lilly and Co , Indianapolis, Ind 
Since the isolation of thevetin in our laboratory 
from the nuts of Thcvelia ncnifoha, a newer gly'co- 
side, neriifolin, has been independently obtained 
by Frtirejaeque (Compl rend 221 645, 1945) and 
Helfenbergcr and Reichstem (Helvel Chim Acta 
31 1470, 1948) By careful hydrolysis of thevetin 
with strophautliobiasc, the latter succeeded m 
splitting 2 molecules of glucose, one by one, and 
separating in crystalline form 2 simpler glycosides, 
thevebioside and neriifolin The lost w as identical 
with that occurring in nature The digitalis-like 
action of cithei thevebioside or neriifolin was easily 
demonstrated by the systolic standstill of the frog’s 
ventricle, and the chancteristic changes of the 
cat’s electrocardiogiam By' companson wnth the- 
X etin, neriifolin w'as found to be about 44 times as 
active in cats, and 3 limes as active in frogs, as 
show'n in the table Thevebioside showed a higher 
potency' in flogs, but was not much different from 
thcxctin in cats The median emetic doses were 
determined in both cats and pigeons 


1 

Tbeietin j 

Thevebioside | 

Nenlfolin 

Cat Mean LD 
rrosS&Mne/g j 

889 0 ±31 0 

loot 0 ±103 8 

190 1 ±10 3 

0 35 ± 0 20 

3 78 ± 0 67 

2 08 ± 0 19 

Cat EmDio nEf 1 
ts 

300 0 

101 0 

04 7 

PiReon EmDw 
reAe 

211 8 ±13 8 1 

Itl 0 ± 19 0 

no 0 ±11 0 


Prevention of fluoroacetale poisoning by acetate 
donors IMaanard B Chenoweth, Edward B 
Scott (by' invitation) and S Louise Seki (by' in- 
vitation) Dept of Pharmacology, Univ of Michi- 
gan Medical School, Ann Arbor, Mich The depres- 
sion of contractility' of isolated, perfused rabbit 
hearts or mtestinc induced by sodium fluoroacetate 
(FA) can be prev ented by prior addition of sodium 
acetate How'ever, little or no protection of the in- 
tact rabbit can be obtained wnth even veiy large 
doses of sodium acetate Administration of acetate 
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IS monoacctm in doses of 2-4 gm/kg one-half hour 
before a certainlj lethal dose of FA (0 5 mg/kg ) 
prevented anj sj mptoms of FA poisoning m 27 of 
36 rabbits, nhilc of 26 rabbits rcccn ing the same 
dose of FA, 26 died Alkalosis induced hj sodium 
bicaibonalc, funiarate orhjdi-oMdegrcntlj sliort- 
ens the time to death of FA poisoned rabbits, 
probablj c\plaining failures with sodium acetate 
Five dogs recciviiigO 1 nig/kg FA died in an a\ci- 
age of 330 minutes while of 1 1 dogs rcccn mg i lot d 
of 6 gm/kg monoacctm before and after the same 
FA dose, 5 survn cd w ithout show ing sj mptoms of 
F4 poisoning Aicragc time to death of remainder 
of thisgroup was 600 minutes Monoacctm adminis- 
tration during the latent penod oh iractci istic of 
FA, or acute stages of poisoning, is without much 
effect Monoacotin appears to he specific against F \ 
and its congeners Tint it acts hj dclncnng i 
useful acetate moictic is indicated h3 the fact that 
it is cquallj or more cfTcctnc limn equimolar 
amounts of sodium acetate in mere ising the acet^ - 
lation of FXBA bj the r dibit Some other acetate 
donors appear to be cfTeclnc FA int igonists and 
will be reported upon 

Effect of local anesthetics on (he motiht) of 
isolated rabbit ileum Gbonen P Cimn 
(introduced by Robeut V Woonnun^ ) Dept 
of Physiology and Pharmacology, Albany Mcdt~ 
cal College, Albany, A 3 The spasmol} tic 
action of a number of local anesthetics was studied 
using segments of isolated ralihit ileum Most of 
the tests were made with Kupcrcninc, Pontocame, 
Butacainc, Larocamc and Procaine With the 
exception of Procaine these drugs decrease the nor- 
mal motiht j of the ileum and relieve the spasm in- 
duced Acetjl Choline and Barium Chloride 
Their cffcctivcnc^ on the intestine parallels their 
action as local anesthetics 0 02% Procaine in- 
creases the amplitude of contractions , 0 04% in- 
creases amplitude and tone , 0 06% decreases the 
amplitude with increased tone, 01% decreases 
both amplitude and tone , acting like the other local 
anesthetics The stimulating action of Procaine is 
not inhibited by Atropine The action of these 
drugs appears to be neurotropic and musculotropic 
and is completely reversible on changing the bath 
The question as to whether part of their effect is 
due to their action as local anesthetics is difficult to 
answer Many sj'ntfietic antispasmodics also 
possess local anesthetic properties The rapidity 
with w Inch they often act in rehoving the pam of 
peptic ulcer suggests that their success may be due 
in part to this local anesthetic action Preliminaij' 
clinical trials wath the local anesthetics indicate 
that they arc effective m relieving pylorospasm, 
cardiospasm and the pam of peptic ulcer 

Action of synthetic antispasmodics and local 
anaesthetics on human gastric motihty George 
P Chied (by invitation) and Robert A Wood- 


nuni Dept of Physiology and Pharmacology, Al- 
bany Medical College, Albany, N F and Dept of 
Pharmacology, Umv of Tennessee Medical College, 
KnoiiiUc, Torn The synthetic antispasmodic, 
dictlijhminoethjd phenyl thienyl acetate, Asym- 
nlnnc, was found to be xcry useful in the relief of 
e irdiospasm, pylorospasm, the p un of peptic ulcer 
uiid oihri gasLro ciiterie conditions Some patients, 
liowcier, loluntcrcd (he information that Asy m- 
ntnne often produced a painless increased gastric 
inolihty The action of \sy inatnnc and other aiiti- 
apismodics on the motility of t!ic human slomacli 
was studied with iiitragnstnc balloons Using Urc- 
ehnlim ns the spasmogenic diaig, Atropine, Honin- 
tiopinc, Paiutrinc, Ti isciitin ind Syntropan were 
spasmolytir in tint order \s\nialrino, howexer, 
‘^oiiittiinis inereased and ‘-lunetimes dcci eased the 
motihty V comparison of the sjiasmoly tie ictionof 
these dings using isolated rabbit ileum with 
Baiiuin Chloride ind Vcetyl Choline as spasmo- 
genic ngents, showed that Vsymatnnc was better 
limn the others against Barium but not as good is 
\tropinc or Ilomatropinc against \cctyl Choline 
\ study of the local anesthetic action of these coin- 
jKiunds show cd that Asy matrme produced the best 
anesthesia of the rabbit cornea On the basis of 
those apparently paradoMcal icsultsand astudy of 
the spasmoly tic action of a senes of local anesthet- 
ics, Procaine, Butacainc, Larocamc, Pontocame and 
Xupcreninc were tried clinically for the relief of 
the pain of peptic ulcci, pylorospasm and eardio- 
spasm w ith gratify ing results It is suggested that 
local anaesthetics be given a cluneal trial in other 
conditions for which antispasmodics have been 
used 

Toxicology and pharmacology of lupulon Yir,- 
ch’ano Chin (by invitation) and Hamilton H 
Amierson Division of Pharmacology and Expeit- 
incnlal Therapeutics, Univ of California Medical 
School, San Francisco, Cahf Lupulon, an anti- 
biotic derived from hops (Humuhis lupulue, L ) 
has been reported to be active against experimental 
mouse infections of Mycobacterium tuberculosis 
(Chin,y C ,etal ,Proc Soc Exp Med , in press) 
The results so far obtained in toxicologic and phar- 
macologic studios follow Inlragastnc LDso’s m 
mice, lats and guinea pigs weie 1500, 1800 and 130 
mg/kg , respectively The intramuscular LD«o was 
GOO mg/kg for mice and 330 mg/kg for rato Con- 
vulsions w ere obsei ved in animals w hirh i cceived 
letlml oi sub-lethal mtragastne oi intiamuscular 
doses Daily mtragastric administration of lupulon 
for 12-14 days resulted in a slight suppression of 
growth of young rats winch received 450 and 300 
mg,/kg , but not in those given 160 mg A slight de- 
ci ease in weight of rabbits occurred after 300 mg/ 
kg daily, and an increase of weight occurred m 
guinea pigs after 30 mg/kg/ day over 14 days Hemo- 
globin, RBC and WBC determinations m these am- 
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mals were withm the normal range Intramuscular 
doses of 60 mg/kg/day for 30 days were tolerated 
without gross effects in mice Lupulon, 4% added 
to diet, caused deaths in50%ofmice within 18 days , 
while 75 and 90% survived 40 days on food which 
contained 2 and 1%, respectively All mice lost 
weight, which was less with lower doses Neither 
hemolysis of rabbit erythrocytes nor loss of mo- 
tility of leukocytes occurred in vilro within the 
effective antibiotic range Respiratory stimulation 
was observed following intravenous injection of 
lupulon in both anesthetized and unanesthetized 
animals 

Ganglionic blocking action of diethylamino- 
ethanol Bybon B Clauk and Maubice M Hel- 
PEBN (by invitation) Dept of Pharmacology , Tuf la 
College Medical School, Boston, Maas Recent 
quantitative studies show that diethylamino- 
ethanol (DEAE) is rapidly formed after the intra- 
venous injection of procaine, and that DEAE has 
therapeutic actions in man similar to procaine in- 
travenously, with less toMcity (Brodic and co- 
workers, unpublished) Evidence for a ganglionic 
blocking action was obtained from the folloa ing ob- 
servations on pontobarbitalized dogs and cats 
DEAE-HCl injected intravenously in 30-60 
seconds produces a prompt vasodopression of about 
60% lasting 6-45 minutes v ith doses of 28 to 212 
mg/kg In the cat the inhibition of the contraction 
of the nictitating membrane to preganglionic stim- 
ulation paralleled the vasodopression, while post- 
ganglionic stimulation remained fully effective 
The pressor response to splanchnic nerve stimula- 
tion was inhibited during DEAE vasodopression in 
adrenalectomized dogs, but typical pressor re- 
sponses were obtained i\ ith the adrenals intact, and 
with injected epinephrine Atropinization did not 
alter the vasodepressor response to DEAE The 
heart rate is decreased about 10-25% during the 
vasodopression, and the vasodepressor and chrono- 
tropic effects on the heart of vagal stimulation aro 
inhibited In addition, the chronotropic effect of 
epinephrine on the heart appears to bo inhibited 
(DEAE has been shown to protect against cpinc- 
phrine-cj clopropane ventricular tachycardia in 
dogs — Brodie ) DEAE has a positive inotropic 
effect on the isolated rabbit heart On isolated in- 
testine and uterus DEAE was found to have no 
significant cholinergic, anticholinergic, antihis- 
taminic activity, oi spasmolytic action against 
barium chloride It does not antagonize the inhibi- 
tory action of epinephrine on intestine, but may 
have an adrenolytic action in high concentrations 
on rabbit uterus The present evidence indicates 
that a major action of DEAE is to block transmis- 
sion at autonomic ganglia 
Effect of fluoroacetate on oxidative processes in 
frog muscle Donald A Clarke (by invitation), 
James F Toole (by invitation) and Walter F 


Rikee Dept of Pharmacology, Cornell Untv 
Medical College, New York City The exposure of 
mtact frog sartorii to varying concentrations of 
methyl fluoroacetate (1080) results m the dis- 
appearance of the recovery heat associated with 
contraction , the initial heat as well as the mechan- 
ical response remains unaltered This indicates that 
fluoroacetate interferes with oxidative recovery 
processes in contracting muscle Concentrations of 
sodium or methyl fluoroacetate as high as 10 M 
are without effect on the oxygen consumption of 
resting muscle In contrast, however, a fluoroace- 
tate concentration of 10~“ m produces a profound 
depression of the excess oxygen consumption v hich 
IS associated a ith the action of caffeine This sug- 
gests that fluoroacetate, like azide and hydroxyl- 
aminc, is capable of differentiating the resting from 
the activity oxidative processes In contrast to 
azide it does not inhibit the cytochrome oxidase 
system To define further the locus of action, vari- 
ous intermediates of the carbohydrate cycle were 
added to the caffeine stimulated muscles poisoned 
nith fluoroacetate The substances tested vere 
lactate, succinate, p^Tuvate, glucose, fumarate, 
acetate, ketoglutaratc, tartrate, and ATP Of 
these, onlj pjnruvate significantly antagonized the 
effects of fluoroacetate A concentration of 10“* m 
sodium p3TUvato restored completely the activitj 
oxjgen consumption of the fluoroacetate poisoned 
muscles 

Loss of As from tissues by volatilization Ran- 
dolrii Clements, J Eugene IIiLLand Hershal G 
Tree (by invitation), P L Ewing and G A 
Emerson Dept of Pharmacology, Umver of Texas 
Medical Branch, Galveston, Texas As-balance 
studies were made with mice and rats treated re- 
peatedh w ith oral doses of K arsonitc, Fe arsen- 
ate and Fc arsenate plus kaolin, or w ith water and 
sludge samples from a Texas stream w Inch had been 
heavily polluted w ith Na arscnitc and then treated 
w ith FeSO^ and lime Recovery of As from animals 
analyzed immediately' after oral or intrapentoneal 
treatment with any' of these dosage forms was 
cssentmlly' quantitative by' either the A 0 A C offi- 
cial Cutzeitoi bromatc method On repeated treat- 
ment, the balance botw een the amount given and 
the amount recovered in the excreta plus tissue As 
left a deficit of 30-60%, depending upon dosage 
Less than 1% of the ‘lost’ As was recovered from 
the air by bubbling through concentrated HNOj, 
w'lth a group of rats maintained in a bell jar for two 
weeks and given daily injections of 5 mg/kg of 
AS-Oj ns K ai scnitc Aftci absorption of inorganic 
Asj the As must be in part convci ted into volatile 
substances which cither are not absorbed by effi- 
cient bubbling through HNO j or arc retained in the 
tissues and are volatilized on treatment w ith HjSOi 
and HNOs 

Toxicity of N-p-chlorophenyldiazothiourea 
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(promunt) to mammals KENNrrrn W CocmiAN 
(by invitation) and Kenneth P DuBois Untv of 
Chicago Toxicity Laboratory and the Dcpl of 
Pharmacology, Umv of Chicago, Chicago, III N-p- 
chlorophenyldiazothiourca (Promunt) has been 
employed as a rodenticido in Germanj The chemi- 
cal similarity of Promunt to alplnnnplith} Ithio- 
urea (ANTU) made it of interest to compaie the 
toxicity and pharmacological effects of the tw o com- 
pounds For injection propylene glycol solutions of 
Promunt nerc emplo 3 cd The approximate LDto 
values in mg/kg after intrapentoncal injection 
were female albino rats, 0 2, mice, 1 35, guinea 
pigs, 1 9, and labbits, 1 75 The approximate LDeo 
for Promunt given orallj' to female rats nas 0 2S 
mg/kg The compound is, therefore, more toxic 
than ANTU The outstanding pathological change 
in acutelj poisoned animals was pleural ctTusion 
Repeated doses of Promunt resulted in the acquisi- 
tion of some tolerance It vas acceptable to rats and 
produced 100% mortality v hen offered ox'crnight in 
the diet at concentrations as Ion as 0 05% Some 
mcrease in blood glucose and a depiction of lixcr 
glycogen followed acute poisoning bj Promunt 
The rodcnticide caused a transitorj inhibition of 
tjTosinasc and produced a 50% inhibition of per- 
oxidase at a final concentration of 1 X 10~* m Fccd- 
mg iodide to rats before the injection of Promunt 
resulted in a tvo-fold increase in resistance toward 
the rodenticide Tiiiosorbitol was incfTcctu c thera- 
peutically against Promunt poisoning while thio- 
urea given prior to Promunt protected against 
several times the lethal dose The cxtrcmclj’’ high 
toxicity of Promunt and the lack of an antidote 
appear to linut its possible usefulness as a rodenti- 
cide 

Effect of epinephrine on toxicity of procaine 
Versa V Cole and H R Hultieu Dept of Bio- 
chemistry and Pharmacology, Indiana University, 
Indianapolis, Ind All drugs were given intraven- 
ously on a per kg basis Dogs anesthetized 46 min- 
utes wath diethyl ether were infused continuously 
wath 2 mg/min procaine hydrochloride until death 
There were 4 groups of 10-12 dogs each as follows 
/-controls, /J-3 micrograms epinephrine every 5 
minutes, //J-3 /ig/min for the first 10 minutes of 
procaine, /F-2 6 ^g/min continuously with the 
procame Two other groups of 5 each anesthetized 
wnth thiopental sodium were given 3 5 mg/min 
procaine hydrochloride until death Group V were 
controls, VI received continuous epinephrine as 
IV Survival tune varied greatly, but averages in 
minutes were /-21, //-19, III-V7, /F-38, F-56, 
F /-44 The differences in time between respiratory 
failure and heart failure in minutes were /-I 55, 
//-I 58, III-l 25, /F-0 65, F-2 0, F/-1 1 The 
blood levels of procame in mg % at heart failure 
were /-3 7, //-3 7, III-2 6, /F-4 4, F-10 7, and 
F 1-7 7 The levels of paraamino benzoic acid in 


blood in mg % were I 0 74, II-O 70, III-O 42, IV- 
/F-1 64, TM 9, and F/-4 5 Continuously admin- 
istered epinephrine in the dose given has a favor- 
able effect on resistance to procaine under ether 
anesthesia This effect is not observed under anes 
Ihcsia with thiopental 

Tclrnefhjl ammonium and the response of the 
Isolated rabbit heart to nicotine J M Coon,P R 
Salerno (lij iimtation), and L E Ellinwood 
(bj' inxitation) Dept of Pharmacology, Umv of 
Chicago, Chicago, III The isolated rabbit heart 
gix cs a diphasic response to n single treatment wath 
1 mg of perfused nicotine A complete standstill of 
aliout 1 minute duration ceases abruptlj' to be fol- 
lowed b 3 a marked acceleration and an increase in 
amplitude lasting about fix'o minutes Smaller doses 
of nicotine produce only acceleration Larger doses 
elicit a longer period of standstill followed by a 
more intense stimulation It is thought that the 
depression is due to a stimulation of parasyonpathe- 
lic ganglia and that the acceleration may^ be due to 
axon reflexes induced in the postganglionic sym- 
pathetic innervation If this were true tetraethyd 
ammonium (TE\) might be expected to abolish 
both phases of the cardiac response to nicotine 
Perfusion of the isolated heart with 6 X 10“^ xi 
TEA for 10 minutes abolished the inhibitor but not 
the accelerator resjxinsc to nicotine However, 20 
minutes perfusion w ith this concentration of TEA 
also abolished the accelerator response Discontin- 
uation of the TEA perfusion was follow ed by a rapid 
rccox'ory of the accelerator response, while the in- 
hibitory effect returned more slowly upon washing 
out with Ringcr-Lockc solution If the mechanism 
of the nicotine action is as described above these 
findings indicate that the threshold for parasyon- 
pathetic ganglionic stimulation is higher than that 
for postganglionic sympathetic fiber stimulation 
This would explain the pure cardiac acceleration 
elicited by small doses of mcotine Furthermore, 
the TEA paralysis of the sympathetic fibers ap- 
pears to be more readily reversible than that of the 
parasympathetic ganglia 

Comparative activities of five antispasmodics 
B Ckaver, W Barrett (by invitation), A Cam- 
eron (by invitation), A Earl (by mvitation), F 
Roth (by invitation) Division of Macrobiology, 
Research Dept , Ciba Pharmaceutical Products, 
Inc , Summit, N J The activities of 3 knoivn anti- 
spasmodics Trasentme, Trasentine-6H and atro- 
pine were compared with those of two new drugs, 
N-dimethyl thymoxy acetamidme hydrochloride 
(Su-198), and Thymoxyethyldiethylamidme hy- 
drochloride (Su-216) m respect to the functions 
noted They were exammed m respect to the dose 
in ag/kg required to inhibit salivation m the cat in- 
duced 1 ) by histamme , 8) by pilocarpine, and 5) 
by faradization of the chorda tympani nerve In or- 
der of decreasmg activity they were atropine, 
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Trasentme-6H, Su-198, Su-216 and Trasentine For 
each of the 6 drugs, the doses required were essen- 
tially the same irrespective of the sialogogic stim- 
ulant The same doses of each drug that inhibited 
salivation eliminated the spasm of the nictitatmg 
membrane induced b}'^ subcutaneously injected 
pilocarpine To eliminate the hypotension induced 
b> 0 6 y/kg of Mecholjl, approximatelj a 10-fold 
increase in the dose of each drug (compared to anti- 
sialogogic doses ) was required This relationship n as 
strictly quantitative and larger doses of Mecholyl 
produced hypotension The order of spasmolytic 
activity of the 6 drugs remained the same in respect 
to this function as well as in respect to their ability 
to eliminate the brief bradycardia and hypotension 
induced by faradization of the peripheral ends of 
the severed vagi, but for this latter function only 
about 6 tunes the anti-sialogogic doses v ere needed 
The respective LDjo’s (I V rats) for the 6 drugs in 
mg/kg are Su-216 — 65, Su-198 — 45, Trasentine- 
6H — 0 37, Trasentine — c 27, and atropine — c 100- 
125 The problem of attempting to predict the ther- 
apeutic usefulness of nntispasmodics mil bo dis- 
cussed 

Efficacy and toncity of simaroubidin in experi- 
mental amoebiasis Ashton C CuoEU-En and CAnn 
C Saiith (introduced by Hans Molitor) Merck 
Institute for Therapeutic Research, Rahway, N J 
A standardized procedure has been developed for 
the evaluation of potential amoebicidcs in young 
rats infected with Endamoeba histolytica One of 
the compounds evaluated in this way, and which is 
more active therapeutically than many of the cur- 
rently used amoebicidcs, is simaroubidin, a crystal- 
line material isolated from the plant Simarouba 
amara Single oral doses of 26 mg/kg do not liavo 
significant amoebicidal activity, whereas single 
doses of 100 mg/kg % CD>o Single doses of 200 and 
400 mg/kg %CDioo Six daily doses of 2 mg/kg and 
10 mg/kg arc ineffective, but doses of 50 nig/kg 
have significant (>CDco), although not complete, 
effectiveness A drug diet of 0 01% given ad libitum 
for 6 days has only'- slight amoebicidal activity , drug 
diets of 0 04% and 0 16% % CDso The acute and 
chrome toxicities of simaixiubidin have been deter- 
mined for several species The LDbo for rats and 
mice of single oral doses was 800 ± 100 mg/kg In a 
dog single oral doses of 100 mg/kg produced loss of 
appetite, but an oral dose of 400 mg/kg nas lethal 
in 2-3 days Repeated daily oral doses of 500 mg/kg 
were lethal for 9/10 rats within 10 days, and 250 mg/ 
kg killed 3/12 rats within 21 days Doses of 50 mg/ 
kg for 21 days produced no mortality and only 
slight effect on growth of young rats When the drug 
was placed in the diet at 0 16% and fed to rats for 
21 days the growth was sigmficantly depressed and 
1/12 rats died, but no gross pathologic changes were 
observed at autopsy 

Comparative muscle-relaxing activity of seven 


glycerol ethers on isolated nerve-muscle prepara- 
tions Harold Davis (by invitation), Charles H 
Hine and Frank J Murpht (by invitation) Divi- 
sion of Pharmacology and Experimental Therapeu- 
tics and Dept of Anesthesiology, Univ of Califor- 
nia Medical School, San Francisco, Calif Tvo 
methods of producing muscular contractions have 
been adapted for in vitro comparison of muscle-re- 
laxing agents Contractions of frog recti abdomini, 
suspended in frog Ringer solution (Torda and 
Wolff, 1944), were recorded The muscle nas stim- 
ulated either by phy'sostigmine (2 X 10~‘) plus 
acetylcholine (10“’) or by tetanic current (100-200 
V ) In each case the endpoint was arbitrarily 
designated as 60% reduction of normal contraction 
followung addition of the compound The duration 
of exposure to the solution was 30 minutes or less 
This technic yielded consistent results Seven 
modifications of gly cerol ethers, procaine, and Into 
costnn w ere tested The greatest dilution of each 
compound w hich produced an endpoint are listed in 
the accompanying table Smee the results obtamed 
in intro paralleled those secured in mouse assay pro- 
cedures the in vitro techmes may serve as a guide 
to possible muscle-relaxing activity in tivo 


Compound 

AcCb Esennized 
JIusde Stimu- 
lation 

Electneal Nerve- 
muacle Stima 
iation 

DiluUon 
VA' or 
W/V 

Molar- 
ity mJI 
/liter 

Dilution 

V/Vor 

Molar- 
it> mM 
/liter 

Intocostnn (20 u/ml ) 

ID'S 


icr» 

__ 

Procaine HCl 

6 X ir‘ 

1 8 

6 X 10-< j 

1 8 

Monooyclobexyl 

I0-‘ 1 

0 61 

6 X i(r< 1 

3 0 

a , 7 isopropj 1 cthj 1 

Contracture before endpoint was 


I reached 



0,7 iBopIopj 1 tolj I 

10-» 

0 065 

5 X 10-* 

1 033 

Phonjl monoaectate 

lO-J 

5 5 

5 X 10-< 

1 2 76 

Pheni 1 dxBcetate 

6 X 10-* 

2 3 

5 X 10-« 

2 3 

Dibutj 1 moDoacotato 

10-* 

0 4 


1 

o Tox>I(lIynncsm) 

10-’ 

5 6 

5X 10-< 

1 2 76 


Antlepileplic action of Marihunna-active sub- 
stances JeanP Davis and H H Ramset (intro- 
duced by' Louis S Goodman) Dept of Pharma- 
cology, Univ of Utah College of Medicine, Salt Lai e 
City, Utah, and Utah State Training School, 
American Fork, Utah The demonstration of anti- 
convulsant activity of the tetrahydrocannabinol 
(THC) congeners by laboratory tests (Loewe and 
Goodman, Federation Proc 6 362, 1947) prompted 
clinical trial m 5 institutionalized epileptic chil- 
dren All of them had severe symptomatic grand 
mal epilepsy -wnth mental retardation , three had 
cerebral palsy in addition Electroencephalographic 
tracings were grossly abnormal in the entire group , 
three had focal seizure actmty Their attacks bad 
been inadequately' controlled on 0 13 gm of pheno- 
barbital daily, combined with 0 3 gm of Dilantin 
per day' in 2 of the patients, and in a 3rd, with 0 2 
gm of Mesantoin daily 

Two isomoric 3 (1,2 dimethyl heptyl) homologs 
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of THC were tested, Isuii)bcjs 122 jind 125A, will) 
atam potencies 50 and 8 times, rcspcctivclj , that 
of natural nianliuam principles Number 122 uas 
gi\en to 2 patients for 3 u ccks and to 3 patients foi 
7i\ceks Three responded nt least is ell ns to pre- 
Mous thcnipj , the 4th became almost complctch , 
and the 5th, entirolj sd/ure free The optimum 
dosage rras 1 2 to 1 8 mg d ulj One patient, trans- 
ferred to 1254. after 3 weeks, h id prompt evneorb i- 
tion of seizures during the ensuing 4 weeks, despite 
dosages up to 4 mg daih The 2nd patient trans 
ferred 125 V was adcquatch controlled on this dos- 
age, except for a brief period of paranoid behavior 
3J weeks later , similai episodes had occurred prior 
to camiabiuol thcrapj Other ps^ chic disturbances 
or toxic reactions were not mamfcslcd during the 
lieriods of treatment Blood counts were normal 
The cannabmols herein rejiortcd dcsenc furthei 
trial in noii-institutionabzcd cjnlcjitics 
Antl-anemic agents and cholinesterase actnitj 
JoHX Emerson Daxus Pharmacological Labora- 
tory, Vniv of Arkansas, Little Rod , Ark Consid- 
erable eaadence is accumuhting which indicates 
that an increase of cholincstcnse actmty maj plaj 
an important part in the therapeutic remission of 
pernicious anemia induced bj tlic administration of 
111 or extract or folic acid 4s i further contribution 
to this evidence, the author In'; tested the effects 
of 111 er extract and folic icid upon the cholincstci - 
asc actmtj of powdered Inci (Viobin 40° Incr) 
One mg of ptcrojIglutamicacidorO 1 unit of crude 
liver injection was added to a suspension of 10 mg 
of powdered liver in 2 cc of tip water The mixture 
was incubated at 37° C for 3 lii w ith occasional 
agitation or slinking, and then its cholinesterase 
activity was measured bj an electrometric titration 
method, previously described (Proc Sac Exper 
Biol & Med 63 287, 1946) When acetylcholine 
bromide was used as substrate, both liver extract 
and folic acid caused an average 7-fold increase in 
the initial hjdrolj'sis rate produced by the piow- 
dered liver "When Mccholjl chloride was used as 
the substrate, folic acid inci cased the enzyme ac- 
tivity of the powdered In ci bj onl 3 '' about 4-fold 
whde the liver extract increased the activity by 20- 
fold Under the conditions of our experiment, it 
seems that liver extract causes an activation, oi 
perhaps formation, of an cnzjme which has some 
of the properties of a specific cholinesterase, w'hile 
folic acid mcreasea an enzyme activity which re- 
sembles that of a non-specific cholinesterase 
A fatal case of Bartonella Cams treated with 
penicillin John Emerson Davis Pharmacological 
Laboratory, Umv of Arkansas, Little Rock, Ark 
Since reports of Bartonella Cams infection in splen- 
ectomized dogs are quite rare, it seems pertinent 
to report a severe spontaneous case which showed 
many of the signs and sjonptoms of human Oroja 
Fever About 90 days after splenectomy had been 


performed, one of our dogs appeared to be quite 
emaciated and was found to have a severe anemia 
lie had a low grade fc\cr (102 3°), leukocytosis 
(23000), weakness and pain, a red cell count of 
770,000, 2 5 gm % of hemoglobin, a liematocrit 
of 10 6%, an icteric index of 112, and rcticulocyto- 
sis (up to 40%) About 75% of the erythrocytes 
were parisitizcd by oiganisms which appeared to 
be identical with Bar toncll i Cams Fivccc of blood 
fiom this animal w.is transferred into a second 
spltncctomizcd dog which, SO days later, was xmry 
iiicmic (1 0 million RBC) and had panisitzcd cells, 
but slowly and spontaneously recovered Penicillin 
w IS given to the original bartonella dog over a 3- 
day' period (10,000 u cacry 6 hr , I M ) On the 3rd 
day of Iruitmcnt, the blood was cleared of para- 
sites, the icteric index was greatly reduced, and 
tcmiicratiirc and Icukocy te count were normal By^ 
the 4th day , the eiy throcy to count had more than 
doubled, but on the 7th day pirasites began to re- 
appear in the blood, and the anemia subsequently 
became more severe The dog died m coma, 26 day s 
after his condition had been discovered 

Thiopental hypnosis in rabbits on experimental 
diets B DeBoer Dept of Pharmacology, Si 
Louts Univ ,Schoolof Medicine, St Lams, Mo The 
addition of NaHCOj tothe diet of rabbits fed whole 
aats ad libitum was accompanied by a shortening of 
the sleeping time follow ing 2 intravenous injections 
of 25 mg/kg thiopental an hr ajiart Previous in- 
formation (Proc hoc Exper Biol &Med 68,1948) 
indicated that tbeslccping time of rabbits on a diet 
of oats for one month was 60% longer than that of 
rabbits on a diet of Purina rabbit chow Maintam- 
ing these animals ujxin the experimental diet as 
long as 20 weeks did not significantly change the 
effects of thiopental beyond that occurring in 4 to 
8 weeks The addition of NaHCOj to the whole 
grain diet (1% in the daily w ater supply', which was 
sufficient to render the urine alkaline) reduced the 
sleeping time after one week to within 25% of the 
previous control time Intravenous injection of 300 
mg/kg NaHCOj (3 cc of a 10% solution/kg of ani- 
mal, resulting in approximately 1 gm/animal) pre- 
ceding the administration of thiopental was with- 
out effect the duration of sleep The effect of diet 
upon pentobarbital sleeping time was found to be 
similar Animals fed rabbit chow averaged 36 and 
66 minutes sleeping tune after the first and second 
injections of 25 mg/kg pentobarbital one hr apiart 
Animals fed whole oats for one month showed only' 
partial recovery during the first hour after the in- 
jection and slept an average of 185 minutes after 
the second injection given at the end of the first 
hi 

Pentobarbital hypnosis in guinea pigs on ascor- 
bic acid-deficient diet B DeBoer and K O De 
Boer (by' invitation) Bept of Pharmacology , St 
Louis TJniv School of Medicine, St Louts, Mo For 
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58 male and 21 female guinea pigs on a normal diet 
the sleeping time was 210 minutes when given 25 
mg/kg pentobarbital via the peritoneal cavity The 
average weight of these ammals was 480 grams 
After 14 days upon a vitamin C deficient diet the 
duration of pentobarbital hypnosis vas 50% longer 
than that of controls and after 21 days on the diet 
66% longer The weight of these animals decreased 
19% after 14 days and 22% after 21 days on the defi- 
cient diet Returning the animals to a normal diet 
for 21 days restored the weight to nearly normal and 
the duration of sleep to within 10% of the previous 
normal Ascorbic acid 20 mg/kg given intra- 
muscularly immediately preceding the pentobar- 
bital injection had no apparent effect on the dura- 
tion of sleep of animals on the deficient diet 
Ascorbic acid given 20 or 100 mg/kg 1 hour prior to 
the injection of the barbiturate in animals 14 days 
upon the deficient diet had but little effect but in 
those 21 days upon the diet the sleeping time wtis 
68% above the normal after 20 mg/kg ascorbic acid 
and 42% above normal after 100 mg/kg ascorbicacid 
instead of the 65% increase previously noted In 9 
ammals on the deficient diet for 14 days a single in- 
jection of 100 rag/kg of ascorbic acid was accom- 
panied by a decrease in the duration of sleep (w'hen 
tested 7 days later) to about 10% above the prec\- 
perimental control sleeping time 
Certain physico-chemical and tome properties 
of phenol-camphor preparations Wji B Deich- 
mann and T Milleu (by invitation) Division of 
Pharmacology, Dcpl of Physiology and Pharma- 
cology, Albany Medical College, Albany, N F 
The solubility at 23°C of phenol in mineral oil was 
found to be 0 1%, in aromatic mineral oil (mineral 
oil containing traces of eucalyptus and safrol) 
0 33% A 10° increase of temperature raised the 
solubility about 6 times, to 0 65 and to 1 87%, re- 
spectively Addition of 40 ml of water to 25 ml of a 
saturated solution of phenol in mineral oil (in a 
100 ml separatory funnel having a diameter of 3 88 
cm ), or to phenol in aromatic mineral oil brought 
about a redistribution of phenol At equilibrium, 
the water phases contained 60 and 50% of phenol 
respectively Similar equilibration of a solution of 
4 76% phenol and 10 86% camphor in aromatic 
mineral oil against water led to a phenol concentra- 
tion in the aqueous phase of 1 026% Doubling the 
phenol in the camphor-mineral oil mi\turo also 
doubled its concentration in the aqueous phase 
The lethal dosages (LDso) of phenol solutions ad- 
ministered as single doses by stomach tube to al- 
bino rats were as follow s in terms of phenol content 
0 6 gm/kg when given as a preparation of 3 66% 
phenol in aromatic mineral oil (heated to 34°C), 

0 72 gra/kg as a solution of 4 75% phenol in water, 
and 1 06 gm/kg as a 4 76% solution of phenol and 
10 86% camphor in aromatic mineral oil Immersion 
of the tails of albino rats in solutions containing 


various quantities of phenol continuously up to 8 
hours, established the following concentrations 
that killed approximately 60% of one stram of al- 
bino rats 2 0% phenol in aromatic mineral oil , 4 4% 
phenol m water, and 7 9% phenol plus 10 86% cam- 
phor in aromatic mineral oil With another strain 
of albino rats the corresponding LD^o values were 
2 7% phenol m aromatic mineral oil, 6 6% phenol 
in water, and 11 5% phenol plus 10 86% camphor in 
aromatic mineral oil 

Effects of epinephrine, ephednne and l-(m-hy- 
droxyphenyl)-N--methyethylene diamine (NU- 
1683) on the coronary blood oflw Adam B Deni- 
son, Jr (by invitation), Ben J Lawrence, Jh 
(by invitation) and Harold D Green Dept of 
Physiology and Pharmacology, Bowman Gray 
School of Medicine of Wake Forest College, Winston- 
Salem, N C Wayne et al have reported at this 
meeting that 1 ngm of epinephrine, 1 mg of ephe- 
dnne and 1 mg of NU-16S3 produce appro\imately 
at 25-50% reduction in flow in the hind leg when 
injected into the femoral artery This paper pre- 
sents the effects of intracoronary artery mjections 
of similar amounts of these drugs upon the coronary 
blood flow In dogs anesthetized with pentobar- 
bital, the heart w'as exposed by removal of the an- 
terior halves of the loft 4th and 5th ribs Heparm 
plus, in some experiments, chlorazol fast pink, 
served as anticoagulant Flow of blood from a caro- 
tid into the anterior ramus descendens was meas- 
ured with a Gregg-Green orifice meter and differen- 
tial manometer Epinephrine in the above dosage 
caused a 50% increase in flow at the end of diastole 
The above doses of NU-16S3 and ephednne had no 
effect With rise in arterial pressure, which fre 
quently^ occurred as the drugs reached the systemic 
circulation, flow increased with all three drugs 
Biosynthesis of radioactive bufagin containing 
C* John Dottle (by invitation), Kenneth P Du- 
Bois, and E M K Geilinq Dept of Pharma- 
cology, Univ of Chicago, Chicago, III An investi- 
gation of the optimum conditions for the biosynthe- 
sis of radioactive bufagin writh C'* was undertaken 
to obtain labeled bufagin for studying the distribu- 
tion and fate of this cardiac glycoside in mammals 
Since as carbonate was rapidly excreted in the 
expired air it was more desirable to feed an organic 
form of carbon, algae (supplied by Dr W F 
Libby) grow n in the presence of C'* and contaimng 
406ucC'Vg™ were, therefore, employed Tropical 
toads (Rw/o agua) were used for the biosymthesis 
They were kept in an enclosed system through 
w'hich CO— free air W'as passed allow ing the expired 
COj to bo collected in alkali and measured Two 
weeks after feeding G*^ the secretion was collected 
from the parotid glands and the animals w ere sacri- 
ficed for quantitative measurement of the C'^ in 
the tissues One toad receiving 60 uc G'^ as radio- 
active algae contained 8 9% of the administered 
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dose m the tissues, 11 S% uas exhaled as COj and 
79 3% was excreted in the urine and feces Two 
weeks after 100 uc of C>* 29 4% of the original dose 
was present in the tissues, 17 9% was exhaled as 
CO', and 52 7% was excreted in the urine and feces, 
mamlj' in the feces Of the C^* in the tissues the 
liver contained 16 9%, skeletal muscle and bones 
60 0%, small intestine 10 4% and the remainder 
was rather evenly distributed throughout the other 
tissues Radioactive bufagin and epinephrine w ere 
obtained from the parotid secretion 
Comparative percutaneous tovicity of 3-mer- 
capto-l,2-propanediol (thioglycerol) and ammon- 
ium thioglycolate John H Dbaize, Elsie Al- 
VABEZ (by invitation) and Mabie Woodabd (by 
invitation) Ditnsion of Pharmacology, Food and 
Drug Admxmsiratxon, Federal Seciinly Agency, 
Washxngton, D C Ammonium thiogl 3 'Colate is used 
evtensivelj^ in the 'cold-hair wave process ’ To a 
lesser extent thioglycerol is sirailarlj’’ emploj'cd 
The thioglycolate ‘hair waxung’ procedure is some- 
times vaned by the application of heat Nincty-daj'- 
percutaneous toxicity experiments on the rabbit 
were undertaken with 7% ammonium thioglj'colatc 
(w ith solution at room temperature and also heated 
to 47°C), and with a 6% thioglycerol waving solu- 
tion at room temperature All waving solutions 
were adjusted toapH92d:01 Blood exanuna- 
tions, urinary sulfur excretion, and S 3 'stemic effects 
in subjects were recorded Histological examination 
of tissues were made Sensitization studies were 
conducted on the guinea pig DTien 4 0 ml/kg/da 3 '’ 
(a total of 65 doses) of the waving solutions were 
inuncted mortalities of 74, 61 and 0% were obtained 
with ammonium thioglycolate (47°C), ammonium 
thioglycolate (room temperature) and the thiogly- 
cerol respectn’'ely The percentage increase of urin- 
ary sulfur reached peak figures of 147, 105 and 83 for 
ammounium thioglycolate (47°C), ammonium thio- 
gtycolate (room temperature) and thioglycerol 
respectively S 3 miptomB of pioisoning in animals 
had a rapid onset wxth all agents and upon discon- 
tinuance of treatment recovery was prompt Exten- 
tensive skin da ma ge was always associated wuth 
serious poisomng While thioglycerol showed less 
gross evidence of toxicity it produced a high inci- 
dence of sensitization and evidence of pathologic 
changes in the thyroid gland 
Experimental skin sensitization to sulfonamides 
and peniciUm Robeht H Dheisbach Dept 
of Pharmacology and Therapeutics , Stanford 
Unto School of Medicine, San Francisco, Calif 
Since both sulfonamides and penicillin have 
been suspected clinically of increasing skin 
sensitization to each other attempts were made 
to test this experimentally Sensitization of the 
Arthus 431)6 was attempted in 12 rabbits b 3 ' giving 
6 wcekl 3 subcutaneous injections of 1 cc 0 S% 
(saturated) sulfanilamide, or 0 06% (saturated) 


sulfathiazolc, in 0 9% saline solution in separate 
groups of 6 rabbits each, controlled by similar in- 
jections of 0 9% saline No noticeable swellings or 
reactions occurred In order to test possible in- 
creased susceptibility to penicillin sensitization in 
the sulfonamide injected areas of these rabbits, a 
total of 4 injections of 10,000 units each of crystal- 
line penicillin G in 1 cc of saline solution were 
made at weekly intervals Three of 11 rabbits 
showed a positive Arthus phenomenon, chiefly 
minor swellings at the injection sites In our ex- 
perience, as manj’’ ns 10 of 12 normal rabbits may 
show sensitivity reactions to crj^stallinc penicillin 
G alone Following the penicillin injections, the 
same 12 rabbits were given 2 injections at weekly 
intervals of sulfanilamide or sulfathiazole into the 
penicillin-sulfonamide areas, in the same manner 
as before, but no reactions occurred In another at- 
tempt to produce sensitization, cutaneous applica- 
tions w ere made of 1% solutions of sulfanilamide or 
fathiazole in carbitol (knowm foi epidermal pene- 
tration) at w cekly intervals on separate groups of 6 
rabbits each No sensitization occurred after 8 ap- 
plicatiorls, although the sulfonamides wmre ab- 
sorbed (present m urine) According to these 
methods, therefoi e, sulfonamide treated skin is not 
demonstrablj' sensitized nor does such tieatment 
increase penicillin sensitization 
Inhibitory action of bufagm on carbohydrate 
oxidation Kenneth P DuBois, John Douim (by 
invitation), and E M K Geiling Dept of Phar- 
macology, Univ of Chicago, Chicago, III In con- 
nection with studies on the mechanism of action of 
cardiac glycosides the effect of bufagin on enzjrma- 
tic reactions was investigated Bufagin was iso- 
lated from the parotid secretion of the tropical 
toad, Bufo agua, by the method of Jensen and Chen 
(/ Biol Chein 87 755,1930) Since this glycoside 
hn.q a very low solubility in aqueous media prelim- 
inary experiments were carried out by addition of 
the crystalline compound to achieve saturation of 
the test system For further ex-penments 50% 
ethanol solutions of bufagin were prepared and fur- 
ther diluted wuth water for use, appropriate 
ethanol controls were mcluded Addition of crys- 
talline bufagin to isotonic brain homogenates re- 
sulted in marked inhibition of the oxidation of glu- 
cose The amount of inhibition was consistently 
greater than 65% for rat, guinea pig and mouse 
brain homogenates Further tests showed that a 
final concentration of 2 X 10“^ u bufagin resulted in 
60% inhibition of the respiration of isotonic brain 
homogenates The respiration of brain slices was in- 
hibited to about the same extent os homogenates by 
sinular concentrations of the glycoside The rate of 
oxidation of glucose by heart slices from guinea 
pigs, rats and mice was decreased about 75% bj' 
saturating the test system with bufagin The oxida- 
tion of glucose by" liver and kidney slices was only 
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inhibited to the extent of about 15% by saturation 
of the media with the drug Bufagin had no effect on 
anaerobic glycolysis nor on the cytochrome oxidase 
and succimc dehydrogenase systems 

Bromate distribution in blood A L Dunn (by 
invitation) and A R McIntyhe Dept of 
Physiology and Pharmacology , Umv of Nebraska, 
College of Medicine, Omaha, Ncbr The distribution 
and fate of ingested bromates has not been studied 
quantitatively previously In these studies the dis- 
tribution of biximato in the red colls and serum nas 
determined following the administration of ap- 
proximately J of the dclaj'ed M L D per os in the 
dog After 75 mg of KBiOj/kg gram by stomach 
tube in 100 cc of watci followed bj another 100 cc 
of water, blood was collected from a jugular vein at 
intervals of I hour, 1 lioui , 2 houis, 4 hours and 24 
hours No anesthetic and no anticoagulant weie 
used The blood was dcfibi mated, centrifuged, the 
serum drawm off, the red colls washed in isotonic 
saline and hemoljzed, and protcm-fioc filtrates 
were then prepared Bromate was determined bj' 
the decolorization of Evans blue The decoloriza- 
tion of this djm has a marked specificity for brom- 
ate over the other balatcs, and was prcviouslj 
desenbed by us (J Lab A Chn j\Icd , in press) 
This method was modified in such a inaunci 
tliat the bromate w'as determined spcctroplioto- 
mctricallj’^ The findings indicate that bromate in 
the above dosage is absorbed mpidl} from the gas- 
tiointestinal tiact and the jicnk concoiitmtion is 
found in the blood filtiatc within one hour follow- 
ing ingestion The coiicciiti itroii icmains it a high 
level foi 3 hours and falls to a negligible amount at 
24 horn's Eo bromate w is found in the salinc- 
w ashed cells 

Renal clearance of streplomjcin A 0 Edison 
(by invitation), V C Jutmk (bj invitation) and 
G E BoxEn Merck Imlitute for Therapeutic Re- 
search and The Research Laboratories of Merck A 
Co , Inc , Rahway, N J The lenal clearance of 
streptomycin in dogs was obtained by fluoromctiic 
determination of the drug in the plasma and urine 
The clearance was meisuicd in 5 expel imeiits ovci 
6 equal one-half-hour peiiods aftci a single inti i- 
muscular injection of the drug The normal glo- 
merular filtration was dctci mined simultaneously 
by measm ing the i enal clearance of thiosulfate ions 
smeo the streptomycin intei feres w ith the determ- 
ination of inulin, mannitol and creatinine The 
clearance of streptomycin was on the average 70% 
below the simultaneously determined glomciular 
filtration rate Wide variations in urine flow and the 
concentration of the drug in the plasma did not in- 
fluence the clearance, apparently excluding tubu- 
lar reabsorption The clearance measured from the 
rate of disappearance from the plasma and from tho 
calculated volume of distribution of streptomycin 
was found to agree with the clearance obtained in 


the conventional manner from the concentration 
in plasma and urine and the rate of unne flow The 
implications of this finding wnth respect to the vol- 
ume of distribution and the manner of excretion 
ire discussed The clearance calculated from tlic 
plasma concentration of tho drug was found to be 
identical for man and dog per unit of surface area 
Biliary excretion and intestinal reabsorption of 
C'Mabeled methadone hydrobromide L L 
Eisenbrandt, I A Abdou and T K Adler (in 
troduced by H W Elliott) Division of Pharma- 
cology and Experimental Therapeutics, Univ of 
California Medical School, San Francisco, Calif 
Using the standaid technics of tracer investiga- 
tions, C’* incorporated into methadone was admin- 
istered subcutaneously into rats for the purpose of 
determining mctliadonc excretion via the digestn e 
tract Elliott, cl nl (J Pharmacol A Exper 
Thernp In press) in their distribution studies 
showed relatively large amounts of radioactixe 
methadone in the liver, intestine and in feces In 
the present study the bile duct w as cannulated and 
bile collected for the duration of analgetic effects 
w Inch usually lasted alxiut 2 hours followung 1 5 mg 
of mctliadonc After injection into the left hind 
leg, tho bile became radioactive in approximately 
10 minutes The peak of radioactivity was reached 
in 60-90 minutes and dcci cased as analgetic effects 
diminished Although much of the radioactive 
methadone was excreted in the feces, reabsorption 
in the small intestine appealed likely Radioactive 
bile collected from one animal (donor), and 1 ml 
W'as then injected into the duodenum of a second 
rat which was also canuulatcd for bile collection 
Samples of bile from the recipient became radio- 
active in about 10 minutes, and this animal showed 
definite signs of analgesia Apjiarently, radioactive 
mctliadonc was cxcictcd through the intestinal 
route and, in addition, portions were reabsorbed 
and distributed throughout tho body in sufficient 
amounts to produce analgesia 
Respiration of human brain slices and the 
effecls of morphine and methadone on oxygen up- 
take H W Elliott (by imotation), V C Suther- 
land and E B Boldrev Divisions of Pharma- 
cology and Experimental Thei apeiitics and of 
Neurologieal Surgery, Umv of California Medical 
School, San Francisco, Calif Samples of cerebral 
cortex were obtained from patients under- 
going surgical removal of various types of brain 
tumors Tho tissue was immediately iced, trans 
feired to a cold box and prepaied for respiration 
studies Pieces of coitex were isolated with scis- 
sors, sliced frccliand with a razor and template, 
weighed and placed in Warburg flasks The data 
obtained from 7 human brains studied to date fol- 
low The QO* of human cerebral cortex slices in 
glucose-Ringer-PO^, 30 minutes after equihbration 
at 37°C , was approximately 1 0 on a wet weight 
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basis One hundred fifty minutes later the values 
for oxygen uptake had fallen 20-30% For purposes 
of comparison 30-minute QO-’s for dog and rat cor- 
tex ivere 1 7 and 2 3, respectively These species 
differences are to be expected because of the in- 
verse relationships between metabolic rate and 
body size Human cortex slices exhibited a striking 
difference in bebaxnor from rat cortex slices vben 
0. uptake was determined in Ringer -PO< contain- 
ing no glucose Rat cortex QOs’s fall very rapidly 
in the absence of substrate but human cortex res- 
piration is not affected QOt’s n ere just as high and 
as well maintained over a 3-hour period in unforti- 
fied Ringer-PO^ as when glucose was added The 
nature of the substrate apparently stored in human 
cortical tissue is as yet undetermined To some 
vessels morphine and methadone nere added after 
a 90-mmute control period The drug levels studied 
were 1) 0 002M morphine HCl, 2) 0 0005M metha- 
done HCl and 5) 0 002M methadone HCl The O* 
uptake of both rat and human cerebral cortex 
slices m glucose-Ringer-POj nas not affected by 
1), stimulated bA’' 2) and strongly inhibited bj 3) 
The respiration of human brain slices in Ringer- 
PO 4 without added glucose was not affeeted bj' 1) 
and inhibited by £) A comparison of the findings 
on rat and human brain indicates that the effects 
of 0 0005M methadone are on glucose utilization 
and may be a manifestation of enzjune inhibition 
rather than stimulation 

Metabolism of isopropyl alcohol by (he perfused 
liver Feed W Ellis, Deparhttenl of Pharmacology, 
Unw of North Carolina, Chapel Hill, N C Rab- 
bits, fasted for 48 hours, were anesthetized with 
40 mg/kg of pentobarbital sodium, intravenously, 
and prepared for liver perfusion by a modification 
of the technic of Lundsgaard, Nielsen and Orskov 
{Skandinav Arch f Physiol 73 296, 1936) Fresh 
defibrinated, oxygenated rabbit blood diluted to 
70 per cent with 0 9 per cent saline was perfused 
through the tn situ liver, maintained at body tem- 
perature, at the rate of 72 cc/min for a duration of 
2 hours At certain time intervals, the concentra- 
tions of sugar, acetone and lactic acid (and alcohol, 
iihen present) in the perfusion fluid were deter- 
mined and liver samples i\ ere obtained for glycogen 
analj ses When isopropyl alcohol was added to the 
perfusion fluid, there occurred a distinct increase 
in acetone (a known oxidation product of isopropyl 
alcohol), as well as a less marked rise in sugar con- 
centration There was a corresponding decrease in 
the concentration of isopropyl alcohol Changes in 
lactic acid and glycogen values did not seem to be 
significantly different from the control data Upion 
the substitution of ethyl alcohol in the perfusion 
fluid there was no increase in acetone or sugar, and 
the rate of disappearance of the alcohol appeared 
to be somewhat slower than in the case of isopropyl 
alcohol Lactic acid concentration remained prac- 


tically constant ns compared with the progressive 
decrease in the control and isopropyl alcohol exper- 
iments There was no significant change in liver 
glycogen 

Photoelectric estimation of l-carnosine and 1- 
histidine G A Emekson and Paul L Euing 
Dept of Pharmacology , Univ of Texas Medical 
Branch, Galveston, Texas The reaction of Pauly 
{Zischr f physiol Chem 42 508-18, 1904) may be 
adapted to photoelectric colorimetry of carnosine 
and histidine with certain modifications of the 
visual method of Koessler and Hanke (J Biol 
Chem 39 497-519, 1919) proposed by Kuen, Eggle- 
ton and others A Coleman model 11 spectrophoto- 
meter nns used, at X 470 mu Molar color values of 
carnosine and carbobenzoxycarnosine are higher 
than that of histidine if estimated immediately 
after diazotization, but approach that of histidine 
in 30 and 60 minutes, respectively, after nhich 
fading is negligible at a room temperature of 32° C , 
although the apparent spectral transmittance 
curves still differ somewhat for the secondary 
minima Excellent agreement with the Lambert- 
Beer law obtains with 20-100 a of carnosine or 
histidine, and the method is suitable for estima- 
tions with neutralized CljCCOOH extracts of 
tissues 

A comparative study of anticonvulsant activities 
of antiepileptic drugs by electro-shock methods 
in cats, rats and mice Chahles R Ensob (by 
invitation) and Graham Chen Research Labora- 
tories, Parke, Davis and Company, Detroit, Mich 
The anticonvulsant activities of nine antiepileptic 
drugs were determined with 2 electro-shock pro- 
cedures, 7) by the increase of electro-convulsive 
threshold in the cat (Putnam and Merritt) and 
2) by the abolition of extensor tome seizures in 
rats and mice (Toman, Swinyard and Goodman) 
The values obtained with the 2 methods agree well 
in the cat and the mouse in the following order of 
potency Dilantm, Mesantoin, Nirvanol, pheno- 
barbital, Mebaral, Phenurone, Carbromal, Epidon 
and Tridione In the rat, on the other hand, the 
protective doses of Mesantoin and phenobarbital 
were found to be smaller than those of others The 
laboratory data are compared with the climcal 
results for these drugs in the treatment of grand 
mal epilepsy They appear to show a fair agreement 

Pharmacological studies of phenacetylurea 
(Phenurone), an anticonvulsant drug Guv M 
Evebett (introduced by R K Richahds) Dept of 
Pharmacology, Abbott Research Laboratories, North 
Chicago, III Phenacetylurea (Phenurone) has out- 
standing anticonvulsant properties against Metra- 
zol and supramaximal shock seizures in mice, rab- 
bits and cats with non-sedative doses (300 mg/kg ) 
The drug also raised convulsive threshold to min- 
imal electroshock seizures in rabbits The toxicity 
is low, the LD 50 by IP or oral administration being 2 
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to 3 gm/kg Slight ataxia appears at 400 mg/kg The 
EEG in unanesthetized cats and rabbits remained 
unchanged with doses up to 1 gm/kg Higher doses 
produce high voltage slow wave activity The dura- 
tion of anticonvulsant action in mice is 3 to 5 hours 
The duration remained unchanged in double 
nephrectomized mice, but was significantly pro- 
longed (20 hours) by CC1< liver damage and 
hepatectomy In man Phenurone causes signs of 
stimulation more often than sedation The drug has 
been found effective in some resistant grand and 
petit mal cases and is particularly useful in psycho- 
motor epilepsy 

Comparative effects of adenosine, isoguanosinc 
and related compounds on smooth muscle Paul 
L Ewing, Fritz Schlenk and G A Emerson 
Depl of Pharmacology, Untv of Texas Medical 
Branch, Galveston, Texas, and Dept of Bacteri- 
ology, Iowa State College, Ames, Iowa Isoguanosine 
(2-oxyadenosine) was found to be about 3 times as 
active as adenosine in depressing the anesthetized 
rabbit’s blood pressure after intravenous injection, 
in inhibiting rhythmic contractions of isolated rab- 
bit or hamster intestine, and in stimulating the 
hamster uterus On the isolated guinea pig uterus, 
isoguanosine was 60-100 times as effective a stimu- 
lant as adenosine The related pyrimidines, cyto- 
sine and isocytosine, while much less active than 
adenosine, show the expected biochemorphic rela- 
tionships Although tn vitro studies have demon- 
strated the production of glutamine and inosinic 
acid from ATP, glutamate and ammonia with tissue 
enzymes, we were unable to find any gross evidence 
of the reverse process, i e , the production of ac- 
tive amounts of adenylic acid from a combination 
tion of inosinic acid and either glutamine or aspara- 
gine as amino donors 

Action of some enzyme inhibitors on the ac- 
tivity of the isolated intestine A Farah, R 
Angel (by invitation) and T C West (by invita- 
tion) Dept of Pharmacology, School of Medicine, 
Univ of Washington, Seattle, Wash Isolated in- 
testinal strips of the rabbit were placed in glucose- 
free Tyrode solution After 30-00 minutes the in- 
testinal strip showed a marked reduction in the 
height of spontaneous contractions and usually a 
loss in tone In confirmation of results of previous 
workers, the addition of glucose, mannose, acetate, 
pyruvate and a number of fatty acids produced a 
recovery of the spontaneous contractions The 
enzyme inhibitors malonic acid, p-chloromercury 
benzoate, sodium fluoroacetate, dinitrophenol, 
propiomc acid, sodium cyanide and sodium azide 
were studied The effect of some of these inhibitors 
V as dependent on the type of substrate employed 
The results will be presented and discussed in 
the light of our knowledge of the intermediary 
metabolism of carbohydrates and fatty acids 

Method for determining hydroqmnone excretion 


in the urine David W Fassett Laboratory of 
Industrial Medicine, Eastman KodaJ Company, 
Rochester, N Y Because of the current interest in 
hydroquinone as an antioxidant for use in foods, 
and in the possible use of sodium gentisate in 
rheumatic fever, a study has been made of the ex 
cretion of hydroquinone in the unne of man and 
animals The lack of specificity and sensitivity of 
available methods has been overcome byamodifica 
tion of the procedure described by Sterner, Oglesby 
and Anderson for quinone vapors (J Indust Hyg 
tt Toxicol 29 60, 1947 ) The intense color formed 
by the simple addition of hjdroquinone to an 
alkaline phloroglucinol solution has a characteristic 
absorption spectrum nith tvo maxima at 420 and 
at 615 millimicrons Catechol gives an equallj m 
tense but cntirclj different color, and resorcinol 
and phenol give no color under the same circum 
stances Conjugated h 3 droquinone is estimated 
after hydrolysis of the urine with normal sulfuric 
acid Amount of less than one microgram can be 
detected Hydroquinone in both free and conju 
gated form (mostly the latter) is normally present 
in the urine of men, rats, guinea pigs, and cats 
About 20-50 mg/24 hours is estimated to be a 
normal value for man, although this will vary with 
the tyqic of diet After ingestion of hydroquinone 
by mouth or by injection, large amounts are ex- 
creted in the conjugated form starling in an hour 
or two, indicating tlmt the body eliminates hydro 
quinone rapidly Compounds such as nor-dihy 
droguaiarctic acid also give a characteristic color 
with alkaline phloroglucinol but are less rapidly 
excreted 

Coenzyme I— Quinine relationships in bactenal 
growth and metabolism R M FEATHERsroxEand 
J R Porter (by invitation) Depts of Pharma 
cology and Bacteriology, College of Medicine, 
State Univ of Iowa, Iowa City, Iowa It has been 
reported by others tlmt coenzyme I w ill reverse the 
inhibitory effects which quinine has on the metab 
olism of Eschenchxa coh In the work to be re- 
ported, turbidimetric measurements of growth, 
methylene blue reduction studies, experiments 
using standard manometne techniques, and micro- 
biological assays for coenzyme I have been utilized 
in an investigation of quinine-coenzyme I relation- 
ships as they pertain to the growdh and metabolism 
of several bactcrml species The results indicate 
that the apparent coenzyme reversal of quinine 
inhibition of methy lene blue reduction by bacterial 
cells may bo duo to an oxidation of the coenzyme 
molecule This oxidation is not inhibited by the 
concentrations of quinine used and it proceeds in- 
dependently of the retarded glucose oxidation t 
has also been shown tlmt numerous other growt 
factors fail to reverse the quimne inhibition o 
growth or respiration of the several bacteria 
species studied 
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Local anesthetic activity of a series of amino- 
alkoiy isoquinolines EnmN J Felloh s and 
EduakdMacko (by invitation) Depi of Pharma- 
cology, Temple Untv School of Medicine, Phila- 
delphia, Penna The following compounds nere 
tested for local anesthetic activity after topical 
application to rabbits’ eyes l-(beta'Dimethyla- 
ininoethovy)->soquinoline Monohydrochloride (I) , 

1 - (beta - dimethylaminoethovy) - 3 - propyliso- 
quinoline Monohydrochlonde (II), l-(beta-Di- 
methylaminoetho3cy)-3'butylisoquinoline Monohy- 
drochloride (IH), l-(beta-Diethylaminoetho\y)- 
3-methylisoquinoline Monohydrochlonde (IV) , 
l-(beta-Di-n-butylaniinoetho\’y)-isoquinolinc Mo- 
nohydrochlonde (^^), l-(beta-N-pipendyletho\y)- 
3-methylisoqmnohne Monohydrochlonde (VI) , 

1 - (beta - N - piperidylethovy - 3 - ethydisoquino- 
line Monohydrochlonde (VII) , l-(3-Dieth5damino- 
propoxy)-3-ethylisoquinoline Monohydrochlonde 
(Vni), 1 - (beta - Benzylaminoethovy) - 3 - 
eth 3 'hsoquinohne Monohydrochlonde (IX) All of 
the present denvatives exhibited anesthetic ac- 
tivity Derivatives nos II, IV, VI, VII, VIII and 
IX produced anesthesia for penods of 26 to 94 
minutes in 0 01% concentration However, no III 
was outstandmg in that an average of 75 minutes 
anesthesia was noted after application of 0 001% 
solution In comparative studies anesthesia was 
noted for a penod of 18 minutes after 1 0% cocaine 
and for an average duration of 69 minutes after 

0 01% dibucaine hj’-drochloride 

Influences of progesterone and testosterone on 
reactivity of rabbit myometrium to oxytocin and 
vasopressin Paul P C Feng (by mvitation) and 
R A WooDBUBT Divisionof Pharmacology, Univ 
of Tennessee, Memphis, Tenn Investigations were 
conducted on isolated uterine strips from rabbits, 
varying in age from 3 months to 3 years, with or 
without previous pregnancies Twenty-one rabbits 
were sensitized by mjecting 0 01-0 02 mg of 
stdbestrol daily for a period of 7 days (Ckintrol 
studies showed that such treatment produced full 
sensitization of the myometrium to oxytocm and 
vasopressm ) After sensitization 1 uterine horn was 
removed to test its reactivity to oxytocin and 
vasopressin These results were then compiared 
with the reactivity of the remaining horn removed 
after 5 day's additional treatment with various 
combinations of stilbestrol and either progesterone 
or testosterone In 8 rabbits, a stilbestrol/pro- 
gesterone ratio of 1 20 to 1 100 decreased the re- 
activity of sensitized myometrium to oxytocin 
and vasopressin to similar degrees varying from 
five-fold to one hundred and fifty-fold In 13 rab- 
bits, a stilbestrol/testosterone ratio of 1 100 to 

1 400 decreased the reactivity to oxytocin and 
vaspressm from 2-fold to 330-fold However, testo- 
sterone decreased to a greater extent the reactivity 
to vasopressm m 9 of the 13 rabbits and to the 


same extent in 3 of the remaining 4 In stilbestrol- 
sensitized and non-sensitized rabbits, the oxytocic 
activity of vasopressin nas roughly 20 times that 
as specified in the current N N R These results 
are comparable with those reported by Bachmski 
and Allmark on normal rabbits (/ Am Pharmacol 
As§oc 34 73, 1947) 

Action of 4-amino, N lO-methyl, pleroylglutamic 
acid in mice, rats, and dogs F C Ferguson, Je 
(by invitation), J B Thiersch (by invitation), 
and F S Philips Dept of Pharmacology, Cornell 
Univ Medical College, and Division of Experi- 
mental Chemotherapy, Sloan- Kettering Institute for 
Cancer Research, New York. City The intraperi- 
toneal LDto of 4-amino, N 10-methyl, pteroyl- 
glutamic acid in mice was 94 ± 8 8 mg/kg in a 
single dose and 1 94 ± 0 30 mg/kg/day given for 
5 successive days , and in rats, 12 6 mg/kg acutely 
(with much variation) and 1 11 ± 0 34 mg/kg/day 
for 5 successive days Orally in rats the acute 
LDjo was 180 rb 45 mg/kg Signs of intoxucation in- 
cluded weight loss, anorexia, diarrhea, dehydra- 
tion, and weakness, complicated by secondary in- 
fections, with death after 3 days Rats sacrificed 
within 72 hours after large acute doses and after 
chrome doses given for 60 days, showed lesionfe in 
the bone marrow and mtestines, the lymphoid 
tissues remaining relatively unaffected The in- 
testinal mucosa showed hyperemia, edema, des- 
quamation and leucocytic infiltration The marrow 
became fluid and hypocellular m the myeloid and 
erythroid elements The blood showed progressive 
normochromic normocytic anemia, reticulocyto- 
penia, and leucopenia Dogs receiving various doses 
were followed with serial blood counts and sternal 
marrow aspirations The course of intoxication and 
the lesions seen were similar to those in rats In 
addition, megaloblasts appeared in the marrow , the 
lymphoid tissues appeared reduced and ulcerative 
colitis was prominent 

Comparison of the chronic toxicity of alpha, 
beta and gamma isomers of benzene hexachloride 
O G Fttzhugh, a a Nelson and Oma L Hoi^ 
LAND (by invitation) Division of Pharmacology, 
Food and Drug Administration, Federal Security 
Agency, Washington, D C FoUowmg our oliserva- 
tion that technical grade benzene hexachloride was 
more toxic than could be accounted for by the 
ggTnmn content, a chrome experiment on the in- 
dividual isomers was started Albino rats, 21 days 
old, 20 to a group, were fed dosages of 10, 100 and 
800 ppm of the alpha, beta and gamma isomers in a 
stock diet for their lifetime Additional dosage 
levels of 5, 50 and 1600 ppm gamma and 50 ppm 
alpha were used Results showed that the beta 
isomer was more than twice as toxic as the gamma 
and that the alpha isomer was of the same '’’’dcr m 
toxicity as the gamma All rats recemng the SOO 
ppm beta isomer died within the first 10 weeks of 
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the evperiment, w hereas some of those on 1600 ppm 
gamma survived for more than a year Retardation 
in growth occurred at the 800 ppm dosage level for 
each isomer Lover dosage levels did not affect 
grovth Rate on the high dosages of the gamma 
isomer had severe convulsions At 100 ppm all 
isomers pioduced slight but distinct histological 
changes in the liver, and, with the alpha and gam- 
ma, in the kidney also The beta affected the liver 
in a greater degree at a given level The gamma 
and alpha isomers produced no damage to the liver 
or kidney at the 10 ppm and the beta at this level 
showed a questionable injury to the liver 

Mercury content of human tissues from routine 
autopsy material Robert B Forney (introduced 
by H R Hulpieu) and R N Harger Dept of 
Biochemistry and Pharmacology, Indiana Untv 
School of Medicine, Indianapolis , Ind Using the 
method of Laug and Nelson (J Assoc Off Agr 
Chem 25 390, 1942) mercury analyses vere run on 
kidneys and livers from 117 consecutive autopsies 
These comprised group A, 92 persons vith no 
known mercury medication, and group B, 25 
persons with a history of the administration of 
mercury diuretics In group A the frequency dis- 
tribution of mercury concentration c\pressed as 
mg % of the fresh organ vas, kidney’s 9, none 
(<0 01 mg %), 20, 0 01-0 10 , 28, 0 11-0 50 , 22, 

0 51-1 00, and 11, 1 01-12 7, and liver 18, none, 
37,0 01-0 10,26,0 11-0 50,5,0 51-1 00,and3,10l- 

1 72 Concentrations of mercury' above 0 1 mg % 
vere found in 67 5% of the kidneys and 34 6% of 
the livers In group B the distribution of mercury 
levels vas, kidney 1, 0 94 , 12, 1 1-5 0 , 6, 5 1-10 0 , 
3, 12 0-15 0,1, 21 7,and 1,27 5, and liver 15,0 11- 

0 so , 4, 0 51-1 00 , and 3, 1 1-2 5 In all of the cases 
m group A and in most of the cases in group B 
there vas no microscopic evidence of the patho- 
logical changes associated vith acute mercury 
poisoning, although a fev of group B shoved mild 
changes In 24 of the cases separate analyses vere 
run on the cortex and medulla of the kidney In 
22 of them the cortex/medulla ratios varied from 

1 1 to 6 8 The highest level of mercury vns found 
in the kidney’ vith the liver next, follovcd by the 
spleen 

Respiration apparatus for rabbits and its use m 
the study of piperidine analgesics R H K 
Foster and B DeBoer Dept of Pharmacology, 
St Louis University School of Medicine, St Louis, 
Mo The apparatus, vhich eliminates the use of 
respiratory valves, consists of a closed tvo-com- 
partment rabbit holder, a 40 gallon air reservoir 
with a blower for introducing fresh air, 2 damped 
float recorders and an air circulating fan A perfo- 
rated rubber diaphiagm fitting snugly around the 
rabbit’s neck separates the tvo compartments of 
the rabbit holder The larger compartment, holding 
the rabbit’s body’, is connected to one float re- 


corder for registering rate and depth of respiration , 
the smaller, holding the rabbit’s head, is connected 
in turn to the soda lime container, the air reservoir, 
the small air circulating fan and thence back to 
the head compartment An outlet from the air 
reservoir is connected through a fine capillary to 
the second float recorder for recording oxygen 
consumption The damping effect of the capillary 
prevents oscillations due to breathing and results 
in practically a smooth line Morphine sulfate and 
dl - Q( - 1,3 - dimethy’l - 4,4 - pheny’lpropionoxy’pi- 
peridine hydrochloride (Nu-1196) were injected 
in doses of 2 and 5 mg/kg Both drugs produced 
about equally a marked decrease in rate and minute 
volume but tidal volume and oxygen consumption 
shoved no significant changes from the control 
period The onset vns slightly faster with Nu-1196 
and recovery definitely faster Other members 
of the series are under investigation 

Effects of posterior pituitary hormones on 
carbohydrate metabolism Alexander MacL 
Fraser Dept of Pharmacology, McGill Univer- 
sity, Montreal, Canada The hypergly’cemic action 
of pituitar\ extract is veil known, it has been at- 
tributed to the oxytocic hormone in the case of 
the dog Hyperglycemia folloving administration 
of glucose or adrenaline decreases blood inorganic 
phosphate, due to increased insulin secretion, but 
vorkers have shovn that pituitary extract in- 
creases blood inorganic phosphate, and that pitres- 
sin antagonizes the fall in inorganic phosphate 
caused by insulin In the present work, the effects 
of highly purified preparations of the oxy’tocic and 
pressor hormones on the sugar and inorganic phos- 
phate of the blood v ere studied in dogs The results 
shov a drop in phosphate folloving oxytocic 
hormone, and a rise folloving the pressor hormone 
Blood sugar rose after injection of each hormone 
The hy pergly comic action of the pressor prepara- 
tion cannot be accounted for, quantitatively or 
qualitatneh, bv its contamination vith oxytocic 
hormone, therefore a hx’pergly cemic action is 
attributed to the pressor hormone It appears likely 
that the decrease in plasma phosphate after the 
oxy tocic hormone is due to increased insulin secre- 
tion, vhich IS caused, in turn, by the hypergh- 
ccniia Consideration of the doses of the pressor 
hormone required to produce the above changes, 
leads to the suggestion that the increases in phos- 
phate and sugar folloving administration of this 
hormone arc due to tissue anoxm, which results 
from the vasoconstriction , anoxia is known to 
produce such changes Hy’pcrgly cemic doses of 
the oxy tocic hormone are within a more physiol- 
ogical range 

Rate of disappearance of isomers of benzene 
hexachlonde from fat depots in rats John P 
Frawlex (by’ invitation) and O Garth Fitz- 
HUQH Division of Pharmacology, Food and Drug 
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Admtntslralton, Federal Security Agency, R^asA- 
tnglon, D C Previous expermients in this labora- 
tory have shown that the chronic storage of the 
beta isomer of benzene hexachloride was consider- 
ably greater than that of the other isomers and 
that the principal storage took place in fat tissue 
Data are presented here to show the various rates 
of disappearance of the isomers from the fat tissue 
Rats were fed the isomers of benzene hevachloride 
at 100 ppm and 600 ppm until the maximum storage 
level vas reached Fat tissues from both sexes on 
the isomers were analyzed at the maximum level 
of storage, and repeatedly thereafter until the 
level fell below the sensitivity of the method of 
analysis The method was based on the conversion 
of the benzene hexachloride to 1,2,4-trichloro- 
benzene and the estimation of this compound by 
means of the ultraviolet spectrophotometer The 
results obtained from the female rats are sum- 
marized in the following table 


D iiappearartce of Itomert of B B C tn FemaU Rata 


Concentra 
tion Origi 
nal Diet 

Weeks 

Control 

Diet 

Cone of Isomers (Mg/g ) 

alpha 

beta 

gamma 

delta 

fpm 






100 

0 

0 177 

1 OU 

0 102 

0 128 


1 

0 142 

0 860 

0 

0 


2 

0 

0 837 



fiOO 

0 

1 180 

No 

0 281 

0 376 


1 

0 281 

sumt’als 

0 039 

0 188 


2 

0 158 


0 

0 


The disappearance of the isomers from fat tissue 
of male rats is accomplished sooner than in female 
rats 

Effects of indophenols on glycolysis James A 
Fheek (introduced by G L Gemmill) Dept of 
Pharmacology, Untv of Virginia Medical School, 
Charlottesville, Va A study was made of the 
effect of some indophenols on glycolysis in frog 
muscle extracts The rate of glycolysis was deter- 
mined by the liberation of carbon dioxide from a 
bicarbonate buffered solution in a Warburg vessel 
The following compounds completely inhibited 
gl 3 Colysis at 0001 to 0008 M 2,6-dibromo-3'- 
carboxyindophenol, 2,6 - dichloro - 3' - chloroindo- 
phenol, 2,6-dibromoindophenol and 2,6-dichloro- 
3'-methylindophenol The following compounds 
partially inhibited at 0006 to 003 M 2 O-dichloro- 
indophenol, 2,6-dibromo-3' - methoxyundophenol, 
2,6 - dibromo - 2' - methjd - 5' - isopropylindophe- 
nol, 3'-methj’l-6'-isopropy lindophenol, 2'-methyl- 
5'-isopropjlindophenol, 3' -met hj lindophenol, 2'- 
methj lindophenol, 2 6 - dibromo - 3' - methjlnol, 
2' - niethj lindophenol, 2,6 - dibromo-3' - methyl - 
indophenol, indophonol, and S'-naphtholsufonate 
2,6-Dichloroindophenol, 2,6-dibromo-3'-carboxy - 
indophenol and 3-chloroindophenol at 00001 M 
increased the amount of carbon dioxide production 


This activiting effect was dependent on the normal 
activity and reducing capacity of the extract The 
inhibition produced by 2,6-dibromo-3'-carboxy- 
indophenol and 3'-naphtholsulfonate was not 
reversed by gUitatione or cysteine Inhibition by 
2,6-dibromo-3'-carboxyindophenol was reversed 
in the presence of added ATP There was no 
quantitative relationship between inhibition and 
the oxidation — reduction potentials of the mdo- 
phenols 

Responses to epinephrine and norepinephrine 
after dibenamine Walter A Freybxjrger (by 
invitation), Luis R Capo (by invitation), and 
Gordon K Mob Dept of Pharmacology, Univ of 
Michigan, Ann Arbor, Mich In the intact dog 
dibenamine ‘reverses’ the pressor action of epi- 
nephrine in doses w hich depress but do not abolish 
or reverse the pressor action of norepinephrine 
‘Reversal’ of epinephrine is thought to represent 
unmasking of its vasodilator activity Since a 
a depressor action of epinephrine is rarely apparent 
in the pithed animal, one might expect that the 
pressor effects of the two amines would be de- 
pressed to an equal degree by dibenamine in this 
preparation This was found to be the case In a 
senes of intact anesthetized dogs dibenamine, in a 
dose which reduced the maximum response to 
epinephrine to a pressure rise of 5 mm Hg followed 
by a fall, reduced the pressor action of norepineph- 
rine by only 60% In the pithed cat, pressor re- 
sponses to the two amines were reduced to exactly 
the same degree by dibenamine If the vasodilator 
action of epinephnne depends upon an intact 
autonomic nerve supply, interruption of such 
pathwaysby tetraethylammonium (TEA ) should 
abolish vasoddator responses TEA was found 
to abolish the pressure fall normally observed after 
small doses of epinephrine The depressor respionse 
to epinephrine which occurs following dibenamine, 
however, was only occasionally prevented by 
TEA Although the difference may be only 
quantitative, there is a piossibility that the vaso- 
dilator effect of epinephrine following a reversing 
agent differs from the normal vasodilator effect 


emonstrable with small doses 
Paper chromatography of flavonoid pigments 
[ Separation and quantitative estimation of 
utin and quercetin Thomas B Gage and Simon 
[ Wendeh fintroduced by Arthur A Hell- 
aum) Chemistry Dept , Univ of Oklahoma, 
korman, OUa The qualitative separation and 
lentification of micro quantities of 
igments by paper partition ^ 

e^ previoush reported by the authors 
n press) A micro method of quantitatnc , 

^ting the amounts of certain flaxono.d pj^on 
aitialh present in a mix-ture ^ ^ 
eloped .mxtures of rutin ,1 

.eca separated and quantitatneU 
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by the following procedure Whatman No 1 filter 
paper strips, 2 5 X 60 cm were spotted by means 
of a micro pipette with 6-10 of a solution con- 
taining 10-40 ng of each pigment The strips were 
chromatographed in a one-dimensional apparatus 
with such solvent combinations as ethyl acetate- 
water or n-butanol-acetic acid-water (40-10-60 
vol %) Blani. strips were treated similarly in 
order to provide solvent blanks for the preparation 
of absorption spectra curves The strips wore air- 
dried, and the pigment zones located by their 
fluorescence in ultraviolet light The isolated pig- 
ment zones and the corresponding areas of the 
blank strip were cut out and the paper extracted 
in closed containers with solvents such as 6 cc of 
ethanol containing 0 02 cc of concentrated HCl 
The Beckman model DU quartz spectrophotom- 
eter, fitted with micro absorption cells, was used 
for obtaimng spectral data Rutin and quercetin 
were identified by the shape of their characteristic 
ultraviolet absorption spectra curves and the 
amount recovered was calculated from their ex- 
tinction values at 362 6 and 375 ma respectively 
Further studies are in progress with combinations 
of 2 and 3 flavonoid pigments often found asso- 
ciated together in natural products 
Studies on fnran compounds toxicity and 
pharmacological action of furfuryl alcohols 
John E Gajewski and William R Alsdouf (in- 
troduced by C H Hine) Naval Medical licecarch 
Insltlule, Belhesda, Md Upon oral administration 
of a 2 0% aqueous solution of furfuryl alcohol, the 
LD-60 for white rats is 275 mgm per kilo Admin- 
istered intravenously as a 10% aqueous solution to 
rabbits, the LD-60 is 650 mgm per kilo The marked 
difference between oral and intravenous toxicity 
can probably be explained on the basis of destruc- 
tion of furfuryl alcohol by the gastric juice, sinco 
this substance is very unstable in an acid medium 
This difference does not exist with the more stable 
hydrogenated analog, tetrahydro-furfuryl alcohol, 
(oral LD-60 for white rats, 4600 mgm per kilo, 
intravenous LD-50 for rabbits, 725 mgm per kilo) 
Either alcohol chronically administered to rats in 
the drmking water over a period of 20 days results 
in marked anorexia and weight loss Intravenous 
injection of either alcohol into rabbits produces a 
flaccid paralysis, which becomes permanent with 
large doses Recovery from smaller doses is com- 
plete in a period of about thirty minutes On 
smooth muscle furfuryl alcohol exerts a slight 
antispasmodic effect In dogs, upon intravenous 
injection, the depiession of respiration is not ac- 
companied by any changes in blood pressure until 
doses near the lethal are given In all species death 
results from respiratory paralysis 
Metabolism of radioactive nicotine A Ganz 
(introduced by F E Kelset) Dept of Pharma- 
cology, Umverstiy of Chicago, Chicago, III The 


biosynthesis of C'^ labeled radioactive nicotine 
has been reported by Gelling, Kelsey, McIntosh 
and Ganz in Science 108 658, 1948 Using radio- 
active nicotine with a specific activity of 67,000/ 
min/mg , rats and mice were injected mtraven- 
ously and the distribution of the drug among the 
various organs and body fluids was studied Dis- 
tribution and fixation studies on the isolated heart 
of the guinea pig were also carried out with simul- 
taneous analyses being made of the perfusion 
fluid The relationships between the tissue data, 
the perfusate analyses and the kymograph records 
were investigated 

Effects of naphthoquinones and related com- 
pounds on glycolysis Chalmehb L Gemmtll 
Depi of Pharmacology, University of Virginia 
Medical School, Charlottesville, Va The study of 
the action of some of the naphthoqmnones and 
related compounds on muscle glycoly^sis reported 
last year (Federation Proc 7 220, 1948) has been 
extended A detailed investigation was made of 
the effects of various concentrations of sodium 1,2- 
naphthoquinone-4-sulfonate on glycolysis of gly- 
cogen to lactic acid in muscle extracts of frogs 
With small amounts (1 X 10~‘ Molar) of this com- 
pound a slight stimulation of glycolysis vsns ob- 
served, uhilo larger amounts caused a progressive 
decrease in glycolysis, vnth practically complete 
inhibition occunng at concentrations of 6 X 10"‘ 
Molar Several of the compounds having Vitamin K 
activity gave partial inhibition of glycolysis in 
amounts of 0 002 IMolar or less These compounds 
were 2-mcthy]-l,4-naphthoquinone (Eastman), 
sodium - 2 - methyl - 1,4 - naphthohy^droquinone 
diphosphate (Parke Davis Co ) and 2-methyl-4- 
amino-l-naphthol hydrochloride 2-methyl-3-hy- 
droxy^-l,4-naphthoquinone (Phthiocol) gave par- 
tial inhibition of gly'colysis in a concentration of 
0 001 Molar A polorographic examination (carried 
out by Mr J G Hilton) of the sodium 1,2-naph- 
thoquinono-4-sulfonate in the muscle enzyme solu- 
tion revealed that from 80 to 90% of this compound 
is destroyed or bound in its reaction with the 
glycolydic mechanisms 

Chemotherapeutic efficacy of nitrofurazone 
(furacin) in experimental trypanosomiasis of the 
mouse N J Giarman (by mvitation), B A 
Rubin and E L McCawlet Laboratories of 
Pharmacology and Bacteriology, Yale Univ 
School of Medicine, New Haven, Conn Single oral 
or subcutaneous doses of 600 mg of nitrofurazone 
per kg of body weight were capable of curing mice 
which had been given a massive, lethal infection of 
Trypanosoma cguipcrdiim (one million organisms 
injected intra-abdominally) There were no ther- 
apeutic failures at this dose level in 120 mice, some 
of which were observed for 180 days after infection 
The average survival time of infected but un- 
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treated animals was 84 hours The chemothera- 
peutic inde\ for nitrofurazone, calculated on the 
basis of LD-5/ED-95 X 100, is 107 wdien the drug 
is administered orally, and 117 w hen it is given sub- 
cutaneously These indices compare favorablj with 
those of such trypanocidal antiraomals as fuadin 
and stibenylj which w'ere calculated in the same 
manner from the data of Chen eiaJ (J Infect Dts 
76 144, 1945 ) on intramuscular therapy of try- 
panosomiasis, as 87 and 143 respectively When the 
infecting inoculum was increased to 10 million 
organisms, the dose of 600 mg/kg was still capable 
of curing 100% of the experimental animals When 
treatment was withheld for 60 hours, at which 
tune the first inoculated control animal had suc- 
cumbed to the infection, the dose of 500 mg/kg 
subcutaneously cured 50% of the animals Nitro- 
furazone has a low order of toxicity Doses of the 
drug m the magmtude of 30 to 50 mg/kg given 
intravenously to nembutalized dogs and cats faded 
to produce any profound toxic changes in the blood 
pressure, EKG, EEG, or respiration The LD-50 
for nitrofurazone administered orally to the mouse 
IS 737 mg/kg , leaving a convenient margin of safety 
from the effective dose of 500 mg/kg 
Pharmacological stndies on actidione Andres 
Goth and Fabian J Robinson (by invitation) 
Dept of Physiology and Pharmacology, South- 
western Medical College, Dallas, Texas The anti- 
biotic actidione has been shown to be markedl 5 ’’ in- 
hibitory for certain pathogenic fungi (Whiffen, A 
J , J Bad , 66 283) It also showed a marked 
species variation m its toxicity for mammals 
Despite its toxicity it seemed of interest to study, 
blood levels of the antibiotic in several species of 
animals A solution of crystalline actidione was 
injected intraperitoneally into rats, dogs, and 
guinea pigs ' The citrated plasma of these animals 
was tested by a serial dilution method in tryptose 
phosphate broth The test organism was Sac- 
charomyces pasionanus, ATCC 2366, and the 
inoculum was adjusted to give a final concentration 
of 1 250 of a 24 hour culture In the rat the injec- 
tion of 1 to 10 mg/kg of actidione was follow ed in 
30 minutes by plasma lex els of 5-20 dilution umts 
per cc The inhibitory activitj decreased in 90 
minutes but was still demonstrable In the dog and 
the guinea pig the results were essentially the same 
as in the rat These data indicate that actidione is 
rapidly absorbed from the intrapentoneal site m 
the rat, dog, and guinea pig and is demonstrable in 
plasma for at least 90 minutes Since inhibitorj’- 
blood levels can be obtained following the injection 
of sublethal doses of actidione, the possibilitj 
exists that the compound maj exert a chemother- 
apeutic effect against susceptible pathogenic fungi 
in experimental animals and man 
Modified ultraviolet spectrophotometric method 
for quantitative defennmafion of barbiturates 


Thebma C Gould, Elizabeth L Mato, and 
Kabl P Bowman (introduced by Charles H 
Hike) Dwmons of Pharmacology and Experi- 
mental Therapeutics and of Psychiatry, IJmv of 
California Medical School and Langley Porter 
Clinic, State Dept of Menial Hygiene, San Fran- 
cisco, Calif Diethyl ether rather than chloroform 
was used to remove the barbiturate from the sample 
of blood A semi-micro, continuous extractor per- 
mits direct extraction of from 0 5-5 ml sera This 
procedure is less time-consuming than previous 
methods and has simplifications regarding ap- 
paratus, procedure, and glassware By extraction 
at the normal pH range of serum, all sulfonamides 
thus far tested, which may contribute to ultra- 
violet absorption, are eliminated The major 
problem arising in spectrophotometric determina- 
tion of barbiturates is the ultraviolet absorption 
by other extractable materials present m blood 
sera In experimental work, the optical density 
of sera can be determined prior to administration 
of barbituarate, and correction made In forensic 
toxicology, however, where no blank specimen is 
available, this is not possible To account for this 
possible error, the optical density of normal human 
sera was determined in 100 samples This variation 
was from 0 040 to more than 0 ^ at a wave length 
of 245 mu , wath the majority of sera falling within 
the range of optical density of 0 100-0 150, with 
a mean of 0 130 When this value is used as a blank 
reading in barbiturate-containing serum, the error 
involved would probably not exceed 0 5 mg % 
The pH should be carefully adjusted between 9 5 
and 10 0 when reading optical density, to detect 
the typical lactam-barbiturate curve This is not 
obtained otherwise, and its maximum may be 


obscured by the serum blank 
Synergistic chemotheropentic effect of peni- 
cillin and aurothioglucose (Solganal) Ahnold 
Gbandxge, Leila Diamond, Mahvin Rosen- 
KHANTZ, Jeanne H Chase, Richard Tislow and 
Erwin Schwenk (introduced by H B Haag) 


Biological Research Labys , Schenng Corporation, 
Bloomfield, JV J The chemotherapeutic effects of 
aurothioglucose (Solganal) and penicillin were 
studied m albino mice infected wuth Borreha novyi 
(culture obtained through the courtesy of Dr 

R J Schmtzer,Hoffniann-Iia Roche, Nutley, New 

Jersey ) A shortened assay procedure similar to 
that described by Buck, Farr and Schnitzer 
ence 104 307, 1946) was used Mice inoculated in- 
trapentoneally with standardized dilutions of 
blood in Tyrode solution from mice carrying infec- 
tion of Borrclm nocyt were treated in separate 
ex-penments with graded doses of penicillin or 
aurothioglucose and checked for di^nmcc of the 
blood from Borrelia novyi at the end ^4 houra 
A satisfactory dose response relationship wa- ob 
tamed with both drugs Also a satisfacton doie 
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response relationship between graded inocula and 
clearance waa found using 1 dose of aurothioglucose 
or penicillin On the basis of these preliminary 
experiments 4 short-term experiments, each with 
groups of 6 animals per dose level, were run to 
determine the effect of combined treatment with 
aurothioglucose and penicillin Aurothioglucose 
was injected intrapentoneally 4 hours before and 
crystalline sodium penicillin G immediately after 
infection The results of each of the 4 experiments 
revealed a synergism of the 2 drugs According to 
the combined data 8 U/gm of penicillin cleared 
37% and 0 05 mg/gm of aurothioglucose 9% of the 
mice, whereas a combined treatment with the 2 
drugs at these dose levels resulted in a 75% clear- 
ance Similarly 8 U/gm penicillin and 0 09 mg/gm 
aurothioglucose cleared 37% and 13% respectively 
and the 2 drugs m combination 93% of the animals 
These data indicate that combined therapy in this 
dosage range produced more than an additive 
effect 

Toxicity of ozone under simulated industrial 
conditions M G Gray Labys of Arthur D 
Little, Inc , Cambridge, Mass The use of ozone as 
an ‘air-purifier’ in garages has directed attention 
to the limited data regarding its actual toxicity in 
concentrations of the order of 1 ppm An experi- 
mental study IS reported in vhich rats, mice and 
rabbits were exposed to a) ozone, b) to exhaust 
fumes from an internal combustion engine and c) 
to an atmosphere combining a) and b) This nns 
done in a gas chamber designed to simulate condi- 
tions in a service garage The duration of exposure 
was equivalent for the species used to more than 
1 year of average vorking time for garage em- 
ployees Neither ozone (1 ppm ), motor exhaust 
fumes (containing 50 ppm carbon monoxide) or a 
combination of these produced significant changes 
in the physical condition, nutritional status or 
gross findings at autopsy 'No evidence w ns obtained 
to support claims that ozone decreases the toxicity 
of carbon monoxide The study was carried out in 
a gas chamber designed to permit the blending of 
several gases with normal atmospheres while main- 
taining constant physical conditions By use of 
interchangeable panels, the size of the chamber 
can be altered to suit the requirements of several 
kinds of experimental woik 

Xanthine studies 1) effects of aminophyllin, 
1, 3 diethyl 8 bromoxanthine and 1, 3 dimethyl 8 
chloroxanthine on cardiac output D M Green, 
W C Bridges, A D Johnson, J H Leh- 
mann, F Gray, and L Field (all by invitation) 
School of Medicine, Univ of Washington, Seattle, 
Wash l,3-diethyl-8-bromoxanthine and 1,3-di- 
methyl-8-chloroxanthine have been compared with 
aminophyllin as to effect on cardiac output The 
subjects consisted of 45 patients with myocardial 
insufficiency Output was measured by the Fick 


method Total of output deterrmnations numbered 
236, of which 118 followed intravenous administra- 
tion of a test drug Aminophyllin was the most 
active compound and produced an average increase 
in output of 12% in doses of 250 mg 1,3-diethyl- 
8-bromoxanthine was qualitatively similar to 
aminophyllin but the effect on output was approxi- 
mately J as intense 1 , 3-dimethyl-8-chloroxan- 
thine was followed by a small net decrease The 
actual effect on output was probably greater than 
indicated by comparison of post-injection with 
pre-injection values, for a fall in output of approxi- 
mately 10% was observed when repeated deter- 
minations were made in close succession on con- 
trols None of the 3 compounds uniformly affected 
cardiac output in a single direction The percentage 
change following injection varied from plus 185 to 
minus 45% On the average, patients with high 
pre-injection outputs manifested a fall in output 
following administration of the test drug, while 
patients with low pre-injection outputs showed a 
rise Many individual vanations were observed, 
however Output changes were due largely to al- 
tered stroke volume Increased output was asso- 
ciated with a greater fall in intra-atrial pressure, 
a decreased arteriovenous oxj'gen difference and a 
rise in systemic blood pressure 
Xanthine studies 2) effects of aminophyllin, 
1,3 diethyl 8 bromoxanthine and 1,3 dimethyl 8 
chloroxanthine on water and sodium excretion 
D M Green, W C Bridges, A D Johnson, 
J H Lehmann, F Grai, and L Field (all by 
invitation) School of Medicine, Umv of Wash- 
^ington, Seattle, IFas/i The renal actions of 1,3-di- 
ctliyl-8-bromoxanthinc and l,-3-dimethyl-8-chlo- 
roxanthine were first observed by Newman and 
associates In the present study these compounds 
have been compared with aminophyllin as to locus 
and intensity' of effect The subjects consisted of 
25 hospital patients Basal levels of renal function 
were measured during 2 20-minute clearance 
periods prior to intravenous injection of the drug 
Drug effects were estimated by comparing control 
values with those obtained during 2 20-minute 
clearance periods following administration All 3 
compounds increased sodium and water excretion 
Clearance data indicated these changes to be due 
almost entirely' to a fall in percentage of tubular 
reabsorption Aminophy'llin was the most active 
of the compounds and doubled sodium output in 
250 mg doses The rise in water excretion was less 
than half as great The glomerular filtration rate 
averaged an increase of approximately 15% 1,3- 
diethyl-8-bromoxanthine was i-i as active as 
aminophyllin in augmenting sodium output The 
effect on water excretion was proportionately less 
Filtration rate changes were small and variable in 
direction The renal effects of l,3-dimethyl-8- 
chloroxanthine were inconstant and so weak as to 
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indicate the compound to be nearly inert Analysis 
of aminophyllm action m relation to pre-injection 
levels of renal function showed the intensity of 
diuretic effect to be proportional to basal glomeru- 
lar filtration rate This relationship suggests that 
the effectiveness of the xanthines as diuretics de- 
pends on the renal functional reserve of the patient 
In vitro oxidation of oxophenarsine hydrochlo- 
ride Ray E Green (introduced by A L Tatum) 
Dept of Pharmacology, Umv of Wisconsin Medi- 
cal School, Madison, The breakdown of oxo- 
phenarsine hydrochloride (mapharsen) on oxida- 
tion in air and 100% oxygen has been studied on 
various samples of the compound The changes m 
LD-50and mimmal curative dose (M C D ) during 
the oxidation were determined for the albino rat 
and for T eqiiiperdum infection in the same spe- 
cies An increase in the LD-50 and the M C D has 
been noted on oxidation for both the aqueous solu- 
tions and the powdered compounds When an 
aqueous solution is oxidized in pure oxygen for 24 
hours or longer, a two- to three-fold increase in 
LD-50 (from 16 to 45 mg/ kg ) results and a dose 
2} times the M C D of the unoxidized compound 
IS ineffective The oxygen uptake in pure oxygen 
at 37°C has been followed manometncall}' and a 
linear relationship between oxygen consumption 
and time exists up to 25 hours of oxidation Ap- 
proximately 90% or more of the total decrease in 
toxicity occurs during this period The effects of 
variations in pH on the rate of oxidation have been 
observed qualitatively over the range of pH 2 5 
to 7 Increasing the pH value of the solution in- 
creases the rate of oxidation At pH 2 5 and 25°C 
after 95 hours aeration, no demonstrable change in 
toxicity or therapeutic effectiveness was noted 
On the other hand, at pH 7, for example, oxidation 
occurred very rapidly In all instances examined, 
mapharsen upon oxidation became less toxic and 
correspondingly less effective as a trypanocide 
Effect of cholinesterase inhibitors on the per- 
meability of dog erythrocytes in vitro Margaret 
E Gheig and William C Holland (by invita- 
tion) Dept of Pharmacology, Vanderbilt Univ 
Medical School, Nashville, Tenn In this laboratory 
it has been found that the intravenous admimstra- 
tion of methadon to dogs frequentl}'" was followed 
b\ an increase in er\’throc 3 i;e fragilitj and occa- 
sionallj bj a hemoglobinuria Methadon also pro- 
duced an increased hemol 3 ' 8 i 6 of dog and human 
er3 throc3*te3 in vitro In metabolic experiments 
in vitro we have found that methadon inhibited 
the gh col 3 ’ais of glucose, and the oxidation of lac- 
tate, pvwuvate and succinate 63 brain (Arch 
Biochem 17, 129, 19, 441, 194S ) Methadon also 
inhibited cholinesterase actnit\ Wilbrandt (PflQ- 
ger’s \rch f d ges Ph%siol 243 519, 1940) re- 
ported that sodium fluoride and sodium lodoacetate 
produced changes in permcabIllt^ of er\'throc'v tes 


which he attnbuted to their being glycolytic in- 
hibitors These compounds are, however, also 
inhibitors of cholinesterase activity We have 
found that m addition to methadon certain more 
specific cholinesterase inhibitors which are re- 
puted to have no effect on glycolysis, e g , physo- 
stigmine, under certain conditions also produced 
changes m fragility of dog erydhrocytes The effect 
of these drugs was influenced markedly by the 
lomc composition of the medium 

New potent analgesic agent E G Gross, M A 
Brotman (by invitation), S F Nagtyt (by in- 
vitation), W W Sawtelle (by invitation) and 
L L Zaqeh (by invitation) Depis of Pharma- 
cology, Anesthesiology, Obstetrics and Gynecology, 
Urology and Surgery State Umv of Iowa, Iowa 
City, Iowa A new analgetic agent, S-hydroxy-N- 
methyl morphinan hydrobromide (Nu-2206, Hoff- 
mann-LaRoche, Inc ) is being studied experi- 
mentally and climcally in the above named de- 
partments In the department of pharmacology, 
the analgetic potency of Nu-2206 has been studied 
using the Wolff-Hardy technique with normal 
human subjects, and the compound appears to 
have approximately four times the analgetic po- 
tency of morphine sulfate With the highest dose 
used, 3 mg given subcutaneously, slight dizziness, 
nausea, vague gastro-intestinal symptoms and 
sedation were observed to a lesser degree than with 
a comparable analgetic dose of morphine sulfate 
No euphoria was experienced by any of the sub- 
jects receiving the new agent Blood pressure 
changes were slight and probably can be accounted 
for by the quieting of the subject Respiration was 
only slightly depressed Preliminary climcal re- 
ports indicate that the compound has about 3 times 
the potency of morphine sulfate when used in 
patients with incurable carcinoma and as a post- 
operative analgetic agent The drug has also been 
used mth moderate success in doses as high as 
12 mg intravenously as the sole preanesthetic 
agent for nitrous oxide anesthesia, and there is 
some indication that the analgesia persists for a 
greater duration than is usual mth other analgesic 
compounds 

Effect of diethylaminoethj-1 ester of l-phenyl- 
cyclo-penlane-l-carboxylic acid hydrochloride, 
‘parpanit’, on decerebrate rigidity, spinal re- 
flexes and skeletal muscle Charles M Gruber, 
Charles P Kraatz (b\ invitation), Charles M 
Gruber, Jr , and Joax E Copelxxd (bj invita- 
tion) Dept of Pharmacology, Jefferson Medical 
College, Philadelphia, Penna Seventeen decere- 
brated cats were used to stud 3 the effect of Di- 
ethvlaminoethvl ester of phenvl-cvclopentanc- 
carboxvlic acid bv drochloride (parpanil) upon 
muscular ngiditv Four decapitated cats were u«ed 
to determine the effect of parpanit upon rcflexrs, 
and 4 decerebrated cats and 11 uretlianized dogs 
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to learn the effects of this drug upon motor nerve 
endings and on skeletal muscle, normal and de- 
nervated Parpamt, trasentin and syntropan in- 
jected intravenously m adequate doses relieve the 
muscular ngidity of decerebrated cats For this 
purpose these drugs were found superior to either 
atropine or scopolamine The reflexes caused by 
mechamcal stimulation of the back and paws in 
the spinal cat can be depressed by adequate doses 
of parpamt, trasentm and syntropan given intra- 
venously The height of the contractions of the 
antenor tibial muscle is increased with intra- 
venous injections of parpamt The intra-arterial 
injections of parpamt, trasentm and syntropan in- 
crease the height of the contractions of the anterior 
tibial muscle when their doses are small and rap- 
idly injected and nhen their doses are large and 
slowly injected Large doses rapidly injected cause 
a decrease in the activity of the muscle preceded 
and followed by increases above the height of the 
control Parpamt, trasentin, syntropan, atropine 
and intocostnn cause dilatation of the blood vessels 
in skeletal muscle when injected intra-artenall}’- 
The increased and decreased muscular activity 
following injections of parpamt and trasentm arc 
direct effects of these drugs on the muscle cells, 
independent of the increase m blood flon The 
depression of decerebrate rigidity by parpamt is 
due to central action and not a cumre-likc action 
on the neuromuscular junction 

Ganglionic blocking action of ‘Dibutoline’ 
Cabl C Getthzit (by invitation) and Goudon K 
Moe Dept of Pharmacology, Untv of Michigan, 
Ann Arbor, Mich Dibutoline, a quatornara am- 
monium compound with atropine-likc properties, 
produces cardiovascular actions resembling those 
of tetraethylammonium The ganglionic blocking 
action of Dibutoline was demonstrated m studies 
on artenal pressure, femoral arterial blood flow, 
and transmission through the stellate and superior 
cervical ganglia in dogs and cats Intravenous in- 
jection of the drug causes a fall of pressure nith 
an increased femoral blood flow, while intra-artc- 
nal injection causes little or no direct action on 
the vessels Intravenous infusion blocks the 
respiratory and pressor actions of nicotine and 
high doses of acetylcholine and potentiates the 
pressor action of epinephrine The effects of pre- 
ganglionic stimulation of the cardiac sympathetic 
nerves on heart rate and of the cervical sj^m- 
pathetic trunk on the nictitating membrane are 
blocked by Dibutoline, while the effects of post- 
ganglionic stimulation arc uninhibited The doses 
necessary to produce ganglionic blockade greatly 
exceed those said to produce atropme-liko effects 
and would be encountered only vuth the highest 
doses used chnically 

Relative local emetic activity of glycosides of 
the digitalis series in cats Romulo Guevara (by 


invitation), Walter Modell, Theodore Greiner 
(by invitation), Mehun Moore (by invitation), 
ABHAHAai Bluuer (by invitation), Harold 
Evans (by invitation) and Harrt Gold Dept 
of Pharmacology, Cornell Umv Medical College, 
Ncto York City All glycosides of the digitalis 
senes exert local irritant action m the gastrointesti- 
nal tract Whether this action is equally well 
developed m different glycosides has never been 
satisfactorily examined Four glycosides, ouabain, 
scillaren A, scilhroside, and lanatoside C were 
compared These were selected because they were 
available m pure form, their molecular weights 
and structures are known, and they are poorly 
absorbed from the gastrointestinal tract Each of a 
senes of doses of each compound was admimstered 
by stomach tube to a group of cats on an empty 
stomach (in all over 250 cats), and the anir^s 
acre placed under continuous observation for a 
penod until the first sign of vomiting or for at least 
12 hours The percentage of ammals in vhich there 
was an emetic response for each of the senes of 
doses was plotted against the log of the dose The 
results show that the property of local emetic 
activity 18 developed to widely different degrees 
in the molecular structure of the vanous digitahs 
glj'cosides, and the ones tested here show the fol- 
lomng order of increasing approximate potencies 
ouabain-1 scillaren A-4 lanatoside C-10 scilliro- 
sidc-10 That the emetic action was local was as- 
sumed from the fact that intravenous assay follow- 
ing emesis disclosed a systemic action of only from 
about 10 to 20% of the fatal dose Local emetic 
action delayed in some cases for as long as 10 hours 
vas an unexpected observation There was no 
relation betneen the cardiac potency and the local 
emetic action 

Study of coca addiction Carlos Gutierrez- 
Norieoa Depl of Pharmacology, Univcrstdad 
Nacional Mayor dc San Marcos, Lima, Peru The 
use of cocoa leaves is limited chiefly to the Andes 
regions of South America, from Colombia to Argen- 
tina In regions where cocoaism exists, 25 to 30% 
of the total population are cocoa chewers The 
number of coca chew ers of South Amenca may be 
estimated to be S millions The amount of coca 
leaves annually consumed is, at least, 14,000 tons 
The individual daily dose vanes between 10 and 
100 grams, with 30 grams as a mean value The 
extraction of alkaloids dunng a penod of coca 
chewing vanes from 66% to 96%, with 86% as a 
mean value, in respect to the total amount of alka- 
loids contained in coca leaves The total amount 
of alkaloids consumed lanes from 80 to 400 mg , 
with 180 mg as a mean value There is no increase 
in tolerance to cocaine among the coca chewers 
The differences between the amounts of alkaloids 
ingested by the addicts of short-standing and of 
long-standing use are very small The daily dose 
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of coca leaves does not increase during tbe span of 
hfe of the addicts The duration of the coca chew- 
ing habit 18 more responsible than the size of the 
daily dose as a cause of the chronic B3rmptom5 found 
among coca chewers 

Toncity to rats of dtaliyl acetic acid and other 
compounds containing the allyl radical Ehkest 
C Hagan (by invitation), Geoffbey Woodabd 
(by invitation), and Abthuh A Nelson Div 
of Pharmacology, Food and Brag Administration, 
Federal Security Agency, Washington, D C Rectal 
supposi tones containing the bismuth salt of diallyl 
acetic acid have been held responsible for a number 
of deaths in children Implications are that the 
acid IS the responsible chemical The oral LD50 
of diallyl acetic acid (DAA) for rats is in the 
neighborhood of 630 mg/kg , diallyl phthalate 770, 
diallyl adipate 750, and allyl alcohol 60 Intra- 
venously DAA has the same LD50 as by oral ad- 
ministration Symptoms of poisoning by these 
compounds are depression, arching of the back, 
rufBed coat, and generalized weakness with ano- 
rexia Deaths, particularly with DAA, are delayed, 
some occurring several weeks after acute dosage 
At autopsy gross examination of the organs shows 
the livers and kidneys to be pale In addition the 
livers present a nutmeg zppearance Microscopi- 
cally both organs show principally fatty degenera- 
tion which 18 generally more severe in the liver 
than the kidney Data obtained from feeding DAA 
at 25, 60, and 100 ppm for 6 months to Osborne 
Mendel rata demonstrate growth suppression in 
female rats at all levels, and in male rats at 50 and 
100 ppm Females show as much inhibition at 25 as 
at 50 ppm , while males at 25 ppm show growth 
comparable to that of their control ammals The 
capacity for detoxification of pentobarbital and 
phenobarbital was studied m rats which had re- 
ceived 100 ppm DAA for from 1-2 months With 
each barbiturate hypnosis was more prolonged in 
treated ammals than in their litter controls 

Correlation between toxicity by inhalation and 
physical properties of beryllium oxide R H 
Hall, S Laskin, G Sprague and B H Brown 
(introduced by H C Hodge) Dept of Radiation 
Biology, Univ of Rochester, Rochester, N Y The 
toxicity of inhaled BeO appears to depend upon 
the physical properties of the material, which, in 
turn, are related to the method of preparation 
The processes currentlj emplojed in tbe produc- 
tion of BeO invoKe calcining a berj Ilium salt at 
high temperatures Dogs, guinea pigs, rabbits and 
rats have been exposed 6 hours daih for 12-15 daj s 
to an atmosphere containing approximatelj S5 mg/ 
m* of BeO aerosol Even at this rclativelj high 
concentration, one grade of BeO appeared to be 
xnrtuallj nontoxic This material was fired at 
ISSO^C and was composed of unit particles hanng 
an arithmetic mean diameter of about 0 wath 


aggregates of low porosity (5 2%) A second grade 
of BeO gave defimte evidence of toxicity This 
nmtenal was fired at 1100“C and comprised umt 
particles of about 0 Sji diameter, with aggregates 
of markedly greater porosity (35%) Two of 20 rats 
died during the exposure period, while 3 of 5 rats, 
held for observation following exposure, showed a 
marked increase in their leukocyte count due to 
an absolute increase of neutrophils and lympho- 
cytes One of 4 dogs showed a transient low blood 
oxygen tension following exposure, and the lungs 
of this animal which was killed terminally ex- 
hibited extensive lesions Dogs and rats exposed 
to an aerosol of BeO produced by calcimng 
Be(N03)i at 400°C exhibited weight loss during 
exposure, 1 of the 2 dogs showed a sigmficant 
reduction in blood oxygen tension, and 8 of 40 rats 
died This material was made up of umt particles 
of about 0 4 microns mean diameter and aggregates 
of very high porosity (134%) The small sizes were 
confirmed by x-ray diffraction analysis which 
also revealed trace quantities of a foreign substance 
identified as silica On heating of the material at 
1000°C , gram growth occurred followed by the 
disappearance of the sihca lines 

Effect of mercunal diuretics on the succinic 
dehydrogenase system of the kidney 0 A 
Handlbt Dept of Pharmacology, Baylor Univ 
College of Medicine, Houston, Texas The succinic 
dehydrogenase activity of rat kidney cortex ho- 
mogenate was inhibited 20-50% by the intravenous 
administration of non-lethal doses of mercurial 
diuretics The dosage range used was 0 1 to 0 2 cc/ 
kg (4-8 mg/kg of combined mercury), the range 
generally used for diuresis in laboratory animals 
One hour after the injection, the kidneys, liver 
and heart were removed and 5% homogenates of 
each organ prepared for assay In none of the ex- 
periments w'as the succinic dehydrogenase activity 
of heart or liver reduced below that of the controls 
When the mercunal diuretic was added directly 
to Warburg flasks containing homogenates of kidney 
cortex, liver and heart from untreated animals, so 
that the concentration of mercury w as 5 X 10~® to 
M, a comparable inhibition of succinic dehy - 
drogenase activity occurred in all the homogenates 
It IS concluded that during mercurial diuresis, 
suflicient mercury is accumulated in the kidnci 
cortex to partially inhibit the succinic deby dro- 
genase activity 

Amebactdal action of agents inhibitory to asso- 
ciated bacteria in ntro Eder L Hansen (intro- 
duced by Hamilton H Anderson) Dir of Phar- 
macology and Experimental TherapcnUcK, L mr 
of California Medical School, San franci'co, 

Calif E histolytica has not yet been cultivated in 

the absence of bacteria Agents tliat affect tropho- 
zoites may do eo cither dirccth or ind.rccth bi 
acting on associated bactena (Bmclclt A BIic 
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nick, 1947) It is now possible to detect indirect 
(bactenostatic) action by modification of the con- 
ventional testing procedure, so that the intense 
reduction produced by associated bacteria is pre- 
served Such reducing conditions are necessary 
for survival and multiplication of trophozoites, 
since slight disturbance of bacterial groudh can 
result in death of the ameba Tubes containing 
dilutions of any agent found to be ‘amebacidal’ 
when tested by conventional procedure were 
sealed with melted petrolatum (Shaffer & Frye, 
1948) Survival of trophozoites in sealed cultures, 
after 48 hours at 37“C , indicated that apparent 
‘amebacidal’ action observed in cotton-stoppered 
tubes was due to inhibition of bacteria and not 
necessarily to direct action on the ameba The 
method has been applied to Locke’s egg slants and 
to the two liquid media of Hansen & Anderson 
(1948), using as bactenal associates organism 't' 
or a 2-membered flora With the latter flora selec- 
tive action of an inhibitory agent further compli- 
cated evaluation of amebacidal activity Au- 
reomycin HCl was ‘apparently amebacidal’ in 
liver -proteose-peptone medium at 1/500,000, how- 
ever in sealed cultures, trophozoites survived in 
concentrations of 1/50,000 At higher concentrations 
orgamsm'/’ was so greatly inhibited thatsatisfactory 
reducing conditions were not established even in 
sealed cultures Emetine HCl which exhibited no 
bacteriostatic action, was amebacidal at the same 
concentrations in both cotton-stoppered and pet- 
rolatum-sealed cultures 

Comparison of effects of injection of pyrogenic 
solutions by intravenous and intramuscular 
routes William D Harkness (by invitation) and 
Bert J Vos Dtv of Pharmacology, Food and 
Drug Admtnislrahon, Federal SecurUy Agency, 
Washington, D C Rabbits were injected cither 
intravenously or intramuscularly' with a pyrogenic 
solution prepared from Pseudomonas aeruginosa, 
and their rectal temperatures were observed at 
hourly intervals for 5 and 5 hours respectively 
The rise in temperature follow'ing intramuscular 
injection was more gradual than that following 
intravenous injection and frequently' had not 
reached a maximum even at 5 hours Within cer- 
tain limits a linear relationship existed between 
log dose of pyrogen and the maxumum rise in tem- 
perature observed during the experimental period 
However, at least 4 times as much pyrogen was 
needed by intramuscular as by intravenous ad- 
ministration to produce a given rise in temperature 

Pathologic changes in guinea pigs produced 
by diets deficient m the anti-stiffness factor 
Paul N Harris and Rosalind M Wulsen (by 
invitation) The Lilly Research Labys , Eh Lilly 
and Co , Indianapolis, Ind , and the Dept of 
Zoology, Oregon State College, Corvallis, Ore It 
was found by Wulsen and Bahrs (Am J Physiol 


133 500, 1941) that maintenance of guinea pigs 
upon pasteunzed milk or skim milk diets resulted 
in stiffness of the wnsts Diets of skim milk pow'der 
dissolved m skim milk or water and supplemented 
with ferric chloride, copper sulfate and adequate 
amounts of the known vitamins have a similar 
effect, and were used in the studies herein reported 
Hamsters kept upon such diets remained normal, 
but guinea pigs developed widespread anatonucal 
lesions These consisted in necrosis of skeletal 
muscle with a variable amount of macrophage in- 
filtration and foreign body giant eell formation 
and calcification of necrotic fibers, focal necrosis 
and calcification of the myocardium, deposition of 
calcium salts in the smooth muscle of the gastro- 
intestinal tract, and in the kidneys, liver, aorta 
and penpheral arteries, and development in the 
muscles and adjacent to bones and joints of ab- 
scesses that often became calcified 
Skin penetration of radioactive anticholines- 
terases — a direct quantitative method of study 
E Ross Hart, Joseph H Fleisher (by invita- 
tion), and Amedeo S Marrazzi Toxicology Sec- 
tion, Medical Div , Army Chemical Center, Md 
Any study of the ability of a compound to pene- 
trate the skin necessitates some means of deter- 
mining its concentration in the blood Chemical 
methods that arc sufficientlv specific and sensitive 
arc often lacking Moreover, they require repeated 
sampling thus disturbing the animal economy and 
providing only discontinuous determinations 
Pharmacological methods are of limited usefulness 
because of their inherent lack of precision and 
their indirectness, latent periods, compensatory 
mechanisms etc , all introducing complications 
Radioactive tracer methods offer the advantages 
of being highly sensitive and specific and, as util- 
ized here, requiring no sampling, being essentially 
direct and continuous Increased sensitivity and 
specificity' can be attained by' measuring the radio- 
activity' of venous blood draining from the area of 
application thus avoiding dilution in the entire 
blood volume and minimizing the possibilities of 
chemical alteration between penetration and de- 
termination The rabbit ear seems almost ideally 
suited to our purpose By apply'ing tagged com- 
pounds to the distal portions and placing a Geiger- 
Mueller tube over the proximal pwrtions of the 
marginal vein, we have accomplished the condi- 
tions outlined above Information concerning 
routes of penetration can be obtained from radio- 
autographs of cross sections of the ear The tech- 
nique IS described in detail and the results of its 
application to DFP are presented as an example 
Streptomycin content of brain and other tissues 
after parenteral injection J E Hvwkins, Jr , 

G E Boxer, and V C Jeunek (by invitation) 
Merck Inst for Therapeutic Research and The 
Research Labys of Merck & Co , Rahway, N J 
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The streptomycin content of blood, cerebrospinal 
fluid, brain, liver, lung and spleen vas determined 
bj the fluorometnc method in 3 cats killed 24, 4S 
and 72 hours respectivel}-^ after receiving a subcu- 
taneous injection of streptom 3 min CaCl:-comple\ 
equnalent to 400 mg of streptomycin base/kg 
of bodj weight The blood concentration at 24 
hours was too high for the tissue concentrations 
to be meamngful At 48 and 72 hours, when the 
blood and cerebrospinal fluid concentration had 
fallen to 1-2 /ig/ml , the nscera contained 9 to 
3S /ig/gm (net weight) but the brain only 2-4 
ijg/gm This experiment shows that streptomjmin 
tends to persist in the viscera when it has virtually 
disappeared from the body fluids, but has no spe- 
cial predilection for the brain In a second experi- 
ment similar determinations were made in 4 cats 
nhich had received daily doses of streptomycin 
equiralent to 100 mg of base/kg for 7 to 28 days 
All but one showed the characteristic vestibular 
disturbance Blood and cerebrospinal fluid taken 
24 hours after the last dose of streptomycin con- 
tained 1-3 /ig/ml and the brain only 1-2 /ig/gm , 
while the concentration in lungs, liver, spleen and 
sahvary glands ranged from 7 to 41 pg/gm , and in 
the kidneys from 119 to 234 /ng/gm The sigmficance 
of these observations is discussed in relation to the 
therapeutic and neurotoxic actions of streptomj'- 
cin It IS evident that the neurotoxic action does 
not depend upon a selective accumulation of the 
drug in the brain 

Pharmacology and toxicology of thiodiproplonic 
acid and its dilauryl and distearyl esters Llotd 
W HAZLETO^ and Rebecca C HELLERirAis (by 
inntation) Hazleton Labys , Falls Church, Va 
Thiodipropiomc acid (SlCH- CH* COOH]:) and 
its dilaur^d and distear}! esters have antioxi- 
dant properties of interest in the preservation of 
edible fats and oils The acid is slightly soluble 
in water while the esters are insoluble over a vnde 
range of temperatures In rats, imce and guinea 
pigs the acute toxicity of these compounds is of a 
relatnel} low order of magnitude Infused intra- 
xenoush in anesthetized dogs the lethal dose of 
the acid is in excess of 1 0 gm/kg The acid pos- 
sesses no characteristic pharmacological properties 
and death in these animals is apparentl}' due to 
hemodilution and acidosis Two-vear rat feeding 
expenments were essential!} negative for the acid 
and distearx 1 ester in lev els up to 3 0% of the diet 
The 3 0% dilaurv 1 lev el showed an increase in nior- 
talitv toward the end of the penod In another 
series a mixture of the acid and dilaurv 1 ester was 
heated in lard at 190°C for 30 minutes The diets 
as fed contained 10% lard plus 0 11% and 1 1% 
of the acid-ester mixture A.t the lower level there 
was no significant effect on growth or mortalitv 
during the 2-vear period A.t the higher level there 
was significant mortalitv during the first vear The 


immediate cause of this increased mortality was 
respiratory infection The possible role of the diet 
in this phenomenon was not established Based on 
a 2-year expectancy, all the groups showed from 
83% to 99% of the theoretically perfect score with 
the exception of the two groups discussed which 
showed 75% and 37% respectively 
A new adrenergic blocking agent Frajjcis G 
Henderson (by invitation) and K K Chen 
The Lilly Research Labys , Eh Lilly and Co , 
Indianapolis, Ind A study was made wuth ethyl 
/3-choloroethyl /S-o-benzyl) phenoxyethylamine 
HCl Its adrenergic blocking activity was found to 
be approximately 7 5 times that of dibenamme, 
but its toxicity greater than that of the latter, the 
LDm in mice by intravenous injection being 
33 81 ± 1 28 mg/kg as against 88 45 ± 3 02 mg/kg 
for dibenamme A dose of 2 mg/kg intravenously 
reversed the pressor response ordinarily produced 
by 25 /jg of epinephrine HCl m the dog under bar- 
biturate anesthesia When a dose of 5 mg/kg was 
given intravenously the reversal action persisted 
for over 30 hours A reversal of the pressor action 
of epinephrine also occurred 25 hours follow ing the 
oral admimstration of this compound in the dose 
of 20 mg/kg mixed in an acacia suspension A dose 
of 5 mg/kg intravenously prevented the rise in 
blood pressure commonly produced by intravenous 
injections of 1 mg of the following ahphatic 
amines 2-aminoheptane sulfate, 2-amino-4-meth- 
ylhexane sulfate, and 2-methylamino-l-cyclo- 
pentylpropane HCl No epinephrine reversal could 
be demonstrated on the cat’s uterus When admin- 
istered to dogs by slow intravenous injection in 
doses ranging from 2 to 10 mg/kg , the compound 
per se caused no sigmficant changes in blood pres- 
sure, respiration or electrocardiogram 

Effect of myanesin on eitrapyrsmidal facilita- 
tory and inhibitory systems E Hennevian (by 
invitation), A Ivaplan (by invitation) and K 
Unna Hepls of Psychiatry and Pharmacology, 
Univ of Illinois College of Medicine, Chicago, III 
H} peractmty of stretch reflexes due to overactivc 
or unopposed extrapyTamidal facilitation consti- 
tutes spasticity Demonstration of the origins of 
separate spinal paths for facilitation and inhibition 
of myotatic reflexes in two distinct regions of the 
brain stem (Magoun) suggested investigation of 
the effects of myanesin on these systems Bipolar 
stimulating electrodes earned in a stereotaxic 
apparatus were used to explore the bulbar reticular 
formation in lightly ncmbutalized cats Regions 
yuelding complete inhibition (medial, mcdulliry 
sites) or satisfactorv facilitation (Jatcnl, jiontine 
sites) of the knee jerk mth low voUigi win lo 
cated Myanesin was administered infravinoud 
Small doses reduced ficilitition or inhibition 
Larger doses alwlishtd either efftrt bu- bft 
knee jerk, as judged b\ amplitud- ui- T - - i 
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The two antagoniBtic systems were influenced 
equally so far as could be judged The time course 
of drug action was determined by following the 
recovery of such systems Inhibition and facilita- 
tion of the knee jerk resulting from cerebral corti- 
cal stimulation were abolished with much smaller 
doses, suggesting that longer or more complex 
circuits (such as are usually involved in spasticity) 
are more vulnerable to myanesin Purely spinal 
facihtatory or inhibitory reflex arcs were also m- 
vestigated by stimulating peripheral skin or muscle 
nerves in decapitate preparations From this typo 
of evidence and from electrical studies of segmental 
spinal reflexes it appears that myanesin reheves 
spasticity by reducing tome extrapyramidal facili- 
tation of stretch reflexes, whatever its source 
Because facihtation dominates inhibition in spas- 
ticity it IS presumably more affected by the drug 
Cardiovascular action of magnesium sulfate 
solutions James P Hensen (introduced by R P 
Ahlqmst) Dept of Pharmacology, Univ of 
Georgia School of Medicine, Augusta, Ga The 
cardiovascular actions of magnesium sulfate solu- 
tions, administered intravenously and intra-arte- 
nally, were investigated in the anesthetized dog 
Arterial pressure was recorded by means of either 
an optical manometer or an ordinary mercury 
manometer while the femoral arterial or venous 
blood flow was recorded by a rotameter or ‘Bubble- 
meter’ The results indicate that magnesium sul- 
fate solutions lower the arterial pressure by two 
different mechanisms 1) peripheral vasodilation 
and 2) myocardial depression The peripheral dila- 
tion was found to be duo to 1 ) a direct action of the 
magnesium ion (an effect proportional to the dose 
admimstered) and 2) some osmotic action (an 
effect proportional to the concentration of the 
injected solution) This osmotic effect was most 
pronounced with intra-arterial injections and could 
be duplicated by intra-arterial injects of hyper- 
tonic sodium chloride solutions No evidence iias 
obtained to indicate that the vasodilating action 
of magnesium sulfate i\as due to ganglionic block- 
ade in a manner analogous to tctraethylammonium 
Pharmacologic properties of 2-[N-p'-tolyl-N- 
(m' - hydroxyphenyl) - aminomethyll - imidazo- 
line hydrochloride (C-7337), a sympatholytic 
Euzabeth a Herrold (by invitation), Anne 
Cameron (by invitation), Alfred Earl (by in- 
vitation), Frank Roth (by invitation), James 
Smith (by invitation), Nicolinb Smith (by invi- 
tation), Elizabeth Sorensen (by invitation), 
Bradford N Graver Dw of Macrobiology, 
Research Dept , Ctba Pharmaceutical Products, 
Inc , Summit, N J This drug was synthesized by 
Marxer and Miescher and reported by Meier and 
Yonkman (Federation Proc , this issue) Doses of 
0 2 to 1 0 mg/kg have produced ‘epinephrine re- 
versal’ in dogs, cats, guinea pigs and rats C-7337, 


in sufficient dosage, produced the hypotension 
characteristic of sympatholytics Other augmen- 
tory actions of epinephrine negated by C-7337 in 
the same range of doses were 1) contraction of 
mctitating membrane and S) salivation in the cat 
About twice the doses required for adrenolysis 
sufficed for sympatholysis The spasmolytic effect 
of epinephrine upon camne Thuy-Vella loops and 
upon the feline uterus was unaltered by the drug 
It produced complete relaxation of the nicitating 
membrane in respect to such drugs as Pnscol and 
Privine whereas atropine produced only partial 
relaxation, this could be but partly explained by 
its very weak antihistaminic and anticholinergic 
activities In Warburg experiments cardiac tissue 
from the cat was as sensitive to the inhibitory 
action of C-7337 on respiration ns hepatic tissue 
from the cat or rat (lOOy/ml — minimal inhibitory 
concentration) The LDso in rats is 65 mg/kg in- 
travenously In the dog 125 mg/kg orally produced 
depression, tachycardia, defecation, sahvation, 
emesis and recovery , 6 0 mg/kg intravenously 
produced the same symptoms and final recovery 
Warren, Woodbury and Trapold (this issue Federa- 
tion Proc ) inll report an intensive study of the 
effects of its chrome administration to dogs 
A rapid method for the determination of inulin 
in blood and urine Aemb Higashi (by invitation) 
and Lawrence Peters Dept of Pharmacology, 
School of Medicine, TT’'es<cra Reserve Univ , Cleve- 
land, Ohio Bacon and Bell (Biochem J 42 397, 
1948) used a modified Sehwanoff reaction, devised 
by S W Cole, to deternnne fructose in cadmium 
sulfate filtrates of blood They mentioned its appli- 
cation to the determination of inulin We failed to 
recover added inulin consistently from blood and 
urine by this method However, when a trichlor- 
acetic acid (TCA) rather than a CdS 04 filtrate 
was used, and temperature was controlled within 
0 6 C, accurate recoveries resulted To 2 0 ml of 
plasma or urine filtrate (8 0% TCA), contaimng 
7 6-30 Oy of inulin, is added 3 0 ml of 0 15% re- 
sorcinol in alcohol (95%) With the tubes immersed 
in ICO water, 3 0 ml of cone HCl, contaimng 7 6 
mg of FeCh/l , are added with shaking The tubes 
are heated in a water bath for 20 nunutes at 79 0- 
79 5 C After rapid cooling, the orange-red color is 
read in a Eflett colorimeter (64 filter) Standard 
solutions are analyzed with unknowns on all occa- 
sions Plasma containing no inuhn gives blank 
readings eqmvalent to 0 7-1 4 mg % Unne from 
subjects undergoing clearance studies is diluted 
beyond the point where blank values are obtained 
Glucose produces additional color requiring correc- 
tive calculation only at high concentrations, such 
as those obtained during Tm determinations 
Numerous recovery experiments have yielded a 
maximum error of 2 6% Simultaneous inulin and 
creatimne clearance values for dogs agree well 
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In one e’^periment the average I/C ratio for 9 con- 
secutive clearance periods was 1 036 (range, 0 99- 
108,SD 0 032) 

Lack of antagonism of metMomne to barbit- 
urates J Eugene Hni (by invitation), P L 
Ewing, G A Emerson and Melvillb Sahtun 
Dept of Pharmacology, Umv of Texas Medical 
Branch, Galveston, Texas, and The Sahyun Laby , 
Santa Barbara, Calif The nutritional significance 
of methionine suggests a possible antagonism by 
it of agents detoxified m the liver White mice 
treated with tolerated doses of 0 1-0 5 gm/kg of 
nn-methionme intramuscularly or intrapentone- 
ally were given repeated mtrapentoneal doses of 
hexobarbital or thiopental at short mtervals until 
approximately 60% of untreated controls died, or 
single mtrapentoneal doses of the LDm of pento- 
barbital or phenobarbital In each case, a larger 
proportion of the methiomne -treated mice died 
than of the controls With pentobarbital, mice 
fasted 24 hours again showed no protective effect 
of methiomne Methiomne either is present in 
excess even m fasted mice or else is not involved 
in the major degradation reactions of barbiturates 
in the hver 

A polarographic study of certain qumones 
James G HmroN (mtroduced by C L Gemmjxl) 
Dept of Pharmacology, Untv of Virginia Medical 
School, Charlottesville, Va The polarograph has 
been used as a quahtative and quantitative 
instrument m the study of certam qmnones The 
qmnones examined were hydroqmnone , 2-methyl- 
hydroquinone , 2, 3-dimethyl-hydroqumone , 2,3,- 
5-tnmethyl-h5’^droquinone, 1 , 4r-naphthoquinone , 
2-methyl-l , 4-naphthoqmnone , 2-methyl -3-hy- 

droxy-l,4-naph-thoqmnone (Phthiocol), 3-hy- 
droxy-l, 4-naphthoqmnone (Lawsone) and sodium 
l,2-naphthoqmnone-4-sulfonate These qumones 
were studied both in bicarbonate and m glycol 3 d;ic 
enzjnnatic mediums All of the qmnones showed 
defimte half-wave potentials in the bicarbonate- 
carbon dioxide solution and gave diffusion currents 
nhich were m direct proportion to the concentra- 
tions A detailed study was made of the half po- 
tentials of 2-meth5l-3-h3'-droxy-l, 4-naphthoqm- 
none (Phthiocol) at various levels of oxidation of 
this compound A close correlation was obtained 
between these potentials and the oxidation-re- 
duction potentials previously described bj’’ Ball 
(J Biol Chem 106 515,1943) In the glj colj-tic 
enzjmatic sj'stems, the half piotcntnls were 
shifted and the diffusion current heights were 
either reduced or totall 3 missing It is concluded 
from this wrork that the jxilarograph is an accurate 
instrument for determimng the concentration 
of certam qumones of as low as 1 X 10~* m 
concentration in a bicarbonate medium and is 
suitable also for determining oxidation-reduc- 
tion potentials of these compounds in bicarbonate 


buffered solutions From these results in the 
glycolyiic enzymatic systems, it is concluded 
that the half potential shift was due to a change 
m the oxidative level of the quinone system and 
the diffusion current vanations were due either to 
combination or to destruction of part or all of the 
qmnone 

Acute toxicity of hydroqmnone EfARoiiD C 
Hodge, Elliott A Maynard (by invitation) and 
James H Sterner (by invitation) Dtv of 
Pharmacology and Toxicology, Dept of Radiation 
Biology, Untv of Rochester School of Medicine and 
Dentistry, and Eastman Kodak Company, Roches- 
ter, N Y The charactenstics of acute hydroqm- 
none poisomng have been observed D 3 ang animals 
did so promptly, those surviving 20 minutes almost 
invariably recovered completely Convulsions 
were commonly observed, the heart frequently 
beat after respiration ceased Estimations of the 
LD50 have been made for a number of species 
Following mtrapentoneal administration, mice, 
rats, gmnea pigs and rabbits have similar LDSO’s 
After oral admimstration, cats were most suscep- 
tible, rats and rabbits less so, and mice most re- 
sistant Cats can, however, ingest approximately 
the lethal dose daily for nearly a month if the HQ 
18 mixed in the diet Fasting rats were twice as 
susceptible as fed rats to oral doses The LD50 
(orally to rats) of HQ in propylene glycol was con- 
8 iderabl 3 '- greater than m water solution Rats w ere 
maintained for a period of one month on a) a com- 
mon laboratory mixed diet and b) a commercial rat 
ration, the acute LDSO’s (oral administration) 
were identical regardless of previous diets The 
acute toxicity of commercial photographic-grade 
hydroquinone was the same as that of a carefully 
purified sample when each was administered <in- 
trapentoneally 

Relationship of chemical structure to biliary 
concentration in expenmental cholecystography 
James 0 Hoppe and S Archer (introduced by 
A M Lands) Biology Div , Sterling-Winthrop 
Research Inst , Rensselaer, N Y Replacement 
of one of the h 3 ’’drogcns from the raeth 3 'l group of 
4-ammo-3, 5-duodotoluene b 3 2-substituted n-alka- 
noic, C 3 cloalk 3 1 -alkanoic or ar 3 1 -alkanoic acids 
3 aelded compounds which were excreted into the 
bile of cats following oral administration in suffi- 
cient amounts to make the gallbladder opaque to 
x-radiation Optimum results were obtained with 
the n-alkanoic acid dcniatncs when the number 
of carbon atoms attached to the phen 3 l nucleus 
approached sc\cn The C3 clo-alki 1-alkanoic acid 
denxatucs were ineffective because of poor ab- 
sorption The most satisfactoiw compound was 
found among the arxl-alkanoic acid denvatixcs in 
the form of the sodium salt of /3-(4-amino-3,5 diio- 
dophenill-cr-phenxl propionic, acid (WIN 59S-2) 
The densit 3 of the shadows produced b 3 YIN 
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50S-2 appeared to be approMmately 1 5 times as 
great as those of jodoalphionic acid at comparable 
dose levels Upon oral admimstration to both cats 
and dogs, WIN 60S-2 appeared to be relatively 
non-irritating to the gastro-intestinal mucosa, 
readily evacuated from the gallbladder following a 
fatty meal and to produce a minimum of vomiting 
and diarrhea The acute oral tOMCity of the free 
acid in mice was less than that of lodoalphiomc acid 
whereas that of the sodium salt, WIN 508-2, was 
slightly greater because of more rapid and efiBcient 
absorption 

Metabolic studies in beryllium patients Joe 
W Howland and Christine Waterhouse (intro- 
duced by H C Hodge) Dept of Radiation Biol- 
ogy, Umv of Rochester, Rochester, N Y Systemic 
mamfestations of weakness, easy fatiguability, 
anorexia, and weight loss have played an important 
role in the symptomatology of many patients with 
beryllium granulomatosis Metabolic studies were 
carried out on 4 patients with beryllium poisoning 
in an attempt to determine whether or not these 
patients were able to utilize and store mtrogen on 
an adequate dietary intake Three of the 4 patients 
studied were malnourished, had lost between 30 to 
40 pounds in weight during their illnesses Yet 
none was able to establish a significant positive 
nitrogen balance on diets adequate in calories and 
protein Fecal nitrogen was high on all 3 patients 
Under the anabolic stimulus of testosterone, one 
patient had a negligible nitrogen storage response, 
however, another stored moderate amounts of m- 
trogen under this regime The implications of these 
findings particularly in reference to anoxia and to 
the systemic effects of beryllium poisoning are 
discussed 

Effect of quinidine in cyclopropane and cyclo- 
propane-epinephnne Induced arrhythmias R A 
Huggins (by invitation), R A Morse (by invita- 
tion), D W Chapman (by invitation), C A 
Handley, and L F Schuhmacher (by invita- 
tion) Depts of Pharmacology, Medicine and Anes- 
thesiology, Baylor Untv College of Medicine, Hous- 
ton, Texas The protective action of intravenous 
quinidine sulfate and lactate against the onset of 
epinephrine induced cardiac arrhythmias under 
cyclopropane anesthesia has been evaluated as to 
rapidity of onset, duration of action and minimum 
effective dose The dosages used were 1, 5, 10, and 
20 mg/kg The intravenous administration of quini- 
dine sulfate or lactate in all dosage levels tested 
markedly reduced the incidence of this type of 
caidiac arrhythmia No difference was found be- 
tween the two forms of quinidine The onset of the 
protective action was rapid, less than 0 6 nunute 
after the completion of the injection, and inde- 
pendent of the dosage Injections of epinephrine 
up to 10 minutes after the administration of quini- 
dine caused no arrhidhmias, regardless of the size 


of the dose After 10 minutes, the duration of the 
protecting properties of quimdine tends to vary 
directly with the size of the dose, lasting for an 
average of 24 minutes wnth 1 and 5 mg/kg , and 1 to 

3 hours wnth 20 mg/kg 

Failure to demonstrate biological competition 
between hypnotic and non-hypnotic barbiturates 
Walter W Jetter, Robert P Brittain and 
Mart K Nuter (mtroduced by George L 
Maison) Dept of Legal Medicine, Harvard Medi- 
cal School, and The Massachusetts Dept of 
Mental Health, Boston, Mass Sodium salts of non- 
hypnotic barbituric acid denvatives (BAD) as 
follows f) 5-monoethyl, B A , j 9) 5-monophenyl, 
B A , S) 5-mono sec butyl, B A , J) 5,5-ethyl, 
nitropropyl, B A , 5) 6,6-methyl (1 methyl butyl), 
B A , 5) 5,6-methyI (1 methyl butyl) 4-imino, 
B A furnished in small quantities by Abbott 
Laboratones, North Chicago, were tested for their 
analeptic properties against depressant barbit- 
urates in the following way Twenty-seven rab- 
bits were anesthetized by intravenous pentobarbi- 
tal (40 or 60 mg/kg ) and 26 by phenobarbital (150 
or 175 mg/kg ) Four rabbits died within less than 
one hour after receiving the depressant barbiturate 
alone The surviving group of 49 rabbits contained 
24 animals that received pentobarbital and 25 that 
received phenobarbital Fifteen of these (9 pento- 
barbital and 6 phenobarbital) served as controls 
and received no treatment Each of the remaining 
34 animals then received intravenously one of the 
SIX BAD test compounds in dosage of 50, 100, or 
160 mg/kg Each comjxiund was tested in at least 

4 rabbits (BAD no 6 was not tested against phe- 
nobarbital because of insuflScient supply) It was 
clear that in no instance did the injection of the 
test BAD compound significantly decrease the 
depth or duration of the anesthesia caused by the 
previously injected depressant barbiturate It was 
concluded that the BAD compounds tested were 
not successful biological competitors against pento- 
barbital or phenobarbital under the conditions of 
the experiment 

Effect of antimalanal drugs on anaerobic gly- 
colysis (acid production) in tissue extracts Ralph 
Jones, Jr (introduced by Carl F Schmidt) 
Dept of Research Medicine, Untv of Pennsyl- 
vania, Philadelphia, Penna A study was made of 
the effect of several antimalanal drugs on anaerobic 
production of acid from glucose by rat brain ex- 
tract, in the system described by Utter, Wood and 
Reiner (J Biol Chem 161 197, 1945) Pentaquine 
and Pamaquin produced significant inhibition of 
acid production when present in concentration of 

5 X lO”* M Quinine, Quinacrine, Chloroquine and 
Paludnne produced no significant inhibition when 
present in concentration of 2 X 10"’ M The system 
described by Utter et al was modified in an at- 
tempt to localize the site of inhibition of acid 
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50&-2 appeared to be appro\imately 1 5 times as 
great as those of lodoalphionic acid at comparable 
dose levels Upon oral administration to both cats 
and dogs, WIN 50S-2 appeared to be relatively 
non-irritating to the gastro-intestinal mucosa, 
readily evacuated from the gallbladder following a 
fatty meal and to produce a mimmum of vomiting 
and diarrhea The acute oral tovicity of the free 
acid in mice was less than that of lodoalphionic acid 
whereas that of the sodium salt, WIN 508-2, was 
slightly greater because of more rapid and efficient 
absorption 

Metabolic studies m beryllium patients Jos 
W Howland and Christine Waterhouse (intro- 
duced by H C Hodge) Dept of Radiation Biol- 
ogy, Univ of Rochester, Rochester, N Y Systemic 
mamfestations of weakness, easy fatiguability, 
anorexia, and weight loss have played an important 
role in the symptomatology of many patients with 
beryllium granulomatosis Metabolic studies were 
earned out on 4 patients with beryllium poisomng 
in an attempt to determine whether or not these 
patients were able to utilize and store nitrogen on 
an adequate dietary intake Three of the 4 patients 
studied were malnounshed, had lost between 30 to 
40 pounds in weight during their illnesses Yet 
none was able to establish a significant positive 
nitrogen balance on diets adequate in calories and 
protein Fecal nitrogen was high on all 3 patients 
Under the anabolic stimulus of testosterone, one 
patient had a negligible nitrogen storage response , 
however, another stored moderate amounts of ni- 
trogen under this regime The implications of these 
findings particularly in reference to anoxia and to 
the systemic effects of beryllium pioisomng are 
discussed 

Effect of quinidine in cyclopropane and cyclo* 
propane-epinephrine induced arrhythmias R A 
Huggins (by invitation), R A Morse (by invita- 
tion), D W Chapman (by invitation), C A 
Handley, and L F Schuhmacher (by invita- 
tion) Depts of Pharmacology, Medicine and Anes- 
thesiology, Baylor Univ College of Medicine, Hous- 
ton, Texas The protective action of intravenous 
quinidme sulfate and lactate against the onset of 
epinephrine induced cardiac arrhythnuas under 
cyclopropane anesthesia has been evaluated as to 
rapidity of onset, duration of action and nunimum 
effective dose The dosages used were 1, 6, 10, and 
20 mg/kg The intravenous administration of quini- 
dine sulfate or lactate in all dosage levels tested 
markedly reduced the incidence of this type of 
caidiac arrhythmia No difference was found be- 
tween the two forms of quinidine The onset of the 
protective action was rapid, less than 0 5 minute 
after the completion of the injection, and inde- 
pendent of the dosage Injections of epinephrine 
up to 10 minutes after the administration of quini- 
dine caused no arrhythmias, regardless of the size 


of the dose After 10 minutes, the duration of the 
protecting properties of quinidine tends to vary 
directly with the size of the dose, lasting for an 
average of 24 minutes with 1 and 6 mg/kg , and 1 to 

3 hours with 20 mg/kg 

Failure to demonstrate biological competition 
between hypnotic and non-hypnotic barbiturates 
Walter W Jetteh, Robert P Brittain and 
Mart K Nutbr (introduced by George L 
Maison) Dept of Legal Medicine, Harvard Medi- 
cal School, and The Massachusetts Dept of 
Mental Health, Boston, Mass Sodium salts of non- 
hypnotic barbituric acid derivatives (BAD) as 
follows 1) 5-monoethyl, B A , ^) 5-monophenyl, 
B A , S) 5-mono sec butyl, B A , ^) 5,5-ethyl, 
mtropropyljB A ,5) 5,5-methyl (1 methyl butyl), 
B A , d) 5,5-methyl (1 methyl butyl) 4-imino, 
B A furnished in small quantities by Abbott 
Laboratones, North Chicago, were tested for their 
analeptic properties against depressant barbit- 
urates in the following way Twenty-seven rab- 
bits were anesthetized by intravenous pentobarbi- 
tal (40 or 50 mg/kg ) and 26 by phenobarbital (150 
or 175 mg/kg ) Four rabbits died within less than 
one hour after receiving the depressant barbiturate 
alone The surviving group of 49 rabbits contained 
24 ammals that received pentobarbital and 25 that 
received phenobarbital Fifteen of these (9 pento- 
barbital and 6 phenobarbital) served as controls 
and received no treatment Each of the remaining 
34 animals then received intravenously one of the 
SIX BAD test compounds in dosage of 50, 100, or 
150 mg/kg Each compound was tested in at least 

4 rabbits (BAD no 5 was not tested against phe- 
nobarbital because of insufficient supply) It was 
clear that in no instance did the injection of the 
test BAD compound sigmficantly decrease the 
depth or duration of the anesthesia caused by the 
previously injected depressant barbiturate It was 
concluded that the BAD compounds tested were 
not successful biological competitors against pento- 
barbital or phenobarbital under the conditions of 
the experiment 

Effect of antlmalarial drugs on anaerobic gly- 
colysis (acid production) in tissue extracts Ralph 
Jones, Jr (introduced by Carl F Schmidt) 
Dept of Research Medicine, Untv of Pennsyl- 
vania, Philadelphia, Penna A study was made of 
the effect of several antimalarial drugs on anaerobic 
production of acid from glucose by rat brain ex- 
tract, in the system described by Utter, Wood and 
Reiner (J Biol Chem 161 197, 1945) Pentaquine 
and Pamaqmn produced significant inhibition of 
acid production when present m concentration of 

5 X 10“* M Quinine, Quinacnne, Chloroquine and 
Paludrine produced no significant inhibition when 
present in concentration of 2 X 10“’ ii The system 
described by Utter el al was modified in an at- 
tempt to localize the site of inhibition of acid 
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60S-2 appeared to be approximately 1 5 times as 
great as those of lodoalphiomc acid at comparable 
dose levels Upon oral adimmstration to both cats 
and dogs, WEST 50S-2 appeared to be relatively 
non-irntating to the gastro-intestinal mucosa, 
readilj' evacuated from the gallbladder following a 
fatty meal and to produce a mimmum of vomiting 
and diarrhea The acute oral toxicity of the free 
acid in mice i\ as less than that of lodoalphiomc acid 
whereas that of the sodium salt, WIN 608-2, was 
slightly greater because of more rapid and efficient 
absorption 

Metabolic studies in beryllium patients Joe 
W Howland and Chkistine Watbbhouse (intro- 
duced by H C Hodge) Dept of Radiation Biol- 
ogy, Unw of Rochester, Rochester, N Y Systemic 
mamfestations of weakness, easy fatiguabihty, 
anorexia, and Height loss have played an important 
role in the symptomatology of many patients with 
beryllium granulomatosis Metabolic studies were 
earned out on 4 patients with berylhum poisomng 
in an attempt to deterrmne whether or not these 
patients were able to utilize and store nitrogen on 
an adequate dietary intake Three of the 4 patients 
studied were malnounshed, had lost between 30 to 
40 pounds in weight during their illnesses Yet 
none was able to establish a significant positive 
mtrogen balance on diets adequate in calories and 
protein Fecal mtrogen was high on all 3 patients 
Under the anabolic stimulus of testosterone, one 
patient had a negligible mtrogen storage response , 
however, another stored moderate amounts of ni- 
trogen under this regime The implications of these 
findings particularly in reference to anoxia and to 
the systemic effects of beryllium poisomng are 
discussed 

Effect of quinidine in cyclopropane and cyclo- 
propane-epinephrine induced arrhythmias R A 
Huggins (by invitation), R A Mosse (by invita- 
tion), D W Chapman (by invitation), C A 
Handlei, and L F Schuhmacheb (by invita- 
tion) Depts of Pharmacology, Medicine and Anes- 
thesiology, Baylor Univ College of Medicine, Hous- 
ton, Texas The protective action of intravenous 
qmnidine sulfate and lactate against the onset of 
epinephrine induced cardiac arrhythmias under 
cyclopropane anesthesia has been evaluated as to 
rapidity of onset, duration of action and mimmum 
effective dose The dosages used were 1, 6, 10, and 
20 mg/kg The intravenous administration of quini- 
dine sulfate or lactate in all dosage levels tested 
markedly reduced the incidence of this type of 
cardiac arrhji,hmia No difference was found be- 
ta een the two forms of quinidine The onset of the 
protective action was rapid, less than 0 6 minute 
after the completion of the injection, and inde- 
pendent of the dosage Injections of epinephrine 
up to 10 rmnutes after the administration of quini- 
dine caused no arrhi thmias, regardless of the size 


of the dose After 10 minutes, the duration of the 
protecting properties of quimdme tends to vary 
directly with the size of the dose, lasting for an 
average of 24 minutes with 1 and 6 mg/kg , and 1 to 

3 hours wnth 20 mg/kg 

Failure to demonstrate biological competition 
between hypnotic and non-hypnotic barbiturates 
Walteb W Jetteb, Robebt P Brittain and 
Mabt K Nuteb (mtroduced by George L 
Maison) Dept of Legal Medicine, Harvard Medi- 
cal School, and The Massachusetts Dept of 
Menial Health, Boston, Mass Sodium salts of non- 
hypnotic barbituric acid derivatives (BAD) as 
follows 1) 5-monoethyl, B A , £) 6-monophenyl, 
B A , 5) 6-mono sec butyl, B A , 4) 6,6-ethyl, 
nitropropyl, B A , 6) 5,5-methyl (1 methyl butyl), 
B A , 6) 5,6-methyl (1 methyl butyl) 4-imino, 
B A furnished in small quantities by Abbott 
Laboratories, North Chicago, were tested for their 
analeptic properties against depressant barbit- 
urates in the following way Twenty-seven rab- 
bits were anesthetized by intravenous pentobarbi- 
tal (40 or 50 mg/kg ) and 26 by phenobarbital (160 
or 175 mg/kg ) Four rabbits died within less than 
one hour after receiving the depressant barbiturate 
alone The surviving group of 49 rabbits contained 
24 ammals that received pentobarbital and 26 that 
received phenobarbital Fifteen of these (9 pento- 
barbital and 6 phenobarbital) served as controls 
and received no treatment Each of the remaining 
34 animals then received intravenously one of the 
six BAD test compounds in dosage of 60, 100, or 
160 mg/kg Each compound was tested in at least 

4 rabbits (BAD no 5 was not tested against phe- 
nobarbital because of insufficient supply) It was 
clear that in no instance did the injection of the 
test BAD compiound significantly decrease the 
depth or duration of the anesthesia caused by the 
previously injected depressant barbiturate It was 
concluded that the BAD compounds tested were 
not successful biological competitors against pento- 
barbital or phenobarbital under the conditions of 
the experiment 

Effect of antlmalarial drugs on anaerobic gly- 
colysis (acid production) in tissue extracts Ralph 
Jones, Jb (introduced by Carl F Schmidt) 
Dept of Research Medicine, Univ of Pennsyl- 
vania, Philadelphia, Penna A study was made of 
the effect of several antimalarial drugs on anaerobic 
production of acid from glucose by rat brain ex- 
tract, in the system described by Utter, Wood and 
Reiner (J Biol Chem 161 197, 1945) Pentaquine 
and Pamaquin produced significant inhibition of 
acid production when present m concentration of 

5 X 10“® M Quinine, Qumacnne, Chloroquine and 
Paludrine produced no significant inhibition when 
present in concentration of 2 X 10”’ m The system 
described by Utter et al was modified in an at- 
tempt to localize the site of inhibition of acid 
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production Inhibition of the same order of magni- 
tude occurred when He\ose diphosphate was the 
Bubstrate, when Fluoride is present in concent ra- 
tion of002M, and when arsenate is substituted for 
phosphate in the sjstcm These results indicate 
that these compounds interfere witli the con\er- 
sion of Hexosc diphosphate to Pliosphogh ccric 
acid Studies of the niechniiism of this inhibition 
are in progress The eflcctof twcnt\ S-aminoquiiio- 
hne analogues of Pamaquine and Pentaqiiine on 
acid production in these s\ stems wtis studied 
Alteration of chemical structure modified the 
abilitj of these compounds to inhibit acid produc- 
tion, but there was little correlation between in- 
hibition of acid production and antinnlnnal ac- 
tivitj 

EfTects of ions and cnzjTnc inhibitors on break- 
down of pentobarbital b> rat Iner slices I B 
Kahn, Jr (introduced b\ J M Coon) Dept of 
Pharmacology, Unw of Chicago, Chicago, III \I- 
though it IS well established that some barbiturates 
are detoxified bj tissues in vitro, the nature of the 
process is not well understood It was therefore 
decided to study the effects of \arious ions upon 
the action of rat Incr slices on pentobarbital The 
ions studied arc know n to be cfTcctuc in actixating 
or inhibiting enzymatic reactions of \arious l\ pcs 
ApproMmatel} 200 mg of In or slices were pi iced 
in each of two 250-ml Erlcnmc\ cr flasks, A and li, 
each containing 90 ml of Krebs Ringer bicarbon it c 
buffer wath glucose A was lioilcd for 5 minutes 
while B was maintained at 37° Both were placed, 
in a water bath at 37°, and 10 ml pcntoli irbital, 

0 6 mg/ml in Krebs-Ringcr bicarlionatc buffer 
added Air was bubbled through for mixing and 
oxAgenation Ten-ml aliquots were taken from 
each at 0, 30, 60, and 120 minutes, and anahzcd 
for unchanged barbiturate bj a modification of the 
method of Goldbaum (J Pharmacol 94 GS, 1948) 
Controls in normal Krebs-Ringer bicarbonate 
buffer With glucose showed 10% destruction of 
pentobarbital m 60 and 120 minutes in flask B, 
while flask A remained constant Doubling the 
concentration of potassium and omitting calcium 
had no effect The effects of high and low concoii- 
trations of Na, K, Ca, and Mg, and of heavy metals, 
lodoacetate, and cyanide are also reported 
Effect of acetate donors on creatinine lei els 
in blood and urine m dogs A Kandeh (by invita- 
tion) and Maynard B Chenow'eth DcpC of 
Pharmacology, Umv of Michigan, Ann Arbor, 
Mich Five unanesthetized dogs were injected 
intramuscularly, and one intravenously, with 
monoacetin (glycerol monoacetate) Bladder urine 
Was collected by catheter for a period of 10 hours 
a control, unne was collected over periods of 
e same length but without administration of 
monoacetin The intramuscular injection of mono- 
acetin resulted in a 25% increase m the total 


amount of creatminc excreted An 80% increase 
was observed in the animal in which a 5% solution 
of monoacetin was gnen intravcnoush Creatine 
was not excreted during control periods, but ap- 
peared in the unne onh after monoacetin was 
ndminiatcrcd Both crcatinc and creatinine arc 
excreted in greatest amounts during the last 2 
hours of the coilcctioii period Intramuscular in- 
jection of proiniciic givcol iii one of the animals 
rexcalcd no increase in urinarv creatinine V bi- 
latenllv neplircctoiiiircd dog was gnen 1 gm/kg 
monoacetin iiitramu’’cul irh in 1 gm/kg doses 
c\cr\ 2 hours Blood collected at liourlv intervals 
showed a alcadv increase in the crcitininc level 
\ marked augmentation in creatinine iccumula- 
tion was observed during the 9th and 10th Iiours 
Furtlicr experiments are being conducted to es- 
tablish the nature of the increase in production of 
creatine congeners liv acetate donors 
Chronic effects of large doses of ncetanilid in 
dogs and rats Aiixvxnrn G IvvncrvtvR (uitro- 
(iuced bv Theodore Ko|)j)anvi) Dept of Pharma- 
colooy, Grnrgetoirn Lnir School of Mrrltnnc, 
H orhington, I) C This is an extension of a studv 
of acute toxicitv of ncetanilid (700 mg 'kg ) in dogs 
(rcdcration Proc 6 3tl,l9t7) Dailv onil adminis- 
tration of 100 nig/kg of icctanilid caused no with- 
drawal svmptonis after 3 weeks (2 dogs) \dniinis- 
tmtioii of 150, 100, and 200 mg'kg (2, 2, and 7 
weeks, Pavne, J Pharmacol Exper Thcrap 53 
401, 1935) W’ls followed bv dailv mctlicmoglobin 
cvcles (dunition S hr ) with peaLs of 25, 15 and 
35% of total hcnioglobin rcspcctivclv Discon- 
tinuitioii of icctnnilid in 1 dog after 11 weeks 
caused no withdrawal svmploms Increase of ace- 
tamlid in 3 other dogs to 400 (3 divs) and 600 (4 
davs) mg/kg gave a met hemoglobin peak of 65% 
These levels of ncetanilid adminisfration resulted 
ultimatclv in reversible hvjiochromic anemia 
Theie wais drowincss and analgesia, but no witii- 
drawal sv mptoms Tolerance did not dev clop since 
mcthcmoglobin, lethal dose and the time of death 
corrcsixmdcd to those of acute exponments (o c ) 
Dogs killed during the chronic experiments showed 
earlier, bone marrow hvperplasia and reversible 
changes in the liver and, later, non-specific changes 
m the central nervous svstem, cortex and vnceral 
organs (Hicks and Ivjirczmar, to be published) 
Daily intrapci itoneal administration to rats of i of 
the lethal dose of ncetniiilid (up to 4 weeks) gavro 
similar results with a mcthemoglobiii peak at 35% 
Withdrawal symptoms developed neither in dogs 
(contrar}'- to Payne, o c ) nor in rats nidopcndentlj 
of the administration schedule emplo>ed 
Duration of action of anticholinesterases in 
dogs Alexander G Karczmar (by invitation) 
and Theodore Koppanv I Dept of Pharmacology, 
Georgetown Umv School of Medicine, Wash- 
ington, D C Potentiation of pressor icsponscs to 
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acetj Icholme in atropimzed dogs (pentobarbital 
sodium anesthesia) is used in this laboratory as a 
qualitative and quantitative assay of anticholin- 
esterases (Science 106 492, 1947) This assay lends 
itself to estabhshing the duration of action of anti- 
esterases (maxunally potentiating doses used 
throughout) since the ammal survives under test 
conditions for any desired tune It was found by 
means of this method that phj^stigmine and neo- 
stigmine are short-acting antiesterases with a 
duration of potentiation up to 6 hours A thiophos- 
phate type of antiesterase, 0-0-diethyl p-mtro- 
phenol thiophosphate, belongs here also with a 
6-hour duration of action (Anat Rec 101 89, 
1948) A compound with an alleged specific action 
on pseudocholinesterase, dimethylcarbamate of 
(2-hydrovy-5 phenyl-benzyl) trimethylammomum 
brormde proved to be a short-acting (2 hours) true 
antichohnesterase Orgamc phosphate esters are 
either long- or intermediate-acting DFP belongs 
to the first category with complete extinction of 
potentiation of pressor effects after one week 
Hexaethyl tetraphosphate (HETP) and tetraethyl 
pyrophosphate (TEPP, possibly active factor of 
HETP) cease to act after 12 hours In aU cases, 
antiesterase activity decreases rapidly at first and 
slowly after 60% of the effect disappears Deter- 
imnation of antiesterase activity in terms of nico- 
tinic effects of acetylcholine measures the biologi- 
cal reversibihty of esterase inhibitors It generally 
confirms the results obtained in vitro and seems 
free of errors due to dissociability of the esterase- 
antiesterase complex during tn vtlro procedures, 
(Goldstein J Gen Physiol 27 629, 1944) 
Relation between chemical constitution and 
estrogenic action in a group of azomethines H 
H Keasling and F W Schueler (introduced 
by E G Gross) College of Pharmacy and 
Depl of Pharmacology, College of Medicine, 
Slate University of Iowa, Iowa City, la This 
work IS based on the working hypothesis that 
estrogenic compounds should consist of a rela- 
tively inert molecular structure with two 
active hydrogen-bond for ming groups located 
at an optimum distance of 14 6 A umts (measured 
on Fisher-Hirschfelder -Taylor Atomic Models) 
Since the 4,4'-dihydro'cy derivatives of stilbene 
( — CH^CH — ) and azobenzene ( — N=N — ) 

(Schueler, F W , Science 103 221 (1946) show an 
estrogenic response, a study of the intermediate 
type of linkage as represented by the azomethines 
( — CH=N — ) was carried out In order to investi- 
gate the importance of variations in hydrogen-bond 
forming power, substitutions were made in the 
4,4' positions of the basic structure, benzyhdene 
anihne All 16 possible combmations of the 4 sub- 
stitution groups, hydrogen, hydroxyl, methyl, and 
methoxj'l, were prepared and tested The dihy- 
droxy derivative best fulfiUs the requirements or 


the hypothesis , the methoxy derivatives represent 
blockmg of the hydrogen-bond forming groups, 
and the methyl and hydrogen substitutions are 
groups of low or no hydrogen-bond forming power 
The estrogemc tests were earned out using ovan- 
ectomized rats, 4,4'-Dihydroxy benzylidene ani- 
line prdduced a full estrogemc response in 12 6 
mgm doses administered subcutaneously, and in 
25y doses intravaginally None of the other denva- 
tives produced an estrogemc response in 25-mg 
doses given subcutaneously An investigation of 
other aspects of the general pharmacology of azo- 
methines as well as the substitution of other ring 
bnkages for the azomethine Imkage in 4,4'-di- 
hydroxy-diphenyl denvatives (e g , — CO — NH — , 
— CHs— O— , — SOr-NH, — CHi-NH— , — S— 
S— , — CH(C,H6 )— N(CjH 6)— , — CO— CO— , 
— CH(OH) — CO — , and — CO— D — ) is now in 
progress 

Liver as the major organ involved in the de- 
toxication of thiopental by the dog A R KEinv 
(by invitation) and F E Shideuan Dept of 
Pharmacology, Umv of Michigan, Ann Arbor, 
Mich Previous work from this laboratory, using 
tn VIVO methods, has established the liver as the 
major organ involved in the detoxication of thio- 
pental in 3 animal species (mouse, rat, and man) 
In vitro expenments have also demonstrated the 
abibty of both rat bver shoes and mince to degrade 
this thiobarbiturate Evidence presented here im- 
plicates the hver as the major site of detoxication 
of thiopental in the dog One approach employed 
was a companson of rate of disappearance from 
plasma of thiopental in normal dogs and in ammals 
with reduced portal blood flow (Eck fistula) In 
both groups, plasma levels declined at the same 
rate for the first 8 imnutes following injection of 
20 mg/kg of the drug At 2 2 mg % the curve for 
the Eck fistula ammals leveled off and fell very 
gradually until the righting reflex was regained at 
6i hours at a level of 1 29 mg % The normal curve 
dropped much more abruptly, the righting reflex 
returmng 66 nunutes after injection at approxi- 
mately the same plasma level (1 2 mg %) as in the 
Eck fistula group The second experimental method 
consisted of a companson of plasma decay curves 
in the heart-lung, heart-lung-hver, and heart-lung- 
kidney preparation The heart-lung preparation 
(morphine-chloralose anesthesia) showed a very 
gradually faUing plasma thiopental curve, so that, 
after 70 imnutes, approximately 25% of the drug 
had disappeared , over the same penod of time, in 
the heart-lung-liver preparations, 2i times as much 
was removed Preliminary expenments indicate 
that heart-lung-kidney preparations may degrade 
thiopental to some extent although not nearly as 
rapidly as heart-lung-liver preparations 

Effects of podophyllotoxin and picropodophyllin 
on intact intestine and salivary secretion of non- 
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anesthetized dogs. Margaret G Kellt (bj m- 
%atation), Aldo P Truant (by inviUition) and 
Paul K Smith Dcpl of Pharmacology, George 
Washington Untv School of Medicine, Wash~ 

tngion,D C A comparative study has been made 
of the pharmacological effects of podoplijllotovin 
and picropodophyllm (isomcnc compounds ob- 
tained from podophylhn) on the intact intestine 
of iion-anesthetized dogs, mth Thiry-Vclh fistulac 
At the same time salumry secretion was investi- 
gated Theactmty of the freed loop of the intestine 
was recorded by the classic rubber balloon and 
tambour method Both compounds Mere inicctcd 
intravenousl) in the form of a fine suspension in 
saline Fifteen to 30 minutes after injection of 0 5 
and 0 75 mg/kg of podophyllotoxin in dogs m cigh- 
ing 10 to 15 kg an irregular decrease in amplitude 
of contractions occurred, vnth a slight decrease in 
tone which at times increased The rhj thmicit} 
of contractions remained normal Normal gut activ- 
ity returned in 3 hours at the above dose levels 
At a dose of 5 mg/kg of picropodophydlin no effects 
were seen on the gut but salnation was increased 
However, respiratory rate was intermittently' in- 
terrupted by periods of dyspnea When a dose of 
7 5 mg/kg was used a regular increase in the ampli- 
tude of contractions was demonstrated with an 
increase in tone In certain e\pcnments intermit- 
tent quiescent ponods occurred In all the o\peri- 
ments with picropodophyllm, at the latter dose 
level, perfuse salivation wms seen which was 
blocked completely by 0 1 mg/kg of atropine A 
dose of 0 5 mg/kg of atropine was not completely 
effective in blocking the gut effects of picropodo- 
phyllin In a total of 20 experiments no catharsis 
was seen and no ammals died 
Use of Cii in studies of metabolism of plant 
products F E Kblset Dcpl of Pharmacology, 
Univ of Chicago, Chicago, III Some of the techni- 
cal problems arising in a program of biosynthesis 
of radioactive drugs and their use in metabolic 
studies are discussed A simple Geiger tube for the 
determination of the radioactivity of very weak 
samples is described Briefly it consists of a bell- 
shaped tube, the open end of w hich is fitted with 
a ahding-tray arrangement for the insertion of the 
sample within the sensitive area of the counter 
The counting gas, which flows continuously through 
the counter at atmospheric pressure, is helium 
saturated with ice-cold absolute alcohol The avail- 
able space on the sample holder is approxHnately' 
20 cm* The absence of a window and the position 
cf the sample permits the counting of all 
betaparticles escaping from the sample High sensi- 
tivity 18 essential for this wrork because of the dilu- 
tion of the in the process of the biological syn- 
thesis of the drugs by the plant and the further 
dilution by the C“ of the experimental ammal 
used for the metabolic studies Methods of han- 


gliiig the biological materials arc given with illus- 
trations from experiments on the metabolism of 
radioactive digitoxin 

Aclions of calcium and tctracthylammonlum 
Ions on (he rat diaphragm preparation Charlfs 
J Klnsler (introduced by McKcen Cattcll) 
Dept of Pharmacology, Cornell Univ Medical 
College, Mew York City The rat diaphragm prepa- 
ration stimulated through its phrenic nerac at 
rates of 6 or 30 per minute failed rapidly when 
placed in a calcium-frcc Ringer’s solution but not 
when in potassium-, magnesium- or phosphate-free 
Ringer The threshold concentration of calcium 
required for minimal actixity varied from 15 to 
G5 X 10"* M while that for maximum aclnitv 
varied from 7 X 10"* vt to 1 2 X 10”* vt High 
concentrations (2 5 X 10"* vi) of calcium depress 
activity Tctracthylammonlum bromide (TEV) 
has been found to substitute for calcium on a 
molar equivalent basis in restoring maximum ac- 
tivity in calcium-deficient solutions providing the 
calcium concentration has been adjusted to that 
required for minimal activity TE\ did not sub- 
stitute for calcium at subthrcshold levels and did 
not appreciably lower the calcium threshold The 
sensitivity of the diaphragm preparation to the 
curarinng agents D-tubocuranne chloride (DTC) 
and diliydrobctacry throidinc IICl (HBE) was 
greatly increased by lowering the calcium concen- 
tration Neostigmine was not an effective ankago- 
nist of DTC at low calcium concentrations TE V 
antagonized the action of DTC and HBE and to a 
lesser extent the failure produced by' acetv Icliolinc 
following treatment with DFP iS'icthy Ipheny 1- 
ammonium chloride show cd slight anticurarc activ - 
ity and calcium replacement value but tricthyl- 
Bulphonium iodide, tricthy'letlianolammomum 
chloride, and dimethy Idiothanolammomum chlo- 
ride showed neither 

Reversible blocking action of DFP at the neuro- 
muscular junction of the rat diaphragm prepara- 
tion Charlfs J Ke.nsler and Charlfs Berrv 
(introduced by McKcen Cattell) Dcpls of 
Pharmacology and Anatomy, Cornell Univ Medi- 
cal College, New York City A study' of the action 
of DFP (diisopropyl fluorophospliate) on the rat 
phrenic ncrve-diapliragm preparation (Bulbring, 
Brit J Pharmaeol & Chemotherapy 1 38, 1946) 
has show'n tliat m low concentrations (5 X 10”® m) 
it increased the response of the rat diaphragm to 
nerve stimulation at rates of 5 and 30/min , w hereas 
higher concentrations (6 X 10~* m) prevented the 
response The high concentration of DFP caused 
failure w'lthin 2 minutes but this was readily' re- 
versed as long as one hour later The bath tem- 
perature was 38°C Measurement of the phremc 
nerve action potential and the response of the 
diaphragm to dnect stimulation localized this 
blocking action of DFP at the neuromuscular junc- 
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tion In the presence of low concentrations of DFP 
and after expiosure to high concentrations, acetyl- 
choline (1-2 micrograms/ml ) ‘curanzed’ the prep- 
aration The evidence obtained is inadequate to 
differentiate between the two most likely explana- 
tions for the reversibility of this block a) that the 
neuromuscular block produced bj’’ DFP is due to 
acet 3 lchohne accumulation and that at least a 
functionally adequate amount of cholinesterase 
recovers its activitj or b) that DFP in high con- 
centrations possesses an action affecting neuro- 
muscular transmission other than cholinesterase 
inhibition 

Adrenolytic activity of a series of N-(9-fluor- 
enyll-beta-chlorethylaimnes James ICerwin (by 
invitation), Glenn E Ullyot (by invitation), 
Edwin J Fellows, Edward Macro (by invita- 
tion) Research Ihv Smith, Kltne and French 
Labys , Philadelphia, Penna , and Dept of Phar- 
macology, Temple Umv School of Medicine, Phil- 
adelphia, Penna Substances mth the following 
structure were compared wnth ‘Dibenamine’ for 
their effect after intravenous admimstration on 
the pressor action of epinephrine in cats anesthe- 

R 

I 

tieed wuth pentobarbital sodium Ri — N — CH* — 
CHs — Cl HCl In all of the compounds R =» the 
9-fluorenyl radical Activity greater than that of 
‘Dibenamine’ was noted only in the case of the 
compound in which Ri W'as ethyl In those sub- 
stances in which Ri was methyl, propyl, isopropyl 
or secondary butyl, activity comparable with that 
of ‘Dibenanune’ was obtained The derivatives in 
which Ri was n-butyl, isobutyl, n-amyl, isoamyl, 
n-heptjd, benzyl or phenyhsopropyl were less ac- 
tive than ‘Dibenamine’ 

Studies on radioactive digitoxin {Digitalis la- 
nata) T Eugene Kimura (by invitation) and 
E M K Gelling Dept of Pharmacology, Univ 
of Chicago, Chicago, III Radioactive digitoxin w'as 
biosynthesized by the incorporation of C“0« into 
D lanata by employing the method as repiorted 
by Gelling et al (Science 108 558, 1948) and by the 
concurrent use of a humidity-controller recently 
descnbed (Science 108 560, 1948), while extrac- 
tion of the glycoside was conducted in a manner 
substantially similar to that descnbed by the 
authors Quantities of varying from a total 

of 600-1440 uc (300-180 uc/plant) were introduced 
in divided doses at suitable intervals into batches 
of lanata grown for 4-6 weeks Intensities of radio- 
activity from the crystallized glycosides in the 
order of 15,000 cpm/mg and 25,000 cpm/mg were 
registered from a 10-cm * surface, employung an 
internal Geiger counter (to be descnbed elsew here) 
when plants given 180 uc and 300 uc, respectively, 
were employ'ed Preliminary studies on the per- 
fused hearts of rats and guinea pigs indicate pres- 


ence of higher levels of radioactivity localized in 
the ventncles than in the atria, the rat heart 
showing a greater degree of difference than the 
guinea pig Distribution studies have been earned 
out in the frog, guinea pig, and rat 

Further studies on the pharmacology of adren- 
olysis Theodore C King (introduced by Theo- 
dore Koppanyi) Dept of Pharmacology, George- 
town Univ School of Medicine, Washington, D C 
The hemodynamic responses of nembutalized dogs 
to epinephnne, DL-nor-epinephnne, and dl-N- 
isopropylarterenol (isuprel) (5-10 gamma/kg ) 
were studied following admimstration of gradually 
increasing doses of yohimbine, benzylimidazoline 
(pnscol), dibenamine, and ergotamine Epi- 
nephnne effects are progressively decreased until 
complete abolition of the pressor response is ob- 
tained at the following dosage levels (mg/kg ) 
yohimbine — 0 76, pnscol — 2 0, dibenamine — 1 0 
Reversal of epinephnne pressor effects does not 
occur until larger doses of these compounds are 
given (mg/kg ) yohimbine — 2 0, pnscol — 10 0, 
dibenamine — 10 0 Diminution but never complete 
inhibition or reversal of nor-epinephnne responses 
was observed with all doses cited Fifty per cent 
diminution of response to nor-epinephnne was 
observed with yohimbine — 0 2, pnscol — 0 4, di- 
benamine — 3 0 (mg/kg ) Isuprel effects showed 
50% inhibition only foUowing yohimbine (0 5 mg/ 
kg ) and pnscol (1 0 mg/kg ) Isuprel effects were 
exaggerated by dibenamine Ergotamine tartrate 
(0 06 mg/kg or more) produced well over 100% 
potentiation of epinephnne and nor-epinephnne 
pressor effects Smular doses produced complete 
reversal of isuprel effects with pressor responses 
over 60 mm Hg Epinephnne responses poten- 
tiated by ergotamine are reversed only by larger 
than the minimum effective doses of pnscol or 
dibenamine 

Pharmacological actions of two aliphatic 
amines Theodore 0 Kl^G (introduced by Theo- 
dore Koppanyi) Dept of Pharmacology, George- 
town Univ School of Medicine, Washington, D C 
Cocaine HCl (5-10 mg/kg ) administered intra- 
muscularly completely abolishes or greatly in- 
hibits pressor responses elicited by 2-methyI 
amino-6-hydroxy-6-methyl heptane (aranthol, Bil- 
huber-Knoll) (10-5 0 mg/kg) and by 2-methyl 
amino heptane (oenethyd, Bilhuber-Knoll) (0 02- 
0 10 mg/kg ) In similar experiments in which di- 
benamine HCl (20 mg/kg ) was used, complete 
abolition or marked (65-95%) inhibition of the 
pressor responses to aranthol and oenethyl were 
observed Cocaine was generally more effective 
than dibenanune in this respect so that when co- 
caine was used following dibenamine, further de- 
pression of the reduced responses were obtained 
In experiments in which dibenanune was used 
following cocaine, small pressor responses were 
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obtiined -ssith armthol after dibcnaminc ndmims- 
tmtion, even m cases where there had Ijccn com- 
plete abolition of pressor responses b\ cocaine 
The effectiveness of amnthol in antagoniying hj po- 
tension due to spinal ancsthesn (procninc) was 
tested in lamincctomizcd dogs Aranlhol HCl 
(5 mg/kg ) w-as administered after the mc.in arte- 
rial blood pressure fell to almut SO nini llg The 
injection of this amine produced picssor cfTccts up 
to 50 mm Hg The blood pressure then gradually 
fell to a level still 10 mm alma e the ha jiotcnsivc 
minimum and remained at this level for hours 
Aranthol was also effective in dilating the ptlo- 
carpine-constnctcd bronchial musculature No 
tacbj-phalaxis was obscri'cd when aranthol HCl 
(2 5 mg/kg) was injected intraienousb at 5- 
minute intermls 

Heart sounds— electrostephonc and recording 
machine (motion picture) nA.'RR\ KiusciinA,UM 
(introduced by P F Yonkman) Detroit, Mtch 
This presentation deals wath amplification and 
registration of cardiac sounds It includes a de- 
scription of the electrostephonc and recording 
device This device amplifies human fetal heart 
sounds and a permanent recording of the fetal and 
adult heart sounds can be made on wire, tape or 
film By means of this instrument the response can 
be determined of both fetal and adult hearts to 
various pharmacologic agents The machine has 
been used successfully in c\pcnmcntal research 
as well as in climcal surgery 
Cholinesterase as a cholinergic blocking agent 
Theodore Koppanti and Alexander G Karcz- 
mar (by invitation) Dept of Pharmacology, 
Georgetown Univ School of Medicine, Washington, 
D C Among the cholinergic blocking agents, 
atropine-like and curare-like drugs owe their activ- 
ity to specific effects on acetylcholine receptors 
They appear to act independently of the acetyl- 
choline-cholinesterase chain reaction , in fact, some 
show an antiesterase rather than an anti -acetyl- 
choline effect The employment of a new punfied, 
injectable, true cholinesterase (Special Chemi- 
cals Division, Winthrop -Stearns, Inc ) added a 
third type of cholinergic blocking agent to pharma- 
cological techmque (Anat Rec 101 36, 1948) This 
substance, upion intravenous injection, antagomzes 
both the muscanmc and nicotinic effects of in- 
jected acetylcholine in the intact mammal The 
injection of cholinesterase into the turtle heart 
accelerates the rate and reverses other cholinergic 
effects obtained followung the intracardiac injec- 
tion of acetylcholme or of physostigmine Cholin- 
esterase injections, however, failed to prevent the 
cardiac effects of the faradic stimulation of the 
mgus In cases where bradycardia produced by 
acetjlchohne or physostigmine was abohshed by 
chohnesterase, the \agUB could not be paralyzed 
even by the intracardiac administration of massive 


doses of this cnzjmo The effect of cholinesterase 
on injcclcd ncctylchohnc, and the comparative 
inefTicicncj of the cnzvmo in relation to vagus 
stimulation were observed also in dogs and cats 
Unless it can be demonstrated that the cnrvmc 
docs not penetrate to the site of acetv Icholinc 
liberation in the ncuro niiisciilnr effector svstem, 
the ilwvc observation is of distinct theoretical 
significance 

Mechanism of action of anticholinesterase 
TiiFonoiiE Koppanm Dept of Phnrmncologii 
Georgetown Univ School of Medicine, 11 ashington, 
D C Anticholincslcmscs jiotcntiatc the musca- 
rinic and nicotinic effects of acetj Icholinc, the 
ganglionic effects of nicotine and the responses to 
cholinergic (including preganglionic) nerve stimu- 
lation In larger doses thev panilvrc the svmpa- 
thctic ganglia This phenomenon is possiblv inde- 
pendent of acetv Icholine accumulation, because a) 
paraljtic and anticstcrasc concentrations of in- 
dividual drugs differ, h) nicotine pressor effects 
and pressor effeets obtained on preganglionic 
stimulation arc likcwasc aliolishcd bv paralytic 
doses of anticholinesterases, c) in some instances 
the paraljtic effect of one anticstcrasc niav be 
reversed bj another, or even bv the same anti- 
cholinesterase (Science 106 492, 1947) This latter 
effect maj be related to the reversal bj anticholin- 
cst erases of nicotine pamlvsis of autonomic (not 
solclv sympathetic) ganglia Anticstcrases, how- 
ever, differ in several respects from each other 
o) Those of the physostigmine or neostigmine tv pc 
prevent the pharmacological effects of DFP (in- 
tact animal) Acetjd choline pressor effects in 
atropinizcd and plij-sostigminizcd animals arc not 
further increased following administration of 
various doses of DFP On the other hand, DFP and 
other phosphate esters have no such inhibitory 
effects on physostigmine or neostigmine, or on 
each other b) The anticstcrases differ ns to po- 
tency, ganglionic paralytic dose, duration of action, 
and as to slmpc of curves, cvpressing the relation- 
ship between their concentration and the magni- 
tude of the pressor effect of acetylcholine in atro- 
pinized animals c) Some antiesteraaea appear to 
inhibit pseudo-cholinesterase but not true esterase 
The assay of anticholinesterases used in this 
laboratory did not confirm this specificitj Their 
action IS better explained in terms of the concept 
of ‘essential cholinesterase’ (Milit Res Developm 
Board 4 271, 1948, Bull Johns Hopkins Hosp 
83 532, 1948) 

Pharmacologic and toxicologic data concerning 
diethylaminoethyl ester of 1-phenyl-cyclopen- 
tane-l-carboxylic acid hydrochloride (Parpanit). 
Charles P Kraatz (by invitation), Charles M 
Gruber, Jr , Hubert L Shields (by invitation) 
and Charles M Gruber Dept of Pharmacology, 
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Jefferson Medical College, Philadelphia, Penna 
The LDio of parpamt has been determined as 
follows rabbits intravenously, 24 6 mg/kg , white 
mice intravenously, 45 1 mg/kg white mice intra- 
pentoneaUy, 222 3 mg/kg , white rats mtraperi- 
toneally, 209 mg/kg Toxic doses of the drug in 
these animals produce symptoms indicative of 
strong stimulation of the central nervous system, 
with death resulting ultimately from respiratory 
paralysis In relatively non-toxio doses, parpamt 
has been found to have the following actions in 
experimental animals a transitory vasodilatation 
independent of the central nervous system , a block 
of the terminal receptors of the parasympathetic- 
innervated structures rendering them insensitive 
both to nerve stimulation and apphed acetylcho- 
line , inhibition of activity of the intact intestine 
and depression of intestinal musculature , depres- 
sion of the frog ventricle and excitation of the 
mammahan uterus Comparative experiments have 
estabhshed that parpamt is similar quabtatively 
to trasentin which it resembles chemically, but is 
somewhat more active in inhibitmg the intestine 
and in its parasympatholytic effect Parpamt in 
the latter action is much less potent than atropine 
Effect of intravenous ‘Tween’ solutions m 
vanous animals and man John C Kkantz, Jr 
and Joseph G Bird Dept of Pharmacology, Univ 
of Maryland School of Medicine, Baltimore, Md 
Polyoxyethylene derivatives of sorbitan estenfied 
with fatty acids such as oleic, launc and stearic, 
are used as dispersing agents for fatty substances 
under the name of ‘Tweens ’ We have observed 
that these substances when injected intravenously 
into dogs (in ddute solution) and other species of 
the camne family, produce a prolonged fall in blood 
pressure, which presumably is due to the release 
of histamine or some histamine-hke substance In 
other species of common laboratory ammals this 
condition does not obtain, nor has it occurred in a 
limited number of tests in man 

Uptake of bromsnlphthalein by the liver of the 
rat II Studies with radioactive bromsulphthalein 
(BSP) John ICrebs (by invitation) and Rarph 
W Bratjer Dept of Pharmacology and Experi- 
mental Therapeutics, School of Medicine, Louisiana 
State Untv , New Orleans, La Bromsulphthalein 
containing S® has been prepared by the reaction 
of phenoltetrabromphthalem with HiSO< contain- 
ing S“ The material has been purified by chro- 
matographic adsorption , one miUigram of the end 
product contains 0 1 millicune of S“ The rate of 
exchange with inorganic sulfate of the — S®Oj at- 
tached to the dye in aqueous solution, in tissue 
slice experiments, and in vivo is unimportant 
quantiatively if the experiments are completed 
within 3 hours or less, the exchange rate under 
these various conditions being of the order of 6% 
per hour or less Radioactive BSP has been used in 


a study of the release of BSP taken up by liver 
slices against very low concentrations of BSP in 
the circumambient flmd Also the exchange of 
tagged BSP taken up by liver slices agamst various 
BSP concentrations in the medium has been 
studied Results to-date indicate that the BSP 
taken up by hver shces falls into two fractions, one 
of which IS released or exchanged at a rapid rate, 
while the second fraction, larger in amount, is 
released at a constant rate independent of the in- 
tracellular concentration The dye was admims- 
tered intravenously to a senes of rats whose ab- 
domen was prepared for quick laporatomy Five 
minutes after the administration of the dye the 
bvers were frozen by hqmd air, transferred to a 
freezing microtome, and sections cut for radio- 
autographic studies in a cryostat at — 20‘’C A 
stripping film technique was used for the prepara- 
tion of the radioautographs Results to-date con- 
firm early conclusions that the uptake of BSP does 
not involve the Kupffer cells but proceeds directly 
from the plasma into the hepatic cells 

Quiescence preceding peristaltic constriction 
in the ileum Hugo Krueger Dept of Zoology, 
Oregon State College, Corvallis, Ore Subcutaneous 
injection of morphine and its derivatives in ade- 
quate doses usually mitiates peristalsis in Thiry- 
Vella loops of the ileum in dogs Activity of the 
lower ileum was recorded once weekly from a 
Brodie bellows connected to a tandem, double- 
chambered, water-filled balloon inserted into the 
lumen of the loop The pressure used to distend 
the chambers of the balloon was 31 cm of water 
Drugs were admimstered after a 100' control 
period The advancing constriction of peristalsis, 
as descnbed by Bayliss and Starling, is preceded 
by an advancing area of inhibition In our experi- 
ments, the inhibition usually involved both a re- 
laxation of the deal muscle and a complete cessa- 
tion of rhythmic contractions Occasionally rhyth- 
imo contractions did not cease but were reduced 
in magmtude The duration of the period of com- 
plete quiescence was 10 seconds or less in 731 out 
of 3057 measurements obtained from 2012 waves 
recorded during 536 experiments on 33 ammals, 
1463 waves had a period of complete qmescence 
between 10 and 30 seconds, 744 between 30 and 60 
seconds and 129 were over one minute in duration 
The longest period of qmescence measured was 
290 seconds Thus a qmescent period was question- 
able or negligible in 24% but was easily appreciable 
in 76% of the observations The qmescence usually 
developed while the ileal muscle relaxed prior to 
the arrival of the advancing area of constriction 
but qmescence, prior to the arrival of the constrict- 
ing ring, often occurred without relaxation of the 
ileal muscle, especially if the ileum was already 
nearly maximally relaxed 

In vivo action of morphine, urethane andpheno- 
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barbital on the gl>cogcn synthesis from glucose 
in the rat liver Ernest Ku^ and L G Abood (in- 
troduced by E M K Gcihng) Dcpl of Pharma- 
cology, Unw of Chicago, Chicago, III Starved rats 
were injected with varjnng doses of morphine, 
urethane and phcnobarbitnl one hour before glu- 
cose administration bj stomach tube, and the liver 
glycogen and carbohj dratc intermediates vcrc 
measured 5 hours later While normal starved rats 
Bjmthetized an average of 30 mg glycogcn/gm of 
liver in 5 hours after glucose administration, 100 
mg/kg morphine or 1 mg/kg urethane comjilctcb 
inhibited glj^cogen deposition Phcnobarbital in 
100 mg/kg doses produced 68% inhibition The 
degree of inhibition was a function of the dose 
Morphine proved to be the most potent inhibitor, 
10 mg/kg causing 90% inhibition Analjscs for 
phosphorylated carbohydrate intermediates in 
drug-treated rat livers revealed a complete inhibi- 
tion of edtenfication of inorganic P Inorganic P 
was completely esterified in normal animals re- 
ceiving glucose while none was cstcrificd in the 
drug-treated ones The quantitative distribution 
of the intermediates varied depending on the drug 
studied A marked decrease in nuclcoprotcin phos- 
phorus (0 1-0 2 mg/gm compared with the normal 
of 1 6 mg/gm ) and phospholipid phosphorus 
(0075-0 150 mg/gm compared with normal values 
of 0 9-11 mg/gm ) was observed in the drug- 
treated animals 

Guanidine the agent responsible for the con- 
vulsive response to intracistemally injected strep- 
tomycin S KtTNA (by invitation), F Cuchie (by 
invitation) and H Molitoe Merck Inst for Thera- 
peutic Research, Rahway, N J la an attempt to 
determine whether the convulsive response caused 
by streptomycin on intracisternal injection in 
rabbits was due to an intrinsic property of the 
streptomycin molecule, or to an impurity, the 
following investigation was undertaken Testing 
individual components of this molecule indicated 
that guamdine was itself capable of causing this 
response It was further demonstrated that strep- 
tomyem, streptidine or acetamidine caused like 
degrees of convulsive respionBe when adnumstered 
on the basis of their guamdine content It wms thus 
evident that the convulsive response produced by 
intracisternal admimstratibn is due to the guam- 
dine content in the molecule Impure streptomycin 
administered intracisternally on a umt basis caused 
more severe convulsions than the same amount of 
pure streptomycin similarly adnumstered Anal- 
yses of several lots of streptomycin of varying 
punty showed that on a umt basis, impure strepto- 
niyoin contained a larger amount of guamdine than 
relatively pure streptomycin When these lots 
^re adnumstered mtracisternally in rabbits on 
he b^is of their guamdine content, comparable 
convulsive responses were obtained It is thus 


evident tint the extra gunnidinc jircscnt as im- 
purity or ns degradation products in low potency 
streptomycin is responsible for the greater con- 
vulsive response observed following intracisternal 
injection of such material 
Storage of DDT in the fat of the rat Frieda 
Kunzf (by invitation), A A Nei>son, 0 G 
Fitziiugi! and Eduin P Lauo Div of Phar- 
macology, Food and Drug Administration, Federal 
Security Agency, Washington, D C Answers to 
the following questions were sought 1) Is there a 
level of DDT intake in the diet at which no storage 
in the fat occurs? 2) What is the relationship be- 
tween length of cxiiosure to DDT and storage in 
the fat? S) How rapidly docs DDT disappear from 
the fat after cvixisurc is terminated? -f) What is 
the relation between age and rate of DDT accumu- 
lation in fat? 5) What is the lowest level of intake 
of DDT at which pathological changes may be seen 
in the liver? Answers to these questions arc as 
follows 1) Accumulation of DDT in the fat occurs 
at every level of intake down to and including 1 
ppm 2) With time, there is a progressive rise in 
storage, reaching a maximum at 23 weeks This 
period of time necessary' to reach maximum storage 
IB independent of the level of intake within the 
range of 1-10 ppm S) Fifty per cent of the DDT 
store still remains after one month on a DDT-frec 
diet, 25% after 3 months 4) Comparison between 
groups of weanling and 1-month-old rats revealed 
identical rates of DDT accumulation, in spite of 
the fact that the consumption of DDT on a per 
kg body w eight basis is considerably’ greater in the 
younger animals 6) Evidence of liver injury' has 
been noted in rats consuming diets containing 
6 ppm DDT for 4-6 months 
Beryllium posomng II One-year studies by 
intratracheal injection C W LaBelle, P Mor- 
row', C Booth, F Wescott, G, Melvulle (in- 
troduced by H C Hodge) Dcpl of Radiation 
Biology, Univ of Rochester, Rochester, N F A 
study has been made on a total of 325 rats and 18 
rabbits exposed to beryllium, with suitable con- 
trols, plus smaller numbers of mice, guinea pigs, 
monkeys and dogs Each of these animals received 
beryllium by intratracheal injection, usually as 
an insoluble compound, at levels ranging from 5 to 
100 rag Be/kg Data are presented showing the 
resulting growth, mortality, hematology (10 vari- 
ables), urine chemistry (15 variables), gross organ 
changes, organ weights (5 organs) and histological 
changes, and lung beryllium content over a period 
of one year after the injection A chronic type of 
lesion developed in the lungs of most of the exposed 
ammals which was consistent within a given species 
and for a given compound, although in no case 
identical with the human chronic lesion During 
the same period, most of the commonly measured 
variables in the blood and serum remained normal 
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The outstanding changes were increases in blood 
platelets and the absolute polymorphonuclear con- 
tent of the circulating blood 
Bronchodilator action of butanol denvatires 
A M Laisds, 0 H SiBGUUND (by invitation) and 
Estelle Ananenko (by invitation) Biology Div , 
Slerhng-Winthrop Research Inst , Rensselaer, N Y 
Bronchodilator action was determined in isolated 
perfused gmnea pig lungs The doses, in micro- 
grams, required to abolish histamine constriction 
were Butanefrine, l-(3,4-dihydroxy-phenyl)-2- 
ammo-1 -butanol-120, isopropyl analog, 1 - (3,4- 
dihydroxyphenyl) - 2 - isopropylamino -1-butanol 
HCl-5 0, cyclopentyl analog, l-(3,4-dihydroxy- 
phenjl) - 2 - cyclopentylamino - 1 - butanol 
HCl-1 0 epinephnne-5 , Isuprel-l 6 Results ob- 
tained in guinea pigs with nebulized histamine 
are shomi below 


Drug 

Dose 

ms/ts 

Effect 

% 

Butanefrine 

0 6 

78 

Isopropyl analog 

0 02 

108 

Cyclopentyl ansJog 

0 05 

116 

Isuprel ' 

0 01 

118 

Epmephnne 

0 02 

147 


The cardiovascular action of these butanol deriva- 
tives 18 much weaker than that of Isuprel The 
Isuprel ratios for action on heart rate were Bu- 
tanefnne — 300, isopropyl analog — 30, cyclopentyl 
analog — 60 If the bronchodilator action is com- 
pared with the effect on the heart rate, the greatest 
therapeutic margin is obtained with the cyclo- 
pentyl derivative and with the isopropyl deriva- 
tive > Butanefrine The most effective broncho- 
dilator derivatives are effective spasmolytic agents 
for the intestine and uterus Acute toxicity was 
determined by intravenous injection into albino 
rmce The LDu values in rag/kg were Buta- 
nefrine — 117, isopropyl analog — 57, cyclopentyl 
analog — 84, epinephrine — 2 7, Isuprel — 77 

Alteration of the pH of the blood as a means of 
improving experimental cardiac anoxia Kurt 
Lange, Victor Tchertkoff, Frank Graig and 
David Weiner (introduced by M G Mulinos) 
Dept of Medicine, New York Medical College, Neio 
York City The anoxic pattern found in E K G ’s 
of dogs and rabbits following exposure to lowered 
oxygen tension in the inspired air or to cold en- 
vironment can be reversed by the administration 
of acids lowering the pH Moreover a shift of the 
blood pH to the acid side prevents the appearance 
of the anoxic pattern of the E K G of animals m 
an anoxia test These effects are due to an increased 
oxygen dissociation with subsequent increase in 
oxjgen available to the tissues Normal animals 
do not show a change in their E K G pattern w ith 
lowering of the pH of the blood within reasonable 
limits They do show an anoxic pattern in the 


E K G when their blood is shifted to the alkabne 
side Calcium, phosphorous, sodium and potassium 
do not play a role in the reversal of the anoxic 
E K G The pH shifts required to produce bene- 
ficial effects need only be slight and appear to be 
well within the range of safety 

Electroshock seizures in the hamster and their 
modification by antiepiieptic drugs Edward H 
Lanphier (introduced by Carl C Pfeiffer) 
Dept of Pharmacology, Untv of Illinois College 
of Medicine, Chicago, III Application of electrical 
stimuli (60 cycle, 0 3 sec ) via electrodes placed in 
the buccal pouches of the hamster proved rapid 
and advantageous in producing convulsions In- 
dividual mean thresholds ranged from 25 0 to 50 5 
ma with a mean of 36 5 ma The average standard 
deviation in a series of daily determinations 
amounted to 6 3% of the average mean The coeffi- 
cient of correlation between weight and threshold 
proved to be -f-O 754, and useful predictions of 
threshold on the basis of weight could be made 
Mortality in the hamster was 0 44% compared to 
19% in the mouse Clonic activity in maximal and 
sub-maximal seizures is much less prominent than 
m the mouse and rat, but modification of threshold 
and sizure pattern by antiepiieptic drugs does not 
differ significantly The hamster is thus a useful 
and convenient experimental animal for electro- 
shock studies 

Effect of chemical configuration on the edema- 
producing potency (EPP) of acids, aldehydes, 
ketones and alcohols P S Larson, J K Finne- 
gan and H B Haag Dept of Pharmacology, Medi- 
cal College of Virginia, Richmond, Va The method 
used for measuring edema production is a modifica- 
tion of one that we have previously described 
(J Pharmacol 89 H5, 1947) Morphimzed male 
albino rabbits are tied in a supine position A 
pocket 18 made of the right eye upper lid and kept 
filled with a solution of the irritant for 3 minutes 
One hour later the rabbit is killed, the upper pal- 
pebral conjunctiva of each eye excised, weighed, 
dried and reweighed The ratio of moisture to dry 
weight for each membrane is calculated and the 
difference between the ratios represents the degree 
of edema production For each irritant studied, 
the molar concentration needed to produce a 2 6 
unit increase in moisture to dry weight is deter- 
mined With monobasic organic acids, excepting 
formic, EPP increases ■with increasing molecular 
weight Corresponding dibasic acids may have a 
lower EPP while unsaturation may increase EPP 
HCl has no greater EPP than the more weakly 
ionized monobasic organic acids With saturated 
aldehydes, excepting formaldehyde, increasing 
molecular weight results in increasing EPP Un- 
saturation may markedly increase the EPP but 
this effect decreases with increasing molecular 
weight Insofar as solubility permitted testing, it 
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appears that vMth ketones the EPP increases with 
increasing molecular n eight Among primary alco- 
hols, EPP increases markedly nith increasing 
molecular weight, decreases with uiisituration, 
and appears to be unaffected bj isomerism In 
passing from primary to secondary to tertiary 
alcohols, the EPP progressively declines 

Species variation in the protective action of 
anesthesia against the acutely lethal effect of 
nicotine P S Larsoiv, J K Finnegan, J Con- 
way Bibb (b3^ invitation) and H B Haag Dcpl 
of Pharmacology, Medical College of Virginia, 
Richmond, Fa The protective action of anesthetics 
against death from acute intravenous administra- 
tion of mcotine was first noted by’ Frankc and 
Thomas (J Pharmacol 4S 199, 1933), who found 
that the smallest dose that was generally’ fatal for 
ethenzed dogs was 5 mg/kg as compared to 3 mg/ 
kg for unanesthetized dogs Subsequentlj' Gold 
and Brown (J Pharmacol 64 463, 1935) found 
that after barbital slightly more nicotine is re- 
quired to cause death in cats than in the normal 
animal, but that the increment is less than two- 
fold In the present report, w e have extended these 
observations to include other species Male albino 
rabbits, rats and mice were used Two intravenous 
LDw determinations for nicotine were made on 
each species, one on unanesthetized and one on 
anesthetized animals At least 3 groups of from 6 
to 25 animals were used in each determination 
The rabbits were anesthetized with sodium amj tal 
(45 mg/kg , intravenously ) , the rats and mice w ith 
dial (60 and 100 mg/ kg respectively, intrapen- 
toneally) The results are summarized in the 


Species 

LDio ± S E for nicotine (mg/kg ) 

Unanesthetized ] 

Anesthetized 

Rfibbit 1 

6 9 ±0 6 1 

9 4 ±0 2 

Rat 

2 8 zfcO 3 

27 6 ±I 7 

Mouse 

0 65 ±0 01 

7 1 ±0 7 


accompanying table In rabbits, anesthesia raised 
the LDio value for nicotine about 60%, which is 
in keeping wnth the slight increase reported for 
dogs and cats However, in rats and mice, anes- 
thesia elevated the LDm values 10- and 13-fold 
respectively Thus a marked species variation 
exists in the protective action of anesthesia on the 
acutely lethal effect of nicotine 
Cutaneous administration of adrenergic block- 
transfer Jules H Last. Abthub 
^RonniQUEz (by invitation), and Isadorb 
(by invitation) Depte of Pharmacology 
and Physical Medicine, Univ of llltnots College 
J c icine, Chicago, III The local adrenergic- 
b^king effects of N,N-dibenzyl-)3-chloroethyl. 

Pibenamme) and N-ethyl-N-(l-naph- 
J methy 1) - p -bromoethy famine hydrobronude 


(SY28) have been studied in rabbits The drugs 
were applied to rectangular areas (1 25 \ 12 5 cm ) 
of the skin of the abdomen and repelled through the 
skin by a current density of 0 33 millmmps/em ® 
applied foi 5 minutes SY 28 was applied in total 
doses of 0 02-0 4 mg, whereas Dibcnaniine was 
used in doses of 0 4-1 6 mg so ns to produce equiva- 
lent blocking The intensity of vasoconstriction 
following the intracutnncous administration of 
epinephrine (1 1000-1 40,000) was used as the 
indicator mechanism to reveal adrenergic blocking 
activity The penetration of both SY-28 and Di- 
bcnnminc was expedited by ion transfer and re- 
sulted in adrenergic blocking action at significantly 
lower dosage levels SY-2S was found to be 10 to 
20 times as potent as Dibcnaminc under the condi- 
tions of thcBc experiments Evidence of the epi- 
ncpbrinc-rcvcrsal phenomenon has been noted in 
the rabbit skin following the local or intravenous 
administration of both SY-2S (0 1-4 0 nig/kg ) and 
Dibcnaminc (4-32 mg/kg ) These obseriations 
reveal the presence of vasodilator fibers in llic skin 
of the rabbit 

Chrome toxicity of phenylmcrcunc acetate and 
mercuric acetate in the rat Edwin P Lavg, O G 
Fitziiugii, Fbieda Kunze (by invitation), and 
A A Nelson Div of Pharmacology, Food and 
Drug Administralion, Federal Security Agency, 
Washington, D C hi the end of a 2-ycar feeding 
experiment, in which phony Imercunc acetate and 
mercuric acetate w ere fed to rats at levels of 0 1 
ppm to 160 ppm mercury in the diet, the follow- 
ing observations were made /) Phenylmcrcunc 
acetate is considerably’ more toxic than mercuric 
acetate on the basis of mortality’ and growth effect 
Thus reduction in growth was noted on 10 ppm 
pheny’Imercunc acetate, but only at 160 ppm mer- 
curic acetate 2) Diets containing pheny Imercunc 
acetate in the range of 0 5 to 10 ppm mercury , sup- 
port approximately 20 times the storage of mercury 
in the kidney than comparable levels of mercuric 
acetate S) Phenylmcrcunc acetate produced gross 
effects on the kidneys, such as pitting and hy’per- 
trophy These effects w’ere evident at dietary’ levels 
as low as 2 5 ppm ^) Injury to the kidney tubules, 
more pronounced in the females than the males, 
could be demonstrated at a level of 0 5 ppm for 
phenylmercunc acetate This w'as ^ of the level 
of mercury intake at which comparable damage 
could be demonstrated with mercuric acetate B) 
Unnary excretion studies show that on diets con- 
taining phenylmercunc acetate the excretion of 
mercury is 10 to 20 times greater than that on diets 
containing mercuric acetate Conversely’, the fecal 
excretion with mercunc acetate is 3 times as great 
as with phenylmercunc acetate These facts are 
taken to indicate that the increased toxicity of 
pheny'lmercunc acetate arises from its superior 
absorption into the organism 
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A practical classification sjstem for drugs C 
D Levee Pharmacology Laby , Umv of Texas 
Medical Branch, Qalveston, Texas Anstotle em- 
phasized the importance of classifying diverse 
concepts as a necessary prerequisite to their sys- 
tematic consideration Classification is accom- 
plished logically b 3 ’^ abstraction and analogy 
Neither of these has been encouraged in the prop- 
erly skeptical and critical development of modern 
experimental biology and medicine With the tre- 
mendous accumulation of diverse factual concepts 
in such a science as pharmacology, a working classi- 
fication 18 becoming increasingly necessary if the 
science is to be successfully taught or further ex- 
plored A classification of drugs on a chemical basis 
18 not at present practical because the relationship 
between chemical constitution and biological ac- 
tivity 18 not yet satisfactorily developed, and does 
not broadly relate to the primary purposes of drugs 
Such a classification of drugs as might be based on 
localization of biological activity, as proposed by 
H H Meyer, and later by Lamson, is also im- 
practical because it is overly complicated, repeti- 
tive, and confusing in clinical practice Indeed, 
the most satisfactory practical drug classification 
IS one based on their chief use as a result of direct 
cumulative climcal expenence Such a classifica- 
tion IS pedagogically helpful as has been well shown 
wherever it has been tried It affords a systematic 
arrangement which aids the clmician and the re- 
searcher who may be trying to develop new drugs 
of clinical value or to improve on those already in 
use Such a classification would conveniently fol- 
low climcal concepts in 1) drugs used mostly for 
diagnosis of disease, such as halogenated phenol- 
phthalems for liver function teats, S) those di- 
rected most commonly to the prevention of disease, 
as vitamins, antiseptics, insecticides and rodenti- 
cides , S) those employed primarily for the cure of 
disease (‘chemotherapy’), as qmmne in malaria 
and pemcillin in syphilis, and 4) those drugs ordi- 
narily found helpful in the alleviation of the symp- 
toms of disease For further convenience the latter 
may be subdivided into groups on the basis of the 
chief systems of the body involved with respect 
usually to stimulation or depression Within these 
general groups further classification may advan- 
tageously be made on the basis of the mechamsm 
of the biological action of the drugs concerned 
A warm wire analgesimeter R E Lee (by in- 
vitation), H L Wii/LiA3is (by invitation), and 
Cabl C Pfeiffer Depl of Pharmacology, Umv 
of Illinois College of Medicine, Chicago, III A 
simple apparatus to produce graded painful stimub 
has been constructed It consists of a stimulating 
point made of a 7 cm length of 26-gauge nichrome 
wire, bent in half to form a sharp-angled tip, con- 
nected in senes to a dry cell and a potentiometer of 
2 ohms resistance and a D C ammeter graduated 


in 0 02 amperes reading up to 1 6 amperes The 
temperature of the tip of the wire at ammeter 
readings of 0 4 to 1 has been calibrated mth a 
thermocouple Increases of 0 06 amperes result in 
an increase in temperature of 3 to 4°C A tempera- 
ture of 60°C constitutes a painful stimulus for 
most individuals By use of the stimulator on the 
forehead it has been possible to deternune the 
rise in pain thresholds in human subjects treated 
with analgesic drugs The instrument has also been 
used successfully to determine the degree of anal- 
gesia produced by morphine sulfate (6 mg/kg ) in 
mice More quantitative results are obtained by 
this device than by the usual tail-pmch method 
The device is also of teaching value to demonstrate 
delayed pain and to test for the duration of action 
of local anesthetics 

Pharmacology of thiomenn Robert A Leh- 
man and E E King (by invitation) Depl of 
Therapeutics, New York University College of 
Medicine, New York City Thiomenn (di-sodium 
salt of N-[gamma-carboxymethylmercaptomercun, 
beta-methoxy] propyl camphoramic acid) is a mer- 
curial diuretic obtained by replacement of the 
theophylline in mercuzanthin (Mercurophylline, 
U S P XIII) by sodium mercapto-acetate to give 
a compound of the — CHj — Hg — S — type rather 
than — CHs — Hg — N < It was previously shown 
that in thiomenn (MT6) the acute cardiac toxicity 
charactenstic of the conventional theophylbne- 
bearing diuretics has been virtually eliminated at 
least with respect to the anesthetized cat (Proc 
Soc Exper Biol &Med 64 428,1947) The present 
report concerns other pharmacologic properties of 
thiomenn as contrasted with presently used drugs 
Intravenous lethal doses in the mouse have been 
estimated for thiomenn, mercuzanthin, mercu- 
hydnn and salyrgan-theophyUine and were found 
to be of the same order of magmtude when observed 
over a 4-day penod However, within the first half 
hour after injection, thiomenn is approximately 
^ as toxic as the other 3 drugs Similar ratios were 
obtained using the Langendorff isolated cat heart 
Absorption was estimated by analysis of injected 
muscle in rabbits and the absorption curve for 
thiomenn appears to resemble closely the curves 
previously reported for mercuzanthin and salyr- 
gantheophylline (J Pharmacol & Exper Therap 
62 26, 1938) The rate and completeness of excre- 
tion of mercury after admimstration of the di- 
uretics was studied in cardiac patients No sinking 
differences were found Storage of mercury in the 
kidney and bver after chrome administration in 
expenmental ammals has also been investigated 
Data will be included on the fate of the sulfhydryl 
group as well as that of the mercury and a mech- 
anism will be suggested to exiilain the pharma- 
cologic activity of a mercunal diuretic in which 
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diBsowation has been suppressed by mcrcaptide 
formation 

Relative merits of commonly used sulfonamide 
drugs as components of mixtures David Lehr 
Dept of Pharmacology, Netv York Medical College, 
Flower and Fifth Avenue Hospitals, Neio York 
City At a daily dosage of less than 4 gm , even the 
'worst offender’ sulfathiazole did not usually pro- 
duce sensitization (D Lehr, Brit Med J 2 643, 
1948) It follows that the renal protection of sulfon- 
amide mixtures could be enhanced wnthout the 
danger of increasing the incidence of allergic reac- 
tions, by using additional components in propor- 
tionately smaller amounts It can be assumed as 
established that, at present, sulfadiazine and sulf- 
amerazme quahfy for first and second place, re- 
spectively, as mixture components Sulfathiazole, 
sulfapyrazme, sulfamethazine and sulfacetiimde 
deserve attention as possible 3d or 4th members 
Sulfathiazole was eliminated from the U S P be- 
cause of its high chmeal toxicity However, mix- 
tures contaimng partial amounts of this drug 
demonstrated a low overall toxicity Sulfapyrazme, 
most insoluble of all compounds, induces frequent 
renal and allergic reactions and therefore offers no 
advantages over sulfathiazole Sulfamethazine 
possesses adequate solubility and low toxicity but 
IS subject to substantial conjugation and plasma 
binding which dirmmsh its therapeutic efficiency 
Sulfacetimide retains the high solubility of sulfa- 
nilamide and shares with the parent compound the 
improbability of renal concrement formation and 
the ready diffusibility into all tissues It shows low 
figures for conjugation, plasma binding and sensi- 
tization Recommended primarily against ocular 
and urinary infections, this drug demonstrates 
satisfactory bacteriostatic activity against a va- 
riety of human pathogens and gives good blood 
levels in man In experimental ammals, sulfaceti- 
mide proved about 6 tunes less toxic than sulf- 
adiazine The mixture sulfadiazme-sulfamera- 
zine-sulfacetimide (equal amounts) revealed low 
toxicity in ammals as well as excellent bacterio- 
static activity in vitro and in experimental infec- 
tions of rmce After oral admimstration, blood and 
spinal flmd levels were similar to those from equal 
doses of 'Sulfadiazine or Bulfamerazine Preliminary 
climcal trials including several cases of pneumonia 
and two cases of pemciUin resistant septicemia 
gave highly satisfactory results 
Sodium phthalyl sulfacetimide A new gastro- 
intestmal antiseptic Da-vid Lehr Dept of Phar- 
macology, The New Yorl Medical College, Flower 
and Fifth Avenue Hospitals, New York City So- 
dium phthaljl sulfacetimide (di -sodium N‘ acetyl 
N< phthalyl sulfanilamide di-hydrate) possesses 
good bacteriostatic activity against coliform or- 
eaniEms tn intro and in man In addition it displays 
*^t'6factori actmtj against many bacterial patho- 


gens of the intestinal tract, tspccially the Shigella 
group (H Scncca and E Henderson, personal 
communication) The compound is readily uater 
soluble and stable in the alkaline range of the 
body Spontaneous hydrolysis at the N^ group re- 
mains negligible dou n to a pit of 6 0 A 20% aqueous 
solution of the drug has a pH of 7 30 After oral 
administration in inbbits, sodium phthalylsulf- 
acctimide v\as present in aqueous solutions of 1500 
to 3000 mg % strength in the small and large in- 
testines, uhercas the equimolar amount of sodium 
sulfadiazine, ns representative of absorbable sul- 
fonamides, Mas dissolved in the enteric contents 
only to the extent of 70 to 400 mg % Yet absorp- 
tion of sodium phthalydsulfacetimide into the 
blood stream uas minimal although it diffused 
readily into the deeper strata of the intestinal wall 
and produced at this site concentrations more than 
twucc as high as the equimolar dose of sodium sulfa- 
diazine From parenteral routes of administration 
in rabbits and rats sodium phthalydsulfacetimide 
rcadilyf entered the blood stream and was rapidly 
eliminated by the kidneys, causing high urinary 
concentrations The intrapentoneal toxicity was 
surprisingly low (approximate LDm for albino 
rats being 10 gm/kg body weight) In man a single 
oral dose of 10 gm sodium phthalydsulfacetimide 
did not produce any demonstrable blood le\ els and 
only about 1% of the dose appeared in the urine 
within 24 hours Therapeutic trials in acute gastro- 
intestinal infections seemed encouraging and de- 
serve further exploration 
Tolerance in rats to new synthetic analgesic 
drugs John R Lewus (introduced by' A M. 
Lands) Biology Div , Sterling-Winthrop Re- 
search Inst , Rensselaer, N F The development 
of tolerance to the analgesic action of morphine and 
several compounds chemically related to Demerol 
or methadone W'as follow ed in rats The compounds- 
investigated and respective doses used were mor- 
phine sulfate (10 mg/kg ) , /-methadone hydro- 
chloride (2 mg/kg ), /-isomethadone hydrochloride- 
(3 mg/kg), ketobemidone or l-methyl-4-(3-hy- 
droxy-phenyl)-4-piperidyl ethyl ketone hydro- 
chloride (3 mg/kg ) and a sulfone denvative, /- 
ethyl l,l-diphenyl-3-dimethylaminobutyl sulfone 
hydrochloride (3 mg/kg ) Data from a group of 20 
rats were obtained for each compound These rats 
were given daily subcutaneous injections for 6 
weeks and their analgesic reactions and body' 
weights determined Tolerance developed most 
rapidly to the sulfone derivative and least to /-iso- 
methadone The development of tolerance to all 
the other compounds was quite similar and at the 
end of 6 weeks of daily administration the anal- 
gesic response was found to be only about 40% of 
the initial value As tolerance developed there w as 
a decrease in duration of action which w'as probably' 
related to the decrease in maximum effect There 
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was a general change in the character of the side- 
effects from depression to excitation following drug 
injection during the development of tolerance 
After withdrawal, the only symptom observed was 
hj perexcitability which reached its maximum in 
about 48 hours Recovery from the tolerance was 
least with ketobemidone and the sulfone deriva- 
tive With the other compounds, responses of about 
90% of normal were obtained at 3 weeks after with- 
drawal The daily administration of these com- 
pounds caused a decreased rate of growth which 
was probably due to a decrease in food consump- 
tion Morphine caused the greatest and ketobemi- 
done the least retardation of grow'th 

Screening test for radiopaque drugs A Light 
(by invitation), P B Dews (by invitation), J 
Tornaben (by invitation), E H Lang (by invita- 
tion), Stata Norton (by invitation), and Edwin 
J DE Beer The Wellcome Research Labya , Tucka- 
hoe, N Y The methods currently used for the 
screening of compounds as possible cholecysto- 
graphic agents usually require comparatively 
elaborate experiments on such animals as rabbits 
or dogs Consequently, only limited numbers of 
animals may be studied A convement test em- 
ploying the albino mouse has been developed This 
test permits the use of large numbers of animals 
and the technique is simple because the mouse 
gall-bladder is not embedded in the liver and may 
be removed easily Furthermore, only small 
amounts of drug are required In performing the 
test, groups of mice are dosed orally with the drug 
being studied and, after a smtable time interval, 
are anesthenzed with Evipal and killed The gall- 
bladders are removed, pooled and dissolved in 
alkah, and the iodine is deternuned chemically 
Dosage-response curves with standard drugs were 
obtained and the test has been employed for rou- 
tine assays The method has been adapted to other 
problems such as the screening of lodinated com- 
pounds for possible pyelographic properties 
A method for rapid graphic solution of time- 
percentage effect curves John T Litchfield, Jr 
Chemotherapy Div , Stamford Research Labys , 
American Cyanamid Company, Stamford, Conn 
A method for rapid graphic solution of time-per 
cent eifect curves has been developed The method 
IS derived from the provisional graphic solution 
described by C I Bliss (Annals Applied Biol 
24 815, 1937) In his method, times are converted 
to logarithms and cumulative percentage effects to 
probits These data are plotted, a straight line 
fitted by eye, and the parameters and errors of the 
line obtained by means of formulae given Although 
this method of solution is relatively easy in the 
case of a complete curve (all individuals reacting), 
it becomes much more difficult when the curve is 
incomplete due to failure of some individuals to 
react In the new method, which uses the data in 


original form, and thus avoids the log-probit trans- 
formation, the data are plotted on logarithmic- 
probability paper, a straight line is fitted and the 
parameters are obtained from this line Confidence 
limits of the parameters for 19/20 probability are 
obtained without computation by means of nomo- 
graphs When the curve is complete, only one of 
the nomographs is needed but when the curve is 
truncated, two additional nomographs are used 
A complete solution may be made in any case in 
less than 6 minutes, without the use of a shde rule 
or calculating machine The results are equivalent 
in all respects to those obtained by the more com- 
plex basic method The method and nomographs 
are presented with several examples of their use 

Comparative toxicities of five substituted 
glycerol ethers Prudence C Loeb (introduced 
by Charles H Hine) Dtv of Pharmacology and 
Exptl Therapeutics, Untv of California Medical 
School, San Francisco, Calif Systemic toxicity 
after mtragastnc, respiratory and percutaneous 
absorption and topical effects from apphcation 
to the eye and skin, and sensitization of skin 
were studied The acute, mtragastnc LDso’s (ml 
or gm /kg ) m inbred white mice were a-Ethyl 
(I) 9 35 ± 0 134, a-Isopropyl (II) 8 2 ± 0 135, 
a-Allyl (III) 4 2 =b 0 084, a-Phenyl (IV) 2 65 
±0 025, a, 7 -DiiBopropyl (V) 1 86 ± 0 058 Loss 
of righting reflex followed by reversible mus- 
cular paralysis was noted wuth all the compounds 
Non-paralyzing doses produced no sensory de- 
pression Death followed depression of respiration, 
probably of central origin The vapior pressures are 
extremely low, and exposure of nuce to vapor- 
saturated air at room temperature 8 hours daily for 
10 days produced neither imtation nor sigmficant 
mortahty Mist exposure for one hour produced 
slight temporary respiratory irritation in ham- 
sters Only V produced systemic toxicity after 
cutaneous application II produced mild pnmary 
irritation of intact shaved rabbit skin and moder- 
ately severe irritation of abraded skin , III and V 
caused mild primary irritation of abraded skin 
Both alcohol and glycerine produced greater irrita- 
tion V caused mild erythema of rabbit skin after 
seven daily apphcations of 2 ml /kg Twenty such 
applications of I, II, and III were not irritating 
Similar applications of 10 ml /kg (5% aqueous 
solution) of IV discolored the skin of rats, but did 
not cause irritation II and V each caused mild 
transient irritation when instilled into the rabbit’s 
eye. III caused moderate irritation Guinea pigs 
were not sensitized by any compiounds The acute 
toxicity of the glycerol ethers is greater than that 
of the glycols 

Comparison between individual sensitivities to 
histamine and to diphenhydramine S Loewe, 

L a Woodburv (by invitation) and Susan ne 
Loewe Puttuck (by invitation) Depts of Phar- 
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macology and Physiology, Umv of Utah School of 
Medicine, Salt Lake City, Utah When male guinea 
pigs inhaled nebulized histamine under uniform 
conditions, individuals differed little in histamine 
time’ (Th =■ inhalation time to a set endpoint) 

In 3 populations totaling 228 guinea pigs, mean 
ThS were 79, 80 and 83 seconds, with coefficients 
of variation (C V ) of 12, 23 and 17% Th did not 
var 3 consistently wnth body weight When, how- 
ever, the I P D w of diphenhydramine [median 
individual preventive (intraperitoneal) dose pro- 
longing Th to 390 seconds in 50% of evpenmentsl 
was determined, individuals varied greatly (mean 
I P D so of 75 animals 6 6 mg/kg , C V 68%) 
Variation with body weight was also great , with 
body weights increasing from 230 to 550 gm , mean 
I P D ’s rose from 2 6 to 8 9 mg/kg In contrast, 
each individual’s dose-response curve approvi- 
mated an all-or-none curve 1) Sensitivities to 
histamine and to the antihistamimc are incon- 
gruous , this challenges the assumption of the same 
receptor substance for agonist and antagonist S) 
Each individual is constant, but different individ- 
uals vary greatly in diphenhydramine response 
This strongly advocates the use of intraindmdual 
methods (Science 106 89, 1947) of antihistamimc 
potency evaluation, to avoid the large standard 
errors of the group P D w assays For example, in 
intraindividual assays, C V 's of the potencies 
(diphenhydramine =« 1 0) of tnpelennamine (5 18), 
C-5581 H (1 75) and Antistin (0 4S) were 2 7,54 
and 4 8%, respectively 

Circulatory and other actions of sparteine in 
mammals Go Lu (introduced by P J Hanziik) 
Dept of Pharmacology and Therapeutics, Stan- 
ford Untv School of Medicine, San Francisco, 
Calif The predoimnant effects of sparteine sulfate 
(5-20 mg/kg ) intravenously in anesthetized (pen- 
tobarbital or morphine ether) and atropimzed 
dogs and cats were bradycardia, sustained fall of 
blood pressure (varying with dosage), absence of 
central vasomotor depression Doses of 1 mg/kg 
sometimes caused fleeting opposite cardiac and 
blood pressure effects Subcutaneous, intramuscu- 
lar and gastric admimstrations caused typical 
circulatory effects but the doses were higher 
Accordingly , sparteine is a direct cardiac depres- 
sant in mammals as in amphibia Electrocardio- 
graphically in unanesthetized dogs, the changes 
were typically qumidine-like Tjpical antifibnlla- 
tion was demonstrated mechamcally and electro- 
cardiographically in anesthetized dogs with 0 5-10 
mg/kg sparteine intravenously in auricular fibril- 
lation produced by appl}nng methachohne to the 
sinus node and slighth pinching the right auricle , 
higher doses (3-5 mg/kg ) were required to arrest 
or prevent electrical fibrillation Other effects ob- 
sened were shght reduction in evcitabilitj' of 
'=igi and no antagonism of acetylcholine or metha- 


chohne (sparteine 5-10 mg/kg ) , fleeting depres- 
sion of phrenicB, prompt respiratory failure, the 
cause of death after 30-50 mg/kg intravenously 
(anesthetized dogs) Sparteine seems to be dis- 
posed of in the liver, corresponding ciiculatory 
effects requiring 3 to 5 times the dosage in the 
splenic vein compared with saphenous vein injec- 
tion Brodie’s methyl orange method adapted to 
estimating sparteine in the blood (sensitmtj 1 
gamma/cc ) showed presence of the alkaloid for 
2i hours in the blood of dogs receiving 20 mg/kg in- 
travenously, thus suggesting a comparatively slow 
escape from the circulation 

Color and crystal tests for the identification of 
methadon and isomethadon G H W Luc^.s 
Dept of Pharmacology, Univ of Toronto, Toronto, 
Canada Special reagents for the rapid colorimetric 
identification of methadon as the free base and as 
salts, and of isomethadon, have been prepared by 
combining 90% sulphuric acid solutions of some 
heavy metals (copper sulphite 1%, gold chloride 
1%, palladium oxide 0 3%) and an 0 5% solution 
of ammonium vanadate in concentrated sulphuric 
acid These metal solutions, which keep well, are 
combined in proportions of S to 1 with ammonium 
vanadate solution, which also keep well, the test 
solutions are useful for several hours only A use- 
ful solution which will keep about a day may be 
made by mixing the ammonium vanadate solution 
and Marquis reagent in the ratio of 1 to 2 Pow - 
dered feme sulpliate added to the ammonium 
vanadate solution, when freshly made, is a useful 
reagent The maximum sensitivity is reached w ith 
the gold and palladium reagents as one /ig of 
methadon may be detected Many other salts of 
alkaloids, glycosides, barbiturates, antipyretics 
and antihistamine substances have been studied 
to determine any interference A reagent contain- 
ing 1 gm of HAuChSHsO and 9 4 cc of 65-58% HI 
solution appears to be the most sensitive for giving 
characteristic crystals with methadon (1 16,000) 
A 6% mercuric chloride gives very good and char- 
acteristic crystals but not so sensitive (1 4,000) 
Local anesthetic action of some thiazolidone 
derivatives F P Luduena and Jambs O Hoppe 
(by invitation) Biology Div , Sterhng-Winthrop 
Research Inst , Rensselaer, N Y The local anes- 
thetic activity of several substituted 2-phenyl- 
(3-alkylamino or 3-diaIkylaminoalkyl)-4-thiazoli- 
done compounds has been investigated by one or 
more of the following tests sciatic nerve block 
(gmnea pig), infiltration around the external 
canthus (rabbit), corneal instillation (rabbit), in- 
tradermal wheal (man) and spinal anesthesia 
(rabbit) With the diethylaminoethyl side chain 
the 3,4-methyl-enedioxyphenyl substituted com- 
pound (WIN 2125) was the most active (external 
canthus test) in comparison with analogs possess- 
ing the following phenyl substitutions 4-methoxy', 
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3,4 dime tho\ 3 , and 3,4,5-tnmetlioxj’’ WIN 2125 
was as active and as to-ac as procaine The p-amino- 
phen} I analog is inactive In the alkylaminoalkyl 
senes the activity is greater Tno of these com- 
pounds, WIN 2661 (2- (3, 4-methylenedio\'yphe- 
n 3 1 ) -3-isobutylaminopropyl-4-thiazolidone ) and 
WIN 2663 (the cyclohexylarmnoethyl analog) have 
been studied more extensively These two com- 
pounds are 4-6 times more active than procaine in 
producing nerve block and spinal anesthesia In- 
tradermally in man they are more than 5 times 
more active than procaine Topically, on the rabbit 
cornea, they are less active than cocaine Tissue 
imtation of these compounds is low , intradermally 
in rabbits, WIN 2661 and WIN 2663 in a 1% con- 
centration produced mild and moderate irritation 
respectively (trypan blue test) No signs of irrita- 
tion vere observed m man after the intradermal 
injection of 0 6% solutions of these compounds 
The respective values (in mg/kg ) of WIN 2661 
and WIN 2663 are as foUows rmce, intravenously — 
40 d= 1 and 30 ± 1 , subcutaneously — 320 ± 30 and 
190 ± 10, guinea pigs, intravenously — 20 ± 1 and 
175 ± 1 

Thromboplastic properties of some antiluetic 
drugs David I Macht Dept of Pharmacology, 
Labys of Sinat Hospital, Baltimore, Md The 
writer has already called attention to the fact that 
certain drugs, widely employed in medical thera- 
peutics possess thromboplastic properties which 
may precipitate thrombo-embolic accidents 
Among those studied exTierimentally were digi- 
talis, mercurial diuretics and the antibiotics peni- 
cillin and streptomycin The author wishes to 
report now a new group of drugs which in ammal 
experiments were found to shorten coagulation 
time of whole blood as tested by the Lee and White 
method These are the antiluetic drugs arsphena- 
mine, neo-arsphenamine, mapharsen, bismarsen, 
bismuth sahcylate and sodium-bismuth-tartrate 
All of these were studied on rabbits and cats, with 
and without general anesthesia, and adnumstered 
either by intravenous or intramuscular injection 
They all exhibited marked thromboplastic effects 
A remarkable exception is Thiobismol, which ex- 
erts very little influence on coagulation time The 
organic mercury compounds, mercurochrome, 
merodicein, and merthiolate on intravenous injec- 
tion also hastened coagulation , and even small doses 
of HgCli had the same effect So did tryparsamide, 
and the widely employed new antisyphilitic, peni- 
ciUin The above properties of antiluetics should 
be borne in mind, in analyzing the causes of occa- 
sional grave reactions occurring in the course of 
antisyphilitic therapy 

Observations on several cyclohexyl- and phe- 
nyl-alkyl-ammes Edwabd Macko (by invita- 
tion) and EDWI^ J Fellows Dept of Phar- 
macology, Temple Univ School of Medicine, 


Philadelphia, Penna In the present studies, the 
pharmacological actions of 1-Cj clohexyl-2-amino- 
propane (S-10) and l-Cyclohexyl-2-methylamino- 
propane (S-2S) the N-methyl modification of S-10, 
have been compared with their corresponding 
phenyl analogues Observations in rats, rabbits 
and guinea-pigs disclosed the fact that the cyclo- 
hexyl derivatives were decidedly less active cen- 
tral nervous system stimulants than their corre- 
sponding phenyl modifications The cardiovascular 
action of the present compiounds has been analyzed 
and their relative acute toxicity determined in 
three species of ammals Subacute toxicity studies 
also were earned out on the cyclohexyl derivatives 

Fate of pentothal in man Lesteb C Make (by 
invitation) , Philip A Lief (by invitation) , E M 
Pappeb (by invitation), E A Rovenstine, Eleo- 
nobe Beenstein (by invitation), and Bebnahd 
B Bbodie Depts of Anesthesia and Biochemistry , 
New Yorh Univ College of Medicine, and New 
York Univ Research Service, Goldwater Memorial 
Hospital, New York City A method was devised 
for estimating pentothal in biological matenal 
This method is specific in that it does not include 
metabolic products of the compound in the meas- 
urement The physiological disposition of the drug 
was studied Negligible amounts of pentothal are 
excreted imchanged indicating that it is almost 
entirely transformed in the body The drug metab- 
olizes more slowly (about 15% per hour) than 
hitherto thought The rapid recovery from anes- 
thesia after the admimstration of small doses 
represents a shift of pentothal from plasma to 
tissues, rather than a rapid breakdown of the drug 
Pentothal is extensively localized in various tissues 
of the dog The tissue reservoir of pentothal may 
account for the long-lasting anesthesia obtained 
after the termination of sustained admimstration 
The plasma concentration of pentothal is a func- 
tion of plasma ps Decreasing the pH to 6 8 in dogs 
by carbon dioxide inhalation lowered the pentothal 
level by about 35%, while increasing the pH by 
NnHCOj infusion to 7 6 produced a less striking 
change in the opposite direction These changes 
were reversed when the pH was restored to normal 
Evidence was found in human subjects of an acute 
tolerance to pentothal Subjects maintained at 
high plasma concentrations of the drug awakened 
at higher plasma levels than those maintained at 
low plasma concentrations Two transformation 
products have been isolated from unne One of 
these has been purified and tested for anesthetic 
activity in mice It has at most a mild sedative 
action 

Synthetic curare compounds IV N-Methyl- 
berbamine iodide and N-methyi-isotetrandine 
iodide David Fielding Mahsh and Donald A 
BtEBBiNG (by invitation) Dept of Pharmacology, 
West Virginia Univ School of Medicine, Morgan- 
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town, T7 Va Berbamine was isolated from Ber- 
bcns vulgaris The curanform activity of its 
derivatives, N-methyl-berbanune iodide (MB), 
and N-methyl-isotetrandme iodide (N -methyl -0- 
methyl-berbamine iodide or MI) , was determined 
in comparison with the corresponding isomers, d- 
tubocuranne chloride pentahydrate (dT), and 
d-O-methyltubocuranne iodide tnhydrate (Me- 
OdT) Structurally the berbamine derivatives 
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differ from the d-tubocurarine compounds in that 
the tetrahydroisoqumohne rings are adjacent in- 
stead of being separated by the oxybenzyl groups 
Although the berbamine derivatives are not as 
potent as the d-tubocurarme compounds, the lack 
of even the nunor undesirable side effects possessed 
bj d-tubocuranne make their climcal investigation 
seem reasonable 


Further data on the feeding of beryllium salts 
to laboratory anunals E A MiTNAEn (by invita- 
tion), W L Downs (by invitation),! K Scorn 
(b3 invitation) and H C Hodge Dept of Radi- 
ation Biology, JJniv of Rochester, Rochester, N Y 
Data obtained from larger groups of rats (10 males 
and 10 females) fed berylhum sulfate and beryl- 
lium carbonate at a dietary level of 5% confirmed 
data from small groups (2 males and 2 females) 
previously reported , i e , complete inhibition of 
growth, some mortahty, and a nckets-like condi- 
tion which was accompamed by a bony-plate for- 
mation near the head of the tibia Return to a 
stock diet with no berylhum sulfate brought about 
ealmg of the nckets but the bony plate remained 
Pathological studies disclosed injury to kidney 
Iner, gonads and bone by 5% BeSO< , rachitic-hke 
bone injurj^ to all rats and hver mjury to some rats 
bj 5% berjlhum carbonate Some bone deposition 
of berj Ih^ was demonstrated by spectrochemical 
analj^is In the diet of rats, 10% beryUimn sulfate 
^^ed 100% mortahty m 10 days When fed to 
S 1 gm/^daj of beryUium sulfate and 5 
j berjUium oxides had no effect on 
gro^h and produced no pathological changes 
Curare-like’ action of synthetic qnatemary 
^nd Bebnabd P McNamaka 

Dir Sm^EUAN (b^ invitation) Medical 

Pharmacy, Baltimore, Md 
haie quatornarj denvatives of stilbene 

" been investigated for their effects on neuro- 


muscular transmission The compounds are 1) 
Stilbestryl bis (2-(4-morpholino-ethyl) ether, bis 
metbiodide, 2) Stilbestryl bis (2-dietbylammo- 
etbyl) ether, bis metbiodide, S) Stilbestryl bis 
(3-diethylami nopropyl) ether, bis metbiodide, 
4) Stilbestr^d bis (3- (2-methyl -pipendmo) propyl) 
ether, metbiodide All four compounds exert a 
‘curare-like’ action in rabbits and frogs The 
paralyzing dose in rabbits is 0 1 mg/kg or less for 
these ethers Several differences between their 
actions and those of curare (Intocostnn) have been 
observed Following intravenous admimstration 
of the stilbene derivatives in rabbits there is a 
delay of 5-16 minutes m the onset of paralysis 
Neither prostigmine nor phy'scstigmine antago- 
nizes the paralysis produced in rabbits by these 
compounds 

Acute and subacute toncity of 1,2,3 tnchloro- 
propane m mice and rabbits Wii A McOaiie and 
T R Babnes (introduced by Hamiltion H Ander- 
son) Div of Pharmacology and Experimental 
Therapeutics, Univ of California Medical School, 
San Francisco, Calif The approximate time re- 
quired for 1,2,3 tncUoropropane to kill (within 48 
hours) 8 of 16 mice exposed to a vapor concentra- 
tion of 30 mg/1 , was 20 minutes (at 22‘’C ) Subse- 
quently, liver damage accounted for 4 additional 
deaths, 7-10 days later Immediate depression of 
respiration was noted, believed due to activity on 
the respiratory center Subacute exposures over 
10 days for 10 minutes each, at 15 mg/l , resulted 
in 7 deaths among 10 mice In rabbits, 1,2,3 tn- 
chloropropane was an intense skin imtant, due in 
part to its solvent action on bpoidal components 
Sloughing and cracking followed development of 
irritation and erythema Ten apphcations of 2 ml 
each over 100 sq cm during 15 days resulted in 
subdermal bleeding and a painful reaction One of 
7 animals died after repeated exposure Congested 
lungs were apparent The remaining rabbits sur- 
vived and healed with return of hair growth within 
6 weeks Our findings with 1,2,3 tnchloropropane 
confirmed previous reports on the toxicity of 
chlorinated hydrocarbons Since 10-minute re- 
peated exxiosiires to saturated vapor-air mixtures 
caused delayed deaths in mice, prolonged observa- 
tion after contact is indicated Inhalation should 
be avoided, as well as skin exposure, since systemic 
pathologic changes may follow Romensky (1872) 
provided experimental observations on response 
to 1,2,3 tnchloropropane Paralysis was observed 
m frogs Sleep and lowenng of body temperature 
were noted in rabbits In man, 3 gm orally caused 
sleepiness, marked headache, unsteady gait, and 
pain m the lumbar regions Meyer (1899) reported 
paralysis of the respiratory center and serious 
enects on the heart 

A new antladrenergic agent, 2.IN-p'.to]yl.N- 
(m - hydroxyphenyl) - aminomethyl] - Imidazo- 
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line HCl (C-7337) Rolf IMeier fbj' invitation) 
and Frederick F Yorkman Research Depts of 
Ciba, Basle, Stoitzerland , and Sumnnt, N J This 
new antiadrenergic agent n as developed by Marxer 
and Miescher in the imidazoline senes as reported 
bv Meier (N Y Acad of Sciences Conference, 
1947) It IS adrenolytic in small doses and sym- 
patholytic in higher concentrations Its antiadren- 
ergic properties have been demonstrated as follows 
Protection of mice from lethal effects of epi- 
nephrine intravenously, reversalor in version of 
epinephrine hypertension in several species, in- 
hibition or nullification of sustained vasoconstric- 
tion by epinephrine perfusion in the rabbit, ob- 
literation of epinephrine's contractile effect of the 
isolated uterus of the rabbit, inhibition of the 
contractile action of epinephrine on the seminal 
vesicle of the guinea pig, nullification of adrenergic 
salivation in the cat and inhibition of adrenergic 
retraction of the feline nictitating membrane 
The antisympathetic activity of C-7337 seems to 
be greater than that of Pnscol and Dibenamine 
Its general tolerability locally and systemically is 
of real potential advantage and in this sense re- 
sembles Pnscol 

Comparative effect of digitoxin and onabam on 
auriculo-ventncular conduction in the dog heart 
Rafael Mendez and Jose Pibantt (by invita- 
tion) Dept of Physiology and Pharmacology, Na- 
tional Inst of Cardiology, Mexico, D F , Mex- 
ico There has been considerable controversy as 
to whether differences, other than in speed of 
action or elimination, exist between the effects of 
different cardiac glycosides The action of digi- 
toxin (Digitaline Natl velle) and ouabain (Arnaud) 
upon A-V conduction was studied in dogs with the 
heart exposed under chloralose anesthesia Elec- 
trodes were attached to the right auricle and the 
ventncles Measurements of A-V conduction were 
taken during stimulation of the auricle at a con- 
stant frequency The glycosides were injected at 
30-minute intervals in doses calculated to kill the 
heart in about 3 hours The results are summarized 
in the table 


Dtgtioxtn vs Owhaxn on A^V Condtidton 



A-V Conduction Rate 


in % of Normal 

% of Lethal Dose (% of tune 



necessary to till the heart) 

Digitoxin 

Ouabain 


(9 eiperi 

(9 expen 


ments) 

ments) 

10 

68 1 

100 8 

20 

95 3 

101 0 

30 

86 8 

69 9 

40 

81 0 

95 9 

60 

64 5 

87 9 

W (Block beyond this dose) 

66 8 

77 0 


Within its therapeutic range (30-50% of LD) 
digitoxin causes a sigmficantly more pronounced 
lengthemng of the A-V interval than ouabain 


This effect although apparently mediated by the 
vagi seems specific on conduction for no significant 
differences were found in the effects of the two 
glycosides upon the sinus rate or rhythm The 
effect IS also independent of any action on the 
pacemaker as measurements were done under con- 
stant frequency stimulation 

Potency and pharmacological actions of nerii- 
folin, a glycoside of Thevetta Nertfolta Kalman 
C Mbzey (introduced by M B Chenoweth) 
Cesar Unbe-Piedrahita Research Labys , Bogota, 
Colombia Nenifolin obtained from thevetia trees 
indigenous to Colombia has a cat unit of 0 20 ± 
0 002 mg/kg The minimal emetic dose in pigeons 

18 0 050 mg/kg and in cats, 0 98 mg/kg The mini- 
mal systolic dose in Hyla labialis by the U S P 
XI frog method is 0 0035 mg/gm Nenifolin is par- 
tially absorbed from the gastro-intestinal tract 
and exerts unusually marked action on isolated 
intestine It is completely eliminated in about 72 
hours Except for oral absorption nerufohn most 
closely resembles ouabain pharmacologically 

Reaction of cholmesterase with diisopropyl 
fiuorophosphate containing radioactive phospho- 
rus Harry O Michel (by invitation) and Ste- 
phen Krop Biochemistry and Pharmacology 
Sections, Medical Dtv , Army Chemical Center ^ 
Md The possibility of compound formation be- 
tween cholinesterase and diisopropyl fluorophos- 
phate (DFP) was investigated by reacting a 
cholinesterase preparation from the electno tissue 
of Electrophorus electncus with P” labeled DFP 
The preparation had an enzymatic activity of 2 6 
gm of acetylcholine hydrolyzed/hr/mg of pro- 
tein, as determined in 0 015m acetylcholine, 
0 0342m MgCli and 0 025m NaHCO, at pH 7 4 and 
SS^C The radioactivity of the labeled DFP was 

19 millicuries per gram The reaction between the 
enzyme and DFP was pemaitted to proceed for 4 
to 24 hours The cholinesterase was then precipi- 
tated wnth 5% tnchloroacetic acid (CCIiCOOH) 
Horse serum protein was added as a earner The 
precipitate was washed with CCljCOOH and 
ethanol and then suspended in 0 02n NaOH Ali- 
quots were dned and counted directly Phos- 
phorus derived from DFP was found bound to 
protein in amounts directly proportional to the 
degree of inhibition of cholinesterase The amount 
of phosphorus bound to the completely inhibited 
enzyme was equivalent to 0 100 ;<g of DFP/mg of 
cholinesterase When DFP was replaced by sodium 
diisopropyl phosphate contaimng P”, no phos- 
phorus was bound by the enzjme 

Relative potencies of various cinchona alka- 
loids in patients with auricular fibrillation Wal- 
ter Modell, Samuel J Shane (by invitation), 
Gonrado Dayrit (by invitation) and Harry 
Gold Dept of Pharmacology, Cornell Umv Medi- 
cal College, Cardiovascular Research Unit of the 
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Beth Israel Hospital, and Cardiac Service of the 
Hospital for Joint Diseases, New York City Si\ 
allvaloids, quinine, natuial qumidmc, syntheUe 
quinidine, dihjdroquimdine, cinchonine and cin- 
chonidine were compared m 18 patients mth 
aunculor fibrillation bj means of then effect on the 
rate of the circus movement as levealed bi the 
deflections in the electrocardiogram After a con- 
trol tracing a dose was given orally on an emptj 
stomach, and tracings v ere taken at intei vals of 2 
hours to determine the maximum effect This iias 
repeated at intervals of several days with a senes 
of doses from 0 1 to 2 0 gm The percentage slon ing 
lias plotted against the log of the dose The results 
of the 244 expenments show that natural quimdinc 
(a mixture of quimdinc and dihydroquimdinc), 
sjTithetic quimdine, and dihydroqmnidine aie of 
equal potenejq that quimne and cinchonidine are 
about one half as potent, and that cinchomne is the 
least active, about one third as potent The dis- 
crepancy betnecn these results and those stated 
in the hterature may be explained by the fact that 
the latter were not based on dosage-response curves 
and the doses used uere so large as to fall in the 
insensitive range of dosage-response 
A method for the estimation of chloroform in 
small quantities of blood Lucien E Morris and 
Evan L Frederickson (introduced by 0 Sid- 
nej Orth) Depts of Anesthesiology and Phar- 
macology, Untv of Wisconsin Medical School, 
Madison, llhs An improved method is presented 
which utilizes ether extractions and the Fujinaia 
coloi reaction of alkaline pyndine for rapid, accu- 
rate, photoelectric determination of chloroform in 
1 cc quantities of blood Estimations of chloroform 
in the blood of anesthetized dogs gave values of 
from IS to 50 mg %, which compares closely with 
values obtained by earlier workers using more 
laborious or less delicate methods Values found 
during clinical anesthesia indicate a marked spe- 
cies variation Estimations of chloroform in the 
blood of 50 patients during anesthesia for major 
surgical procedures nath chloroform as the sole 
agent gar e an ai crage value of 10 mg % during 
maintenance 

Effect of pentobarbital on response of the 
cardiovascular system of dogs to epinephrine, 
acetylcholine and tilting James L Morrison, 
H iRKi A Walker and Arthur P Richardson 
Dept of Pharmacology, Emory Untv School of 
Medicine, Emory Univ , Ga It has long been recog- 
nized that anesthesia alters the response of the 
circulation to the adnumstratiou of manj drugs, 
however, a quantitatue description of these 
changes is at present lacking We have attempted 
to obtain this information for pentobarbital Un- 
anesthetizcd dogs were tied to a tilting operating 
table and prepared for recording of blood pressure 
and intravenous injection of drugs The response 


of the circulation to the injection of a standard 
dose of epinephrine and acetylcholine in the un- 
anesthctized state was determined In addition, 
the response of the circulation to a sudden change 
in position was determined by tilting the animal 
fiom a hoiizontal to vciticil position Following 
these pioccdures, graded doses of pentobarbital 
were administered and the response to the stand- 
aid test procedutes icdctermmcd after each dose 
of anesthetic The injections of pentobarbital were 
continued until death of tlie animal In a series of 
6 dogs, the average lethal dose was 65 mg/kg Grad- 
ually^ inci easing doses of pentobarbital produced 
the follow ing results a) In the resting state pento- 
barbital produced a gradual fall m blood pressure 
with a decrease in pulse picssurc and a maikcd 
inciease in pulse rate b) Thci c was an increase in 
sensitivity to epmcphi me charactenzed by a pro- 
gicssively gi eater nsc m blood pressure, accom- 
pamod b}' a decrease and finally abolition of reflex 
bradycardia c) There was an increase in sensitiv^- 
ity to acetylcholine charactenzed by a more pro- 
longed fall in blood pressure and accompanied by 
a progressive deciease and final loss of reflex tachy- 
cardia d) Pentobaibital produced a moderate 
postural hypotension accompanied by a loss of 
reflex tachycardia on tiltmg These results can 
best be exqilained as being due to a selective central 
depression of reflex control of the circulation 
Antihistaminic properties of the /3-haloalkyl- 
amine (dibenamme) senes of adrenergic blocking 
agents Mark Nickerson and Frances B Harris 
(by invitation) Dept of Phaimacology, Umv of 
Utah College of Medicine, Salt Lake City, Utah The 
antihistaminic activities of 75 congeners of Diben- 
amine w ere determined by testing them ability to 
prevent histanune-induced contraction of the 
guinea pig ileum All diugs were also tested against 
methacholine on the same preparation , with a veiy 
few exceptions the antihistaimmc properties were 
found to be independent of sigmficant cholinergic 
blocking activity Antihistaminic activity in this 
senes is not parallel to adrenergic blocking activ- 
ity, but no compounds devoid of adrenergic block- 
ing activity are among the more active antihista- 
Humes The fi-haloalkyl grouping is essential for 
high activity'^ Substitution of a /3-dimethylaimno- 
ethyl radical which provides maxiinal activity m 
several senes of antihistamimcs leads to inactiva- 
tion Phenoxyethyl (particularly 2-substituted) 
and a-naphthy Imethyl amines are the most active 
Unsyunmetncal N-phenoxy -ethyl-N -benzyl com- 
pounds are almost always more active than N-di- 
phenox-y -ethyl or N-phcnox-ymthyl-N -ethyl con- 
geners Several compounds wuth activities more 
than 10 tunes that of Benadryl are included in the 
senes In contrast to Benadryl and Pynbenzamine 
which produce a readily reversible ‘equilibnum’ 
blockade, members of this series produce a very 
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persistent blockade similar to that observed in 
connection nith their adrenergic blocking action 
Dei elopment of this blockade appears to occur in 
two stages During the first stage these agents 
e\bibit a competitive equilibrium with histamine 
nhich IS no longer present after completion of the 
blocking action A competitive inhibition of the 
action of these agents by Benadryl indicates a 
common site of action 

Mechanism of the acute lethal action of epi- 
nephnne in rats Mask Nickehson, John Behgh- 
OHT (by invitation) and Robbet N Haaimersteom 
(by invitation) Dept of Pharmacology, Umv of 
Utah College of Medicine, Salt Lake City, Utah 
Protection against the lethal effect of epinephrine 
in rats and noice has recently been employed as a 
test for adrenergic blocking activity However, 
lack of information regarding the mechanism of 
death allows no definite conclusions regarding the 
specificity of this test Sprague-Dawley rats were 
injected intrapentoneally with lethal doses of epi- 
nephrine, and protection was then provided by 
various physical procedures Pentobarbital and 
hepann, employed in some of the tests, were found 
not to alter significantly either mortahty or ‘epi- 
nephrine’ content of heart muscle as determined 
colonmetncally Artificial respiration provides 
complete protection against several multiples of 
the lethal dose of epinephrine, but does not alter 
the ‘epinephrine’ content of the myocardium, 
which may be several times as great as that of 
control ammals dying from smaller doses Sys- 
temic arterial pressure stabihzation also provides 
marked protection In none of the animals was 
sigmficant pulmonary edema observed It is con- 
cluded that the lethal effect of epinephrine in rats 
IS directly related to the induced increase in sys- 
temic artenal pressure which in turn induces 
respiratory failure The mechanism of the last step 
IS not clear, but it is not the same as that involved 
in transient ‘epinephrine apnea’ Dibenanune pro- 
tects against the lethal effects of epinephrine but 
does not prevent ‘epinephrine apnea’ Epinephrine 
toxicit}' in rats appears to be unrelated to an ac- 
cumulation of the agent (or related catechols) in 
the myocardium 

Timed intravenous infusion of metrazol or 
strychnine in anticonvulsant testing Mabshahl 
J Orlofp (by^ invitation), H L Williaiis (by 
mvitation), and Caei, C Pfeiffeh Dept of Phar- 
macology, Univ of Illinois College of Medicine, 
Chicago, III The timed intravenous infusion of 
metrazol (0 5%) and strychmne (0 01%) makes 
possible an accurate graded evaluation of anticon- 
vulsant compounds The solutions are injected at 
the rate of 0 05 cc every 10 seconds into the tail 
vein of the mouse Three signs of reaction follow 
each other in sequence as the concentration of 
metrazol is increased in the blood These have 


been designated as the ‘first tmtch,’ the ‘pseudo- 
convulsion,’ and the 'persistent convulsion' ‘Tri- 
dione’, phenobarbital, ‘Dilantin’, ‘Phenurone’, 
and ‘Myanesin’ have been used as anticonvulsants 
to test the accuracy of the method and to compare 
it with the subcutaneous metrazol method in 
general use The chief advantages of the method 
are 1) fewer ammals are necessary in order to 
evaluate the anticonvulsant, S) it is less time- 
consunung than the subcutaneous metrazol meth- 
od, and S) it exhibits a high degree of sensitivity 
Effects of excess carbon dioxide in climcal 
anesthetic atmospheres upon cardiac automa- 
ticity and liver function O Sidney Obth, Ralph 
M Watees, Lhcien E Mobeis (by invitation), 
J L Sims (by invitation) , and Robbet T Capps 
(by invitation) Depts of Pharmacology, Anes- 
thesiology and Internal Medicine, Untv of TFis- 
constn Medical School, Madison, Wis In the 
administration of anesthetics cbmcally there fre- 
quently IS an accumulation of carbon dioxide in the 
respired atmosphere and a resulting systemic 
hypercarbia occurs To determine the effects which 
such a condition might produce on cardiac auto- 
maticity and hepatic function in the human sub- 
ject, moderate accumulations of carbon dioxide 
were produced either by permitting defimte re- 
breathing or by the continuous addition of small 
amounts of carbon dioxide to the anesthesia bag 
while chloroform or ether was used as the sole 
anesthetic agent Electrocardiographic observa- 
tions were made continuously with the use of a 
direct recording machine and tracings were taken 
■whenever desired Analysis of the respired at- 
mosphere was made every 3-5 minutes to prove the 
continuous presence of oxygen at or usually above 
30%, and to know the percentage of carbon dioxide 
in the rmxture Blood samples were obtained 
periodically for determinations of hemoglobin, 
oxygen and carbon dioxide content and carbon 
dioxide capacity Five tests of liver function, 
which included icterus index, cephalin-cholesterol 
flocculation, prothrombin tune, bromsulfalein re- 
tention, and thymol turbidity, were made before 
the operation, 24 hours postoperatively, and every 
second day thereafter for 4 times or until hver 
function tests returned to normal 
Influence of roentgen rays on potency of peni- 
cillin Maecus Osteo (by in'vitation) and David 
I Macht Depts of Pharmacology and Radiology, 
Stnat Hospital, Baltimore, Md Aqueous solutions 
both of crystalline pemcillin (CSC) and amor- 
phous pemcilhn were treated •with x-rays in open 
glass beakers, and compared pharmacologically 
■with control non-radiated solutions of the same 
preparations The apparatus employed was a water- 
cooled therapy tube operated on 200 K V and 20 
M A ■with a target distance of 60 cm The rays 
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emplojed were passed through a filter of 1 mm 
alumiruum and 2 mm copper in some experiments, 
and a filter of 1 mm alumimum and 0 5 mm copper 
in others , the dosage emploj ed m each case being 
the same Dosages ranging from 93r to 280r were 
given to the solutions Three Linds of tests n ere 
used for pharmacological companson 1) Phyto- 
toxic tests on root growth of lupinus seedlings in 
plant physiological solutions revealed a greater 
phytotoxicity after irradiation through the 2 mm 
Cu filter, ranging from 20 to 30% 2) The thrombo- 
plastic properties of pemcillin after irradiation 
were also maxLedlj increased, often 60% or more 
S) Bacteriological tests were made through the 
cooperation of Drs Lawrence and Jeiome Martin 
of the CSC Research Laboratories These re- 
vealed no difference m chemotherapeutic and bac- 
tenostatic potencies between x-rayed and control 
solutions The difference in the phytotoxic and 
thromboplastic properties occurred only when 
solutions of pemciUin were irradiated, but did not 
occur when solid penicilhn was exposed to x-rays 
Irradiations of mice with above filtered x-raj's in 
doses from 63r to 93r did not render the ammals 
more vulnerable to subsequent injections of large 
doses of normal pemcillin 
Experimental safety of sorbitan monostearate 
and its polyoxyethylene derivatives Sidney G 
Page, Jb (introduced by Harvey B Haag) 
Medical College of Virginia, Richmond, Va Three 
products were submitted for investigation, con- 
taimng Sorbitan Monostearate (Span 60) and 
Pol} oxy ethylene Sorbitan Monostearates (Tween 
60 and Tween 61) Weighed contents were sus- 
pended in chocolate syrup and admimstered 3 
times dad} for 28 days to a group of 60 subjects 
These ranged m age from 20 to 49 and were physi- 


cians, technicians or junior medical students 
Physical examinations, blood and nrine studies 
nere made before administration and after 14 and 
28 days of continuous adnumstration Further 
examinations nere made 14 days after discontinu- 
ing administration of these products The chmeal 
obsem ations included body weight, blood pressure 
and pulse measurements, the urinalyses included 
color, reaction, specific gravnty , sugar and albumin, 
in addition to a microscopic examination The 
blood examinations included deterimnations of 
hemoglobin, erythrocytes, leukocytes and differ- 
ential examination , chemical determinations were 
made of the plasma protein, XPX, sugar, calcium 
and cholesterol No sigmficant lanations were 
0 sened m am of the physical, microscopic or 
other examinations during this entire study These 
substances did not produce any untoward effects 
m this investigation 

Effects of inhalation of high concentrations of 
carbon dioxide Thowvs M Puiby (by imnta- 

tioa .JocepuN Spencer (by invitation). William 


B Draper, Richard W Whitehead and Robert 
L Arends (by invitation) Dept of Physiology 
and Pharmacology, Univ of Colorado Medical 
Center, Denver, Colo Observations on dogs in 
diffusion respiration indicate that there is a pro- 
gressive rise in blood carbon dioxide and a con- 
comitant fall m blood pH during respiratory arrest 
To determine the effect of the concentrations of 
COj upon the blood pH, dogs were admimstered 10, 
20, 30chod 40 % of carbon dioxide in oxygen for a 
period of 45 minutes while under light thiopental 
anesthesia Changes in heart rate, EGG, and 
blood pH v,ere noted, as well as the respiratory, 
anesthetic and toxic effects of the carbon dioxude 
mixtures The inhalation of the carbon dioxide 
mixtures produced no sigmficant change in the 
heart rate Likewise, the only alteration in the 
EGG was an increase in the amplitude of the T 
wave, which returned to normal with the return 
of the blood to normal The venous blood pH feU 
rapidly during the first 15 minutes of carbon diox- 
ide inhalation, but thereafter decreased only 
slightlyr The pH fell from a control average of 7 42 
to 7 24, 7 05, 6 83 and 6 79 diinng inhalation of 10, 
20, 30 and 40% carbon dioxide, respectively Upon 
removal of the ammals from the carbon dioxide 
atmosphere the pH rose rapidly With 30 and 40% 
carbon dioxide the pH rose to 7 28 within 30 minutes 
while with 10 and 20% carbon dioxide it bad re- 
turned to normal 

Effects of pitmtnn, pitressin and pitocm on 
blood pressure and cardiac antomaticity as modi- 
fied by various anesthetic agents Carlos E 
Parslob (by invitation), Lhcien E Morris (by 
invitation) and O Sidney Orth Depts of Anes- 
thesiology and Pharmacology, TJniv of TT^ificoimn 
Medical School, Madison, TUis Accidents which 
have occurred following the adnumstration of pi- 
tvutary^ preparations to anesthetized patients make 
it desirable to reevaluate the pharmacological ac- 
tion and therapeutic uses of these drugs and to 
study any possible incompatibility which they 
may have with various anesthetic agents Eighty- 
five experiments vs ere made with 26 dogs Anes- 
thetic agents employed were either cyclopropane, 
ether, chloroform, nembutal, chloretone or pro- 
caine Unanesthetized animals also were studied 
Blood pressure deternunations and continuous 
electrocardiographic records vs ere made and upon 
analysis subsequent to intrav^enous injection of 
each of the pitmtary fractions the results were 
found to confirm and extend previous observations 
Blood pressure response showed marked variation 
dependent on the type of anesthetic used Most 
striking was a characteristic, almost precipitous 
fall m pressure observed after either pituitrin or 
pitressm during cyclopropane anesthesia There 
were no sigmficant changes following the use of 
pitocin Alterations of cardiac rhythm were ob- 
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8or\ ed m each of 14 conscious animalB and in with 
spinal analgesia One-fifth of the animals tested 
•mth pituitnn or pitressin during cyclopropane 
anesthesia e\hibited some type of arrhythmiae 
which was thought to be correlated wnth injection 
of the drug and associated w ith coronary constric- 
tion and a resultant miocardial hypoxia predis- 
posing to cardiac djsfunction in the presence of 
anesthesia Side effects of pituitnn administra- 
tion, such as modification of respiratory activity 
to reduce effective exchange or retching and vomit- 
ing which may mechanically obstruct respiration, 
lead to increased hypoxia and are additional factors 
increasing the hazard of accident Climcal electro- 
cardiographic studies are in progress 
Antiseptic properties of certain mercurial di- 
uretics S Andebbon Peoples and Ann McCoh- 
AUCK (by invitation) Dimsion of Veiennary Sci- 
ence, Umv of California, Davis, Calif Mercunal 
diuretics are rapidh excreted in the unne aftei 
intravenous administration, and if the compounds 
should then break down to give a sufficient con- 
centration of lomzed mercur 3 , they would act as 
urinary antiseptics In order to test this possi- 
bility, the in vitro antibacterial action of Salyrgan 
(I), Mercuzanthin, (II) Mcrcuhydrin (III) and 
mercuric chlonde were tested against Strepto- 
coccus faecalis, Streplococcus pyogenes, Escherichia 
colt. Staphylococcus aureus, and Corynehactenum 
icnahs The concentration of mercury furnished 
bj' the compound in miciograms/cc required to 
inhibit growth was determined turbidometncally 
and the bactericidal concentration by subculture 
in thioglycollatc media The apparent percentage 
of the mercury in the compound which is ionized 
can be calculated from the ratio of the mercurj as 
mercuric chloride to that of the compound re- 
quired to produce the same endpoint II was the 
most active, inhibiting all the orgamsms at 3-12, 
indicating that 60% of the mercury was ionized 
I and III caused inhibition at 6-200, indicating 
3-24% lomzation The bactericidal concentrations 
were difficult to deternune accurately and varied 
from 12-400 These results were not matenalh 
dtered when blood serum was added to the media 
noi when unne of pn 6 7 was used as media The 
activity of all the compiounds was increased bj 
changing the pn of the media to either 5 0 or S 0 
These bacteriostatic and bactericidal concentra- 
tions can easilj be reached in the intact animal 
and tests of these compounds in expenmental 
urinary infections aie now underway 
Release of various proteins from incubated 
surviving liver slices Rita L Pessotti (by invi- 
tation) and Ralph W Brauer Dept of Pharma- 
cology and Experimental Therapeutics, School of 
Medicine, Louisiana State Umv , New Orleans, 
La In an effort to elucidate the factors w hich con- 
trol the distnbution of various plasma proteins 


between the hepatic cells and the blood plasma, 
bver slices from dogs and rats have been incubated 
in protein-free or protein-contaimng solutions 
under various conditions Analytical procedures 
applied include total protein determinations, 
esterase activity determinations, cholinesterase 
activity determinations, and electrophoretic anal- 
ysis at pH 7 8 Results indicate that the release of 
protein wnth respect to the quantity, quahty, and 
time course does not differ markedly as between 
different lobes of a hvei obtained from the same 
animal, on the other hand, vnde differences are 
obtained in going from one animal to the next On 
incubation with Krebs solution at pn 7 4, the re- 
lease of cholinesterase activity and of ‘alpha glo- 
bulins' proccdcs much more rapidly than that of 
total protein The addition of bovine plasma albu- 
rmn to the incubation solutions accelerates and 
increases the amount of cholinesterase activit 3 
and of ‘alpha globulins’ released These results 
parallel observations previousl 3 made in intact 
dogs under conditions of plasmapheresis or albu- 
rmn transfusions If liver slices are repeatedl 3 
transferred to fresh samples of Krebs solution a 
reduction in the rate of release of protein and of 
enzyme activity is usually observed after 2 or 3 
transfeis under the conditions of these expen- 
ments 

Nephrotoxic action of a cyanine dye, I'-ethyl- 
3,6 - dimethyl - 2 - phenyl - 4 - pyrimido - 2 - 
cyanine chloride Lawtience Peters and Aeiie 
Kioashi (by invitation) Dept of Pharmacology, 
School of Medicine, Western Reserve Umv , Cleve- 
land, Ohio Distribution studies in dogs following 
I V admimstration of dye showed its concentra- 
tion in the kidneys to be higher than that in other 
organs However, recovery from the urine never 
exceeded 10% of the dose given Microscopic ex- 
amination of unstained frozen-dried sections ic- 
vealed the presence of large amounts of dye in the 
cells of the convoluted tubules Doses greater than 
10 mg/kg had a pronounced effect on renal func- 
tion Transient albuminuna occurred Nitrogen 
retention, reflected in markedly elevated BUN 
and plasma creatinine concentrations, usually 
leached a peak between 48 and 96 hours, retuining 
to normal ovei a varuble period, dependjng on 
magnitude of dosage and mdividual susceptibility 
Renal clearance values for inulin, creatimne, PAH 
(low and high plasma levels), glucose and sulfa- 
merazine were aU depressed during azotemia The 
clearance of PAH (Cpah) at low plasma levels 
(0 8-1 8 mg %) fell less than the inulin clearance , 
hence the filtration fraction (Ci/Cpah) w-as de- 
creased During recovery the clearances returned 
to levels equal to or only slightly m excess of pre- 
injection values CPAH was again exceptional in 
that it increased 200-300%, resulting m a filtration 
fraction i to i of that existing before dye infection 
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Though the dye possessed vasodepressor proper- 
ties, the effects uere obtainable following dye 
infusion at rates producing little or no fall in 
fetuoral artenal pressure The animals n ere killed 
for post-mortem exanunation Microscopicallj% 
sections revealed nephrotic changes confined 
pnncipall} to the cytoplasm of the tubule cells 
Nuclear changes existed in some cases to be dis- 
cussed 

Actions of 2,6-diaminopunne in mice, rats, and 
dogs Fredehick S Philips and J B Thiersch 
(by invitation) Division of Experimental Chemo- 
therapy, Sloan-Keltenng Institute for Cancer Re- 
search, New Yorh City Recent reports finding 
2,6-dinminopunne, f) an antagomst of folic acid 
and punne metabobsm in microorgamsms (Hitch- 
ings, etal J Biol Chem 174 765, 1948), 3) a pie- 
cursor in the synthesis of guamne in rats (Bendich 
and Brown, J Biol Chem 176 1471, 1948) , and 
3) therapeutically active against leukemia in mice 
(Burchenal, et al Cancer, in press) led to studies 
of its pharmacology Its toxicitj by parenteral 
admimstration was determined in mice, rats, and 
dogs \cutelj’^ toxic doses n ere fatal within 48 hours 
and in dogs caused protracted emesis, hemorrhagic 
diarrhea, severe losses of fluid and electrolyte, 
hcmoconcentration, and collapse However, daily 
doses as great as ^ to ^ LD-50 n ere tolerated by rats 
and dogs for 1 to 2 1 \ eeks or longer Signs of chronic 
intoMcation included anorexia, progressive n eight- 
loss, and in peripheral blood, reticulocytopenia, 
leucopema, and moderate anemia Bone marrow 
from rats sacrificed in terminal stages of chrome 
intoxication was semi-fluid exhibiting sigmficant 
depiction of both mx^eloid and eriffrliroid elements 
In dogs recemng dailj doses serial bone-marrow 
aspiration revealed progressive diminution of total 
nucleated cell counts imolving gi eater decreases 
in onthroid than in mxcloid cells Terminally 
nucleated crj’throid cells w ere almost absent w hile 
m\ eloid cells in all stages w ere present, but, in less 
than normal quantities In its effects on marrow 
and intestinal epithelium 2,6-dianiinopunne re- 
sembled 4 amino-pteroj Iglutamic acid wnth regard 
to "Site of action How c\ cr , the actions of the purine 
and the folic adid antagonist could be differentiated 
in so far as the former failed to elicit megaloblastic 
<-r\tliropoiesis in dogs while the latter appeared 
to be more umformh toxic to both mjelopoiesis 
md erx-tliropoiesis 

Quantitative estimation of pjribenzamine in 
blood VlbertJ PLUiiiiER (introduced by George 
Mu<on) Dept of Pharmacology, Boston Univ 
'^clQol Of Vcdiciiic, Boston, .Vass With the co- 
oiicrat.on of the Ciba Pharmaceutical Companx, 
‘ Chemical method for the quantitative estimation 

'^'^en developed 

bile ihib method is not as sensitive as the fluori- 
minc method of R Mmzom it is simpler The 


method 20 ml of blood are added to 30 ml of 
15% Trichloracetic Acid The precipitated protein 
is removed by filtration and the filtrate, about 35 
ml , IB rendered just alkaline with 10% sodium 
hydroxide The filtrate is extracted with two 15 ml 
portions of ether and these are combined and 
evaporated to dryness over a warm water bath 
The residue is dissolved in 05 ml of 01% sulfuric 
acid and 1 ml of water After allownng 5 minutes 
for solution the liquid is transferred to a Klett 
colorimeter tube and diluted to 5 ml Iodine solu- 
tion, 0 25 n, 0 04 ml is added and after 10 minutes 
the turbidity is read in colorimeter using No 50 
filter The amount of pynbenzamme may be esti- 
mated by comparison with the readings obtained 
by developing turbidity in solutions of pvnbenza- 
mine hydrochloride of known concentration It has 
been possible to measure with an error of plus or 
minue 5% amounts as low as 0 05 mg pynben- 
zamine hydrochloride added to 100 cc of human 
blood The method is also applicable to the deter- 
mination of antistine in blood Here however, at 
present, the lowest detected concentration has 
been 0 3 mg per 100 ml of blood No property of 
normal blood has interfered with the apphcation 
of the method 

Augmentor effect as postulated by the electro- 
motive theory of drug action Harbt J Pratt 
( by invitation) and R Beotneh Hahnemann 
Medical College, Philadelphia, Pa According to 
the electromotive theory of drug action, the stimu- 
lating action of a drug is proportioned to the elec- 
tromotive change which it brings about at a phase 
boundary of water and an 'oil’ If the stimulant 
drug IB an alkaloid like pilocarpine, the electio- 
motive effect on the phase boundary is a negative 
variation, hke the negative variation brought about 
by stimulation of nerv'e This electric effect of the 
diug 18 enhanced by addition of sodiumbenzoate 
or othei sodium of orgamc acids, but only wuthin 
certain hmits , a largei or smaller addition of ben- 
zoate will decrease the electric effect, (Beutner, 
J Pharm 34 29, 1928) The stimulating action of 
pilocarpine, as tested on the isolated intestine of 
rabbit, is likewise enhanced by addition of sodium- 
benzoate, this also occurs only within certain 
limits of concentration as experiments show , but 
only two single measurements by Storm van Leeu- 
wen and von Gyorgy were available so far to test 
the theory In order to obtain additional data, the 
following experiments were made To a strip of 
rabbit duodenum, suspended in TyTode solution, 
0 03 mg of pilocarpine was added They produced 
a contraction of 45 mm This was reduced 43% by 
0 03 mg of sodiumbenzoate , it was potentiated 
30% by 0 165 mg , 71% by 0 33 mg , 20% by 1 65 
mg , 33% by 3 3 mg , and again reduced 28% by 
16 5 mg or 70% by 33 mg These data show that 
the potentiation of the constricting action of pilo- 
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carpine occurs onl} within certain hmits as does 
the electric effect 

Inhibition of myocardial reactions to epine- 
phrine and nor-epinephrine by nitroglycerine 
W Raab and Eugene Lepeschkin (introduced 
by F J Sichel) Division of Expenmenial Medi- 
cine, Univ of Vermont, College of Medicine, Burl- 
ington, Vt In atropinized cats the blood pressure 
and electrocardiogram were recorded after intra- 
venous injection of epinephrine and nor-epineph- 
nne (probably identical with sympathin) and 
after faradic stimulation of the stellate gangba 
The injections were followed by elevation of the 
blood pressure, tachycardia and transient flatten- 
ing or inversion of the T-wave in leads CRl and 
CR4 (between the 16th and 50th seconds) and 
later (until about the 160th second) usually by 
elevation of T The effects of epinephrine and nor- 
epinephrine were almost identical, and similar to 
those produced by stimulation of the stellate 
ganglia If mtroglycerine wus injected together 
with epinephrine or nor-epinephrme, the effect of 
the latter on blood pressure and tachycardia was 
weakened, the depression of the T-wave was either 
entirely abobshed or markedly diminished This 
effect was considerably greater than would corre- 
spond to the slight or moderate elevation of T, 
sometimes elicited by nitroglycerine alone Since 
the depression of T had proven entirely independ- 
ent of blood pressure and heart rate, the inhibiting 
effect of mtroglycerine is assumed to take place 
in the myocardium itself through interference 
with the metabohc action of the sympathonumetic 
amines As epinephrine is believed to dilate the 
coronaries, it seems unlikely that the inhibition 
of the epinephrine-induced electrocardiographic 
changes through mtroglycerine should be due to a 
further coronary dilatation The T-wave depression 
after stimulation of the cardiac sympathetic was 
bkewise inhibited by mtroglycerine It is probably 
due to discharges of nor-epinephrine into the myo- 
cardial cells 

Purification of the toxic principle of agene- 
treated gluten for pharmacological study Jack 
L Radomski, Geoffrey Woodard, and Henry 
N Fuyat (introduced by Arnold J Lehman) 
Division of Pharmacology, Food and Drug Admin- 
istration, Federal Security Agency, Washington, 
D C To facilitate the study of the pharmacology 
of camne hysteria it was desirable to purify the 
responsible etiological agent The starting mate- 
rial was prepared by the hydrolysis of agene (NCR) - 
treated gluten with pancreatm The pH of a batch 
of toxic hjdrol}sate was depressed stepwise to 
progressively lower values by the addition of a 
catiomc exchange resin (Ion X) in its form 
The resin was filtered off each tune a desued pH 
was reached This process was repeated until the 
pH was depressed beyond the range of interest 


Thus, the peptides and armno acids of this hydrol- 
ysate were fractionated according to the pH range 
in which they become adsorbable Each of the 
batches of resin was separately eluted w ith dilute 
ammoma and the toxicity of the eluate determined 
by oral administration to dogs It was found that 
the toxic principle was adsorbed exclusively be- 
tween pH 3 36 and pH 3 95 It is felt that this 
method is generally applicable for the separation 
of peptides from protein hydrolysates and con- 
stitutes an improvement on previously published 
techniques Further concentration was effected 
by washing the resin with dilute hydrochloric acid 
before the toxic principle was eluted with am- 
moma The eluate may be dried to a white water- 
soluble powder with an acute toxicity of 500 mg / 
kg to dogs This represents a 10-fold purification 
over the starting material Still further purification 
was achieved by extraction with organic solvents 
The pharmacological behavior of the partially 
purified toxic principle in dogs, monkeys, rabbits, 
and rats was investigated 
Metabolic factors contnbutmg to the course of 
pentothal anesthesia Claudia M Ratliff (by 
invitation), A H Maloney, Jules R Tubeman 
(by invitation) and Walter M Booker Dept 
of Pharmacology, School of Medicine, Howard 
Univ Washington, D C Previous work reported 
from this laboratory has called attention to h 3 T)er- 
glycemia and glycogenolysis under prolonged pen- 
tothal anesthesia An extension of that work 
pointed out the indication for insulin during pento- 
thal anesthesia In the present work experiments 
are reported in which specific umts of insulm are 
admimstered at regular intervals (intramuscu- 
larly) or by constant dnp (intravenously) suffi- 
cient to keep the blood sugar in normal range dur- 
ing three hours of pentothal anesthesia It has 
been found that insuhn-treated animals require 
greater quantities and more frequent adnumstra- 
tion of pentothal sodium to keep them in surgical 
anesthesia as compared with untreated controls 
Insulin treated anunals have slightly higher fiver 
glycogen values than untreated ammals at the end 
of 3 hours of anesthesia There is some evidence 
that the glycogen storage at the fiver influences 
the destruction of pentothal, since in anunals on 
high carbohydrate and on high protein diets, where 
the fiver glycogen is high, accumulation of pento- 
thal at the fiver from hour to hour is less than in 
ammals on normal diets Taking fiver samples 
every hour for pentothal and micro glycogen deter- 
minations, it has been found that the more rapidly 
the glycogen falls, the greater is the bmld up of 
pentothal at the fiver Furthermore, in ammals on 
normal diet the fiver is efficient the first hour in 
destroying pentothal, but as anesthesia is pushed 
into the second and third hours more and more 
pentothal can be demonstrated at the fiver 
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Induction of idioventricular rhythms by 1-1-1 
trichlorethane and epinephrine BabbabaR Ren- 
NicK (by irvv'itation) , S Donald Malton (by in- 
Titation), G K Moe and M H Seevebs Dept 
of Pharmacology, Umv of Michigan, Ann Arbor, 
Mich Methyl chloroform was recommended as an 
anesthetic agent 60 years ago, but has never had 
chmcal trial In this laboratory attempts to induce 
anesthesia in 2 dogs without premedication led to 
sudden death, presumably cardiac in ongin, m 
both ammals In 5 dogs under barbital anesthesia 
epinephrine was injected after administration of 
repeated small doses of methyl chloroform Ven- 
tncular extrasystoles and ventricular tachycardia 
were produced in all ammals Maximum sensitiza- 
tion of the heart to epinephrine occurred after the 
administration of 0 25 to 0 4 cc/kg of methyl 
chloroform Further admimstration of the agent 
raised the threshold dose of epinephrine, m part 
because of the resultant severe hypotension Ven- 
tricular arrhjdhmias can be more regularly induced 
with methj 1 chloroform than with chloroform, but 
the sensitivity of the heart appears to be less than 
mth cyclopropane 

Competitive inhibition of convulsions m guinea 
pigs R K Richabds and K E Kuetee (by in- 
vitation) Dept of Pharmacology, Abbott Research 
Laboratories, North Chicago, III The authors have 
shonn that para armnobenzoic acid (PABA) and 
diethj lammoethanol (DEAE), the split products 
of procaine, can either singly or, more efficiently, 
as a mixture inhibit the convulsions caused by 
1 m injection of procaine in gmnea pigs when ad- 
ministered 1 p prior to this drug This work has 
been extended by using the dibutylamino-propa- 
nol (DBAP) ester butyn, a more potent local anes- 
thetic of the PABA senes 30 mg/kg of butyn 
sulfate 1 m caused convulsions in 90% of the 
guinea pigs This incidence could be reduced to 
about i bj pretreatment with 400 to 600 mg/kg 
PABA DB\P and sinular long-chain amino alco- 
hols Here too toxic for testing their possible antag- 
onistic effect against buDm as it is as demonstrated 
vath DE \E in the case of procaine hletj^caine was 
studied because it is an ester of benzoic acid 
rather than of PABA 45 mg/kg of metj'caine 
HCl was convulsn c in 82% of the ammals The 
incidence of convnilsions was reduced to about 
55% b\ prenicdication with comparable doses of 
oil her benzoic acid or PABA As with butjm the 
inct\cainc side chain, 2-methilpiperidinopropa- 
no was relatneh too toxic to investigate its 
antagonistic effect Those findings will be 
di-cu^cd from the vaevrpoint of the theorv of 
competitive inhibition on the basis of structural 
Eimila-nu and the ciiangcs in pharmacologic prop- 
er VI Inch occur if the tcrtiarv ammo group of 
1 nino a CO ol is converted into a quaternarv 


ammomum base which deprives the esters of the 
local anesthetic properties 

Action of caffeine and aminophylline as respir- 
atory stimulants in man Glenn H Richmond 
(introduced by C L Gemmell) Dept of Pharma- 
cology, Umv of Virginia, Medical School, Char- 
lottesville, Va The respiratory stimulating effect 
of CO 2 was used as a functional test to study the 
mechamsm of action of caffeine and aminophylline 
as respiratory stimulants Ventilation nunute 
volumes were obtained with the subject breathing 
atmospheric air, 3% COj in Oj, and 5% CO 2 in O 2 
before and after the administration of 0 26 gm of 
caffeine subcutaneously and before and after the 
adnumstration of 0 25 gm of aminophylline sub- 
cutaneously The average increase m ventilation 
nunute volume, of 6 subjects, when breathing 3% 
CO 2 was found to be 23% greater after caffeine than 
before When breathing 6% CO 2 the increase was 
51 7% greater after caffeine than before It was 
concluded from this study that caffeme acts on the 
respiratory center by increasing its sensitivity to 
CO 2 Aminphylline was found to have no sigmfi- 
cant effect on the response of respiration to CO 2 
Lethal and electrocardiographic changes pro- 
duced by quinine dihydrochloride m monkeys 
mfected with P knowlesi R H Rigdon 
(introduced by Chauncet D Leake) Laby 
of Experimental Pathology and Heart Station 
Umv of Texas, Medical Branch, Galveston, 
Texas Dunng our studies on malaria, qmmne 
dihydrochloride was given to 31 monkeys Some 
of those with a severe infection died immediately 
following an intravenous injection of quimne 
Since other animals of equal weight survived a 
siimlar dose, experiments were designed to study 
this variation To determine the effect of qmmne 
on the electrocardiogram, 20 monkeys were used, 
9 of which were normal and 11 infected with P 
hnowlesi Lunb leads and an apical chest lead were 
obtained and immediately thereafter quimne di- 
hydrochlonde was given intravenously and a sec- 
ond group of tracings was made dunng an interval 
of 10 minutes A senes of tracings were made on 4 
monkeys given qmmne both before and after their 
infection In some expenments the dosage of qui- 
mne was varied to study its effect, while in other 
experiments the dose was kept constant to deter- 
mine the v^anations accompan 3 ung the changes in 
the degree of parasitemia and the anemia The 
lethal doses of quinine were 56 and 77 mg/kg for 
two normal monkeys In contrast, the following 
doses, 28, 28, 28, 31, 37 5 and 47 mg/kg , n ere lethal 
for malarial infected monke 3 S who liad red blood 
cell counts between 1 9 and 3 24 million Malarial 
infection, per sc, although scv'cre, did not appear 
to affect the electrocardiogram in the inajorit 3 of 
cases In 3 monke 3 S the deleterious conduction 
and other electrocardiographic effects of quinine 
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V. ere found to be greater hen infected than when 
normal In malarial infected monkeys the electio- 
cardiographic changes followung quinine appeared 
to parallel the degree of anemia rather than the 
degree of parasitemia 

Renal clearance of iodide in the dog Doucr as 
Shepabd Riggs Dept of Pharmacology, Harvard 
Medical School, Boston, Mass Simultaneous cleai- 
ances of iodide, chloride and creatimne have been 
deternuned in dogs maintained on a low-chloride, 
high-protein diet The average glomerular filtra- 
tion rate measured by the creatimne clearanee was 
about 100 cc/minute When plasma iodide concen- 
trations were 1 6 mEq/1 or less, the clearance of 
iodide was remarkably low, ranging from 0 05 to 
0 79 cc/minute With higher plasma iodide levels 
the clearance increased to as much as 8 cc/minute 
at 11 mEq/1 of plasma When plasma iodide was 
maintained at about 0 4 mEq/1 and chloride evcic- 
tion was elevated by the oral admimstration of 
sodium chloride, the clearance of iodide increased 
markedly to as much as 17 7 cc/minute The iodide 
clearance was olwaj^s somewhat greater than the 
chloride clearance, the difference being most 
marked when the chloride cvcretion was moderate 
When chloride excretion was very high, the kidney 
seemed less able to differentiate between the two 
halides This dependence of iodide excretion on 
chloride excretion resulted in prolonged retention 
of iodide in dogs whose kidneys w'ere conserving 
salt For example, a plasma iodide level of 1 2 
mEq/1 w as maintained wathout appreciable change 
for 24 hours after a single subcutaneous injection 
of sodium iodide in a fasting animal Administra- 
tion of sodium chloride occasioned a prompt and 
profound fall in plasma iodide These experiments 
indicate that the tubular reabsorption of iodide in 
the dog may be almost complete w hen total halide 
excretion is mimmal 

Effects of 3-acetoxy phenoxy trimethylammo- 
nium methylsulphate on neuromuscular function 
Walter F Rikeh and W Clarke Wescoe (by 
invitation) Dept of Pharmacology , Cornell Umv 
Medical College, New York City In the gastroc- 
nemiuB-soleus pieparation of the intact cat the 
close intra-arterial injection of 3-acetoxy phenoxj 
tnmethylammonium methyl-sulphate (Nu 2017, 
Hoffmann-LaRoclie, Inc ) produces an inmiediate 
maximal contraction of the muscles followed bj 
intense local lesciculaiiona The fasciculations dis- 
appear completely wuthiu one minute If the dose 
is sufficiently large, the fasciculations become 
generalized The close intra-arterial injection of 
5 jig/kg potentiates the response of the muscles 
Bupra-maximal nerve stimuli The duration of the 
potentiation is brief in contrast to that produced 
by physostignune, neostigmme, and DFP Varying 
degrees of depression of the muscular response to 
supra-maximal nerve stimuli are produced by large 


doses of Nu 2017 The recovery from depression is 
rapid and the return to normal from a completely 
refractory state occurs within 20 minutes After 
inactivation of cholinesterase by DFP, the close 
intra-arterial injection of a large dose of Nu 2017 
produces a profound depression from which re- 
covery 18 prolonged The depression of the response 
to indirect stimuli produced by d-tubocuranne is 
antagomzed by Nu 2017 

Preparation and pharmacological properties 
of the acid succinate of myanesin Richard F 
Rilet and F M Berger (introduced by Harold 
C Hodge) Depts of Pharmacology and Pediatrics 
Umv of Rochester, Rochester, N Y Observations 
on the metabolic fate of myanesin led to the as- 
sumption that myanesin acid succinate would 
represent a soluble, relatively non-toxic deriva- 
tive of myanesin wath a less intense and longer 
duration of action In the present investigation, 
the succinate was prepared and tested and found 
to behave in accordance with this expectation 
The succinate, prepared by reacting mj'anesin 
wath succimc anhydride in pyridine, was obtained 
as straw-colored, extremely viscous hqmd which 
gives a highly water soluble sodium salt In the 
mouse, the paralytic and lethal doses of sodium 
myanesin succinate are found to be larger than 
those of myanesin The antagomsm and duration 
of action of these two drup to metrazole convul- 
sions was studied by the injection of these com- 
pounds before and after the administration of an 
LD99of metrazole On a molar basis, the succinate 
18 less effective in pi eventing convulsions when 
adimmstered jointly w'lth metrazole The succinate 
IS, however, equally effective when admimstered 
pnor to the couvulsant The succinate in small 
doses abolishes tremors and hyperexcitability due 
to strychnine wathout abolishing the knee jerk in 
the cat 

Failure of alpha tocopherol to influence chest 
pain in patients wath heart disease Setmodr H 
Rinzler (by invitation), Htman Bakst (by in- 
vitation), Zachary H Benjamin (by invitation), 
Audrie L Bobb (by invitation), and Janet 
Travell Cardiovascular Research Unit of Beth 
Israel Hospital and the Dept of Pharmacology, 
Cornell Umv Medical College, New Yorl City 
A stringent blind-test method, in which neither 
patients nor examiners knew w hether alpha tocoph- 
erol ora matching placebo was being admimstered, 
was used to investipte effects of alpha tocoph- 
erol on long standing chest pain in 38 ambulatory 
clime patients wath heart disease (chiefly arterio- 
sclerotic and hypertensive) For allotment to con- 
trol and treated groups, patients were paired with 
respect to sex, age, cardiovascular status, duration 
and type of chest pain, and other pertinent fac- 
tors One of each pair was assigned to either con- 
trol (placebo) or treated (vitamin) groups Types 
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of chest pain encountered i\ere effort angina, con- 
stant chest pain, and intemnttent chest pain 
unlike effort angina We regard the first group as 
priinanlj of cardiac origin, nhile the other tno 
are considered chiefly somatic The dosage plan 
lias 200 mg of 83 Tithetic alpha tocopherol (Ephy- 
nal Acetate ‘Roche’) bj' mouth daily for 2 weeks 
and thereafter 300 mg daily The average duration 
of vitamin admimstration was 16 weeks (10-20 
iveeks), and of the placebo 16 6 weeks (10-20 
weeks) Response to medication was similar for 
Iwth groups No improvement was noted in 12 
treated subjects (63%) and 14 controls (73%) 
Subjective improvement was reported by 7 treated 
patients (37%) and 6 controls (27%) Serial elec- 
trocardiograms, exercise tolerance tests, repeated 
blood pressure readings and measurements of skel- 
etal muscle function did not reveal sigmficant 
differences between treated and control groups 
Our results fail to confirm the reported benefits of 
alpha tocopherol in cardiac pain 
Pharmacologic and sensitizing properties of 
SI -28 when administered by ion transfer Arthub 
A Rodbiquez (by invitation), Jules H Last, 
and knoLPH Rostenberg Jr (by invitation) 
Dcpls of Physical Mediane, Pharmacology, 
Dermatology and Allergy Unit, Univ of Illinois 
College of Medicine, Chicago, III The pharmaco- 
logic activity of SY-28 (N-ethjl-N-fl-naphthyd- 
methjl)-^-bromoethylanune hj'drobromide) was 
studied followang administiation by ion transfer 
to the normal skin of human subjects Thiee- 
Icnths of a milhampcre of anodal current was 
ajiphed to 10 cm - areas of the skin A total amount 
of 0 3 cc of a 10 mg % solution of SY-2S in propy - 
lenc gljcolwas used It was observed that SY-2S 
when admimstered in the above manner was a 
strong eczematous sensitizer Twelve out of 46 
patients (26%) became sensitized to the drug 
kdrcnergic blocking activati lasting at least 24 
hours was demonstrated in 53 patients Antihista- 
niinic actii itj was also noted followang administra- 
tion of SY-2S There was clearly no interference 
with the pliarmacologic action of SY-2S in those 
induiduals who became sensitized 
Interaction between hematin and serum albu- 
min Morris Rosenfelu and Douglas jM Slh- 
01 NOR (b\ iiiMt ition) Dcpl of Pharmacology and 

I Tpcrnncnlal Therapeutics, Johns Hopl ins School 
> ' Medicine and Dept of Physical Chemistry, 

II an ard Medical School Bodon, Mass The reac- 
tion between hematin and human serum albumin 
to lo-an niethennlbunun has been studied by spec- 
tn.i'hntomclnc jiroccdurcs Titration of hematin 
" iih ilbumm rot cals a one to one molar ratio at 
t e endpoint Other interactions inv ohang simple 
"t rliioTietne relationships are indicated by titra- 
liaii cunc-s Little interaction is observed spectro- 
, 1 e ■ t-acalh wa’li other jdasma protein frac- 


tions including fibrinogen and the alpha, beta and 
gamma globulins A direct colorimetric procedure 
for the estimation of serum albumin has been based 
on the hematin reaction The colorimetric meas- 
urements compare favorably^ with values obtained 
by the low temperature methanol fractionation 
method of Pillemer and Hutchinson 
Thiomenn toxicity and diuretic effects A 
Ruskin, J E Johnson, W N Roddt (introduced 
by’' Chauncey D Leake) Heart Station, Univ 
of Texas Medical Branch, Galveston The disodium 
salt of N (y-carbo\ymethylmercaptomercuri-B- 
methoxyU propyd camphoramic acid (thiomenn) in 
isolated rabbit hearts causes A-V and I-V block and 
asystole in doses 20 times those of meralluride (mer- 
cuhydnn), and about 50 times those of mersalyl- 
theophylline and mercuzanthin In 50 chmeal 
cases the diuretic effects of 2 cc doses of thio- 
menn subcutaneously are approximately equiva- 
lent to those of 2 cc doses of mercuhydnn intra- 
venously , both containing the same amount of 
mercury^ (SO mg ) in organic combination Cases 
in which mercuhydnn produced untoward effects 
(nausea, vomiting, muscle cramps, toxic psy^- 
choses), tolerated thiomenn well Rare local 
soreness and nodulation from thiomenn is now 
being investigated by similar compaiative 
methods 

Adrenergic blocking agents and the vasopressor 
response to epinephrine David Russell (by 
invitation) and Graham Chen Research Lahys , 
Parke, Davis <L Company, Detroit, Mich Quanti- 
tative results on ‘epinephrine reversal’ of blood 
pressure in the dog have been obtained with two 
adrenergic blocking agents N-(2-bromoethyl)- 
N-ethyl-l-napbthalenemethydamine HBr and yo- 
himbine The data were found to conform to either 
Langmuir’s adsorption isotherm or Gaddum’s equa- 
tion of competitive inhibition based on the law of 
mass action A linear i elationship is obtained w hen 
the degree of ‘epinephrine reversal’ is expressed 
m terms of the percentage of inhibition of epi- 
nephrine in probit units and the doses of the ad- 
renergic blocking agent in logarithms 

Action of cholinesterase inhibitors on the iso- 
lated rabbit ileum P R Salerno (by invitation) 
and J M Coon Dept of Pharmacology, Univ of 
Chicago, Chicago, III It has been reported by us 
{Fed Proc 7 212, 1948) that physostigraine, neo- 
stigmine, TEPP, and DFP, in molar concentra- 
tions of approximately 10“*, cliangc the pendular 
movements of the isolated rabbit ileum to a peri- 
staltic rhythm The appearance of moving con- 
striction rings in the muscle strip characterizes 
this change The peristaltic rhvthm can be re- 
versed to a pendular rhvthm by atropine and 
thiamine, or by the ganglionic blocking agents jim 
came, nicotine, totracthvl ammonium and mag- 
nesium EfFective concentration® of the latter 
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blocking agents have no effect upon the sensitmtj 
of the gut to acetyl choline added to the bath The 
change in rhythm cannot be induced in the un- 
treated muscle by acetylcholine itself Gut prepa- 
rations kept at 1°C for 2 days exhibit a typical 
pendular activity when placed in oxygenated 
Ringer -Locke at 37 5°C and respond to the es- 
terase inhibitors by an increase in tone but not 
by the usual change in rhythm After four days 
the gut IS totally insensitive to the cholinesterase 
inhibitors and nicotine but responds to acetyl- 
choline, pilocarpine, banum, and epinephrine 
The cholinesterase activity of rabbit ileum was 
found to be stable at 1°C for at least 25 dajs Itia 
believed that the conversion from pendular to 
peristaltic rhythm induced by the cholinesterase 
inhibitors in the isolated gut depends upon the 
endogenous synthesis of acetylcholine and the 
integrity of the intrinsic ganglion cells The loss of 
sensitivity m the old intestinal strips might be 
caused by a degeneration of the ganglion cells and 
a cessation of acetylcholine synthesis 
Inotropic synergism between digitalis bodies 
and serum calcium William T Salter, John 
Gemmel (by invitation) and Loms Sciarini (by 
invitation) DepC of Pharmacology, Yah Untv 
School of Medictne, New Haven, Conn The hypo- 
calcemic frog heart can be employed with a few ml 
of human serum or Locke’s solution to test the 
inotropic potency of a cardiac glycoside By ad- 
justment of the concentration of Ca'*^ ions, graded 
stages of hypodynamic contraction can be produced 
seriatim Such preparations at pH 7 3 follow the 
law R/(100 - R) = [Ca++] - (A - k[Gl), where 
R IB the percentile contractile response of the 
heart, [Ca"*^] the concentration of calcium ions, 
A the individual ‘heart constant’, k the potency 
of the cardiac glycoside and [G] its concentration 
Each preparation is eahbrated in standard mam- 
malian Ringer’s solution to determine the ‘heart 
constant’ A Then the [Ca"*^] is adjusted and the 
response R measured when the test heart has been 
eqmlibrated with the dissolved preparation or 
serum under test Finally the value klGl is calcu- 
lated When R = 50%, kIG] = A - [Ca++1 In 
terms of ouabain, it is difficult to avoid toxic 
effects at concentrations higher than 5 micrograms 
%, even when the [Ca++] is low 
Isopropyl alcohol as an anticonvulsant Ralph 
W Schaftarzick (by invitation) and P J Hanz- 
LiK Dept of Pharmacohgy and Therapeutics, 
Stanford Untv School of Medicine, San Francisco 
16, Calif The minimum effective blood acetone for 
anticonvulsant action (cortical threshold by elec- 
trical stimulation) in rats receiving acetone gas- 
tncally was found to be about 50 mg % which 
could be nearly doubled and the threshold raised 
100% with excessive doses, without ataxia The 
mimmum effective anticonvulsant blood concen- 


tration of alcohol, after isopropyl alcohol gastrically 
m rats, was markedly irreguEr After 500 mg and 
1250 mg/kg doses of isopropyl alcohol gastrically, 
the increase in cortical threshold paralleled more 
closely the blood alcohol than the blood acetone 
When the higher dose of the alcohol was given in 3 
divided doses in 12 hours, the acetonemia was 
cumulative with peak increases in cortical thresh- 
old in 1 hour, recovery at end of 12 hours, and sug- 
gestions of tachyphylaxis to the cortical stimulus 
(rats and rabbits) Generally the acetonerma out- 
lasted the anticonvulsant action (6-hour observa- 
tions) Only about 3% (average) of the higher dose 
of the alcohol was excreted in 24 hours in the urine 
of rabbits, the ratio of excreted alcohol to acetone 
being about 2 3 to 1 The share of alcoholemia and 
acetonemia in the anticonvulsant action of iso- 
propyl alcohol remains undeterrmned Surely 
convulsant but generally not fatal doses of metra- 
zol (66-70 mg/kg ) and picrotoxin (2-3 mg/kg ) 
subcutaneously were partially antagonized by the 
higher dose of isopropyl alcohol gastrically in the 
great majority of rats 

Effect of some vasodilators and sedatives on 
gastric secretion Robert B Schlesinger (by 
invitation), F Steigmann and Leo L Hardt (by 
invitation) Hektoen Inst for Medical Research 
of Cook County Hospital and the Dept of Thera- 
peutics of Cook County Hospital and the Depts of 
Internal Medicine, Untv of Illinois, College of 
Medicine and Stntch School of Medicine, Loyola 
Unw , Chicago, III Because some patients have 
epigastric discomfort after the ingestion of some 
vasodilator and sedative drugs, the effect of such 
substances on gastric secretion was studied on 32 
patients (21 with duodenal ulcer and 11 controls) 
The gastric contents were aspirated everj' 15 min- 
utes and returned to the stomach except 10 cc 
which were used for titration for gastric acidity 
Following the fourth aspiration one of the drugs 
to be tested was administered The following drugs 
were tested, 1) aminophylhne, gr VI enteric 
coated, £) aminophylhne, gr III plain, S) sodium 
nitnte, gr I, 4) glucophyllme, 4 68 gr , 5) nico- 
tinic acid, 100 mg , 6) butisol tablets, gr ISS (so- 
dium 6-ethyl-6-Bec-butyl barbiturate) , 7) elixir 
of butisol fl oz 1 (gr III) given orally, 8) amino- 
phylline,gr 72 and 0) glucophyllme 36 gm admin- 
istered intravenously Aminophyllme and gluco- 
phylline intravenously and tablets and elixir of 
butisol increased the free acid, the total HCl and 
the volume Nicotinic acid and aminophylhne tab- 
lets (gr VI) increased the volume and total HCl 
Glucophyllme, aminophyllme (gr III), and 
sodium nitnte decreased the free acid, the volume 
and the total HCl in all but 3 patients Since 
aminophyllme and glucophyllme orally did not 
increase acidity, increased free acid follomng in- 
travenous aimnophylhne (average 21 umts) and 
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glucophyllme (average 10 units) may result from 
central stimulation The epigastric distress m 
some indmduals is probably due to other causes 
than increased gastric acidity, although results of 
single gastric analyses must be cautiously inter- 
preted 

Fluonmetnc vs biologic assays (human and 
animal) of fractions of digitalis purpurea Louis 
SciAHiNi (bj”^ invitation) and William T Salteb 
Dcpl of Pharmacology, Yale Univ School of Medi- 
cine, New Haven, Conn Tincture of digitahs has 
been fractionated into 5 arbitrary extracts, based 
largelj on differential solubility in chloroform and 
rather concentrated solutions of sulfuric acid To 
each of these a fluonmetnc procedure has been 
applied and the value compared vnrh Harry Gkild’s 
human oral assay and/or mth well-substantiated 
assaj s by the intravenous cat or pigeon methods 
The relative sigmficance of each fluonmetnc value, 
measured against crystalline digitovin as a stand- 
ard, is given by the conversion factor F, when F X 
the fluonmetnc value = biological activity Even 
so, a correction must be made for gitoxin The oral 
human activitj resides almost exclusively in frac- 
tion Y The data suggest that the oral potency of 
digitalis purpurea is due solely to its digitovin 
content For our fraction V, a senes of Harry Gold's 
propamtiODS (in terms of digitoxin per gram of 
poiidercd leaf) gave A) by Gold’s human assay, 
a) I 14,6) 1 15, c) 1 OS, d) 1 43 and e) 1 02, respec- 
tnelj , B) b} fluorimetry o) 1 14 , 6) 88 6, c) 1 09, 
d) 1 43 and c) 1 07, respectively Much of the 
biological actmtj after intravenous injection of 
lethal doses into cats or pigeons occurs in fractions 
II and III For example, in one preparation the 
percentile lethal actmty (pigeons) in vanous 
fractions nas I) 36%, II) 21%, III) 14%, IV) 
7% and V) 21% For such values, a senes of con- 
lersion factors (based on intravenous, animal, 
lethal effects) can be determined 
Distribution and excretion of beryllium sul- 
phate using Be' as a tracer James Iv Scott and 
Yiluam Neuman (introduced by H C Hodge) 
Hep! of Radiation Biology, Univ of Rochester, 
Rochester, A y Ber\ Ilium sulphate was adminis- 
tered inlraicnoush to rats and rabbits, the rate 
of blood clearance, the unnan and fecal excretion 
and the distribution to organs a as deterimncd by 
counting techniques In some cases nonradioactixe 
1« r\ Ilium Eulpliatc vas added to the isotopic bery 1- 
lium sulphate More than 95% of the ber\ Ilium 
V .s cleared from rabbits’ blood during the 'first 5 
hours after adnunistration, the rate of clearance 
Was rapid a hen isotope alone a as adnums- 
tc-cd ihm vhen earner was added TJic urinary 
CAcwiio lof Ixirylhum was greatest dunngthe first 
6 lKur< ifter '’dmimstration, thereafter small 
wuTtc Iccc iLan 1% ucre excreted daily In 
’ I" hit'- ,’id rat' 1 Inglic” % of the isotope was 


excreted when isotope alone was given than when 
earner was added 28% and 11%, and 35% and 
25% respectively The total fecal excretion over a 
7-day period was approximately 10% of the dose 
in the rats and 2% in the rabbits When earner was 
admimstered with the isotope approximately 35% 
was found m the skeleton of the rat and 51% in the 
skeleton of the rabbit, when isotope alone was 
adrmmstered the skeletal recovery was 48% and 
54% The amount of isotope recovered from the 
liver and spleen of the rat was insigmficant when 
isotope alone was admimstered and amounted to 
12% and 2 5% respectively when earner was added 
Sigmficant amounts of beryllium were present m 
the bone marrow when carrier was administered 
uutb the isotope The kidneys contained less than 
1% of the dose 

Tachyphylaxis of sympathomimetic drugs 
Llotd D Seagek and William Weiss (by invi- 
tation) Hefts of Pharmacology and Anesthesiol- 
ogy, Woman’s Medical College of Pennsylvania, 
Philadelphia, Penna A comparison was made of a 
number of sympathomimetic drugs as to their 
property of showing tachyphylaxis Blood pressure 
response in vagotomized dogs and cats was the 
function studied Of the drup studied, the phe- 
nomenon was found to occur most readily uuth 
desoxyephednne In some experiments, complete 
tachyphylaxis with reversal vas found following 
an imtial dose of 1 mg/kg Oenethyl, propadrine, 
benzedrine, ephedrine and parednne were next 
m order of susceptibility As tachyphylaxis de- 
veloped to any of these agents, the ammal was 
found to show diminished or no response to the 
others of the group A reversal of blood pressure 
after repeated dosage occurred most readily with 
desoxyephednne and oenethyl but could be pro- 
duced with large doses of the other compounds 
Reversal was usuallj’- associated mth some slomng 
of the pulse Some diminution of the response to 
neos 3 mephrine, and epinephrine was found after 
massive doses of ephedrine, desoxyephednne, 
benzedrine, oenethyl, and propadrine Nicotine 
was usually found to give some increase in blood 
pressure after complete tachjqjhj'^laxis had de- 
veloped to one of the S}Tnpathomimetic agents 
Epinephrine and dibenaimne m the alarm reac- 
tion Joseph Seifteh, William E Ehihch, Albert 
J Began Y (bj in\ntation), and Geokge M Hud- 
TiLA (bj invitation) Wyeth Inst of Applied Bio- 
chemistry, and the Graduate School of Medicine of 
the Umv of Pennsylvania, Philadelphia, Penna 
Colchicine is considered the most potent stimulus 
aiailablc for proAoking the alarm reaction, cliar- 
actenzed bj inAolution of hunphoid tissue and 
shock Since discharge of epmephnne is thought 
to be the first consequence of exposure to an alarm- 
ing stimulus, it was of interest to determine 
whether the administration of epmephnne en- 
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hances the toxicity of colchicine and whether the 
administration of an adrenolytic drug decreases 
the toxicity of colchicme Results, 1) epinephrme 
IS a less mtense alarming stimulus than colchicine , 
8) dibenamine (dibenzyl-/3-chloroethylamine HCl) 
produced a mild alarm reaction, which subsided 
in 24 hours, S) non-lethal doses of epinephrine 
combined with non-lethal doses of colchicme re- 
sulted in fatality, with extreme alarm reaction , 4) 
dibenamine protected against the lethal effects of 
either colchicine or epinephrine, but not against 
the combination of colchicine and epinephrine , 6) 
the histological changes of the alarm leaction in 
the thymus and the adrenals provoked by epine- 
phrine were reversed by dibenamine, but those 
provoked by colchicme were not 
Effects of certain central nervous system de- 
pressants and stimulants on intermediary metab- 
olism of bram F E Shideman Dept of Pharma- 
cology, Umv of Michigan, Ann Arbor, Mich The 
results presented here are preliminary data ob- 
tained from experiments designed to determine 
differences m biochemical behavior of ‘stimulants’ 
(convulsants) and ‘depressants’ (anesthetics) as 
judged by their in vitro actions on isolated central 
nervous system tissue The effects of a aeries of 
central depressants and stimulants on no-substrate 
oxygen consumption of rat cerebral mmce were 
determined In no case nas there obtained any 
sigmficant effect other than inhibition Excellent 
correlation between relative in vitro and in mvo 
potency was obtained m the depressant senes of 
drugs but was not apparent in the stimulant series 
A representative member of each group (chloral 
hydrate and metrazol) was employed for further 
studies in concentrations which had produced 
equal inhibitions of the Qoj of rat cerebral mince 
The degree of inhibition of the no-substrate Qoi of 
brain mince mth both compounds paralleled a) the 
degree of specialization of the tissue and b) the 
phylogenetic development of the animal species 
studied With glucose, lactate, pyruvate, a-keto- 
glutarate and fumarate, A-substrate oxygen con- 
sumptions of rat cerebral cortex mince were equally 
veil inhibited by both chloral hydrate and metra- 
zol When succinate was added as a substrate the 
2 drugs showed a quantitative difference in their 
effects Both compounds had the same qualitative 
effect on anaerobic glycolysis of rat cerebral mince 
but differed quantitatively Whereas metrazol in- 
creased anaerobic glycolysis 25%, chloral hydrate 
effected a 100% increase in the qJq 
Production of ventricular extrasystoles in the 
dog by a polypropylene glycol F E Shideman 
and G K Moe Dept of Pharmacology, Umv of 
Michigan, Ann Arbor, Mich A polypropylene 
glycol with an average molecular weight of 750 
produced ventricular extrasystoles when it was 
adnunistercd intravenously in the anesthetized 


dog The total amount reqmred to produce the 
extrasystoles varied (10 mg/kg to 90 mg/kg) from 
animal to ammal but the duration appeared to 
depend on the total amount of polyglycol adminis- 
tered rather than on the size of a single dose In 
no experiment was it possible to produce ventricu- 
lar fibrillation either by further adrmmstration of 
polyglycol or by epinephnne, once extrasystoles 
had been established Bilateral vagotomy in no 
way influenced the extrasystoles Epinephrine or 
tetraethylammomum chloride in some cases caused 
transient disappearance of the cardiac irregularity, 
but not in others Administered in divided doses 
in the heart-lung preparation, the polyglycol pro- 
duced increasing degrees of decompensation and 
finally complete failure In this preparation, and 
in artificially respired ammals with the heart ex- 
posed, extrasystoles were never produced by the 
polyglycol alone or combined with peripheral vagal 
or cardiac sympathetic stimulation However, 
when in the open chest preparation, the respira- 
tory volume was reduced to a point where the 
animal displayed respiratory efforts, extrasystoles 
were readily induced and could be abohshed by 
increasing the respiratory volume Such findings 
would suggest that the sensitivity of the heart to 
this polypropylene glycol is dependent m some 
way on a relative anoxia 
Distribution effect and fate of oil aerosol parti- 
cles after retention in the lungs of mice Milton 
Shoshkes, William G Baneield, Jh , and S 
Joseph Rosenbaum (introduced by Amedeo S 
Mabbazzi) Toxicology, Pathology, and Aerosol 
Sections, Medical Division, Army Chemical Center, 
Md Mice were exposed to mists of corn, peanut, 
cod liver, mineral, and motor oils, with an average 
mass median diameter of 2 5/x in dynamic chamber- 
type expenments The general dispersion of the 
retained oil droplets in the lung was found to be 
equal from apex to base and from hilus to pleura, 
and the highest concentration was noted in and 
around the terminal bronchioles and alveolar ducts 
In a statistical analysis of the distribution and size 
of corn oil particles retained in the lung, it was 
noted that 80% of all the particles retained in all 
areas of the lung were 2 6it or less in diameter The 
imtial concentrations of retained od droplets in 
the lung after ex^posure to all the od mists a ere 
similar However, during a 96-hour period of ob- 
servation, the concentration of the edible oils de- 
creased progressively, while the concentration of 
the paraffin oil droplets remamed essentially 
unchanged Except for the appearance of scattered 
macrophages, no acute inflammatory changes w ere 
seen after a 2-hour exposure to these oil mists 
wuthin a 96-hour observation period After heavy 
exposures, nuneral and motor oil droplet retention 
resulted in localized foreign body reactions of 
moderate seventy ns well as infrequently occurring 
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patches of lipid pneumonia Cod liver oil droplets 
caused a moderate foreign body reaction and only 
negligible reactions to corn and peanut oil were 
seen 

Effect of renal dysfunction on the urinary ex- 
cretion of fiuonde in the rabbit F A Smith and 
D E Gabdnee (introduced by H C Hodge) 
Dept of RadtaUon Biology, Untv of Rochester, 
Rochester, N Y The effect of uranium-produced 
nephritis on the urinary excretion of ingested 
fiuonde has been studied in rabbits receiving 1 ) 
a subcutaneous injection of 0 3 mg U/kg as uranyl 
nitrate, 2) the same dosage of uranium in addition 
to 15 ppm fiuonde m the drinking water, and, 3) 

16 ppm fiuonde in the water supply Control 
unnary fiuonde excretion was determined Inspec- 
tion of the analj’iiical data show s that wuthin 3 to 4 
dajs after injection of the nitrate, the urinary ex- 
cretion of fiuonde decreased to a level only { as 
great as obtained prior to the uranium injection 
Twelve days after the injection, the unnary fiuo- 
nde level was again normal in those rabbits which 
were not receivmg fiuonde in the dnnking water, 
only 4 days were required foi the return to normal 
levels of urinary excretion in those anmials w hose 
water supply contained added fiuonde Fluoride 
content of the tooth and bone indicated that the 
presence of uiamum in the kidney may inhibit the 
deposition of ingested fiuonde in the bone and 
thus offer a degree of protection against fiuorosis 
The fiuonde contents of the tooth root, femoral 
fipiphj'Bis and jaw alveolar bone for rabbits re- 
ceiving only added fiuonde were significantly 
higher than in comparable tissues from rabbits 
treated with both uranium and fiuonde, despite 
the greater quantity of fiuonde consumed by these 
ammals Other supporting evidence for the pro- 
tective effect of added fiuonde on uranium poison- 
ing was f ) a 2 5-fold lower blood N and , £) lowered 
mortahty 

Rate of removal of alcohol in acutely intoxi- 
cated chrome alcoholics H W Smith amd R G 
Bell (mtroduced by J K W Fehguson) Dept 
of Pharmacology, Umv of Toronto and Shadow- 
hrooL Health Foundation, Toronto, Canada The 
rate of removal of alcohol from the blood of 21 
chronic alcohohes pnor to treatment with intra- 
lenous insuhn (40 u zinc insulin), glucose (60 ml 
of 50%) and ‘Betahn’ (Lilly, 2 ml ) w as compared 
to the rate dunng treatment This rate was in- 
creased dunng treatment by 9 9% (S" = 3 3%) 
when the rate was calculated on the basis of % of 
the amount of alcohol present Seven untreated 
patients showed no change in the hourly rate of 
remoial of alcohol from the blood during com- 
parable periods of studj 

Effects of tetraethylammonium chloride on 
pain thresholds m man Ralph R Sonlekschein 
(»' mntation), Euzxbeth H Jexm (by innta- 


tion) and Caul C Pfetffer Depts of Pharma- 
cology and Clinical Science, Umv of Illinois Col- 
lege of Medicine, Chicago 12, III The intravenous 
injection of 600 mg of tetraethylammonium chlo- 
ride (9 trials on 4 subjects) raised significantly the 
pain threshold of the finger pad, low'cred that of 
the nail bed, and left practically unaffected that 
of the tooth Thresholds of the nail bed and pad of 
the 3rd finger were determined by a radiant heat 
device Tooth thresholds were determined by elec- 
trical stimulation of the pulp through a metal fill- 
ing, both the perceptive threshold (TI) and affec- 
tive threshold (TII) were measured Over a 30- 
minute period foUowung injection, pad threshold 
showed an average maximum rise of 14% (P < 
0 001), at this point, 10 minutes after injection, 
the nail threshold was decreased by 6% (P < 
0 02) No consistent, significant change was seen 
in tooth thresholds Preliminary expenments 
(Pfeiffer et al Ann N Y Acad Sci 51 21, 
1948) reveal that procaine block of the stellate 
ganglion, with Horner’s syndrome, causes a nsc 
in nail and fall in pad threshold It therefore is 
unlikely that the above action of TEA is due to 
ganglionic blockade Block of the median nerve 
wutli 0 5% procaine causes a rise in pad and fall 
in nail tlireshold The effect of TEA is another 
example of tlus reciprocal relationship The evi- 
dence indicates that pain of nail bed and pad is 
mediated by 2 separate mcchamsms The primary 
action of TEA in raising pad threshold may be 
through a selective peripheral or central effect on 
the underlying mechanism for pain from this area 
Clinical criteria in beryllium poisoning C J 
Spiegl, F A SsHTH, L J LaFkance, j W Iveat- 
ING (introduced by H C Hodge) Dept of Radia- 
tion Biology, Umv of Rochester, Rochester, N Y 
At present no reliable biochemical methods exist 
for the diagnosis of early or mild forms of beryllium 
poisoning Accordingly a broad survey of clinical 
criteria was made in animals undergoing exposure 
This included unnary protein and amylase, blood 
nonprotein mtrogen, urea nitrogen, serum protein, 
serum albumin-globulin ratio, fibrinogen, serum 
calcium, phosphorus, acid and alkahne phospha- 
tase, arterial oxygen tension, 10 hpid fractions of 
the blood wnth special attention to phospholipid 
and free cholesterol concentrations in the red cells 
Dogs and rabbits were studied that had been ex- 
posed to beryllium sulfate at concentrations rang- 
ing from 1 to 100 mg/m’ and beryllium oxide at 
from 10-86 mg/m’ for periods up to 100 days Of 
the many criteria applied, arterial oxygen tension 
and red cell concentrations of free cholesterol and 
phosphohpid give indication of potential value as 
climcal procedures in follow ing the course of beryl- 
lium injury Many of the other cnteria failed at 
lower levels of injury 

Cocaine-barbiturate antagonism Joiia E 
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STEI^HAt^s (introduced by A L Tatum) Depi 
of Pharmacology, Umv of WiscoTistn Medical 
School, Madison, Tt^rs A quantitative study of 
cocaine-barbiturate antagonism was undertaken to 
evaluate the effectiveness of prophylactic doses 
of barbiturate for toxic reactions of local anes- 
thetics A senes of joung, male, New Zealand, 
nhite rabbits (1 6 to 2 5 kg ) were injected subcu- 
taneousl}' with doses of cocaine ranging from 100 to 
300 mg/kg They were then treated intravenously 
mth various doses of pentobarbital at different 
time intervals with respect to the cocaine injec- 
tion It was found in these studies that higher 
doses of cocaine required correspondingly higher 
doses of pentobarbital With symptomatic treat- 
ment the average dose of pentobarbital required 
for rabbits receiving 300 mg/kg of cocaine wm 
almost double that required for ammals in the 
100 mg/kg senes The time of pentobarbital ad- 
ministration for maximal effectiveness was at the 
time of cocaine mjection Treatment 45 minutes 
before or 15 minutes after this time was ineffec- 
tive When 100 mg/kg (the generally accepted 
LD-50) of cocaine was given subcutaneously, 15 
mg/kg of pentobarbital resulted in 100% survival, 
whereas 5 mg/kg gave no protection These data 
suggest that the protection afforded by barbiturate 
depends upon the degree of depression and that 
approximately i of the anesthetic dose is required 
for adequate protection Tjhis would make it 
appear questionable that the commonlj used ‘pro- 
phylactic’ dose (0 1 to 0 2 gm orally) gives ade- 
quate pharmacodynamic protection 
Comparison of the acute toxicity of hydroqm- 
none and some related di and tnhydroxy ben- 
zenes James H Sternbe (by invitation), Stan- 
ley Ames (bj invitation) and David W Fassett 
Eastman Kodak Company, Rochester, N F Recent 
developments in use of polyhydroxy benzenes as 
antioxidants in fats for human consumption have 
stimulated an interest in their relative toxicologic 
properties The acute oral and parenteral toxicity 
of hydroquinone (HQ), nordihydroguaiaretic acid 
(NDGA), n-propyl gallate (NPG) and butylated 
hydroxy amsole (BHA) reveals certain marked 
differences with respect to onset and character of 
symptoms, time of death, and a wide spread be- 
tween the ratio of parenteral and oral LDw values 
In the white rat, the approximate LDm in mg/kg 
intraperitoneallv nere NDGA — 70, HQ — 168, 

BHA — 250, NPG — 250, orally, the values were 
HQ— 370, NDGA— 2400, NPG— 2500, BHA— 2600 
The rapid onset of symptoms and the occurrence 
of death ■mthin 30 minutes with hydroqmnone 
contrasted sharply with the delayed onset of symp- 
toms and marked variability in time of death with 
the other antioxidants which varied from a few 
minutes to 7-10 days The apparent recovery of the 
hy^droquinone survivors was very”^ rapid, a matter 


of an hour or two, compared with the prolonged 
inamtion and debility of the survivors of the am- 
mals given NDGA, BHA, and NPG These results 
suggest a fundamental difference in excretion and 
metabolism of hydroquinone (a normal excretory 
product m urine) and the compounds of more 
complex structure 

Pharmacologic action of chi ordane E F Stohl- 
MAN, W T S Thorp and M I SmTH Experi- 
mental Biology and Medicine Inst , National Insts 
of Health, Bethesda, Md The acute toxicity, LD» 
of chlordane in rats was found to be approxi- 
mately 250 mg/kg when given orally in ohve oil or 
Tween 20 The LDw of DDT under similar condi- 
tions 18 160 mg/kg On intrapentoneal injection 
chlordane in Tween 20 was slightly more toxic 
than when given in olive oil In rabbits the LDjo 
of both compounds is approximately 300 mg/kg 
Death from chlordane poisoning may be delayed 
for many days Chronic toxicity of chlordane was 
considerably greater in both rats and rabbits than 
that of DDT under similar conditions, probably 
due to greater cumulative effects of chlordane 
Repeated administrations of chlordane orally pro- 
duced in rabbits focal necrosis of the liver, de- 
generative changes in the proximal convoluted 
tubules of the kidneys, and pulmonary exudates 
in the alveoli and bronchioles of the lungs, whereas 
with large single doses the pr imar y effect appeared 
to be on the lungs, producing focal hemorrhages 
Organically bound chlonne was excreted in the 
urine of rabbits to the extent of about 18% of the 
dose given, most of it during the first 4 days follow- 
ing administration Sigmficant amounts of orgamc 
chlonne were excreted in the unne of rabbits 
followung 25 mg/kg or more chlordane 

Acute inhalation toxicity of beryllmm sulfate 
in animals H E Stokingeb, G F Sprague, R 
H Hall, J K Scott, F A Sahth, B H Brown, 
and A Pettengill (introduced by H C Hodge) 
Dept of Radiation Biology, Univ of Rochester, 
Rochester, N Y The acute toxicity from inhala- 
tion of beryllium sulfate mist in ammals was deter- 
mined in large-scale experiments wherein the toxic 
limits of exposure and the charactenzation of the 
acute response were eatabbshed A senes of 4 con- 
centrations (100, 60, 10 and 1 mg BeSOi 6HiO/ 
cu m of air) were tested in daily 6-hour exposures 
for periods of from 14-106 days Particle size of the 
noist w’-as from 0 5 to 1 3 m Marked species variation 
in respionse was noted At levels of 100 and 50 
mg/m’, 80-100% mortality occurred dunng week 
1-6 in the cat, dog, rat, goat and monkey, 60% 
(week 1-2) in the gmnea pig, 10-50% (week 2-5) 
in the rabbit, mouse and hamster, all svnne and 
fowl survived Over-all mortality, chiefly con- 
fined to the rat, at 10 mg/m’ was 14%, at 1 mg 
(0 04 mg Be/m’) no mortality was observed in any 
species and weight losses were recovered at the 
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end of 90 days’ evposure although certain evidences 
of poisoning were still present The monkey , dog, 
cat and rabbit showed acute pulmonary inflamma- 
tory response, resembling that in man , the rat gave 
an atypical response Effects that were severe and 
rapid in onset at the 100 and 50 mg -levels were 
mimmal and slower in developing at the 10 mg - 
level changing to moderate with continued ex- 
posure and, at the 1 mg-level, were nonexistent in 
certain species at the end of 105 days’ exposure 
Highest levels produced severe proteinuria and 
changes in blood protein values, not apparent at 
lower levels At the lowest level, reduced blood 
oxygen tension and alteration m blood cell lipid 
ratios occurred A hypochromic macrocytic anemia 
appeared in the dogs Beryllium concentrations in 
20 tissues were determined A control study with 
NaHSOi mist shon ed that the lesions produced in 
BeSOj exposures were due to beryllium and not 
to the sulfate ion 

Protective effect of certain drugs on epineph- 
nne-induced pulmonary edema Clement A 
Stone (by invitation) and Eael R Loew Dept 
of Physiology, Boston Umv School of Medicine, 
Boston, Mass Studies were made with certain 
drugs to determine their ability to prevent the 
pulmonary edema m rabbits following an intra- 
venous injection of 0 375 mg/kg of epinephnne 
as the base Protective drugs were injected intra- 
venously 10 minutes pnor to the epinephrine The 
indication of efficacy was the presence of a statisti- 
cally sigmficant reduction in lung weight and/or 
mortality from that of a series of concurrent con- 
trol experiments Previous reports (Luisada Arch 
f exper Path u Pharmalol, 132 313, 1928) indi- 
cate that hypnotics m general are effective m 
reducing mortahty due to epinephnne Pento- 
barbital sodium (25 0 mg/kg ) in our expenments 
was ineffective in preventing the hemorrhage and 
edema of the lungs, which is the usual cause of 
death after large doses of epinephnne Atropine 
sulfate (6 0 mg/kg ) sigmficantly diimmshed the 
increase of lung weight, but not mortality, as 
compared to controls, but was not as effective as 
N-(2-chloroethj 1) -N-ethylbenzhydrylarmne HCl 
(SY-2, 2 5 mg/kg ) or N-(2-bromoetbyl)-N-ethyl- 
1-naphthalenemethylamine HBr(SY-28, 0 25 mg/ 
kg ) These drugs are potent adrenergic blocking 
agents , SY-28 having, in addition, a marked ability 
to antagomze histamine The complete protection 
afforded bj SY-2 and SY-28 is probably related to 
t eir ability to annul the acute hypertensive 
action of epinephnne The failure of Neoantergan 
(~ 5 mg/kg ), a potent and specific antihistaminic, 
to protect indicates that histamine does not play 
a prominent role in the edema formation The 
protimtuc effect of relativelj large doses of the 
anti-histamimc, Phenergan or 3277 RP (Acfa 
crgologtca, 1 9/ ^ 1948) may be related to other 


properties, among which is an appreciable atropine- 
like action 

Hypotensive activity of fractions from green 
Hellebore J W Stutzman, George L Maison 
and G W Kusserow (by invitation) Dept of 
Pharmacology, Boston Umv School of Medicine, 
Boston, Mass and Product Development Dept , 
Rcxall Drug Company, Los Angeles, Calif Fifty 
fractions of green hellebore u ere tested for hypo- 
tensive activity in normotensivo dogs wffiich were 
unanesthetized or lightly anesthetized with pento- 
barbital sodium On intravenous administration 
the fractions were found to fall into three groups 
on the basis of hypotensive action One group did 
not alter mean arterial pressure , a second caused 
a gradual minimal fall , and a third an abrupt fall 
with slow' recovery over several hours The last 
group included both water soluble and orgamc sol- 
vent fractions In this group hypotension was 
accompanied by bradycardia of short duration 
Mimmal effective intravenous dosage was 0 002 
mg/kg from a fraction which represented 0 35% of 
the crude drug Potent fractions were effective 
orally at a dosage of 0 2 mg/kg Toxic effects of 
high doses included retching, emesis, apnea, hyper- 
tension and convulsions 

Comparative anticonvulsant potencies of some 
phenylhydantoins and their corresponding phen- 
ylacetylureas Ewart A Swintabd and James 
E P Toman Depts of Pharmacy, Pharmacology 
and Physiology, Umv of Utah College of Medicine 
and College of Pharmacy, Salt Lahe City, Utah 
Anticonvulsant potencies (EDw) of 5-phenyl-5- 
R-hydantoins (h) and their correspionding phenyl- 
R-acetylureas (a) w ere determined by their ability 
to modify maximal electroshock seizure pattern 
and to prevent Metrazol convulsions m rats Drugs 
were given orally in 10% neutral acacia suspension 
and tested at the previously determined time of 
peak drug effect Minimal neurological toxicity 
(TDm) was determined, and protective indices 
(P I == TD»/EDso) were calculated Maximum 
potency occurred wuth alkyl substitutions Un- 
substituted phenylacetylurea (Phenurone) was 
supenor to its hydantoin homolog, w'hereas di- 
phenylacetylurea was inactive in contrast to 
diphenylhydantoin (Dilantin) Studies on the 
metabohe fate of these compounds might help to 
identify a common denominator as the effective 
product 

Purification of diamine oxidase (histaminase) 
BHiebeet Taboe Experimental Biology and Medi- 
cine Inst , National Insts of Health, Bethesda, 
Md A highly purified, stable diamine oxidase has 
been obtained from an extract of hog kidney ace- 
tone powder with the aid of a new colonmetnc 
procedure for the estimation of histamine (Rosen- 
thal and Tabor, J Pharm Exp Therap , 92 42o, 
1948) The acetone powder was extracted with 
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0 2M phosphate buffer pH 7 2, and fractionated 
with Na^'SCi (14 5-21%) This fraction uas dial- 
3 zed, heated to 60°C for 20 minutes, adsorbed on 
alumina gel C7, and eluted uith M KiHPOi The 
dial3zed eluatc uas fractionated uith ethanol at 
O^C , and dried tn vacuo This dry preparation is 
500 times more active per mg protein than the 
original extract, and represents a 3aeld of approvi- 
mateb^ 25% 0 006 mg of this purified powder de- 
8tro3S 0 03 mil of histamine in 5 minutes in an 
incubation nuxture containing 0 Imii of histamine 
and 1 3 mg of cr3"stalline bovine albumin (ns a 
protective protem) in 3 cc of 0 1 M phosphate 
buffer pH 7 2 (37 °C ) Further punfication can be 
obtained by adsorption on calcium phosphate gel 
and elution vith phosphate buffer The action of 
diamine oxidase on histamine probably results in 
destruction of the imidazol ring, since the products 
give no color vith diazotized p-nitro amline In 
the destruction of putrescine and cadaverme, 
neither succime acid nor v-anuno valeric acid, 
respectively, could be detected The mechamsm 
of breakdown of these diamine compounds is being 
further investigated 

Comparative study of the local toxic action of 
thlomerin, mercuzanthm and mercuhydnn H arri 
Taube (by invitation), Robert A Lehman and 
E E lUNG (by invitation) Dept of Therapeutics, 
New York Univ College of Medicine, New York 
City The mercurial diuretic thiomerin, (di-sodium 
salt of N-[gaimna-carbo\ymethyl'mercaptomer- 
curi, beta-methoxy] propylcamphoramic acid), 
lias been compared mth mercuzanthm and mcr- 
cuhydriu with respect to the gross pathology pro- 
duced following subcutaneous injection in the 
abdomen of the mouse and the histopathology oc- 
curring aftei intramuscular injection in the Tibi- 
alis anterior muscle of the rat It was found that 
thiomerin was tolerated by the mice mthout gross 
pathologic changes nhile the othei 2 drugs gave 
rise to varying degrees of necrosis under the same 
conditions Intramuscular injection m the rat was 
selected for the histologic studies because of the 
greater homogeneity of the tissue and accuracy^ in 
the administration of the drugs Results were put 
on a semi-quantitativc basis by scoring each muscle 
according to the type and extent of response berial 
sections were prepared in every instance and were 
examined throughout by the same pathologist \nth- 
out foreknowledge of the treatments given AU 3 
drugs were found to elicit an early inflammatory 
response characterized by the appearance of a 
jwlyTiiorphonuclear infiltrate In the case of thio- 
nierin this exudate vas entirely resorbed within 
96 hours without evidence of residual damage 
Ninety^-six hours after injection of mercuzanthm 
or mercuhydrin there was evidence of marked 
fibroblastic proliferation indicating the irreversible 
character of the initial reaction to these drugs 


The relationship of chemical constitution to local 
toxicity mil be discussed 

Comparison of local anesthetic activity of cer- 
tain aliphatic amines Herbert W Tatlor, Jr 
( by invitation), Edwin J Fellows, Edward 
Macro (by invitation) and Glenn E Ulltot (by^ 
invitation) Research Division, Smith, Khnc and 
French Labys , and Dept of Pharmacology, Temple 
Univ School of Medicine, Philadelphia, Penna 
The comparative local anesthetic actmty and irri- 
tant properties of 32 x'olatile abphatic amines have 
been determined m rabbits by topical application 
of solutions of the free bases and neutral salts 

Both anesthesia and irritation decreased as the 
molecular weight was decreased in homologous 
series and as the point of attachment of the nitro- 
gen was moved toward the center of the carbon 
chain The effect of alkylation of the mtrogen or 
of the carbon chain was irregular Among these 
compounds 2-meth} lanunodecane and 2-amino-2- 
methyloctane were found to be very active anes- 
thetic agents in concentrations nhich did not 
produce irritation 

Effect of tndione (3,3,5-trimethyl oxazolidine- 
2,4-dione) on the respiration of mouse brain 
J D Taylor (by invitation), R K Richards, 
and G M Everett (by invitation) Dept of 
Pharmacology, Abbott Research Labys , North Chi- 
cago, III The effect of Tndione on the O2 uptake 
of mouse cerebral cortex slices in Krebs-Ringcr 
phosphate solutions contaimng different substrates 
vas determined bv means of the Warburg tech- 
mque With glucose, pyumvate, lactate, succinate, 
acetate, citrate and glutamate as substrates, only^ 
glucose shov cd a significant inhibition with 3 5 X 
10“^M Tndione 4.t 7 X 10~’ii concentration of 
Tndione, oxygen consumption vas inhibited in all 
substrates Inhibition in glucose was the greitest 
(32%) and acetate the least (17%) In 1 4 X 10“'ir 
Tndione , inhibition ranged from 62 to 76% depend- 
ing on the substrate, except for succinate and ci- 
trate nhere inhibition was 33 and 54% lespec- 
tively The depression of oxygen uptake by 7 X 
10“’ii Tndione in glucose a ns removed by washing 
the brain slices after 30 nunutes exposure to the 
drug The addition of p-phenylenediamine to the 
inhibited respiring brain slices partially restored 
the oxygen uptake but glutathione, adenosine tri- 
phosphate and creatine a ere ineffective Tndione 
in concentrations up to 7 X did not inhibit 

anaerobic CO; production of mouse brain brei in 
Krebs Ringer-bi carbonate With 1 4 X 10~'ii Tn- 
dione there was 26% inlubition Statistically sig- 
nificant inhibition of O; uptake in glucose a as also 
observed in brain slices taken from mice 30 nunutes 
after intrapcritoneal injection of 1 or 2 gm/kg of 
Tndione Calculations shoe that the amounts of 
Tndione used in these Warburg studies are within 
the pharmacological range of those used in vivo 
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Determination of diethylstilbestrol m urine 
R S Teague, Christian Wingabd (by invita- 
tion), and Albert E Brotvn (by invitation) 
Dept of Pharmacology, Medical College of Ala- 
bama, BiTiningham, Ala A method for the extrac- 
tion and determination of free and conjugated di- 
ethyl-stilbestrol in unne using the Dingemansc 
antimony pentachloride reaction has been de- 
veloped The method consists of the folloiiing 
steps Urme is acidified and extracted ivith ether 
Free and conjugated dicthj Istilbestrol are sepa- 
rated hy partitiomng between ether and aqueous 
sodium bicarbonate The fice material is then 
purified by a ashing the ether solution vath aque- 
ous sodium carbonate, extraction vath normal 
sodium hydroxide, neutralization to pH 11 inth 
phosphoric acid, and extraction vith ether The 
ether is evaporated and the lesidue taken up in 
ethanol Aliquots of the ethanol solution are 
evaporated, the residues dissolved m absolute 
anhjdrous chloroform, antimony pentachloride is 
added and the density of the resulting color esti- 
mated photoelectncallj The bicarbonate solution 
containing conjugated diethylstilbestrol is acidified 
with phosphoric acid and extracted with ether 
The ether is removed, the residue taken up m 
decinormal sodium hydroxide, and brought to pH 
2 8 with phosphoric acid Hydrolysis is accom- 
plished by autoclaving ahquots of this solution at 
180° for 30 minutes The solutions are then ex- 
tracted with ether and purified as for free diethyl- 
stilbestrol Recoveries of diethylstilbestrol added 
to unne have been near 100% and of added di- 
cthv Istdbestrol glucmomde 90% In the case of a 
patient to whom a dose of 100 mg of crystalline 
dicthj Istilbestrol was given orallj , the urinary ex- 
cretion m four day's was found to be 8 0 mg of free 
diethylstilbestrol, 6 1 mg conjugated, a total of 
It 1 mg 

■In attempt to systematize the actions of epi- 
nephrine substitutes on smooth muscle organs 
C H Thienes, Jack Lanlet (by invitation) and 
^VAlTERALAT^so^ (by invitation) School of Medi- 
cine, Univ of Southern California, Los Angeles, 
Cahf A senes of compounds chenucaUy related to 
epinephrine have been tested on isolated small 
intestine, colon, and uterus of dog, cat, rabbit, rat, 
and guinea pig and their actions compared with the 
effect of epinephrine Ko consistent relations could 
He demonstrated, except noth arterenol, cobefnne, 
epimne, metasynephnne, metahy droxy-propa- 
dnne, and parahy droxy -propadrine, all of which 
md actions qmte similar to epinephnne on all 
'issues The remainder of the compounds were in- 
‘mnsistent in that on some tvpes of organ, or organs 
1 p\ en ammal, the actions u ere similar to those 
H epinephrine, on others dissimilar, some com- 
pouniE wore even inconsistent to the exdent of 


causing contraction of an organ at one time and 
relaxation at another 

Thiocyanate excretion Jesselene Thomas (in- 
tioduced by Mark Nickerson) Dept of Phar- 
macology, Umv of Utah College of Medicine, Salt 
Lake City, Utah The use of thiocyanate in hyper- 
tensive patients is frequently accompanied by 
toxic reactions which persist for some time after 
the drug is discontinued However, little is known 
concerning the mechamsm of, or methods of pro- 
motmg, thiocyanate excretion The fact that thio- 
cymnate and halogen distribution in the body are 
essentially the same suggested that renal thio- 
cyanate excretion might be related to chloride in 
the same manner as bronude Sodium thiocyanate 
calculated to give extracellular fluid levels of 16 
mg % was injected intravenously into dogs under 
pentobarbital anesthesia Diuresis was established 
by means of water orally , or 6% glucose or 1 8% 
sodium chloride solution intravenously Blood and 
unne samples w ere collected at intervals and ana- 
lyzed foi thiocyanate and chloride Sixty thio- 
cy anatc clearances provided a lange of values from 
0 1 to 7 1 cc/rmnute Chloride excretion ranged 
fiom 0 003 to 1 42 mEq /minute and urine flow 
from 0 8 to 9 9 cc/minute Thiocyanate clearances 
were plotted against chloride excretion for each 
animal, and a straight-hne relationship was ob- 
tained in every experiment Partial coefficients of 
correlation ware found to be d-O 92 (P E 0 02) for 
the relationship of thiocyanate clearance to chlo- 
ride excretion, and only -fiO 33 foi the relationship 
of thiocyanate clearance to urine flow It is con- 
cluded that renal excretion of thiocyanate is essen- 
tially the same as that of chloride Thiocyanate 
excretion may be greatly' inci eased by' the adminis- 
tration of NaCl 

Cytological effects of alloxan in intact and 
thymectomized rats Thurlo B Thomas (by in- 
vitation), Paul L Ewhng and G A Emerson 
Depl of Zoological Sciences, Carleton College, 
Northfield, Minn , and Dept of Pharmacology, 
Umv of ‘Texas Medical Branch, Galveston, Texas 
Thymectomy has been shown to increase the sus- 
ceptibihty' of rats to the diabetogemc effects of 
0 188-0 25 mM/kg of alloxan given intravenously, 
neither thymectomized nor intact rats become 
hy perglycemic after 0 125 mM/kg {Fed Proc , 
6 328, 1947) The cytology of the pancreas, hver, 
spleen, kidney, lung, adienal, pitmtary, lymph 
node, thymius and testis has been studied in the 
above thymectomized and intact rats The princi- 
pal cydological effect of alloxan in diabetogenic 
doses IS marked and wadespread reduction in nu- 
cleoprotein reserves In thymectomized and intact 
rats fasted for 24 hr before and for 12 hr follow ing 
alloxan injection, the cytological differences were 
shght , they mvolved a somew hat more severe loss 
of chromatin from the nuclei and nbonucleoprotein 
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from the c 3 *toplasm of cells in the tbymectomized 
ammals The cytological reaction in both of the 
above groups of rats vas much more severe than 
in intact animals fasted for 40 hr before and only 
4 hr after alloxan Non-diabetogemc doses of 
alloxan had cytological effects in both intact and 
thymectomized rats differing only in degree from 
the above reactions There appeared to be no direct 
correlation between the seventy of alloxan dia- 
betes, as measured by the blood sugar resjionse, 
and the extent to which nucleoprotein reserves 
had been depleted 

Toxic effects of parenterally administered 
cetylpjTidinium chloride Charles R Thompson 
(by invitation) and Harold W Werner Pharma- 
cology Dept , Research Ldbys , Wm S Merrell Co , 
Ctnctnnah, Ohto Although quarternary ammo- 
mum salts are finding many types of applications 
chmcally there are no data on possible toxic effects 
of repeated parenteral adnumstrations to labora- 
tory ammals Therefore, the effects of repeated 
parenteral adnumstrations of one quartemary 
ammonium salt, cetylpyridimum chlonde (Cee- 
pryn Chloride) were investigated in rats and dogs 
Daily subcutaneous and intraperitoneal adminis- 
trations of cetylpyndimum chlonde to rats for 
three weeks in doses of 2 5 mg/kg decreased the 
rate of growth No gross or microscopic tissue 
alterations were observed which could be attnb- 
uted to drug admimstration The subcutaneous 
admimstration of cetylpyndimum chloride to dogs 
as a 2% aqueous pyrogen-free solution for 1 week 
in daily doses of 4 mg/kg caused local abscess 
formation, hematologic alterations, and toxic 
changes in the hvers and kidneys Dogs, in which 
perivascular damage followed the intravenous 
adnumstration of 0 5% and 2% solutions in daily 
doses of 1 and 4 mg/kg for 3 weeks exhibited similar 
toxic changes The intravenous perfusion of cetyl- 
pyridimum chlonde in doses of 4 mg/kg as a non- 
imtating 0 1% solution caused no local tissue 
d a ma ge, hematologic alterations, or toxic liver and 
kidney changes The systemic toxicity of parenter- 
ally adnumstered cetylpyndimum chloride appears 
to be correlated with the local necrotizing action 
of the compound 

Comparison of the actions of chloramphenicol 
and penicillin G against experimental relapsing 
fever Paul E Thoutson and Mart C Dunn 
(introduced by A C Bratton Jr ) Research 
Labys , Parle, Davis and Co , Detroit, Mich 
Chloramphenicol (chloromycetin, Paike, Davis 
A Co ) exhibited marked antispirochetal activity 
when tested against standardized infections of 
Borrelta novyi in imce (using slight modifications 
of the methods of Richardson, Walker, Loeb and 
Miller, J Pharmacol and Exp Therap 86 (1) 
23, 1M5) Evidence of specific actixuty was indi- 
cated by suppression of the blood infection and 


reduction of mortality among infected animals 
Following these observations in prehrmnary stud- 
ies, the activity of chloramphenicol was compared 
on a weight basis with that of crystalline pemcillin 
G in a senes of parallel experiments Chloramphen- 
icol was approximately i as active as pemciUm G 
in suppressing blood infections However, com- 
parison of the protective action of the drugs against- 
lethal doses of spmochetes revealed that chlor- 
amphemcol was approximately 2i times as active- 
as pemcilhn G 

Pharmacological evaluation of Trimeton, 1-Phe- 
n yl - 1 - (2 - pyridyl ) - 3 -N,N - dimethyl propylamine, 
and Chlor-Tnmeton, l-(p-Clilorophenyl)-I-(2-- 
pyndyl) - 3-N,N-dimethylpropylamine Richarh 
Tislow, Annette LaBelle, Alois J Makovskt, 
Mart Ann Griffith Reed, Margaret D Cun- 
ningham, Jane F Euele, Arnold Grandage 
and Ruth J M Roggenhofer (introduced by H 
B Haag) Biological Research Labys , Schenny 
Corporation, Bloomfield, N J Chlortrimeton 
and Trimeton (A6str 1948 Chicago Meeting, 
Am Chem Soc , p 4K), Pynbenzamine and 
Benadryl were compared for antihistamine potency 
(preventing death from 1 1 mg/kg histamine 
hydrochlonde injected intravenously 1 hour later) 
and toxicity in guinea pigs In dogs, Chlor-Tnme- 
ton potentiated the epinephrine increase of blood 
pressure, inhibited the depression of histamine 
but not of arecoline Lethal doses of the antihist- 
amine compounds upon intravenous infusion at 
25 mg/kg/hour were 


Comf)om}d 

No 

of 

Dogs 

Lethal 

1 Dose 
(mg/Kg) 

cr 

Tnmeton hydroohlonde 

* 

89 0 

±12 

Chlor Tnmeton maleate 

3 

97 6 

±2 

Chlor-Tnmeton hydrochloride 

3 

£8 8 

±7 

Pynbenxamlne 

4 

48 8 

±14 

Benadryl 

2 

91 7 

±10 


Taking the therapeutic index of Pynbenzamine 
as 1, the value for Trimeton is 4 and Chlor-Tnme- 
ton maleate 50 The chlorination of Tnmeton in 
the phenyl ring results in a twenty fold increase 
in activity without any appreciable change in 
toxicity This IS in contrast to Benadryl, Pynben- 
zamine and Thenylene, the halogenation products 
of which show no such marked increase in activity 
Effect of convulsant and anticonvulsant agents 
on the activity of carbonic anhydrase Clara 
Torda and Harold G Wolff New Yorl Hospital 
and the Depts of Medicine (Neurology) and Psy- 
chiatry, Cornell Univ Medical College, New York 
City The concentration of carbon dioxide (car- 
bomc acid, bicarbonates) available for metabolic 
processes in the brain may be an essential factor 
in the induction and prevention of convulsive 
seizures according to Ijcnnox and collaborators 
The effect of certain convulsant and anticonvulsant 



March 19^9 


PHAEMACOLOGY AND EXPERIMENTAL THERAPEUTICS 


339 


agents on the activity of carbonic anhydraae was 
investigated to ascertain whether these substances 
evert any effect on the carbon dioxide uptake and 
release as effected by this enzyme The activity of 
carbonic anhydrase v as inhibited in the presence 
of the convulsant agents used (acetylcholine, cam- 
phor, dichloro-diphenyl-trichloro-ethane, digi- 
toxin, pentamethylene tetrazol, pidrotoxin, 
scilhroside, strychnine, and ouabain) in concen- 
trations of 1 X lO "' ‘h and less, the greatest inhibi- 
tion being, on the average, 54% The activity of 
carbonic anhydrase increased in the presence of 
the anticonvulsant agents used (hjdantoin, 
methyl-phenj 1-ethyl hydantoin, and phenobarbi- 
tal) in concentrations of 1 X lO"" 'ii and less, the 
greatest increase of activity being, on the average, 
50% The results presented suggest that convulsant 
agents, by inhibiting the activity of car borne 
anhydrase (from blood and probably from brain), 
decrease the removal of metabolic endproducts 
from brain Furthermore, anticonvulsant agents, 
by increasing the activity of carbomc anhydraae 
(from blood and probably from brain), increase 
the removal of the above mentioned metabolic 
products from brain 

Determmation of beryllium in biological mate- 
rial T Y Tohibara, W F Nettman, A L Un- 
derwood and M W Cucci (introduced by H C 
Hodge) Dept of Radiaiion B%ology of the Umv 
of Rochester, Rochester, N Y Beryllium adminis- 
tered intravenously is very toxic, the LDm is 
approximately 0 36 mg/kg Thus for distribution 
and excretion experiments, not more than 0 2 mg/ 
kg can be admimstered At such a dose level, many 
tissues may be expected to contain 0 1 microg/g 
or less Thus, any procedure, to be useful, must 
detect with accuracy much less than one micro- 
gram Chemical methods are not as sensitive as the 
spectrographic method for the determination of 
beryllium, but they are adequate for many pur- 
poses Existing methods are too sensitive to pn, 
salt concentration and the presence of other metals 
Because of these reasons and also because of the 
small amounts being sought, the isolation of beryl- 
lium IS just as important as the determination 
This nxirk seeks to improve both the separation 
and the method of determination One fluorometne 
and 5 colorimetric methods of determination and 
procedures for isolation of small amounts of beryl - 
hum will be discussed 

Svnergistic effect of sodium acetate and etha- 
nol in antagonizing sodium fluoroacetate (1080) 
poisoning m mice Vif W TotmTBmLOTTE (by in- 
vitation) and J M Coon Umv of Chicago Toxte- 
> V Labr/ and the Dept of Pharmacology, Unw of 
^cago, Chicago, III Following the suggestive 
^su ts of Hutchens ctal (/ Pharmacol , in press) 

inrorth farm mice neighing lS-22 gm were 
i'=oned With lOSO subcutancouslj and immedi- 


ately treated intrapentoneally with ethanol, so- 
dium acetate, or sodium acetate dissolved in 
ethanol The LDm of the 1080 powder used in 
these experiments was found to be 17 0 mg/kg 
The most effective combination of ethanol and 
sodium acetate found for antagomzing 1080 poison- 
ing was 2 0 gm (16% solution) to 3 0 gm (24% 
solution) of sodium acetate/kg injected with 1 6 
gm of ethanol (20% by volume)/kg This saved 
90-100% of the mice poisoned with 10 LDm of 
1080 When poisoned mice were treated immedi- 
ately with 1 6 gm/kg of ethanol or 3 0 gm/kg of 
sodium acetate alone, then the LDm of 1080 was 
raised by a factor of about 3 (64 0 mg/kg ) or a 
factor of about 4 (63 0 mg/kg ) , respectively How- 
ever, when poisoned mice were treated imme- 
diately w ith 3 0 gm/kg of sodium acetate dissolved 
in 1 6 gm/kg of ethanol, then the LDm was 
raised by a factor of 12 (201 0 mg/kg ) These data 
indicated that ethanol and sodium acetate acted 
sjnaergistically in antagomzing 1080 poisomng 
When treatment was given at 3, 7, 10, and 22 
minutes after poisoning, the LDm was raised by 
factors of approximately 8, 4, 3, 2, respectively 
The effect of treating poisoned guinea pigs, rabbit, 
and dogs with ethanol-acetate solutions and barbi- 
turates will be discussed 
Influence of ethyl chloride spray on deep pain 
and ischemic contraction of skeletal muscle 
J Travell, and S H Rinzlbh, (by invitation) 
Dept of Pharmacology, Cornell Umv Medical 
College, and Cardiovascular Research Unit of Beth 
Israel Hospital, New York City Since painful 
skeletal muscle spasm may be relieved by ethyl 
chloride spray, we mvestigated its effects on deep 
pain and muscular endurance during ischemia pro- 
duced by a cuff on the upper arm Endurance was 
measured by the number of tunes the subject 
could close the fingers during ischemia A constant 
rate of 30 isotomc contractions per minute was 
maintained by a metronome 1) After a senes of 
control measurements, one arm was sprayed with 
ethyl chloride for 5 minutes and endurance deter- 
mined again on both arms Tests were run 20 
minutes apart , when determined at such intervals 
on the same day, endurance remains relatively 
constant Amounts of ethyl chlonde used did not 
cause frosting, cold pain, or loss of cutaneous sensi- 
bility to pinprick Results indicate that one such 
application of spray may double muscular endur- 
ance during ischemia 2) After endurance was 
determined for 1 arm, uithout releasing pressure 
in the cuff, the forearm vas similarly sprayed with 
ethyl chloride for 1 nunute and contractions re- 
sumed until pain again became intolerable The 
procedure was repeated on the other arm, except 
that a rest period of 1 minute vas substituted for 
spraying Data show that ethj 1 chloride spray , 
applied during ischemia at the limit of endurance. 
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markedly lessens pain and enables the subject to 
perform muscular contractions markedly in excess 
of the increment possible after rest alone These 
effects obviously cannot be attributed to circula- 
tory changes in muscle Similar effects uere not 
secured by one nunute immersion of the forearm 
in cold xrater (12-20°C ) during ischemia Results 
suggest that impulses from superficial structures 
play an important role in deep pain perception 
and skeletal muscle function 

Thiouracil administration and thyroidectomy 
on experimental polyarthritis of rats Helen B 
Tbipi, William C Kuzell, and Gbace M Gabd- 
NEE (introduced by P J Hanzlik) Dept of 
Pharmacology and Therapeiitics, Stanford JJniv 
School of Medicine, San Francisco IS, Calif Al- 
bino rats adrmmstered 0 1% thiouracil in the diet 
for periods up to 233 days developed hyperplastic 
thyroids with nodular hyperplasia When infected 
with the L-4 stram of pleuro-pneumoma-like or- 
gamsms these animals developed a more severe 
degree of piolyarthritis than did the controls, and 
showed a higher mortality Thyroidectomized 
albino rats uhich had an average basal metabolic 
rate of only 58% of normal (the same as for the 
thiouracil-medicated lats) when infected nith the 
same microbes developed an arthritis which was 
no worse than that in the controls Other rats 
poisoned with agents chemically and physically 
different from thiouracil, namely, arsenic tnoxide, 
isopropyl alcohol and phenobarbital, showed no 
increase in seventy of polyarthritis due to these 
microbes Thus, the increased seventy of this 
experimental polyai thntis in thiouraciI-medicated 
rats IS believed to be due to some peculiar intrinsic 
action of thiouracil 

Algesimetry m the study of procaine anesthesia 
Paul E Tullab (introduced by Theodoee Kop- 
PANYi) Dept of Phai macology , Georgetown Untv 
School of Medicine, Washington, D C It was 
possible to differentiate between the drug factor 
(D F ) and the pressure factor (P F ) m infiltra- 
tion anesthesia bv the combined use of several 
testing methods Three types of stimuli (radiant 
heat, electric and mechanical) were employed to 
determine the degree, duration, and other features 
of procaine-infiltration analgesia in man Pam sen- 
sation 18 measured o) in seconds required to pro- 
duce a sharp burning pain and withdrawal of the 
finger wuth a modified Wolff-Hardy stimulator, 
5) m cm distance between the primary and sec- 
indary coils of a Harvard Inductonum, and c) m 
units pressure required to produce sharp 'pncking' 
pain wuth a calibrated, spring driven aesthesiom- 
eter At no time were stimuli in excess of 30 seconds 
for burmng pain, 4 cm for faradic shock, or 10 gm 
needle pressure permitted, in order to avoid burn 
It was found that stimuli of the above maximal 
intensities did not intei fci e with the repeated use 


of the nad-base areas After establishing normal 
resjjonses, test solutions (0 2 to 0 25 cc ) were in- 
jected subcutaneously into the sensitive nail-base 
of eleven subjects for a total of 24 individual tests 
The injection of procaine-HCl (1% and 2%) re- 
sulted in increased thresholds to all 3 types of 
stimuli The anesthesia was of short duration and 
show ed gradual return to normal except in the case 
of radiant heat where marked hyperalgesia pre- 
ceded the ultimate return to normal as occurred 
m a majority of instances Injection of normal 
saline resulted in marked anesthesia to mechamcal 
and electrical stimuli, but showed no or little 
analgesia to radiant heat stimulation 
Changes in blood volume during prolonged 
pentothal anesthesia James, E Tueeman (by 
invitation) A H Maloney, Walteb M Booker 
and Claudia M Ratliff (by invitation) Dept 
of Pharmacology, College of Medicine, Howard 
Vniv , Washington, D C In connection with our 
work on prolonged pentothal sodium anesthesia 
it has been observed that the blood picture follows 
a more or less definite pattern which tends to 
lepresent a hcmodilution An attempt is being 
made to determine if the hemodilution is real oi 
relative and the possible mechanism At this time 
38 experiments have been completed, using 6 rab- 
bits and 32 mongrel dogs The dogs were dmded 
into 3 groups, a group on normal diet, a group on 
high caibohydrate diet, and a group on high jno- 
tein diet Initial blood samples were taken, follow- 
ing which dogs were anesthetized inth pentothal 
sodium and maintained in surgical anesthesia for 
an average of 3 hours Hemoglobm and/or hemato- 
crit was determined at i hour intervals m some 
instances and in others at 1 hour intervals Hemo- 
globm decreased an average of 1 7 gm % during 
the first hour then tended to increase until the 
end of the experiment The hematocrit decreased 
an average of 6% dui ing the first hour and increased 
similarly as the hemoglobin At the end of the 
experiments the values approached or equaled the 
initial values There was no apparent difference 
in the groups In an attempt to discover the mech- 
anism and determine if these results were real oi 
relative, tissue space by the thiocyanate method 
and plasma volume by the 1824T dye method w ere 
determmed In 6 experiments it appears that fluid 
IS drawn from the tissue spaces 
Adrenolytic activity of a number of N-phenyl- 
isopropyl-beta-haloethyiamines Glenn E Ull- 
TOT (by invitation), J^mes ICebwin (by invita- 
tion), Edwun J Fellows and Edward Macro 
(by invitation) Research Division, Smith, Kline 
and French Labys , and Dept of Phai macology. 
Temple Univ School of Medicine, Philadelphia, 
Penna Substances with the following structure 
were compared wath ‘Dibenaimne’ for then effect 
after intravenous administration on the pressor 
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action of epinephrine in cats anesthetized inth 
pentobarbital sodium R — — CH« — CH 2 X Ac- 


Ri 


tivitj comparable with that of ‘Dibenaniine’ was 
noted when R = phenj hsopropyl and Ri ■= allyl 
or isobutjl but where R = alljl or isobutyl but 
where R X phenyhsopropyl and Ri = ethjd or 
isopropjl, the compounds were less active In the 
case of the dem^tive in which Ri = benzyl and 
R = unsubstituted phenylisopropyl, activity 
greater than that of ‘Dibenamine’ was obtained 
The same was true when Ri = benzyl and R = 
p-methovj'-, p-hydrovj"-, 3,4-dimetho\y-, or 3,4- 
dihj droxyl-phenyhsopropyl 
Anticonvulsive properties of myanesm 1£ 
UxxA and A Eapuais invitation) Depi 0 / 
Pharmacology, Univ of Illinois College of Medi- 
cine, Chicago 12, III The anticonvulsive eflfect of 
mj-anesm was studied in 500 mice treated with 
either strychmne or metrazol, or subjected to 
maxunal seizures induced by electroshock My- 
anesin was adrmmstered subcutaneously in doses 
ranging from 100 to 500 mg/kg , 10 minutes before 
the convulsive agent A dose of 500 mg/kg repre- 
sents the paraljzmg dose 50 The observation of 
Berger and Bradley that strjchmne convulsions 
are effectively antagonized was confirmed Both 
mortality and seventy of the convulsions caused 
by strychnme (1 75 mgAg 1 P ) were markedly 
reduced The mortality of the mice treated with 
metrazol (90 mg/kg 1 p ) was less effectively re- 
duced The metrazol seizure of mice treated with 
100 or 200 mg/kg of myanesm, however, was at 
least as severe as in the controls and often pro- 
longed The tome extensor phase of metrazol con- 
mlsions, in which most of the control ammals die, 
was eliminated by my^anesm, death of the my- 
anesm-treated mice was delayed The electroshock 
(25 mA for 0 3 seconds by eye-electrode) caused 
tyincal seizures in 89% and a mortality of 33% of 
the control animals None of the myanesm-treated 
animals died from electroshock The pattern of the 
seizures was changed by myanesm (200 mg/kg) in 
that the tonic flexor-extensor phase was abobshed, 
and only clonic 0001 x 1151008 of a much more violent 


nature than in the controls were observed 
Elimination of d-tubocuranne in the rat E 
V\x Mxjcnen (introduced by Otto Kratei 
Brpt of Pharmacology, Harvard Medical Scho< 
Bo'^lon, 1/ass Rats were anesthetized wxth ui 
tlianc Contractions of the gastrocnenuus muse 
maximally stimulated through the sciatic neri 
w ere recorded The total curanzing dose was mei 
ured at different rates of administration of d-tut 
curarine The amount of fluid injected per ho 
w-TS 4 78 cc It was found that, when d-tuboci 
unne was admimstered at a rate of 1000 - /hr/I 
mi or more approximately 70 w/kg rat was iiec. 


eary' for complete curarization of the gastrocnemius 
muscle Decreasing the rate of adnumstration 
resulted in an increase m the amount of d-tubo- 
curanne necessary for total curarization It was 
impossible to obtam complete curarization, when 
less than 80 7 /lir/kg rat was administered, even 
though the injection lasted for 5 hours or more 
In nephrectomized rats the total curanzing dose 
differed very bttle fiom that of normal rats, when 
150 T/hr/kg rat or more was administered How- 
ever, when less than 150 7 /hi/kg rat was injected 
the total curanzing dose was less than that of 
normal rats Complete curanzation was obtained 
in nephrectomized rats when the rate of adminis- 
tration was as low' as 60 7 /hr/kg rat 

Secretion of cortical hormone by the isolated 
adrenal Marthe Vogt (introduced by' H B van 
Dyke) Pharmacological Lahy , Umv New Build- 
ings, Edinburgh, Scotland The isolated adrenal 
of a dog, perfused with blood by' means of a Dale- 
Schuster pump, secretes cortical hormone in quan- 
tities detectable by biological assay on adrenalec- 
tomized rats exposed to cold The rate of secretion 
18 not much lower than that of the gland in situ 
dunng the course of an abdominal operation It is 
not abobshed by perfusing with blood from a hypo- 
phynsectomized donor, and is immediately enhanced 
by the administration of corticotrophic hormone 
The rate of secretion is unaffected by a number of 
metabobtes (glucose, lactic acid, ammo acids), 
but 18 augmented by adenosine-tn-phospliate and 
by creatine phosphate Inorganic phosphate has 
no such action These effects may be connected 
With the energy' requirements of the synthetic 
processes continually going on in the gland An- 
other factor found to mcrease the output of cortical 
hormone is a raised concentration of potassium 
m the plasma In order to obtain an acceleration 
of cortical secretion which can be detected by the 
assay employed, the plasma potassium has to be 
increased considerably, 1 e , to values which may 
occur in adrenaJectomized dogs, but not in normal 
animals It is interesting that this effect is ob- 
tained in the absence of the pituitary, and it would 
be desirable to know whether smaller rises m the 
rate of secretion, such as cannot at present be 
estabbshed by direct biological assay of the hor- 
mone in blood, would result from more physio- 
lopcal lariation in the jiotassium level of the 
plasma 

Therapeutic efficiency of various dosage sched- 
ules of oxophenarsine in experimental trypano- 
somiasis Harry A Waiker, Susanke Wilson 
(by inntation), and A P Richxrdson Dept of 
Pharmacology, Emory Umv School of Medicine, 
Emory Umv , Georgia Recently , the relation of 
dosage schedule to the therapeutic effect of a num- 
ber of chemotherapeutic agents m the treatment 
of cxpcnnicntal bacterial and protozoal infections 
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hflH been investigated in order to establish optimal 
dosage regimes This report concerns the relative 
therapeutic efficiency of dosages of ovophenarsme 
given by single and multiple intraperitoneal injec- 
tions against Trypanosoma eqmperdum infections 
in the mouse Previously it has been demonstrated 
with this infection in the rat that arsenoxide 
(o\ophenarsine) produces a prompt trypanocidal 
effect as indicated by a decrease in parasite 
density of the peripheral blood within a period 
of 30 minutes In our experiments mice were in- 
fected intraperitoneally with an inoculum of 100 
million parasites/hg of body weight and remained 
untreated until 24 hours after inoculation From 
stained thin smears made every 5 minutes after a 
single intraperitoneal injection of oxophenarsine 
it was found that within 10 minutes a decrease in 
parasite density occurred Within 45-60 minutes 
the maximum effect was obtained On the basis 
of the above data and the fact that the arsemc 
content of the blood after an intravenous injection 
of oxophenarsine falls abruptly to a low level by 
the end of 1 hour, the EDw of oxophenarsine 
given intraperitoneally in 10 equal doses every 1 5 
hours starting 24 hours after inoculation was de- 
termined and found to be 0 30 mg/kg The EDm 
of a single dose injected 24 hours after inoculation 
was 0 16 mg/kg The data indicate that a single 
dose of oxophenarsine exerts a sigmficantly greater 
therapeutic effect than that produced by the same 
dosage given in 10 equal doses at intervals of 1 6 
hours 

Cardiac and calongenic actions of dicnmarol 
and dinitrophenol R P Wauton, C B Hanna 
(by invitation), R P Prtstowskt (by invita- 
tion), and J S Least (by invitation) Dept of 
Pharmacology, Medical College of South Carolina, 
Charleston, S C Calorigemc and cardiac actions 
of dicnmarol at high dose levels have been de- 
scribed respectively by Wakim, Chen and Gatch 
(S G <t 0 76 323, 1943) and Carlson and Seager 
{Fed Proc 7 210, 1948) The experiments re- 
ported here were aimed at defimng the nature of 
the cardiac action The contractile force of a sec- 
tion of the right ventricle was determined directly 
in open-chest dog preparations along with other 
observations of systemic changes Dicumarol was 
administered in doses of 10 to 100 m p k by i v 
infusion over periods of 30 min Doses at the low 
extreme had no clear effect while those at the high 
extreme quickly produced terminal fibrillation 
■with little e-vidence of contractile force stimula- 
tion Intermediate doses in about 60% of the trials 
produced first slight to moderate depression fol- 
lowed by distinct to marked increases in contrac- 
tile force, stroke amplitude, heart rate, arterial 
pressure, external respiratory movements and 
rectal temperature The contractile force increases 
usually reached a maximum about 60 min after 


the start of the infusion For the most part, effects 
developed at parallel rates In a few instances, 
however, the cardiotomc action clearly preceded 
the temperature rise and also was characteristically 
obtained in experiments in which the rectal tem- 
perature nse was prevented by the use of ice packs 
Moderate increases in venous pressure were con- 
sidered insufficient to account for all of the m- 
creases in contractile force A closely similar group 
of resfionBes were obtained -with dinitrophenol in 
the dose range of 10 to 20 m p k Distinct contrac- 
tile force increases of the same order were obtained 
by the application of diathermy Perfusion of iso- 
lated rabbit hearts with dic nmar ol or dimtrophenol 
produced marked depressant effects preceded, at 
times, by stimulation In the open-chest experi- 
ments and in intact dogs recei-ving 250 to 400 m p k 
dicumarol orally ECG records commonly showed 
T-wave reversal and deflection of the RS-T seg- 
ment but did not usually show A-V dissociation 
until near the terminal stages 
Effect of vanous lactones and of veratnne on 
the mammalian heart, R P Walton, M deV 
Gotten (by in-vitation), and 0 J Bhodie (by 
in-vitation) Dept of Pharmacology, Medical Col- 
lege of South Carolina, Charleston, S C Contrac- 
tile force changes of a section of the right ventncle 
were determined in open-chest vagotomized dogs 
along 'With ECG and arterial pressure recordings 
Four lactones, pre'viously shown to have digitalis- 
like effects on the cold-blooded heart, had no 
stimulant effects on the mammalian heart tn situ 
Administered by i v infusion over penods of 30 
min , the compounds were psi-santonin, 30 to 
160 m p k , l-ascorbic acid, 50 to 260 m p k , beta- 
gamma-angelica lactone, 400 to 800 m p k , di-lac- 
tone of pulnnic acid, saturated solution in sahne, 
20 cc/kg The first 3 of these compounds produced 
significant depression suggestive of that obtamed 
with alcohol The di-lactone of pul'vimc acid had 
no clear effect, doses up to 2 m p k were injected 
in dio'ume solution ■with, however, immediate 
precipitation — The commercial N F V mixture 
of alkaloids termed ‘veratnne’ was administered 
by infusion as above , also, by immediate injections, 
doses were alternated ■with epinephrine both before 
and after dibenamine Pressor effects and cardiac 
stimulation ■with veratnne and epinephrine were 
generally similar although the effects of veratnne 
were more sustained Dibenamine blocked effects 
of both drugs in a parallel manner In contrast to 
epinephrine, veratnne, in small doses frequently 
produced temporary depression and, in larger 
doses, a greater tendency to fibrdlation , also, stim- 
ulant effects more frequently dimimshed on 
repeated injection Veratnne doses of 360 ga mm a/ 
kg corresponded approximately to epinephnne 
doses of 5 gamma/kg Cardiac stimulant effects of 
veratnne vere accompamed by strong skeletal 
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muscle movements -wbich ^vere disturbing if not 
blocked by curare ECG effects consisted mainly 
m the R and S-wave voltage changes which usually 
occur mth left avis deviation, frequent reversal 
of T-wave and, in the terminal stages, ventricular 
ectopic beats with frequently a bi -directional 
rhythm A-V dissociation did not commonly occur 
until near the ternunal stages In isolated rabbit 
heart preparations, veratnne concentrations 10 to 
20 times those of epinephrine produced generally 
similar effects and could be successively repeated 
several times 

Pharmacological studies on 2- iN-p'-tolyl-N- 
(m'-hydroxyphenyl) -aminomethyl-1 imidazo- 
line hydrochloride (C-7337) M R Warben, R 
A WooDBUBT and J H Trapold (by invitation) 
Division of Pharmacology, Univ of Tennessee, 
Memphis, Tenn 2-lN-p'-tolyl-N-(m'-bydrovy- 
phenyl)-aimnomethyl-l imidazoline hydrochloride 
(C-7337) has been shown to be an effective adren- 
ergic blocking agent in dogs follomng oral and 
intrai enous administration Its onset of action is 
more rapid than that reported for Dibenamine 
after intravenous injection but its duration is 
shorter The pressor response ehcited by anoxia 
or the intravenous injection of carbaminoylcholine 
in atropinized dogs is converted into a depressor 
response Doses which cause ‘epinephnne reversal’ 
have no sigmficant effect on the depressor action 
of acetylcholine and histamine Ephedrine sulfate 
given intravenously will combat the hypotensive 
action induced by rapid injection of C-7337 and 
decreases the duration of its adrenolytic effect 
Isolated uten from estrogen-treated rabbits are 
stimulated by weak concentrations but only in- 
hibition IS obtained with greater concentrations 
Contractions ehcited by histamine, epinephrine, 
pitocin and pitressin are likewise inhibited Spon- 
taneous contractions of the isolated ileum of the 
rabbit, cat and rat are suppressed as are contrac- 
tions induced bj barium chloride, acetylcholine, 
and pitressin This inhibitory action on the in- 
testine IS not abolished by atropine Acute toxicity 
work in dogs indicates that approximately 100 mg/ 
kg , administered tmee daily , are required to kill 
50% of the animals within a period of 1 week 
Single doses as large as 500 mg/kg failed to prove 
lethal Chronic oral administration of C-7337 in 
doses up to 50-00 mg/kg twice daily for three 
months caused no appreciable gross toxic mani- 
festations watli the possible exception in young or 
pregnant animals 

Isomers of methadon and isomethadon and 
respiration of brain homogenates Dameu T 
M ITTS, (introduced by C L Gemiull) Dept of 
P) artracology, I me of Virginia Medical School, 
Cr.orhtle^vtllc, T"a The effect of d-, 1-, and d,l- 
nictliadon and d-, 1-, and d,l-isomct}iadon on the 
oxidation of glucose, succinate and ascorbate bx 


fortified brain homogenates was investigated A 
Warburg apparatus was used to determine simul- 
taneously in triplicate the oxygen uptake in con- 
trol vessels and in vessels containing the d-, 1- and 
d,l -methadon or isomethadon Oxygen uptake;r 
expressed as percentage inhibition (Os uptake im 
control vessels, minus uptake in vessels with drug, 
divided by control uptake) was as follow'S 


Substrate 

Drug 

Cone. 

Molar 

1 

Methadon 

Isomethadon 

d,l 

d- 

, 1 

d 1 

1 d 

1- 

Glucose 

0 005 

65 

60 

66 

76 

66 

62 

Succinate 

0 003 

— 

— 

— 

67 ! 

57 

60 

Sucemate 

0 007 

74 

66 

76 

— 

1 

— 

Ascorbate 

0 006 

63 

63 , 

76 

84 

82 , 

80 


The observed decrease in Oj uptqke may be due to 
a general enzymatic inhibition or to a specific 
block at the cytochrome-cytochrome oxidase level 
Inhibition of ascorbate oxidation which requires 
only the catalytic action of cytochrome-cytochrome 
oxidase indicates blockage occurs at this level 
Effect of local anesthetics on respiration of 
brain homogenates Daniel T Watts, (intro- 
duced by C L Gemmill), Dept of Pharmacology, 
Untv of Virginia, Medical School, Charlottesville, 
Va The effect of selected local anesthetics on the 
oxidation of glucose, succinate and ascorbate was 
investigated The homogenates were diluted to 
reduce endogenous activity to a minimum and then 
reinforced with as many factors as possible to 
obtain maximum oxygen uptake for the substrate 
under investigation Additional cytochrome c, 
calcium and aluminum ions were added for succi- 
nate and ascorbate oxidation Hexose diphosphate, 
adenosine triphosphate, diphosphopyridine nu- 
cleotide, cytochrome c, mcotinamide and mag- 
nesium ions were added for glucose oxidation 
Oxygen uptake was measured with Warburg man- 
ometers simultaneously in duplicate for controls 
and for vessels containing the drugs at a fimal 
concentration of 0 005 m Oxygen uptake ex-pressed 
as per cent inhibition was as follow s 



I Glucose 

Sucanate 

1 Ascor 

1 bate 

Cocaine HCI 

i 

32 

1 

Q 

1 

0 

Procaine HCI 

22 

11 

9 

MetjcaineHUl 

46 

8 ; 

4 

Pontocame HCI 

04 

44 

36 

Nupercaine HCI 

74 

95 

68 


In a further attempt to isolate the point of block- 
age by the local anesthetics it was found that 
nupercaine a) did not inhibit the reduction of 
methylene blue by succinate and homogenate, h) 
inhibited the oxidation of reduced cytochrome by 
homogenate in presence of ox-ygen, c) inhibited 
the reduction of oxidized cytoclirome c by homoge- 
nate and succinate when the cytochrome oxidase 
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was inhibited by cjamde These observations 
indicated that the cytochrome oxidase and the 
factors necessary for tlie reduction of C3’tochrome c 
are sensitive to the action of nupercaine 
Cardiac-active principles m osage orange R A 
Waud, C W Gowdet (by invitation) and J S 
Lotnes (by invitation) Dept of Pharmacology 
Untv of Western Ontario, London, Canada It has 
been shown previously by one of us (RAW) that 
Osage Orange contains a substance or substances 
which cause marked augmentation of the isolated 
hypod 3 naniic frog’s heart when perfused through 
the vena cava Prolonged augmentation was also 
shown in a laige percentage of isolated rabbit 
hearts perfused by the method of Langendorff 
The augmentation as not accompamed by changes 
in heart rate nor b 3 changes in conduction Systolic 
standstill did not occur These principles have been 
investigated further and we bebeve that a largo 
part of the cardiac activity is due to a phytosterol 
which occurs in the non sapomfiable fraction of 
the oil contained in the Osage Orange This sterol 
has been isolated and obtained in crystalline foira 
Definite activity is shown by a concentration of 
1 200,000 of this cr 3 Stalline substance From the 
M ork of Damien sky in 1907 on the actions of choles- 
terol on the frog’s heart one might expect the 
results we have desenb^d because of the close 
structural relationship's between the plant sterols 
and cholesterol We have repeated the nork \vith 
cholesterol and in addition have tested the activity 
of several other sterols Ergosterol has a similar 
but weaker action Similar activity nas found in 
the Califorma Orange 

Absorption and distribution of isopropyl alco- 
hol Joan Wax (by invitation), Feed W Enas, 
and Ahnold J Lehman Dept of Pharmacology , 
School of Medicine, Univ of North Carolina, 
Chapel Hill, N C Ab part of a systematic pharma- 
cologic study of isoprop 3 d alcohol (IPA) the gastro- 
intestinal absorption and tissue distribution of 
this substance was investigated In pentobarbi- 
tabzed dogs in situ stomach and/or intestinal 
loops were isolated, and IPA absorption vas stud- 
ied as affected by site and extent of absorbing 
surface, concentration, time, successive doses, 
and systemic ethyl alcohol Absorption of IPA 
occiUTed from all portions of the digestive tract, 
most rapidly in the jejunum and least in the stom- 
ach During a 30-minute absorption peiiod IPA 
was distributed to the spinal fluid, brain, bver, 
kidney and skeletal muscle Spinal fluid and blood 
concentrations were approximately equal, but 
there u os no constant relationship between tissue 
and blood concentrations Increased absorption 
area resulted in increased tissue concentration, 
but did not influence total absorption The per- 
centage absorption was not markedly affected by 
the concentration of IPA although at the site of 


highest absorption (jejunum), 10% strength was 
absorbed significantly better than 6%, 50%, and 
99% Previous absorption of IPA from intestinal 
loops did not influence subsequent absorption 
from adjacent loops Ethyl alcohol administered 
intravenously markedly decreased the intestinal 
absorption of IPA 

Fate of certain antihistanilnes E Leong Wat, 
Robbbt E Dailbt (by invitation) and Donald 
L Howie (by invitation) Dept of Pharmacology, 
The George Washington Umv School of Medicine, 
Washington, D C Certain antihistamimcs have 
been successfully determined in biologic tissue by 
application of the Brodie methyl orange technique 
A high degree of specificity m as obtained when the 
method was modified for determining tripelen- 
namine (pyrribenzamine) and phemndanune (the- 
phorin) Tripelennamine was used as the standard 
for comparison with other agents In rats fasted 
for at least 18 hours, after a single oral dose of 
100 mg/kg about 35% of the total dose was re- 
covered in the gastro-intestmal tract after 2 hours 
and about 5% after 4 houiE After mtrapentoneal 
administration of tripelennamine to rats or guinea 
pigs high concentrations were obtained in the 
spleen, lung, liver and kidney Concentrations in 
the brain nere almost as high and lou levels nere 
found in muscle, heart and blood Preliminary 
results nith phenindamine indicate that its dis- 
tribution follows somewhat the same pattern as 
that for tripelennamine After 3 daily doses of 
eithei tripelennamine or phemndanune for several 
days, slight or no levels were detected in the tis- 
sues after 24 hours, indicating little oi no storage 
of the compounds Evidence that both compounds 
are rapidly metabohzed is indicated by the fact 
that only shght amounts of either compound were 
recovered in excreta after parenteral admmistra- 
tion Prehminaiy in vitro results on tripelenn- 
amine indicate that the detoxication site is the 
liver 

Fate of dl-methadon E Leonq Wat, Chen- 
Th Sung (by invitation) and WilliaiiP McKel- 
WAT (by invitation) Dept of Pharmacology, The 
George Washington Univ School of Medicine, 
Washington, D C The fate of dl-methadon was 
investigated in rats by application of Brodie’s 
methyl orange technique The method was modi- 
fied to give a high degree of specificity for metha- 
don in biological tissues In fasted rats, about 25% 
of the total methadon dose given orally was re- 
covered in the gastro-intestinal tract after 2 hours 
The compound was found to be firmly bound b\ 
all tissues, especially’^ muscle After mtrapentoneal 
admimstration of methadon highest concentra- 
tions were found in the lung, liver, kidney and 
spleen Low levels were present in blood, brain, 
muscle and heart After injections of methadon 2 
or 3 times daily for several days, there was little 
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or no mcthadon m tissues removed 24 hours after 
the last dose, indicating that prolonged storage of 
methadon does not occur Only i small fraction 
of the total admimstered dose ivas recovered in 
the unne as methyl orange leactant It was also 
found that m vitro, liver and hidncy slices metab- 
olized methadon within 4 hours to substances 
which are not measured by the methyl orange 
techmque 

Vasoconstrictor activity of epinephrine, ephed- 
nne and a new sympathomimetic diamine l-(m- 
hydroxyphenyl-N*-methylethylene diamine (NU- 
1683) Howaed Watne (by invitation), Lewus 
Fraakun (by invitation) , and Harold D Grlen 
Depi of Physiology and Pharmacology, Bowman 
Gray School of Medicine of Wake Forest College, 
Winston-Salem, N C Lehmann and Randall re- 
cently described a series of sympathomimetic 
diamines (J Pharm and Exp Therap 93 114, 
1948) We compared the vasoconstrictor activity 
of one of these, NU-1683, with that of epinephnne 
and ephedrme by injections of each into the fem- 
oral artery of dogs while measuring the venous 
outflow w’lth a modified Gaddum-type meter con- 
nected to the femoral vein 1 /igm of epinephrine 
reduced flow' by 15-78% (av 49%) in 35 injections 
in 6 dogs Latency of response was 20-30 seconds, 
mimmum flow' occurred approximately 50 seconds 
later and lasted 10-50 seconds Duration of le- 
sponse was 2 8 min (range 1 3-6 7 min ) Tachy- 
phylaxis did not occur 1-3 mg of NU-1683 reduced 
flow 24-78% (av 45%) Mimmum flow lasted 20 


seconds, duration of response was 4 2 minutes 
(range 1 3-8 6 mins ) in 13 injections in 7 experi- 
ments Tachyphylaxis did not occur 1 mg of 
ephedrme reduced flow 25% (range 15-43%) in 6 
injections in 3 experiments Mmimum flow' lasted 
13 seconds Duration of response was 0 9 minutes 
(range 0 5-1 2 mins ) Tachyphylaxis did occur 
With each drug the latent period of response and 
times for occurrence of mimmum flow W'ere about 


the same Sufficient data is not yet available 
predict the dose response curves for these drug 
A detectable reduction of flow (10%) is usual 
produced by 0 1/gm of epinephrine, 0 1 mg 
NU-16S3 and 0 1 mg of ephednne, and an almo 
complete cessation of flow (90% reduction) by 
10 gm of epinephrine and 10 mg of NU-1683 
Separation by fluoroacefate of energy sourc 
for smooth muscle contraction James R Wee 
(bi inxntation) and Matxard B Cherowei 
Dept of Pharmacology, Umv of ilichgan, 
Arbor, Mich Contraction of rabbit jejunum sc 

Krebs-Henselc.t solution 
maintained equally well by 0 005 m glucose 

(FA) decrees contraction amplitude Commm 
cntion wath Dr Alfred Faroh during early uhm 
of .l„d, d,. closed .hot muscle. cootiS^ 


glucose are more resistant to FA than in sodium 
acetate This has also been found true for acetate 
in the form of monoacctin, although this is the only 
effective in vivo FA antagonist By use of vaiious 
concentrations of FA acting on jejunal segments in 
0 005 M glucose it has been found that even at very 
high concentrations of FA reduction of contraction 
amplitude below' about 35% of initial amplitude 
docs not occur In 0 005 m acetate FA in similai 
high concentrations reduces contraction almost to 
zero Addition of glucose to 0 005 xi returns con- 
traction to the approximate level expected had 
glucose been present initially Y^ct at low' conccn- 
tmtions of FA acetate is a better antagonist than 
glucose These findings may be harmonized by' 
presuming that intestinal muscle obtains cnci'gy' 
aerobically from brcakdow'ii of glucose to pyruvate 
and subsequently from syntheses in the tnear- 
boxylic acid cycle involving acetate Wlien acetate 
as the sole available substrate is blocked from 
entry into the cycle by high concentrations of FA, 
contraction ceases , w'hilc low concentrations of FA 
arc unable to produce a block in presence of excess 
acetate In presence of glucose energy for partial 
contraction is available despite presence of FA 
block of acetate 

Mechanism of cardiac injury in experimental 
hypothermia David Weiner, Kurt Lange and 
Michael M A Gold (introduced by M G 
Muunos) Dept of Medicine, New York Medical 
College, New York City Rabbits suffering from 
lowering of body' temperature show a reduction m 
heart rate directly propoi tional to the fall m body' 
temperature The P-R interval and the QRS com- 
plex show a prolongation roughly proportional to 
the fall in body temperature The relative dura- 
tion of electrical systole as expressed by Bazett’s 
formula reveals a prolongation w'hich becomes 
relatively greater as body temperature decreases 
The very marked S-T segment and T wave changes 
under such conditions show individual differences 
in extent and localization in both rabbits and dogs 
The changes in rate and conduction are exclusively 
the result of the direct effect of cold The pro- 
longation of electrical systole is partly the result 
of cold directly on the muscle fibres and partly 
the result of anoxia due to low eicd oxygen dissocia- 
tion The T w ave changes ai e exclusively the result 
of anoxia The anoxic nature of the S-T segment 
and T wave changes as well as jxirt of the prolonga- 
tion of electrical systole is proved by' the fact that 
increasing the oxygen dissociation of the blood by 
acidi fication reverses them to normal Acidification 
of the blood of uncoiled rabbits and dogs does not 
change the EKG Anoxemia plays no role m the 
production of any of the changes seen in the heart 
with exposure to cold We are dealing wnth anoxia 
without anoxemia 

Fate of dicoumarol in man Murhax Weiner 


/ 
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(bj invitation), Juiatrs Axelbod (by invitation), 
Shepard Shapiro (by invitation) and Bernard 
B Brodie Depls of Biochemistry and Medicine, 
New Yorh Univ College of Medicine, and New 
Yorl Umv Medical and Research Services, Gold- 
water Memorial Hospital, New York, N Y A 
method for the estimation of dicoumarol in bio- 
logical material has been devised It is specific in 
that neither normal biological matenal nor metab- 
olites of the drug are included in the measurement 
With this method, those factors which affect the 
plasma concentration of the drug such as absorp- 
tion, evcretion, metabolism and tissue localiza- 
tion are being studied Only traces of dicoumarol 
were found in the unne after its administration, 
indicating the almost complete metabolism of the 
drug in the body The rate of metabolism is slow 
and vanes with the dose It varies from about 26% 
per day at the upper therapeutic plasma levels to 
over 76% per day at low plasma levels There are 
wide vanations in the rate of transformation in 
different individuals, even at similar plasma levels 
The drug is highly localized on plasma proteins 
(about 99% plasma binding) and m various tissues 
Its low concentration in plasma water explains in 
part, its low transformation rate The rate of ab- 
sorption of the drug from the gastrointestinal tract 
is slow and vanes with the individual and with 
the dose Thus in the same individual a dose of 
one mg/kilo yielded a peak plasma concentration 
within 6 hours while a dose of 8 mg/kilo did not 
yield a peak level until more than 24 hours The 
relationship between dicoumarol concentration and 
prothrombin time elevation is being studied in the 
hope that safer dosage with the drug may be 
achieved by following plasma levels 
Influence of xanthopterin on the folic acid con- 
tent of liver, in vitro Arnold D Welch, Eveltn 
M Nelson (by invitation) and Mariltn P Wil- 
son (by invitation) Dept of Pharmacology, School 
of Medicine, TFestem Reserve Umv , Cleveland, 
The activity for L casei or S faecalis of rat liver 
homogenate or cell-free extract is increased by 
incubation at pH 7, 37'’C , if added promptly, the 
increase is augmented by xanthopterin (X) The 
additional material formed behaves hke pteroyl- 
glutamic acid (PGA) , added PGA disappears but 
little, if at all Homogenate from PGA-deficient 
rats IS unaffected by X The PGA content of pig 
liver homogenate also is increased by X , in a typi- 
cal IS-hour incubation, the PGA content (in ngm/ 
gm of liver) rose, at pH 7, from 0 25 to 3 0 (4-hour 
figures somewhat lower) , at pH 4 7, 0 65 without 
or with X, at pH 7 (4 hours) followed by pn 4 7 
(14 hours), the values rose from 1 7 to IS 5 At pH 
7, added pteroylhexaglutamylglutamate (PG?) is 
partially converted to PGA, at pH 4 7 nearly com- 
pletely , the conversion is unaffected by X Appar- 
ently, the ‘potential PGA’ of pig liver is resistant. 


at pH 4 7, to enzymic conversion to PGA , however, 
at pH 7 this form is converted enzymatically to a 
compound, presumably PGi, that is susceptible to 
enzymic conversion to PGA, particularly at pH 
4 7 Conceivably, the precursor of PGr, at pH 7, 
is subjected to two reactions, a slower one leading 
to formation of PGr, the other rapidly yielding an 
inactive substance, X may inhibit this second 
reaction Although X also may serve as a pi ecursor, 
of PGA (through synthesis of PGr or its precursor), 
there is now but little evidence for this (no aug 
mentation by reduced DPN, ATP, p-anunoben- 
zoylglutamate or its N-formyl derivative) Experi- 
ments with isotopically labeled compounds wiU be 
described 

Pharmacology of a new cholinergic agent W 
Clarke Wescoe (by invitation) and Walter F 
Riker Dept of Pharmacology, Cornell Umv 
Medical College, New York City The compound, 
3-acetoxy phenoxy tnmethylammonium methyl- 
sulphate (Nu 2017, Hoffmann-LaRoche, Inc ), is of 
considerable pharmacologic and acadermc interest 
because of its close chenucal relationship to ace- 
tylcholine and neostigmine It possesses both nico- 
tinic and muscarinic properties , injected into the 
intact cat it produces all the characteristic signs 
of acetylcholine action Compared with acetyl- 
choline its duration of action is longer, though still 
brief, and its potency is less Like acetylcholine 
it IS inactivated rapidly by the specific and non- 
specific chohnesterases of erythrocytes, brain, and 
serum , its affinity for the specific type esterase is 
lower than that of acetylchohne It possesses the 
immediate and mtense effects of neostigmine on 
skeletal muscle, providing thereby additional evi- 
dence for the direct action of neostigmine on this 
effector 

Pentobarbital tolerance in rabbits B A West- 
pall (introduced by J K W Ferguson) Dept 
of Physiology and Pharmacology, Medical School, 
Umv of Missouri, Columbia, Mo Seventeen young 
albino rabbits (mean weight 2 31 kg ) , selected 
from a pool of several litters were injected intra- 
venously with an anesthetic dose of pentobarbital 
sodium (40 mg/kg ), and the sleepmg-time noted 
for each ammal One week later the same 17 animals 
were injected with the same dose of pentobarbital 
sodium (40 mg/kg ), the sleeping-time noted, and 
this routine was continued at weekly internals 
until a total of five injections had been given The 
data reveal a significant difference (about 30%) 
between the mean sleeping-time (121 1 mm ) after 
the initial dose as compared to the mean sleeping 
time (88 6 rmn ) of the same animals after the 
same dose of pentobarbital one week later How- 
ever, the latter value (mean, 88 6 min ) was almost 
identical with the mean sleeping time values ob- 
served after the third (mean, 87 7 min ), fourth 
(mean, 87 6 min ) and fifth (87 9 min ) injections 
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of pentobarbital It might be pointed out that this 
study 13 the first reported in which the repeated 
injections of pentobarbital weie as infrequent as 
one week apart and that the toleiance developed 
as a result of the initial dose, not only persisted at 
least a iseek, but was maintained by weekly injec- 
tions of the pentobarbital 
Potentiation by means of CO- of the action of 
penicillin against pneumococcus infection Rich- 
abdW Whitehead, J Howabd Willi uison (by 
invitation), William E Clapper (by invitation), 
Joseph N Spencer (by invitation) and Wiluam 
B Draper Depts of Physiology and Pharma- 
cology, and Bacteriology, Univ of Colorado Medi- 
cal Center, Denver, Colo In vitro experiments have 
shown pemciUm to be most effective as an anti- 
biotic in an acid medium It was thought to be of 
interest to determine the action in vivo of induced 
carbon dioxide acidosis upon the effectiveness of 
pemcilhn using white mice as experimental am- 
mals Type III pneumococcus was used as the test 
orgamsm One thousand lethal doses were given 
as the standard quantity for a 20-gm mouse Pre- 
liminary studies showed that the maximum pro- 
tection with a single dose of pemcilhn wms ob- 
tamed with 2600 u Acidosis was induced and 
maintamed for 45 minutes by inhalation of 20% 
CO- In control experiments it was shown that 
CO} alone had no effect upon the tune of death of 
the animals infected with pneumococci A senes 
of 9 experiments was performed using a total of 
72 animals, all of which were given 2500 tj of po- 
tassium pemcillin G at the time of inoculation 
Thirty-six of these animals were treated for 45 
minutes with COj 2 hours after having been inocu- 
lated with the test orgamsm and pemcillin The 
average hfe span for the a nimal s treated with 
pemciUm alone was 38 9 hours The average sur- 
vival tune for the ammals given pemcillin and 
carbon dioxide was 47 1 hours The difference of 
8^ hours in survival tune was shown to be statisti- 
callj aigmficant 


Biopsy technic and analysis of variance applied 
to pentobarbital inhibition of brain oxidations 
D S Wilkins (by invitation), R M Feather- 
^ne, C E Gray (b}’- invitation) , J T Schwuddb 
( J imitation), and M Brotman (by invitation) 
ivisions of Anesthesiology and Neurosurgery, 
Depts of Surgery and Pharmacology, College of 
Afcdicuie, State Vmv of Iowa, Iowa City, la This 
experiment combines a method of dog brain biopsy 
wth analjms of i ariance and standard manometric 
ec inic to ascertain a suitable pentobarbital con- 
centration for studjmg that drug’s effect on the 
cxi-gcn consumption of various brain levels The 
met od alloivs dog brain tissue to be its own con- 
ro in either in iitro or in vivo experiments upon 
E effects The dog’s cahnrium is removed under 
nora anesthesia Six daj's later the brain is 


biopsied, using procaine in the scalp wound, and 
tissue slices uninfluenced by drugs are prepared 
An attempt is here made to establish a pentobarbi- 
tal concentration which significantly depi esses 
cortical oxidations without completely inhibiting 
them Cortex from each of 5 dogs was ticated with 
1) 0 00, S) 0 04, 3) 0 08 and 4) 0 12% pentobarbital 
Glucose was added at 90 minutes Small sample 
statistical analysis of variance (Snedecor, Statisti- 
cal Methods, 1946) was applied Mam variations 
were dogs, tieatments, time 


Vanation Source 

Degrees 

Freedom 

F 

Signifi 
cant at 
1% Level 

Dogs 


4 

2 916 

4 37 

Ri (1) and (2) 


1 

68 681 

8 02 

(2) and (S) 


1 

11 849 

8 02 

(3) and (4) 


1 

0 000 

8 02 

(Error term first order interaction, making summary apphcable 
to general dog population) 

Qo, 'tw 

(1) 

(2) 

(3; 

(4) 

60- 90 mm 

0 183 

0 072 

0 024 

0 029 

120-150 mm 

0 141 

0 048 

0 021 

0 021 


Pentobarbital 0 04% appears more satisfactory for 
the continuance of this study than 0 12% (Quastel) 
or 0 08% which gave essentially complete inhibi- 
tion 

Immediate reactions of mice to large amounts 
of ouabain W Lane Williams and Robert 
Tarail (introduced by R N Bieter) Depts of 
Anatomy and Medicine, Univ of Minnesota, 
Minneapolis, Minn Mice (20-25 gm ) tolerate as 
much as 2 mg of ouabain (subcutaneous or intra- 
pentoneal) provided the glycoside is admimstered 
m several umt amounts of not more than 0 25 mg 
during an interval of 30-60 minutes Such daily 
treatment can be continued for a considerable 
period {Federation Proc 7 259, 1948) Jlice thus 
treated eventually showed punctate myocardial 
necrosis and renal and hepatic lesions Mice also 
tolerated simultaneous treatment with relatively 
large amounts of ouabain and calcium provided 
the total dose for the interval did not exceed that 
mentioned above However, a majority of mice 
receiving a single injection of more than 0 4 mg 
of ouabain died wnthin 15 to 28 minutes and showed 
massive pulmonary edema and hemorrhage Pul- 
monary involvement was more extensive than that 
observed terminally in mice treated chronically 
with similar amounts of ouabain but in divided 
doses Some of these mice received as much as 2 cc 
of saline as solvent or vehicle for the glycoside 
(Lilly preparation of Strophanthus gratus) 
Eqm valent amounts of saline were well tolerated 
in daily single umt injections for 30 days The 
lesions indicate that the acute effects of large 
amounts of ouabain are directly or indirectly pul- 
monary Upon relatively long-term treatment 
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similar amounts (as to total daily dose) adminis- 
tered as several injections during 30-60 minutes 
usually produced mj ocardial damage without con- 
comitant immcdiatelj letlial pulmonary lesions 

Respiratory activity m vitro of cardiac mnscie 
of ouabainized dogs Albert Wollenbebger 
(introduced by Otto Krater) Dept of Pharma- 
cology, Harvard Medical School, Boston, Mass 
The cardiac glycoside ouabain was administered 
to dogs by slow continuous intravenous infusion 
The heait was excised at the onset of cardiac ir- 
regularities or of ventricular fibrillation Slices of 
left ventricular muscle were prepared and incu- 
bated in glucose-phosphate-saline During the first 
30-60 minutes these slices respired at a somewhat 
higher late than cardiac shces of control dogs 
Subsequently, however, the respiratory rate de- 
clined weU below the control level, particularly in 
the case of the slices of fibnllating heaids Extent 
and rapidity of the decline were inversely propior- 
tional to the tissue concentration At a tissue con- 
centration of 1% or less, the shces of fibnllating 
hearts ceased to respu e dunng the second hour of 
incubation 

Toxicity of hydroquinone for laboratory ani- 
mals Geoffrey Woodard, E Conway BLagan, 
and Jack L Radoubki (introduced by Bert J 
Vos) Division of Pharmacology, Food and Drug 
Administration, Federal Security Agency, Wos/i- 
inglon, D C Because of the interest in the pro- 
posed use of hydroquinone as an antioxidant for 
edible fats, experiments were undertaken to deter- 
mine its toxicological properties as well as those 
of its oxidation products quinhydrone and qmnone 
Approximate acute oral LDw’s in mg/kg of hy- 
dro-quinone in 2% aqueous solutions are rats, 320 , 
mice, 400, guinea pigs, 550, pigeons, 300, cats, 70, 
dogs, 200, and in rats for quinhydrone, 225, and 
quinone, 130 The approximate intravenous LD 
10 ’s in rats are hj droquinone, 115, quinhydione, 
36, and quinone, 25 The acute toxicitv of hydro- 
qmnone is reduced in the non-fasted rat and is 
influenced by the concentration administered 
Symptoms of h3 droquinone poisoning develop 30 


to 90 nunutes after oral administration and consist 
of hyperexcitability, tremors, convulsions and, in 
addition, salivation in dogs and cats, emesis in 
dogs and pigeons, and incoordination of the hind 
limbs of dogs Deatlis occur wnthin a few hours 
Quinhydione and quinone, however, do not produce 
the same symptoms of pioisoning and deaths maj’' 
be delayed several days Oral administration of 
hydroquinone at 100 mg/kg in the dog and at 70 
mg/kg in the cat produces mild to severe swelling 
of the area around the eye, of the nictitating mem- 
brane, and of the upper lip However, dogs receix - 
ing 25 and 50 mg/kg daily for 4 months have shown 
only shght eye involvement Routine blood counts 
in cats and dogs acutely and subacutely poisoned 
wnth hj^droquinone indicate increased activity of 
the ceU-forimng tissues 

Evaluation of drugs possessing anti-dysmenor- 
rhoea properties R A Woodbury and Paul P 
C Feng (by invitation) Division of Pharmacol- 
ogy, Univ of Tennessee, Memphis, Tenn Vaso- 
pressin (0 05 to 0 3 vasopressor umts of Pitressin) 
injected intravenously in humans immediately 
caused marked uterine activity and caused or 
intensified the distress characteristically hke 
that of d3'smenorrhoea {Federation Proc 6 215, 
1946) These observations suggest the hypothesis 
that drugs winch are effective in lelieving dys- 
menorrhoea symptoms b3^ mepliamsms other than 
through analgesia may well possess anti-vaso- 
pressm activit3’ to one or more of the actions of 
vasopressin Drup useful in the treatment of 
d3'Bmenorrhea such as atropine, papaverine, Pava- 
trine, Trasentin, Ncthamine, Isopropylepineph- 
nne, neostigmine, progesterone, testosterone and 
magnesium salts are found to liave pronounced 
anti-vasopressin activitj'’ to one or more of its 
actions In the search for additional therapeutic 
agents for the treatment of dysmenorrhea, the 
above data indicate that the anti -vasopressin 
activit3 of compounds should be determined along 
with the anti-histaminic and the anti-cholmergic 
nctivit3'' 
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Blood pressure measurements and changes m 
peripheral vascular bed of unanesthetized mice 
Glevn H Algibe National Cancer Inst , Beih- 
esda, Md The transparent chamber technique as 
adapted to a skin flap in mice makes accessible for 
microscopic observation a lajer of subcutaneous 
and rausculai tissue approvimatelj 0 5 mm thick, 
and having a surface area of 150 sq mm Micro- 
scopic observations, photographs and quantitative 
measurements may be made at magnifications up 
to 500X An indirect method has been devised for 
blood pressure measurements of any vascular com- 
ponent vithin the chamber during direct micro- 
scopic examination by transmitted light Measure- 
ments maj be made on the same vessel intermit- 
tent Ij throughout the daj , and lepeatedly for the 
duration of the preparation (approx 30 da3s) 
The apparatus consists of a meicury sphjgmo- 
manometer 83 stem and air 1 eservoir connected to 
a glass tube hanng a thin rubboi membrane across 
the end A micromanipulator is used to bring the 
membrane into contact m ith the under surface of 
(he skin Pressure applied using the sphygmo- 
niauometei bulb results in slight bulging of the 
membrane As the entire field is visualized under 
the microscope one can obtain arterial S3mtolic and 
diastolic pressure, and venous pressure The pulse 
iiaie can be seen at maximuni amplitude approxi- 
mateU midi\a3 between sistolic and diastolic 
pressures Parallel observations and measurements 
mar be made of correlated vascular phenomena 
such as changes in calibci of vessels, rates of flow, 
V asomotioii , and intrax ascular agglutination 
Radiation effects on tissues studied with C*'- 
labelcd glycine Kunr I \urMAN, George W 
C vsvRETT, Thomas R Noonan and Kxjrt Salo- 


mon (introduced bv F S Robschett -Robbins) 
f^epf of Radiation Biology, Univ of Rochester 
hochcslcr, A Y Ytoung adult male rats were ex 
jw^cd to 300 or 600 r total-bod3 Roentgen radiation 
' cine labeled inth C** in the a-carbon aton 
(specific actmty of 1 S3 nc/mg ) was administerei 
" '=tomach tube or intrav cnoush at varying in 
tcn-als after irradiation The most striking featur 
o >«er\ ed in r-its gi\ en 2 pc hi stomach tube imme 
MmcR after irradiation and killed 24 hours late 
a. t ic high C'<-actmt\ of the gastrointestina 
r-wt content «= AVith a dose of 300 R 16 7% and wit 


600 R 32 8% of the total activity administered w ere 
found in the gastrointestinal tract contents, as 
compared w ith 0 82% in the control animal In 
01 del to eliminate possible malabsorption, glymine 
(1 pc ) was injected intravenously and rats were 
sacrificed 5 hours later It was found that the up- 
take of labeled glycine by muscle was definitely 
lowered in all irradiated rats, particularly when 
glycine was given immediately^ after irradiation 
Definite changes were also observed in brain when 
gly cine was injected 48 hours after irradiation In 
this case the total C* ^-activity of the brain was 
approximately' 3 tunes that of the control This 
increase was due to an increase in the C‘^-actmty 
of the phospholipid fraction Radiation effects are 
also demonstrable in other organs, sueh as testes, 
kidney', and liver When glycine was injected 48 
hours after exposure to X-i ay s a striking increase 
in the activity of the expired CO2 was ob- 
served 

Ovarian hormones and uterine pigmentation in 
vitamin E-deficiency W B Atkinson (by invita- 
tion), H Kaunitz and C A Slan'etz (by invita- 
tion) Depts of Anatomy, Pathology and Animal 
Care, College of Physicians and Surgeons, Colum- 
bia Umv , New YorL City One of the most constant 
findings in intact vitamin E-deficient rats is a 
chocolate brown discoloration of the uterus w Inch 
IS characterized histologically' by' the accumulation 
of acid-fast pigment granules in the cells of the 
myometrium and, to a lesser extent, the endo- 
metrial stroma The role of the ovary in the de- 
velopment of this condition has not been eluci- 
dated In the present experiments, rats were 
ovancctomized at 21 day's of age and were main- 
tained on a vitamin E-dcficient diet w'hich con- 
tained 10% commercial lard and w Inch limited the 
tocopherol intake to about 30 micrograms daily 
The ammals w ere divided into 4 groups , the first 
receiving no further treatment, the remaining 3 
being injected once weekly' with 5 micrograms of 
estradiol (Rochc-Organon), 4 mg of progesterone 
(Ciba) or both hormones togcthci, respectively 
The uteri were examined macroscopically and 
histologically after 5 to 11 months Pigmentation 
was almost completely absent in the untreated 
oxancctomized animals The animals receiving 
estrogen alone showed slight uterine pigmentation 
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an the areas characteristic of the unspayed de- 
ficient rat Concurrent treatment with proges- 
terone seemed to intensify the response Treat- 
ment with progesterone alone evoked slight pig- 
ment deposition lirmted almost entirely to the 
circular layer of the myometrium These observa- 
tions clearly demonstrate that the ovarian hor- 
mones are involved in the accumulation of pigment 
in the uterus of the vitamin E-deficient rat 

Electron microscope studies on virus-cell re- 
lationships F B Bang and G 0 Get Depts of 
Medicine and Surgery, Johns Hopkins Medical 
School, Baltimore, Md Newcastle and mumps 
viruses freshly prepared from allantoie fluid and 
saline show characteristic morphologies in the 
electron microscope The shape of Newcastle virus 
when fLxed by osmic acid is determined by the 
concentration of saline in which the virus is fixed 
The absorption of both of these viruses on the 
ghosts of chicken red cells may be demonstrated 
by fixation with osmic acid in solution at intervals 
after exposure of the red eell ghosts to the virus, 
and drying the mixture on formvar screens The 
effect of Newcastle virus on chick fibroblasts and 
macrophages and on rat fibroblasts has been studied 
by infecting the cells either in roller tube cultures 
before transfer to formvar coated coverslip prepa- 
rations or at the time of transfer A similar mor- 
phological effect has been demonstrated on all 3 
cell types 

Cytochrome oxidase, succmoxidase and phos- 
phatase activities of tissue of rats on protein- 
deficient diets E P Benditt, C H Steffee (by 
invitation), T Hill (by invitation) and T L 
Johnston (by mvitation) Dept of Pathology, 
XJmv of Chicago, Chicago, III Protein-deficient 
but otherwise adequate diets when fed to animals 
result in loss of protem from many vital organs 
including the liver and kidneys In an effort to 
elucidate the nature of this protein loss rats were 
sacrificed after varying periods on protein defi- 
cient diets Cytochrome oxidase, succmoxidase 
and alkaline phosphatase were assayed in liver 
homogenates and alkaline phosphatase determined 
in kidney homogenates Cytochrome oxidase and 
succmoxidase decreased progressively with time 
and somewhat faster than the hver protein Liver 
phosphatase, on the other hand, increased m con- 
centration as the liver shrank The total liver phos- 
phatase remained approximately constant Kidney 
phosphatase after several months of protem deple- 
tion was reduced in proportion to the kidney 
protein The difference in behavior of the liver 
phosphatase from the kidney enzyme and from 
the other liver eiiz 3 mies studied is apparently 
related to the fact that the liver enzyme is not 
present to a sigmficant extent in the hepatic paren- 
chymal cells but IS associated with the vascular 
bed and bile ducts This work substantiates that 


of others vho assayed under similar conditions 
other enzymes including catalase, xanthine dehy- 
drogenase, cathepsin and argmase (Miller, Fed 
Proc 7 174, 1948) d-amino acid oxidase (Seifter 
et al Fed Proc 7 187, 1948) It appears from the 
evidence that at least a part of the ‘reserve’ protein 
lost from vital organs such as the liver and kidney 
by animals on protem deficient diets is not inert 
material but is part of the actively functionmg 
cytoplasmic protein constituents, i e enzymes 
Effect of acute x-radiation on distribution and 
excretion of radio sodium in the rat L R Ben- 
nett, Veba C Bennett and Joe W Howland 
(introduced by F S Robscheit-RosBiNs) Dept 
of Radiation Biology, Univ of Rochester School of 
Medicine and Dentistry, Rochester, N Y Radiated 
rats have been shown to have an increased thiocy- 
anate space for 2 weeks following a mid-lethal dose 
of x-radiation A study of the sodium distribution 
and excretion of similar animals using radio sodium 
has been made In rats during the first 4 days post 
radiation a marked retention of radio sodium oc- 
curs Tissue distribution studies show a shift into 
the intestinal tract which may exceed that ob- 
served in control animals by as much as 2% of the 
total dose administered Smaller shifts of radio 
sodium into the kidney and spleen are noted There 
18 an increased radio sodium content in the liver 
which appears to be defimtely related to the in- 
creased serum level to which it holds a constant 
relationship The serum sodium content increases, 
the maximum levels (up to 5-8 mEq ) being ob- 
served at the end of 3-4 days after irradiation 
Urinary radio sodium excretion may be reduced 
to one half that observed in control animals 
Studies on dehydrated rats indicate that the uri- 
nary retention and elevated blood sodium level 
are not accounted for on the basis of dehydration 
alone 

Lipids in the lymph of rats J L Bolt.man and 
E V Flock Mayo Foundation, Rochester, Minn 
Lymph from the lymphatic drauung the small 
intestine and lymph from the liver and lymph from 
the thoracic duct was obtained in different rats 
after recovery from the operation during v hich a 
small plastic tube was inserted into the respective 
lymphatic and brought through the abdominal 
wall The concentration of neutral fat of the in- 
testinal (and thoracic duct) Ijmph of the fasting 
rat was considerably greater than that of the 
plasma The phospholipid but not the cholesterol 
content of this lymph v as also higher than that of 
plasma The feeding of a hpoid free meal did not 
alter these values Following the feeding of a meal 
containing fat but devoid of phospholipid or choles- 
terol there was a marked increase in the neutral 
fat and phospholipid but not the cholesterol con- 
tent of the intestinal lymph The feeding of phos- 
pholipid produced only the increase in the phos- 
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pholipid content of the lymph \\hich \\ould accom- 
pany the increased neutral fat (from hydrolyzed 
phospholipid) content of the Ijunph The concen- 
tration of neutral fat, phospholipid and choles- 
terol in lymph from the liver of fasting rats vas 
almost the same as the concentrations of those 
substances in the plasma and v ere not niatcnallj 
altered by feeding meals vliich did elevate the 
plasma content of these substances 
Blood supply of neoplasms m the liver Charues 
Breedis and Gang Young (bj invitation) Depi 
of Pathology, Medical School, Umv of Pennsyl- 
vania, Philadelphia, Penna , and Pathology Re- 
search Inst , Medical College, National Sun Yal 
Sen Untv , Canton, China By means of injection 
experiments during life and after death, it vas 
shown that malignant neoplasms growing in the 
liver tend to acquire an exclusively arterial blood 
supply The neoplasms tested were ns follows 
V-2 carcinoma strain of rabbits, T-241 sarcoma 
strain of mice, metastases of spontaneous car- 
emoma of the kidney of the frog, and primary 
hepatomas and cholangiomas of rats induced by 
butter yellow' A variety of metastatic carcinomata 
found at autopsy in 12 human cases were similarly 
injected In all instances the blood supply to the 
tumors was predominantly or exclusively arterial, 
in sharp contrast to the predominantly portal 
supply of liver tissue It was found that the blood 
supply of the experimental rabbit tumors was 
artenal whether inoculations had been made into 
the portal vein, the hepatic artery or directly into 
the liver parenchyma Only very small tumors 
(1-2 mm or less) tended to retain some portal 
vessels With increase in size of the tumors tho 
portal vessels became obliterated, and blood was 
supphed through the hepatic artery 
Cutaneous melanin production in the mouse by 
5, 9, 10-trimethyl, 1-2-benzanthracene F H 
Buhgotne, W E Heston, J L Hartwell (all 
by invitation) and H L Stewart National Can- 
cer Inst , Bethesda, Md By painting tho skin at 
the base of the tail of Fi hybrids of strains CmBI x 
dba twice weekly with 0 06% solution of 6, 9,10- 
Tnmethyl, 1-2 Benzanthracene in benzene, local- 
ized pigmented areas were produced The pig- 
mented areas appeared in the skin between the 
5th and 15th months, often in assocmtion with 
areas of atrophy, hyperplasia, inflammation, ul- 
ceration, papilloma formation, squamous eell car- 
cinoma and sarcoma In histological preparations 
l^e pigment in these areas was blackened by 
Krajian’s silver impregnation method, failed to 
^ve a positive Prussian Blue reaction and was 
bleached by strong oxidizing agents, thus identi- 
Jing it as melamn When the pigmented areas 
were bleached they were found to be composed of 
melanophores or macrophages with finely stippled 
cytoplasm and an eccentrically placed nucleus 


The ‘dojia’ reaction applied to skin recently ex- 
cised from the painted area revealed large numbers 
of mclanoblnsts in tbc basal layer of the epidermis 
Thus, painting the skin of these Fi liybrid mice 
with 5,9,10-TriniethyI, 1-2 Benzanthracene re- 
sulted 111 an increase of niclnnoblasls, with deposi- 
tion of melanin in maerophages in the derma and 
the subcutaneous tissue No malignant melanomas 
were induced 

Effects of x-rays on the metabolism of nucleic 
acids in hematopoietic tissues C E Carter 
(introduced by Shields IVAiinEx) Biology Divi- 
sion, Oak Ridge A ational Lahy , Oal Ridge, Term 
The alterations in the metabolism and content of 
nucleic acids in hematopoietic tissues have been 
studied through microchcmical and isotope proce- 
dures employ ing P’* following vary ing doses of total 
body' x-radiation In bone marrow the dcsoxyribo- 
nuclcic acid content falls within the first 24 hours 
following radiation Similar changes were found m 
spleen and thy'mus where the desoxy rilxmucleic 
acid changes arc marked but a decrease in ribo- 
nucleic acid content is also found No iinmedintc 
effects of radiation on the content of nucleic acid 
in these tissues were noted Experiments employ - 
ing P’- in bone marrow cell suspensions in homol- 
ogous scrum likewise showed no significant altera- 
tion of tho rate of incorporation of P’- into nucleic 
acids following removal from rabbits immediately 
after exjjosuro to 1000 n Experiments conducted 
24 hours follow mg cx-posurc show marked decrease 
of respiration in 600 n and 1000 r group w ith ele- 
vated ratios of ribonucleic acid to desoxyribo- 
nucleic acid specific activity’ indicating a depres- 
sion of desoxyTibonucIeic acid sy’nthesis Of several 
enzy’raes concerned with nucleic acid and protein 
metabolism studied in spleens of irradiated rats, 
only ribonucleaso shows significant deviation from 
normal and these changes are established in the 
first 24 hours following ex-posure All of the afore- 
mentioned changes pose the problem of correla- 
tion of metabolic activity with cell type in a com- 
plex cellular sy'stem 

Experimental production of a nutritional ma- 
crocytic anemia in swine G E Cartwright (by 
invitation) and M M Wintrobe Dept of Medt- 
eine, Umv of Utah College of Medicine, Salt Lake 
City, Utah A deficiency of pteroylglutamic acid 
has been produced in 32 sw’ine fed a basal diet 
supplemented with sulfasuxidine, a folic acid 
antagonist (crude methyl folic acid) and all the 
known B vitamins except pteroylglutamic acid 
The hematologic manifestations observed were 
I) a severe macrocytic 
to a reduction in bo 
mononuclear cells, anu „ 

pema The bone marrow s were hyperplastic wn 
relative increase in immature nucleated re 
These cells closely resemble the megalo as s 


nia , 9) leukopenia, due 

inlvmornhonuclear and 
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in the bone marron of patients with pernicious 
anemia in i elapse The hematologic manifestations 
described above, appeared in the presence of ‘ex- 
trinsic factor’ in the diet and their development 
was not prevented by the daily intramuscular ad- 
mimstration of 1 U S P u of purified liver extract 
from the beginning of the experiment The feeding 
of a diet low in protein (10% casein) resulted in a 
more rapidly developing anemia but the degree of 
macrocjtosis vas less Pteroj Iglutamic acid de- 
ficient pigs, eithei receiving ‘extrinsic factor’ 
(crude casein) in the diet oi an ‘extrinsic factor- 
free’ diet (purified casein) responded rapidly and 
maximally to pteroylglutamic acid, pterojddiglu- 
tamic acid, pteroyltriglutamic acid or to ptero 3 l- 
heptaglutamic acid Thynune and xanthopterin 
had little or no activity Tyrosine, adenine and 
uracil u ei c inactive Purified liver exti'acts as \\ ell 
as vitamin Bu vere found to possess some hemo- 
poietic activity under the conditions employed 
but the activity was considerably less than that 
of pteroylglutamic acid compounds 

Biochemical and clinical effects of cationic ex- 
change resin Theodore S Cobbey, Jr (bj-^ invi- 
tation) , Robert H Wiu i ams. Norm vMacRae (by 
invitation) and Beverli T Towerx (by invita- 
tion) Dept of Medicine, Univ of Washington, 
Seattle, Wash Seveial cationic exchange resins 
have been given to normal subjects and patients 
nith edema Investigations were made for clianges 
in the clinical status and in the balance of HjO, 
Na, K, Ca and Mg The resins maikedly inci eased 
the excretion in the stools of Na, K, Ca and Mg 
Although there tended to be a decrease in the ex- 
cretion of these elements in the urine, the response 
was variable The increased excretion of the ele- 
ments in the stools uas not associated with a com- 
parable decrease in the mine The resins promoted 
a marked increase in ammonia and titratable acid- 
ity in the mine In ceitain patients with edema 
associated vith congestive heart failure it was 
noted that loss of weight and edema occurred simul- 
taneously w ith a positii e Na balance , convcrsclj , 
gam in weight and edema occasionally was dis- 
proportionate to the quantity of Na retained These 
observations suggest that the Na balance need not 
necessarily paiallel the water balance in congestive 
heart failure After a period of 3 days on the ream 
one non-cardiac subject had a marked diuresis 
followed by weakness, hemoconcentration, and a 
distaste for water These symptoms were imme- 
diately relieved by intravenous saline One cardiac 
patient developed the same picture after being on 
the resin for 21 days 

Determination of the blood iodine A simplified 
method for use in the clinical laboratory Arthur 
C Connor (by invitation), Roy E Swenson (by 
invitation) and George M Curtis Dept of Re- 
search Surgery, Ohio State Umv , Columbus, Ohio 


A shorter and simpler plan of detei mining the 
blood iodine has been vttained by developing a 
method which icquircs no transfer of matciial 
during the entire procedure, and necessitates an 
apparatus of speciallj constructed glasswaie 
Thiee ml of scrum arc fractionated in a 250 ml 
leagent flask by use of the Somogyi reagent This 
flask is centrifuged in an International, size 2 een- 
tiifuge The supeinatant fluid containing the 
soluble ‘inorganic’ iodine is poured off and read in 
the colorimeter directly The protein precipitate 
contaimng the phj siologically significant protein- 
bound iodine remains in the 250 ml reagent flask 
and 18 oxidized by the chromic acid procedure 
The same flask fits a distillation assembly The 
iodine IS then leleased by phosphorous acid and 
collected directly in a colorimeter tube which also 
fits the distillation assembly The quantity of 
iodine IS determined by its catalytic effect on the 
rate of reaction betw cen ceric sulfate and aisenious 
acid An ordinarilj^ well-trained technician can 
make an analysis in less than 3 hours and about ten 
anal 3 'ses in an eight-hour day The average devia- 
tion 18 plus or minus 5% Since the method is 
essentially a closed piocedme contamination has 
been practically eliminated 
Kidney protein associated with systemic arte- 
riolar necrosis G I DeSuto-Naqt and L L 
Waters (mtroduced by M C Winternitz) Dept 
of Pathology, Yale Umv School of Medicine, Neio 
Haven, Conn Previous experiments have demon- 
strated that when sabne extracts of kidney tissue 
are injected into iicplircctonuzed dogs, segmental 
necrotizing lesions of systemic arterioles lesult 
(Winternitz, et al , 1939) In continuance, acid 
extracts of fresh hog kidney were subjected to 
fractional acetonic precipitation The precipitates 
were redissolvcd, dialyzed, and reprecipitatod 
w ith acetone Three fractions resulting from these 
procedures have been examined for their vasomotor 
activity and foi their association with the occur- 
rence of acute aiteriolai lesions The dialysates of 
all the fractions contained vasodepressor sub- 
stances of small moloculai weight When these 
were injected into ncphrectonuzed test dogs no 
systemic vascular changes were encountered A 
complex fraction, containing vasopressor (renin- 
like) substances, thromboplastic material, inert 
globulins and lipids was found to be associated 
with the frequent occurrence of vascular changes 
in the test animals A small non-dialyzable fraction 
of the acid extiact obtained on precipitation by 
20 volumes of acetone was devoid of either vaso- 
pressor or vasodcprcssoi activity This protcin- 
Iike material contained phosphorus When injected 
into nephrectomized dogs it was found to be asso- 
ciated with widespread arteriolar necrosis In 
some instances necrosis of arterial smooth muscle 
followed the mjcction of as little as 19 1 mg N 
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Iron excretion in human eubjects as measured 
by the isotope technique Reubenia Dubach (by 
invitation), Carl V Moore and Sheila Cal- 
lender (by invitation) Washington Univ School 
of Medicine, Si Louis, Mo The excretion of iron 
by human subjects over a 140-day period nas 
studied by the isotope technique ObservationB 
were continued for a period of time greater than 
the length of life of the red cells into n hich labeled 
hemoglobin nas incorporated in order that any 
unusual excretion of radioiron at the time of hemo- 
globin breakdown might be noted Folloning in- 
travenous injections of 5 to 20 mg of radioiron, 

4 normal individuals excreted in the feces 0 03 to 
0 07% of the dose per day for 4 to 24 days , later, 
after the isotope had reached a constant level in 
the blood (75 to 92%), an average of approximately 
0 01% of the dose was excreted daily for 140 days 
A woman with hypochromic anemia excreted an 
average of 0 028% of the dose daily for the first 5 
days , later, when 100% of the isotope had appeared 
as hemoglobin, she excreted 0 002 to 0 007% of the 
dose daily for 140 days A patient with sickle cell 
anemia excreted an average of 0 05 to 0 08% of the 
injected dose per day Assuming complete mixing 
of isotopic iron with total hemoglobin iron, the 
total fecal excretion of iron derived from hemo- 
globin was calculated to be 0 2 to 0 9 mg/day for 
the normal subjects, 0 04 to 0 13 mg for the woman 
with hypochromic anemia, and 1 3 to 1 7 mg for 
the girl with sickle cell anemia The effect of a 
hemolytic crisis on iron excretion was studied in 
2 dogs After a high concentration of radioiron had 
been built up in the red cells by repeated injec- 
tions, severe hemolysis was induced with phenyl- 
hydrazine The excretion of iron in the feces and 
urine increased significantly (0 1 to 0 12% of the 
dose per day, compared to 0 01 to 0 06% in control 
periods) but remained small in relation to the 
amounts of iron liberated by red cell destruc- 
tion 


Effect of hydrogen-ion concentration on tl 
cultivation of macrophages in vitro I N Dub 
and C K Yen (by invitation) Division of Pal 
ology and Bacteriology, Univ of Tennessee Colie 
of Medicine, Memphis, Tenn Macrophages fre 
chick embryo spleen were grown in vitro at 37° 
for 4 to 6 days using chicken serum and salt rai 
tures contaimng bicarbonate buffers as nutnei 
The pH values, which ranged from 6 4 to 9 0, wc 
maintained at constant levels by continuous fi( 
of gas-mix-tures containing requued concentratio 
of COi The PH values were determined with 
Beckman pH meter The macrophages grew equa 
well between pn 6 8 to 8 4 Growth fell off sharj 
at PH 6 6 and ceased about pH 6 4. beyond pn ; 
powth was poor, but cells in rare numbers w« 
found up to PH 9 0 There was indirect evider 
^ e internal pn of the cells was affected, 


shown by the color reactions of the cells when 
stained with Gicmsa, on the acid side the cells 
stained reddish while on the alkaline side bluish 
On the acid side the cells were round, large, con- 
tained abundant cytoplasm and numerous fat 
vacuoles , there was also a tendency towards forma- 
tion of multinucleatcd giant cells On the alkaline 
side the cells had much less cytoplasm and fewer 
fat vacuoles and presented a stellate or elongated 
shape This difference in shape may reflect a differ- 
ence in irritability and mobility The mechanism 
of action of the pii is not known but may operate 
through changing the concentration of available 
ions such ns calcium and phosphate 
Acid phosphatase activity of the gastric con- 
tents of patients with carcinoma of the stomach 
Charles E Dunlap and George W Chaxgus 
(by invitation) Dept of Pathology, School of 
Medicine, Titlanc Untv and Chanty Hospital, 
Ncto Orleans, La In patients with carcinoma of the 
stomach histochcmical studies have shown high 
acid phosphatase activity' in the neoplasm and also 
in the surrounding gastric mucosa Chemical de- 
terminations for acid phosphatase were done by' 
the method of Gutman and Gutman on gastric 
contents, aspirated from a senes of fasting patients 
w lib and w ithout carcinoma of the stomach It w as 
found that aspirates having an initial pH of less 
than 3 6 seldom contained significant amounts of 
acid phosphatase and that the enzyme, when pres- 
ent in other samples, could be irreversibly inacti- 
vated, in vitro, by' acidification to pH 3 6 or less 
At a pH greater than 3 5 the enzy'me was fairly' w ell 
preserved for 48 hours at 4°C but rapid deteriora- 
tion occurred at room temperature Thus gastric 
aspirates containing ‘free acid’ (pH less than 3 5) 
ns well as those that had stood for more than 2 
hours without refrigeration were considered un- 
suitable for acid phosphatase determinations In 
a great majority of the patients with carcinoma of 
the stomach no ‘free acid’ was present and the 
aspirates were found to contain more than 10 units 
of acid phosphatase per hundred cc Most samples 
from patients wothout gastric carcinoma contained 
less tlian 10 units The study, to date, has covered 
only a limited number and variety of gastric lesions 
and includes no cases of early carcinoma 
Blood dyscrasia In mice ingesting toluidme 
blue Thelma B Dunn National Cancer Institute, 
Bethesda, Md Inbred mice were given 0 1% or 
0 2% solution of toluidme blue instead of drinking 
water With an appropriate concentration of the 
dye the urine was deeply colored, but no severe 
toxic symptoms developed After an interval of 
10 days or longer the peripheral blood m some ani- 
mals showed a reduction m the circulating red 
blood cells without a corresponding reduction in 
hemoglobin In the blood smears the erythrocytes 
showed fragmentation, polychromasia, amsocyto- 
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SIS, macrocylosis, siderocj tosis and normoblasts 
The total and differential leukocyte counts were 
not significantly altered On postmortem examina- 
tion a pronounced siderosis of the spleen, liver, 
bone marrow, kidney and lymph nodes was found 
The bone marrow showed hyperplasia of erythro- 
poietic elements When the toluidine blue was 
withdrawn, the peripheral blood picture rapidly 
returned to normal, and the siderosis of organs 
decreased This method is now being used to pro- 
duce siderosis m the tissues and hyperplasia of the 
bone marrow in mice The possible effect on the 
incidence of neoplastic disease, particularly leu- 
kemia, is being investigated 
Incidence of neoplasms and pathological 
changes m rats as a result of prolonged choline 
deficiency Ctbtjs C Ebickson and Walter 
Goebbel (by invitation) Depts of Pathology 
and Surgery, Duke Medical School, Durham, N C 
Neoplasms of one or more types were observed in 
58% of choline-deficient rats by Copeland and 
Salmon (D H Copeland and W P Salmon, Am J 
Path 22 1059,1946) The purpose of these experi- 
ments was to test a sumlar choline-deficient diet 
for the production of neoplasms in the Osborne- 
Mendel strain of rats used in this laboratory, and 
to utilise such test animals for anterior chamber 
tumor transplant experiments The diet consisted 
of 30% alcohol-extracted peanut meal, 6% alcohol- 
extracted casein, 40% sucrose, 20% pure lard, and 
4% salt mixture To each kg of diet, vitamins were 
added as in the Copeland-Salmon choline-deficient 
diet The experimental diet was started on 149 
rats at the age of 20-30 days and was given ad libi- 
tum Choline supplement was administered to the 
choline-deficient group during the first 4 weeks 
Twenty-four rats making up the control group 
received the same diet with 3 gms of choline chlo- 
ride added to each kg of diet for the duration of 
the experiment Sixty of the experimental group 
and 20 of the control animals were still hving after 
19 months Cirrhosis of the liver was a consistent 
finding in the rats on the deficient diet The high 
incidence of neoplasms previously reported as a 
result of this choline-deficient diet has not been 
observed in this experiment in the 65 choline- 
deficient ammals expiring prior to 19 months 
Injury and recovery of mouse testes following 
whole-body exposure to x-radiatiou Allen Es- 
CHENBBENNER, National Cancer Institute, Beth- 
esda, Md Groups of mice received 50 b, 100 b, 200 h, 
300 R, or 400 b acute whole-body radiation at 3 
months of age Four mice of each dose group and 
four non-irradiated mice of the same age were 
killed at weekly intervals up to and including 12 
weeks foUowmg exposure The testes were dis- 
sected free and weighed on a torsion balance after 
which they were prepared for histologic examina- 
tion Mimmum testes weights were observed from 


3-4 weeks after irradiation and returned to normal 
6 to 14 weeks after irradiation The-) minimum 
weights of testes observed were dependent upon 
dose The tune required to effect the rmnimum 
weights as well as the tune required for the weights 
to return to normal v ere functions of dose Histo- 
logic examination of these testes indicates that the 
decrease of testes weights following acute irradia- 
tion is due to marked transient retardation in rate 
of production of spermatogonia The progeny of 
spermatogonia are not appreciably destroyed nor 
prevented from maturation After it was found that 
the weight of testes of imce exposed to 200 h had 
returned to normal by 12 weeks, an additional 
group of mice was given a whole-body exposure of 
200 E at 3 months of age and again 12 weeks later 
Following the second exposure the mice were killed 
and examined as before The pattern of injury 
and recovery following the second dosg, as reflected 
in fresh testes weights, was the same as observed 
following a single dose These experiments on acute 
irradiation confirm conclusions drawn from earlier 
experiments on chronic irradiation, that the pri- 
mary effect of radiation of the testes is on the 
spermatogoma 

Massive hepatic necrosis m protem-depleted, 
partially hepatectomized rats fed hypertonic diets 
Robert L Esteada (by invitation), Zachabt A 
Simpson (by invitation), HabbtM VABsandl S 
Ravdin Eamson Department of Surgical Re- 
search, Schools of Medicine, Univ of Pennsyl- 
vania, Philadelphia, Penna The effect of forced 
feeding with concentrated solutions of sucrose, 
gelatin and casein hydrolysate on normal partially 
hepatectomized and on protein-depleted, laparot- 
omized or partially hepatectomized rats has been 
studied Massive hepatic necrosis occurred in the 
rats receiving these diets Gastric distention and 
increased intra-abdonunal pressure were observed 
in the experimental groups and were simulated in 
others by attaching a balloon to the stomach at 
laparotomy Pneumoperitoneum immediately after 
laparotomy demonstrated that increased intra- 
abdominal pressure per se was not suflicient to 
produce liver injury The emptying tune of the 
stomach following the administration of the various 
diets was determined by x-ray examination No 
retention was present after 2 hours m the control 
group In the groups receiving 50% sucrose and the 
50% hydrolyzed casein diet, there was 60% and 
90% gastric retention, respectively, at the end of 
2 hours The debilitated rat is very susceptible 
to liver injury It is our opinion that the hepatic 
necrosis which occurred in rats receiving the 50% 
casein hydrolysate diet was not due to toxicity 
of the ammo acids, since similar lesions were pro- 
duced when other diets were fed, and that gastric 
distention per se was sufficient to slow the portal 
circulation and to lead to anoxia of the hepatic 
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parenchymal cells The condition vra^ further ag- 
gravated by pressure exerted direetly upon the 
hver This represents another mechanism which 
by interfering with hepatic blood supply leads to 
hepatic necrosis, the extent of the necrosis being 
further aggravated by the nutritional state of the 

animals ' 

Effect of lecithin in the formation of thrombin 
Joseph E Flynn and Eugene T Standley , (in- 
troduced by H P Smith) Dept of Pathology, 
Columbia Umv , New Yorl City In activating 
purified prothrombin, the amount of thrombin 
obtained depends in part upon the amount of Fac- 
tor V added With a suboptimal amount of Factor 
V, the yield of thrombin is low, and can be increased 
by the addition of lecithin The lecithin is not 
identical with Factor V, but it does potentiate its 


effect 

Inorganic composition and phosphatase activ- 
ity of human cartilage in relation to morphologi- 
cal differentiation Richahd H Follis, Jr Dept 
of Pathology, Johns Hopkins University, Balti- 
more, Md A method has been devised to compare 
the chemical composition and morphological char- 
acteristics of developing human cartilage Seg- 
ments of whole costochondral junctions removed 
at autopsy from children of varying ages are 
clamped in a freezing-type microtome by the shaft 
and first sliced longitudinally down through the 
cartilage just into the shaft Transverse slices of 
desired thickness then are made completely 
through one of the two longitudinal halves and 
part-way through the other Appropriate chemical 
analyses are made of the free shces , their fellow' 
halves, held together by an intact outer layer of 
cartilage, are fixed and prepared for histological 
examination This techmque permits a comparison 
of chemical composition and cellular differentiation 
in various strata of developing cartilage , a unique 
tissue with such adaptability to studies of chemical 
embryology Observations to be presented include 
the percentage composition of calcium, phosphorus 
and carbonate and phosphatase activity, all in 
direct relation to the degree of maturation of carti- 
lage cell strata, from those contaimng small un- 
differentiated cells to those having large hyper- 
trophic cells being invaded by capillaries There 
IS a characteristic quantitative increase in con- 
centration of the inorgamc elements which pro- 
ceeds slowly and then suddenly mounts rapidly as 
the zone of hypertrophic cells is reached Similar, 
though more marked differences, are found in phos- 
phatase activity 

Nucleic acids and the production of antibody 
^plasma cells Carolyn Forman (by invitation), 
WiLUAM E Ehrich and David L Drabkin 
Vcpls 0 / Pathology and Biochemistry, Graduate 

f Pennsylvania, and 
the Philadelphia General Hospital, Philadelphia, 


Pa It bos been suggested that protein syntbcsis 
IS associated with nucleic acid metabolism Dc- 
Boxynbosc nucleic acid (DNA) appears to be con- 
nected with the multiplication of chromosomes, 
whereas the production of cytoplasmic protein is 
thought to be conditioned by' ribose nucleic acid 
(PNA) Wc have investigated the relationship of 
antibody formation and the production of nucleic 
acids in lymph nodes of rabbits, injected with 
typhoid vaccine The increase in DNA was found 
to be parallel with the increase in weight of the 
nodes suggesting that the latter was due largely 
to multiplication of cells PNA, on the other hand, 
showed its greatest rise between the 4th and 6th 
day after vaccine injection when antibody forma- 
tion IB at the peak Thereafter, PNA rapidly de- 
creased A histologic study of methyl green and 
pyromn stained sections of the nodes revealed that 
during the first 6 days of the experiment the cellu- 
lar reaction was chiefly that of plasma cell pro- 
Uteration, and that the plasma cells contained 
most of the PNA The lymphocytes, on the other 
hand, showed their greatest activity only after 
PNA and antibody formation bad passed their 
peaks These results are interpreted as indicating 
that the plasma cell and not the ly mphocyte is re- 
sponsible for antibody formation 
Minimum daily requirements of indispensible 
amino acids for maintenance of adult rats L E 
Frazier, R L Woolridge, C H Steffee, (all 
by invitation) and E P Benditt Dept of Path- 
ology, Untv of Chicago, Chicago, III The quanti- 
tative requirements for the 0 ammo acids indis- 
pensible for maintenance of appetite, weight and 
nitrogen equilibrium of adult, well-nourished, 
male, albino rats (Yr^issler ct al J Nutntion 36 
245, 1948) were measured Mixtures of crystalline 
amino acids were used as the nitrogen source The 
caloric intake was maintained at or slightly above 
1200 Cal /m’/day and the nitrogen intake at or 
slightly above 6 gm/m’/day Vitamin, mineral and 
fat intakes were adequate The level of the ammo 
acid under consideration was varied while other 
diet factors were kept constant Weight clianges 
and nitrogen balance were determmed Seven to 
14 animals were used for each ammo acid The 
mimmum quantity of ammo acid necessary to 
maintain w eight and mtrogen equilibrium was esti- 
mated from the curves relating ammo acid intake 
and weight change or nitrogen equilibrium respec- 
tively In all instances the quantity of ammo acid 
necessary to mamtam nitrogen equilibrium ap- 
peared to be somewhat lower than the amount 
necessary to maintain the weight The require- 
ments for each ammo acid for nitrogen equilibrium 
and weight balance respectively were as follows 
Tryptophane 1 8 and 2 2, histidine 2 1 and 2 2 
phenylalamne 3 1 and 6 Q, lysine 3 7 and 4 5, threo- 
nine 6 1 and 5 3, methionine 5 3 and 7 3, leuemo 
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6 5 and 8 0, valine 7 0 and 10 0, iBoleucme 10 8 and 
13 7 mgm/lOO cm* of body area/day Further- 
more, animals offered an amino acid mixture con- 
taining all the indispensible amino acids at the 
above levels were maintained in nitrogen equilib- 
rium 

Fates of parenterally administered homologous 
serum protein and casein hydrolysate John Ful- 
ler (by invitation), E M Humphhets (by invita- 
tion), C H Steffee (by invitation), R W Wiss- 
LER (by invitation), and E P Benditt Dept of 
Pathology, Umv of Chicago, Chicago, III Groups 
of protein-depleted rats were fed a protein-free 
basal ration by gavage One group was given homol- 
ogous serum intravenously, a second, casein hy- 
drolysate (Amigen) intravenously, and a third, 
Anugen orally Each animal received 5 gms pro- 
tein/kgm body wt/day for 9 days Nitrogen bal- 
ance, blood compartments, and extracellular fluid 
volume determinations were made Carcasses, and 
livers were analyzed for protein, fat, water and 
ash Percentages of nitrogen intake retained in 9 
days were 


Compartment 

I V serum 

IV hydrol- 
ysate 

Oral by 
drolysate 

1 

Plasma ' 

0 9 

2 6 

1 1 

Liver 

8 9 

4 9 

4 6 

Carcass 

82 8 

10 7 

36 8 

Total 

48 6 

18 2 

42 8 


Animals receiving oral hy drolysate had the small- 
est extra- and intra-cellular fluid and plasma vol- 
ume increases The largest plasma volume as well 
as plasma protein increases were associated with 
intravenous admimstration of serum Although 
the animals receiving intravenous hydrolysate 
gained far less plasma protein than those receiving 
serum, their plasma \olume increases were nearly 
as great No increased nitrogen excretion was found 
in the serum-injected animals in the ten days 
following cessation of injection during which they 
received an adequate protein diet It appears that 
these rats utilized injected serum protein for tissue 
synthesis The rats appeared to utilize the serum 
protein more than twice as effectively as the in- 
jected casein hydrolysate The poorer utilization 
of the injected hydrolysate may have been due to 
its content of polypeptides 
Prophylaxis of allergic acute disseminated 
encephalomyelitis in guinea pigs with salicylate 
and para-aminobenzoic acid Robert A Goon, 
Berrt Campbell and T A Goon (introduced by 
Irvine McQuarrie) Univ of Minnesota, Minne- 
apolis, Minn That acute diffuse central nervous 
sy'stem disease can be produced in experimental 
animals by injection of heterologous and homol- 
ogous brain tissues vas shown by Rivers, Sprunt, 
and Berry Schventker and Rivers, among others, 
demonstrated that this phenomenon was associated 


with formation of organ-specific antibodies against 
brain tissue Recent studies have resulted in the 
production of auto-allergic disease of the central 
nervous system of monkeys, rabbits, and guinea 
pigs by a single or few injections of homologous 
brain tissue with adjuvants Recent studies have 
shown that 70 to 90% of guinea pigs develop symp- 
toms of progressive encephalomyelitis 13 to 37 
days after injection of homologous brain plus an 
adjuvant of heat killed acid fast organisms, Falba, 
and Bayol F In an attempt to test the effect of 
para-aminobenzoic acid and sodium salicylate 
medication on the course of this disease, 124 guinea 
pigs were studied Ninety % of control animals 
developed progressive encephalomyelitis between 
13 and 20 days after a single injection of guinea pig 
brain with adjuvants While neither subcutaneous 
administration of sodium salicylate nor oral ad- 
mimstration of para-aminobenzoic acid in moderate 
dosages alone affected the course of the allergic 
encephalomyelitis, premedication and medication 
with a combination of salicylates and para-amino- 
benzoic acid reduced its incidence to 10% Ad- 
mimstration of sodium salicylate in larger dosages 
resulted in demonstrable but less effective protec- 
tion in spite of salicylate toxicity Neither agent 
alone nor combination of the two had any amelio- 
rating effect when administered after the encepha- 
lomyelitis had developed 
Canine hemophilia the clotting anomaly and 
effectiveness of transfusions John B Grabam 
(by invitation), Joseph A Buckwalter (by in- 
vitation), L J Hartley (by invitation) and K 
M Brinkhous Dept of Pathology, TJniv of North 
Carolina, Chapel Hill, N C A sex-linked hemor- 
rhagic disease of male dogs was described by Field 
et al These animals have been studied in our 
laboratory for the piast two years The clotting 
defect appears to be identical with human hemo- 
philia Bleeding time from small puncture wounds 
18 normal while bleeding from larger wounds is 
extensive The clotting time is prolonged Pro- 
thrombin 18 present in normal amounts, but its 
conversion to thrombin is extremely slow The 
rate of prothrombin utilization can be increased by 
the addition in vitro of thromboplastin, normal 
dog plasma, or Fraction I (Armour, Squibb) 
Prothrombin conversion in whole hemophilic blood 
approximates the normal rate after addition of 
normal plasma This corrective action appears to 
be dependent ujKin the presence of formed ele- 
ments, particularly platelets Mixtures of plate- 
let-poor hemophilic plasma and platelet-poor nor- 
mal plasma do not clot for hours, and almost no 
prothrombin is converted to thrombin Normal 
blood and plasma transfusions correct the clotting 
defect The corrective effect is most pronounced 
for approximately 24 hours, but a sbght effect per- 
sists as long as 72-120 hours Normal serum trans- 



March J9i9 AMERICAN SOCIETY FOE EXPERIMENTAL PATHOLOGY 


fusions have no effect Transfusions of fresh and 
aged hemophilic blood do not alter the clotting 
anomaly Untreated bleeder dogs usually die by 
the age of 3 months By the use of repeated plasma 
transfusions, the hemophilic dogs have been reared 
to maturity 

Spontaneous adenomatous gastritis of mice of 
strain dba Wiiaiam V Hare (by invitation) and 
Harold L Stewart National Cancer Institute, 
Belhesda, Md Inbred mice of strain dba develop 
a spontaneous lesion of the glandular stomach and 
duodenum, which is progressive and may be fatal 
Grossly it is characterized by a pebbled appearance 
of the gastric mucosa or by large hypertrophic 
rugae with deep furrows between them, or a com- 
bination of the two Microscopically the epithelial 
cells are frequently hyperchromatic and the glands 
are atypical and may penetrate the submucosa 
The submucosa usually shons an inflammatory 
reaction which maj also be present in the fore- 
stomach as well In the duodenum single or multi- 
ple papillary adenomas develop having a broad 
base, and tendmg to fill the lumen, although they 
do not invade the muscularis No evidence of malig- 
nant degeneration in either the gastric or duodenal 
lesions has been found In some cases, however, 
there is obstruction of the pyloric canal 
Effect of aging on the protein fractions of the 
normal human heart John W Harman and Jean 
H Webster (introduced by D Murray Ange- 
vine) Dept of Pathology, XJniv of Wisconsin 
Medical School, Madison, Wts A senes of 34 human 
hearts, of ages varying from birth to 80 years and 
normal as determined by gross and histological 
features, are analyzed for various protein frac- 
tions Representative samples of the principal 
chambers are ground finely, acetone dried and de- 
fatted with Skelly Solvent §2 Aliquots dried to 
constant weight are analyzed for total protein, 
alkali soluble protein, collagen and elastin by Ckm- 
way’s micro-kjeldahl technique At different ages 
the ventncles are unaltered in the proportions of 
these fractions Up to the age of 10 the 4 chambers 
are chemically sinular, whereas beyond this age in 
certain hearts the atna contain a significantly in- 
creased quantity of collagen Differences between 
atria of the same organ are not observed, these 
chambers fluctuate concomitantly in their com- 
position In all chambers, with the usual conver- 
sion factor of 6 25, only about 75-80% of the stand- 
ard dried preparation is composed of protein Part 
of the remaimng per cent is a fraction soluble in 
30% KOH, precipitable with alcohol, which is 
Biuret negative and jnelds no reducing substances 
b\ acid faj droll sis The constant proportion of the 
protein fractions in aging normal hearts, except for 
certain atna, indicates that senility does not quan- 
titatueli affect the organ Collagemzation of the 
atna mai be of significance functionally, since 


these chambers so frequently suffer rhythmic 
disorders 

Nitrogen mustards as effective blood and 
plasma sterilizing agents Frank W Hartman 
and George H Mangun (b> invitation) Dept 
of Labys , Ford Hospital, Detroit, Mich The 
authors recently demonstrated the ability of 
mcthyl-bis(beta-chloroethyl) amine hydrochloride 
(HN2) to stenlize blood and plasma with rela- 
tively, slight changes m their components with 
the exception of an increase in prothrombin time 
Other mustards (tris(beta-chlorocthyl)amine and 
bis(beta-chloroethyl) sulfide) arc approximately 
equal in effectiveness The virucidal and bacteri- 
cidal action of HN2 is dependent to some degree 
upon the medium, the pH, and the presence of sub- 
stances competing for the agent In citrated plasma 
the sterilizing dosages of HN2 are 1) New Jersej 
vesicular stomatitis, 300 mg/1, 2) lymphocytic 
choriomeningitis, 400 mg/1, S) St Louis encepha- 
litis, 300 mg/1 , 4) H coll, 450 mg/1 , 5) Hemolytic 
streptococcus, 450 mg/1 , 6) Staphylococcus aureus, 
800 mg/1, 7) Bacillus siibtilis, 150 mg/1 In the 
absence of plasma HN2 is still more effective, illus- 
trating the protective or competitive effect of the 
plasma In saline, E coli, for example, is com- 
pletely killed at 100 mg/1 In ACD citrated whole 
blood, 450 mg/1 are required for the complete 
destruction of N J vesicular stomatitis virus 
Studies carried out on ACD citrated whole blood 
treated with 500 mg/1 of HN2 show 1) a very 
slight increase in fragility to hypotonic saline , 2) 
no immediate hemolysis nor increase above control 
hemolysis on prolonged storage, 3) a normal rate 
of loss of potassium from the red blood cells 
Renal excretion of phosphate in the dog, in- 
fluence of potassHun, action of parathyroid ex- 
tract C \ M Hogben (by invitation) and J L 
Bollman Mayo Foundation, Rochester, Minn The 
existence of a maximal tubular reabsorption of 
phosphate was confirmed utilizing plasma ultra- 
filtrates for the measurement of plasma inorganic 
phosphate During the course of a 6-8 hour expen 
ment, the maximum will decline 25-60% Incor- 
poration of potassium in the infusion fluid would, 
under certain conditions, restore the maximum 
The action of mtravenous parathyroid extract was 
measured on the tubular reabsorption of endog- 
enous phosphate in the intact dog for 2 hours after 
admimstration A slight rise in plasma phosphate 
and urinary excretion of phosphate resulted No 
evidence was obtained to support the hypothesis 
that parathyroid extract inhibited tubular re- 
absorption of phosphate Intravenous parathyroid 
extract to the intact dog was without effect upon 
the maximum tubular reabsorption of phosphate 
for 2 hours after administration Further studies 
will be reported on the action of parathyroid ex- 
tract in the thyroparathyroidectomized dog 
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Pathology of an experimental flash-bum Lewis 
Hogg, (by invitation), J Thomas Payne (by in- 
vitation) and HeeuInE Peaese Umv of Roches- 
ter Atomic Energy Commission Project, Rochester, 
K Y The impiortance of the flash burn as a climcal 
entity was pointed out by the Navy at Pearl Har- 
bor, and by observers of the Hiroshima and Naga- 
saki (Casualties An attempt was made to produce 
a flash burn, to study its morphology and the 
factors altering its heahng A senes of about 76 
such bums were produced on the pig, using mag- 
nesium explosions as the high intensity, short 
duration heat energy source These lesions typi- 
cally presented a zone of central pallor surrounded 
by abmpt erjd;hema The erythema and edema 
resolved over 4r-7 days, leaving only a thin central 
cmst which came free at about 10 days Histologi- 
cally, the lesions presented an abrupt, Imear de- 
marcation at their margins, as well as their depths, 
as mamfest by hair folhcle and dermal changes 
Healing was by sequestration of the burned tissue, 
rather than by orgamzation, and required 3-5 days 
This 18 a umque picture and is intimately related 
to the transfer of heat through the cutaneous 
layers The energy transfer measurements are still 
in progress 

Body content of radium m individuals with no 
known exposure J B Huesh and A A Gates 
(by invitation) Dept of Radiation Biology, Untv 
of Rochester, Rochester, N Y The commonly ac- 
cepted maximum permissible level of radium in the 
body IS 1 X 10“^g This level is about ten times 
higher than the lowest radium content known to 
have produced cnppbng bone lesions It is, there- 
fore, noteworthy that A Krebs, working in a Ger- 
man laboratory, measured the radium body con- 
tent of eighteen individuals who died with no 
known radium exposure and found a range of body 
contents from less than 1 X 10~' to 4 X 10~® g 
radium, with an average of 1 4 X 10"® g If these 
findings have a general apphcation, the margin 
between the ‘safe’ radium level and the level ex- 
isting in ‘unexposed’ individuals is uncomfortably 
narrow We have, therefore, repeated Kreb’s meas- 
urements using crematory material available from 
local hospitals Total body cremation was earned 
out at a temperature of lOOOT for two hours The 
total ashes were weighed and ground After mixing, 
an aliquot was taken for analysis The sample was 
digested and put into clear solution The radium 
disintegration product, radon, was allowed to ac- 
cumulate for a known penod of time Radon gas 
was then boiled off the solution and the activity 
measured in an alpha counter The results gave 
values from 1 3 to 3 6 X 10"*” g raebum per total 
body with an average of 2 7 X 10"*” g This is about 
two per cent of Krebs’s average figure and intro- 
duces a more generous margin between the ‘safe’ 
and ‘unexposed’ value 


Localization of vital dyes in areas of inflamma- 
tion Howaed C Hopps and B ^hbaea C Reitee 
(by invitation) Dept of Pathology, School of Medi- 
cine, Umv of Oklahoma, Oklahoma City, Okla 
To elucidate further the mechamsms by which 
increased capillary permeability occurs in areas of 
inflammation, the manner of localization of trypan 
blue in dermal inflammatory lesions has been 
studied In all, 68 inflammants have been investi- 
gated mcluding such diverse agents as heat (con- 
duction), cold, infra red and ultra violet rays, 
N-mUstard, various catiomc and amomc deter- 
gents, hyaluromdase, numerous essential oils (can- 
tharidin, methyl salicylate, etc ), pyridine, chloro- 
form, acetone, histamine, leukotaxme, and prod- 
ucts of streptococcus pyogenes including intra- 
dermal infections as such Quantitative data have 
also been secured as to the degree of localization of 
dye in relation to time and intensity of inflamma- 
tory reaction These observations suggest that 
localization of such dyes as trypan blue differs 
qualitatively as well as quantitatively in response 
to different types of inflammatory^ stimuli 

Production of ‘sickling’ in normal red blood 
cells Raphael Isaacs Michael Reese Hospital, 
Chicago, III If a drop of blcxid is mixed with a 
drop of concentrated ‘fish gelatin’ (e g , Le Page’s 
glue) the red blood cells will take on the sickle 
shapes at once This phenomenon is noted in 
normal human blood, in the blood of animals, even 
those with nucleated erythrocytes, in sicklemia 
and in spherocytosis In an extensive list of diseases 
tested, the sickling response was the same The 
cells are first aligned along the lines of stress in 
the thick jelly, but later retain the sickle form 
when thoroughly mixed If the glue is allowed to- 
dry, the sickling is preserved In wet preparation, 
under a cover glass, the cells eventually become- 
sphencal, and later hemolyze Sickling, then, is a 
property of all red bl(K)d cells In sicklemia and in 
sickle cell anemia some factor is present which 
makes the cells sickle under conditions which the- 
normal cell resists 

Methionine and choline in the arrest of dietary 
cirrhosis of the liver in the rat Ehnest R Jaffe 
(by invitation), Robeet W Wisslee (by invita- 
tion) and Eael P Benditt Dept of Pathology, 
Umv of Chicago, Chicago, III An experiment with 
young albino rats is described in which it was 
possible to evaluate quantitatively the influence 
of methiomtie and choline on the progression of 
dietary cirrhosis After a 70-day preparatory penod 
on a low protein, high fat ration, the animals iv ere 
offered diets containing crystalline anuno acid 
mixtures in place of casein with various quantities 
of methionine, cystine, and choline for 32 days 
When the rats ate 55 to 69 mg of methionine or 27 
to 33 mg of choline chloride per day, cirrhosis was- 
absent or much less marked than when they con- 
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sumed about 11 mg of metliiomnc and no choline 
No accentuation of hepatic fibrosis m as noted that 
could be attributed to high levels of cystine, and 
the combination of cystine plus choline was not as 
effective in arresting the scarring as methionine 
and choline The influence of methionine and cho- 
line on the cirrhosis was closelj correlated with 
the ability of these dietary essentials to alter the 
large droplet fatty change present in rats after 70 
days on the basal ration These substances, perhaps 
through their lipotropic properties, caused a dis- 
appearance of the large globules, and this improve- 
ment in the structure of the parencbjunal cells 
maj , in part, have delaj ed the progression of the 
hepatic fibrosis 

Tocopherol requirements during the rat’s meno- 
pause Hans Kaunitz and C A Slanetz (by 
invitation) Depta of Pathology and Animal Care, 
College of Physicians and Surgeons, Columbia 
Univ , New Yorh Cily An inbred colony of albino 
rats lias maintained for successive generations on 
a simplified diet supplemented by 3 rags synthetic 
dl alpha tocopherol (Hoffmann-La Roche) per 100- 
gm diet When the females were 3-6 months , mating 
resulted in 90% pregnancies , at 10-24 months, only 
50% gestations (both normal or resorptions) were 
observed When the tocopherol supplement was 
omitted, reducing the daily intake from about 300 
to 30 micrograms, 50% pregnancies (nearly always 
resorptions) occurred when the females were 3-6 
months Those old rats on the ‘complete’ (3 mgs 
tocopherol) diets, nhich had become sterile, were 
given 30-60 mg tocopherol weekly, resulting in 16 
pregnancies among 37 rats More than half of the 
females on the ‘complete’ diet gradually developed 
a condition which could be termed menopause 
because it was associated with irregularities and 
finally with absence of the estrus cycle as well as 
with sterility This is not necessarily a consequence 
of ‘natural agmg’ because tocopherol supplements 
restored the estrus cycle and the fertility in a high 
percentage of the animals The tocopherol require- 
ments of the rat essential for the development of 
either a normal or a resorptive gestation increase 
steeply with age In rats of over 1 year, they are 
roughlj 10 times higher than at 3-6 months This 
is one of the causes for the occurrence of menopause 
on a ‘normal’ diet 

Level of serum mucoprotein as indicator of 
disease activity in rheumatic fever V C Kbulet 
and R A Goon (introduced by la vine McQuah- 
niE) Dept of Pediatrics, Univ of Minnesota, 
Jttnncapohs, Minn Winzler and co-workers, who 
determined the mucoprotein content of the serum 
in adult human subjects in health and in various 
dise^e states, demonstrated elevations of the 
levels of these proteins m malignancy, m certain 
acute infections, and m tuberculosis Since they 

ound a constant ratio to e\nst between total nitro- 


gen, carbohydrate and tyrosine in the mucoprotein 
fraction, they used the relatively simple deter- 
mination of mucoprotein tjTOsine as an indicator 
of mucoprotein level Using their methods modi- 
fied to permit employment of the Evelyn photo- 
electiic colorimeter, ne determined the scrum 
mucoprotein levels in 60 normal children and in a 
much larger number of children suffering from a 
variety of disease conditions, including rheumatic 
fever Our values for normal children of different 
ages were in close agreement nith those found in 
normal adults by these authors and by ourselves 
aa well The most notable feature of our data on 
sick children was the abnormally high mucoprotein 
levels found in a senes of patients with rheumatic 
fever m its active phase In comparison a similar 
senes of rheumatic patients observed during the 
inactive or quiescent phase and a few patients mth 
apparently active chorea minor showed entirely 
normal values Serial determinations of the serum 
mucoprotein levels m a smaller group of rheumatic 
fever patients, followed throughout the cycle of 
active and inactive penods, confirmed the relation- 
ship The degree of elevation of serum mucoprotein 
was found to be correlated with the state of rheu- 
matic activity as deternuned by clinical manifesta- 
tions and by erythrocyte sedimentation rate 
Sustained elevation of blood cholesterol and 
phospholipid levels in rabbits given detergents 
intravenously Aaron Kellner, James W Coh- 
RELL, and Anthont T Laeo (introduced by John 
Q EIidd) Dept of Pathology, New York Hospital, 
Cornell Medical Center, New York City Sustained 
elevations of blood cholesterol and phospholipid 
were produced in rabbits maintained on a normal 
diet by the mtravenous injection of the detergents 
Tween 80 and Tnton A-20 A single injection of 
Tween SO caused an increase in blood cholesterol 
and phospholipid to two to three tunes the base- 
line level, the values reaching a peak in 6 to 12 
hours and returmng to normal m 24 to 48 hours 
Repeated injections of Tween 80 resulted in a sus- 
tained hypercholesterolemia with blood levels 5 to 
15 times normal, and a parallel and somewhat 
greater increase in blood phospholipid levels A 
single injection of Tnton A-20 caused an increase 
in blood cholesterol and phospholipid levels to 
more than 6 tunes normal, with a peak at 2 days 
after injection and a return to normal after 6 to 
12 days A sustained elevation of blood cholesterol 
and phosphobpid was maintained in 12 rabbits for 
10 weeks by twice-weekly injections of Triton 
A-20 In most animals the blood serum became 
opalescent and then milky nothin a few hours after 
injection and cleared when the injections were 
stopped Whether the increase in blood hpid de- 
pends on the actual presence of the detergent in 
the cu-culation, or on other factors, remains to be 
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Fate of cancer cells implanted in susceptible 
and resistant hosts John G Kidd and Helene 
W Toolan (by invitation) Dept of Pathology, 
The New York Hospital, Cornell Medical Center, 
New York City The cells of two cancers — a mam- 
mary carcinoma and a lymphosarcoma — always 
grew progressively when implanted in the subcu- 
taneous tissues of C3H mice of the sort in which 
they had originated, causing huge tumors that 
brought about death of the hosts within a few 
weeks after implantation The cancer cells grew 
equally well for a time upon implantation in mice 
of the ‘A’ strain, but after developing into visible 
and palpable growths that reached 1-3 cm in 
diameter within 8 to 14 days, they regressed 
abruptly in the alien ‘A’ hosts, disappearing com- 
pletely by the 10th to 16th days The ‘A’ mice in 
which such tumors had regressed proved solidly 
‘immune’ to re-implantation, no visible or palpable 
nodules forming after the subcutaneous implanta- 
tion of large numbers of tumor cells To learn more 
about the phenomena of resistance and immunity 
just described, a study was made of the cytological 
and histological changes in and around the cancer 
cells of regressing tumors, and those implanted in 
immune hosts These findings were correlated n ith 
the viability of the cells as determined by trans- 
plantation tests In many experiments, trans- 
plantable tumor cells were procured from regres- 
sing growths that had all but disappeared and at a 
time when only a few malignant cells remained, 
imbedded in a great mass of reactive host elements 
The tumor cells likewise proved transplantable 
after a sojourn of 3 to 5 days or longer in the sub- 
cutaneous tissue of immune hosts 

Cardiac hypertrophy, an immediate response 
to Starling’s Law of increased energy output of 
the heart Cecil A Khakower and Helen E 
Heino (by invitation) Untv of Illinois, College 
of Medicine, Chicago, III The accepted mech- 
anism for increasing the energy output of the heart 
per stroke by lengthening of the muscle fibers of 
the heart and that which underlies cardiac hyper- 
trophy 16 the same It has not been established 
experimentally, how soon cardiac hypertrophy sets 
in, once the energy output of the heart per stroke 
IS increased The speed of cardiac hypertrophy was 
studied in chicks standardized as to breed, age, 
sex, and body weight They were fed a 6% NaCl 
food mixture over a period of nine hours Food and 
water were then withdrawn Observations on 
changes in cardiac mass were made at the end of 
24 hours It is demonstrated that in repeated 
trials, an increase of 7% or more in the heart 
weight-body weight ratio is obtained mthin a 24 
hour period, representing an absolute increase in 
intracellular water, in fat-free dry substance and 
total nitrogen of the heart The ratios of fat-free 
dry substance and mtrogen of heart to carcass were 


likewise increased It is concluded that cardiac 
hjqiertrophy is an immediate response to an in- 
creased energy output of the heart per stroke It 
follows that cardiac mass in the normal individual 
IS not stable but fluctuates with shifts in the work 
of the heart per beat beyond that which is cus- 
tomary It will be demonstrated that a sound myo- 
cardium, responds to a given load wuth maximum 
hypertrophy within a few days, in the present 
experiments 20 plus % in 9 days 

Intravenous detergents in experimental athero- 
sclerosis, with special reference to the possible 
role of phospholipids Anthony T Ladd, Aaron 
Kellner, and James W Correll (introduced by 
John G Kidd) Dept of Pathology, New York 
Hospital, Cornell Medical Center, New York Rab- 
bits were maintained on a normal diet without 
added cholesterol and were given twice daily in- 
travenous injections of Tween 80 for 8 to 14 weeks 
Controls were fed cholesterol but given no Tween 
80 Despite the fact that the animals gi\ en deter- 
gent had considerably higher mean choleste^-ol 
levels than the controls, they had sigmficantly less 
atherosclerosis In the animals receiving deter- 
gent, the blood phospholipid levels were as high 
or higher than the corresponding cholesterol levels, 
whereas in the controls, the phospholipid levels 
were about half the cholesterol levels Experi- 
mental atherosclerosis produced in rabbits by 
cholesterol feeding is usually accompanied by a 
great increase in blood cholesterol and only a 
slight increase in phospholipid Other experiments 
in which rabbits were fed cholesterol and also 
given intravenous detergents indicate that despite 
a sustained hypercholesterolemia, the incidence 
and seventy of atherosclerosis is decreased if the 
blood phospholipid is elevated concomitantly with 
the cholesterol Intravenous detergents were in- 
effective in the resorption of atherosclerosis pre- 
viously produced by cholesterol feeding It seems 
probable that the cholesterol-phospholipid ratio 
18 an important factor in experimental athero- 
sclerosis, and that increased blood phospholipids 
may modify or prevent the development of athero- 
sclerosis 

Observations on lung pathology following the 
inhalation of radioactive cerium Hermann Lisco 
and M P Finkel (by invitation) Argonne Na- 
tional Laby , Chicago, III Radioactive cerium 
(Ce‘^‘) 18 one of the rare earths which is formed in 
the fission of uranium and of plutonium It is a 
beta emitter (maximum energy 0 348 Mev) an'd 
it has a half-life of 276 days Ce‘*< was adimnistered 
to rats as an aerosol (CeOj) in doses ranging from 
3 2 to 200 iic per animal Although the material was 
deposited generally in all lobes of the lungs, its 
distribution was not uniform Radioautographs 
showed small and large, irregularly distributed 
foci A considerable portion of the inhaled cerium 
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remained m the lungs However, in addition to 
excretion, some translocation occurred primarily 
to the liver, kidneys and skeleton Histologic ex- 
aminations were made of the lungs of most of the 
animals, especially those surviving beyond 200 
dajs The lesions observed vill be discussed and 
illustrated Particular emphasis vull be placed on 
the occurrence of metaplastic changes m the bron- 
chial epithehum and on malignant tumors arising 
therefrom 

Varying genetic resistance of rabbits to quan- 
titative inhalation of human tubercle bacilli Max 
B Ltfbie, Samuel Abramson and A G Hepples- 
TON Henry Phipps Institute, Univ of Pennsyl- 
vania, Philadelphia, Penna The fundamental 
variant tuberculosis caused by virulent bovine 
tubercle bacilli in highly inbred rabbits of varying 
genetic resistance to tuberculosis is the degree of 
localization of disease at the portal of entry and 
the chronicity of ensuing disease Rarely, is the 
bovine infection completely overcome even by the 
most resistant family Bovine disease in rabbits 
of different genetic resistance to infection differs 
only in degree, not in kind It has been demon- 
strated that if genetically susceptible and resistant 
rabbits simultaneously inhale from 100 to 2000 
virulent tubercle bacilli, human type, resistant 
rabbits overcome the infection completely so that 
at the end of 2 to 5 months after exposure the lungs 
are entirely free of any gross tuberculosis in 80% 
of the individuals, while in 90% of the susceptible 
animals there is a disease of varying extent often 
involving the greater part of the lung parenchyma 
Thus, not only can the time necessary for deter- 
mining resistance be greatly shortened, but the 
distinction between genetically resistant and sus- 
ceptible rabbits becomes an all or none difference 
in the great majority of individuals There is 
evidence that genetically resistant animals have 
an innate capacity to destroy or inhibit growth of 
inhaled human type tubercle bacilli more effec- 
tively than susceptible rabbits Furthermore, and 
perhaps as a consequence of this differing capacity, 
genetically resistant rabbits tend to develop al- 
lergic sensitivity to tuberculin more rapidly than 
susceptible rabbits under these conditions 
Studies on the pathogenesis of experimental 
necrotizing arteritis J H McCormick, Jr (by 
inxntation) and Russell L Holman Dept of 
Pathology, Louisiana State Univ School of Medi- 
cine, New Orleans, La Previous studies from this 
laboratory have shown that acute necrotizing 
artentis can be produced with regularity in dogs 
b\ feeding them a specified high fat diet for a 
period of 8 neeks or longer then sacrificing them 
through renal damage To determine whether 
damage to tissues and organs other than the kidney 
nould precipitate the lesions in properly fed dogs, 
■t such animals nere subjected to light chloroform 


anesthesia for periods totalling 9 to 28 hours in 6 to 
20 days None of these 4 dogs showed either gross 
or microscopic lesions in the arterial system 
Another group of 3 properly fed dogs were sub- 
jected to severe inflammatory reactions, one by 
means of sterile abscesses induced w ith turpentine 
and 2 by bacterial infections None of these dogs 
showed arterial lesions These experiments tend 
to emphasize the impiortance of the kidney in the 
pathogenesis of necrotizing arteritis, and suggest 
the possibility that the proximal convoluted tu- 
bules elaborate a substance that is necessary for 
the proper utilization of certain hpid substances 
Influence of alloxan diabetes of cholesterol 
atherosclerosis in the rabbit Henri C McGill 
(by invitation), Louis E Parrish (by invitation) 
and Russell L Holman Dept of Pathology, 
Louisiana State Univ School of Medicine, New 
Orleans, La Nine control rabbits fed Rockland 
rabbit diet wnth 0 3- 5 gm of cholesterol in olive 
oil per day were sacrificed after intervals of 38 to 
72 days on this diet There was an average gam in 
body w'eight of 38% and an approximate seven-fold 
increase in total blood cholesterol All 6 of these 
animals sacrificed beyond the 48th day showed 
gross or microscopic atheroma m the aorta and 
elsewhere , and the degree of these lesions increased 
with time Eight rabbits of sinular age and original 
body weight were injected two or more times with 
alloxan (180 to 385 mg/kg total) and after a satis- 
factory diabetic state was established they were 
fed the same diet and cholesterol in oil as the con- 
trol animals These diabetic rabbits were sacrificed 
after intervals of 18 to 98 days Six of the 8 rabbits 
lost weight but 2 of them showed weight gains 
comparable to the control rabbits Despite a ten- 
fold increase in the blood cholesterol level in this 
group only the rabbit fed for 98 days (which lost 
10% in body weight) showed microscopic arterial 
lesions Three rabbits injected with alloxan failed 
to develop sustained diabetes and had lesions com- 
parable to the controls when sacrificed at 40, 62, 
and 69 days respectively Contrary to anticipation 
these results indicated that the diabetic state 
induced by alloxan retards in both time and degree 
the development of cholesterol atherosclerosis in 
the rabbit These experiments confirm the results 
of Duff and his co-workers 

Experimental papillary necrosis of the kidney 
Emanuel E Manuel (by invitation) and Hans 
Popper Dept of Pathology, Northwestern Univ 
Medical School, the Hektoen Institute for Medical 
Research of the Cook County Hospital and the U S 
Public Health Service, Chicago, III Necrosis of the 
renal medulla has been reported in old European 
papers to be produced in experimental ammals by 
the administration of vmylamine In order to study 
pathogenesis and functional changes incident to 
such a lesion, vmylamine (ethyleneimme) was 
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gi-ven to 20 rabbits m single or divided doses of 
0 005 to 0 03 gm/kg body weight On the first day 
following injection of a lethal dose, excessive hy- 
peremia of all medullary vessels occurred, asso- 
ciated with edema and hemorrhage particularly 
around the bundles of vasa recta at the cortico- 
medullary junction The cortex showed striking 
ischemia except for distended veins Necrosis of 
epithehum of the proximal convoluted tubules was 
often present In later stages (3-14 days after in- 
toxication), when the cortical epithehum appeared 
either almost or completely normal or showed evi- 
dence of regeneration, conglutination thrombi of 
erythrocytes were seen in engorged medullary 
vessels There were well circumscribed foci of 
ischemic necrosis of varying size in the papillae 
These animals did not develop anuna but showed 
albummuna, hematuria and progressive azoterma 
with almost complete abolishment of renal con- 
centration power as indicated by a unne/plasma 
quotient of close to umty In animals surviving 
the intoxication more than 2 weeks, fibrous scars 
were found in the papiUae and also replacing the 
vasa recta bundles These findings appear to throw 
light both upon a vascular pathogenesis of human 
papillary necrosis and upon the renal functional 
impairment occurring in predominantly medullary 
injury They, furthermore, illustrate the duality 
of renal circulation (Trueta) 
Hypoprothrombinemia due to loss of intestinal 
lymph J D Mann (by invitation), F D Mann 
(by invitation) and J L Bollman Mayo Founda- 
tion, Rochester, Minn When all of the intestinal 
lymph of the rat>was drained exirernally, marked 
hypoprothrombinemia, as determined by the two- 
stage method, developed rapidly, usually within 
24 hours If adequate amounts of vitamin K were 
adihimstered parenterally a normal level of pro- 
thrombin was mamtamed, despite loss of lymph 
and even of considerable amounts of blood as well 
Transfusion of tmee the ammal’s normal plasma 
vdlume did not maintain normal prothrombin 
while lymph was lost Under the conditions of 
these experiments it appeared that vitamin K was 
absorbed practically exclusively through the 
lymph and very little of it was stored, while the 
turnover of prothrombin was extremely rapid 
An additional thermostable component in the 
mechanism of leukocytosis with mflammation 
VaXiX Menkin Agnes Barr Chase Foundation for 
Cancer Research, Temple Untv School of Medicine, 
Philadelphia, Penna The leukocytosis-promoting 
factor (LPF) , described previously , offers in part 
a reasonable explanation for the mechanism of 
leukocytosis with inflammation Nevertheless, an 
acute experimental inflammation is frequently 
associated with a leukocydAisis of such a high level 
that it cannot alwaj a be explained by liberation of 
LPF This is especially seen in the later stages of 


an inflammatory state when the exudate tends to 
be at an acid pH, and from which the LPF is not 
always readily recovered It has been observed 
that the non-injurious pyrogemc factor, pyrexin, 
frequently recovered from acid exudates, induces 
not only an elevation in temperature, but also an 
initial leukopenia due to the presence of the leuko- 
pemc factor, described previously The imtial 
leukopenia is subsequently followed by a marked 
leukocytosis Boihng pyrexin fails to inactivate 
this leukocytosis-promoting component This lat- 
ter 18 evidently thermostable Its effect is very 
rapid Even one hour follownng administration of 
boiled pyrexin, the effect of the thermostable com- 
ponent of the leukocytosis-promoting factor is 
mamfested by thh discharge of immature polymor- 
phonuclear leukocytes This thermostable com- 
jxment is found in boiled whole acid exudate In 
alkaline eioidatea it is less pronounced, and in such 
boiled exudates only the discharge of immature 
leukocjdos may be encountered This thermostable 
component has been observed in the inflamed pleu- 
ral cavity of dogs, inflammation being induced with 
either turpentine or croton oil in ohve oil and in 
the inflamed pleura of guinea pigs with the reaction 
caused with croton oil in olive oil The mechanism 
of leukocytosis with mflammation seems referable 
to two components a thermolabile component dis- 
tributed between the a 1 and a 2 globulins of exu- 
date and a thermostable component associated 
with pyrexin In the euglobulin fraction found 
particularly in acid exudates 
Effects of thyroid feeding on histologically nor- 
mal islets of rats receiving small doses of alloxan 
David W Molander (by invitation) and Arthur 
Kirschbaum Dept of Anatomy, Umv of Minne- 
sota Medical School, Minneapolis, Minn Impair- 
ment in glucose tolerance appeared in rats receiv- 
ing 4 intravenous injections of 20 mg/kg of alloxan 
on alternate days Fasting blood sugar levels w ere 
not elevated Microscopically the pancreatic islets 
were normal Rats leceiving 10 injections of the 
same dose of alloxan showed glucose tolerances 
similar to those found in animals receiving Jour 
doses Beta cell degeneration was present, how- 
ever, in the islets Neither glucosuria, polyuria, 
nor jxilydipsia occurred in either the 4 or 10 dose 
animals Extensive beta cell degeneration was ob- 
served in rats receiving one dose of 30 mg/kg These 
rats exhibited persistent hyperglycemia and gluco- 
suna, and decidedly altered glucose tolerance 
Growth was stunted, whereas it was normal in 
animals receiving the 4 or 10 injections If thyroid 
(0 1 gm/kg daily by stomach tube for one month) 
w'as fed to rats following the 4 doses of alloxan, 
glucosuna and fasting hyperglycemia occurred 
This condition persisted until the rats W'ere au- 
topsied one month after the last feeding If rats 
were adrenalectomized preceding the administra- 



March 19lfi 


AMEEICAN SOCIETY FOR EXPERIMENTAL PATHOLOGY 


363 


tion of thyroid, clinical diabetes did not appear 
The islets of thyroid-fed alloxanized rats revealed 
a reduction m the number of beta cells In the rats 
that were adrenalectonuzed preceding thyroid 
treatment, and in which climcal diabetes did not 
appear, no changes in the islets were observed 
Thus, by functionally altering the beta cells with 
small repeated doses of alloxan, the added meta- 
bolic strain imposed on islet tissue by thyroid 
feeding was detectable Lower blood sugar (re- 
duced gluconeogenesis) following adrenalectomy 
was probably important in preventing beta cell 
damage 

Induction of hepatic carcinoma in rats by 4-di- 
methylaminobenzene-l-azo-l-naphthalene A S 
MuLiT and H I Firminger (introduced by 
Harold L Stewart) National Cancer Institute, 
Bethesda, Md Azonaphthalene (4-dimethylauuno- 
benzene-l-azo-l-naphthalene) was fed to 80 Os- 
horn-Mendel rats, in the dose of 0 075 gm/100 gm 
of diet for 8 months The dye was suspended in 
corn oil, and this in turn was incorporated in a 
basic diet consisting of casein, sugar, vitamin mix, 
and salt mix Following the azonaphthalene diet 
period, the ammals were returned to their normal 
laboratory diet of Purina Chow pellets They were 
examined at regular intervals, and the date of the 
first palpable tumor was noted The chmcal diag- 
nosis of the tumor was confirmed at autopsy by 
microscopic examination in all cases Fifty-six 
animals have been autopsied to date and 11 tumors 
have been found, an incidence of 19 6% In this 
series, the first tumor appeared 8 months after the 
start of the experiment If this interval is taken 
as the latent period for tumor induction by this 
compound, and the percentage of tumor incidence 
18 then recalculated on the basis of those animals 
sunnving the incubation period, the incidence of 
the tumor increases to 31% The changes in the 
hver were similar to those induced by paradi- 
methylammoazobenzene Alicroscopic examination 
shovrcd fatty change, fibrosis, bile duct prohfera- 
tion, cirrhosis, cyst formation, and carcinoma 
hlost of the tumors were hepatic cell carcinomas 
Thej infiltrated the adjacent tissues, and metas- 
tasized to the peritoneum, mesentery, and the 
lungs 

Renal cytoplasmic inclusions following the 
administration of large doses of streptoraycm 
Charles W jMushett and Robert B Stebbins 
(b\ inntation) MercL Institute for Therapeutic 
Research, Rahway, N J Repeated subcutaneous 
injection of streptomj cm either as the sulfate or 
the calcium chloride complex has resulted in the 
appearance of acidophilic ‘colloid-hke’ droplets in 
the c\ toplasm of the renal tubular epithehum of 
rats and dogs The droplets, xmning in size from 
small granules to relativch large globular bodies, 
Ime been scon within one week nhen daily injec- 


tions of drug (400 mg base/kg body weight) were 
given After discontinuance of treatment in rats 
dosed daily for 21 days, it was observed that the 
droplets became smaller in size and had disap- 
peared within 4 weeks With hematoxylin-eosin 
stain the inclusions have a deep pink color , some 
give a positive reaction for hemoglobin by the 
Dunn-Thompson technique, they are not visual- 
ized by the usual fat staining methods Salts of 
dihydrostreptomycin, the reduced form of strep- 
tomycin, also produced these inclusions The feed- 
ing of natural stock diets, highly purified diets or 
diets containing 5% liver powder bad no influence 
on the appearance of the inclusions No abnormali- 
ties in renal function were observed in dogs whose 
kidneys were found to contain the ‘colloid-like’ 
cytoplasmic inclusions The nature of the renal 
inclusions observed after treatment with strepto- 
mycin or dihydrostreptomycin is as yet unde- 
termined 

Comparison of different lots of bacitracin for 
nephrotoHcity to rats and mice A A Nelson 
and E C BLagan (by invitation) Division of 
Pharmacology, Food and Drug Administration, 
Federal Security Agency, Washington, D C Five 
commercial lots of bacitracin, suspected of varying 
in their degree of nephrotoxicity when given paren- 
terally in man, were studied Microscopic sections 
were made from 140 animals All 6 lots caused 
severe Indney damage when 6000 n/kg in 2% solu- 
tion were injected intraperitoneaUy twice a day 
in mice for 3 days Variation in kidney damage 
between lots was no greater than that between 
different batches of mice when the same lot was 
used The basic lesion was necrosis and sloughing 
of the convoluted tubular epithehum, evident as 
early as 1 hour after a single injection Morpho- 
logical effect paralleled dosage, and our impression 
was that when a certain concentration of bacitracin 
occurred in the tubule there was a direct toxic 
effect on the epithelium Saline solutions were 
slightly less toxic than water solutions In a general 
way the histological appearance was similar to that 
described by Scudi et al {Proc Soc Exper Biol 
&, Med 64 503 and 66 568, 1947) In our rats, 
however, lesions were not hnsigmficant’ , with 
equal dosage, rats showed even greater kidney 
lesions than did mice Nephrotoxicity in rats from 
intramuscular admmistration was as great as from 
intrapentoneal , in mice it was much less Intra- 
muscularly, local inflammatory reaction was severe 
in rats and less so in mice , intraperitoneaUy, local 
reaction was shght Organs other than kidney 
showed infrequent or little effect Lunited study 
of repair showed that m mouse kidnej’^s the baci- 
tracin picture persisted for about 15 days, chang- 
ing after 30 days mto one of a nonspecific nephritis 
Bone deposition of uranium "W F Neuman 
M W Neuman, E R Main and B J Mulrtan 
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(introduced by F S Robscheit-Robbins) Dept 
of Radiation Biology, School of Medicine di Den- 
tistry, Untv of Rochester, Rochester, N Y Pre- 
vious studies have indicated that the major site of 
long-term storage of uramum injected into ammais 
was the skeleton Once deposited, the uranium 
vas mobilized very slowly and underwent very 
little redistribution within the skeleton itself 
A series of studies in vitro was conducted on the 
mechanism of this skeletal deposition The results 
of these evperiments indicate that uranyl ions 
undergo exchange with calcium ions in the surfaces 
of the bone, mineral crystals In this exchange, 
uranium apparently combines with two adjacent 
phosphate groups in the nuneral surface to form 
a but slightly dissociated complex 

Reticulocyte ripening and nutrition in anemic 
dogs A Nizet (introduced by F S Robscheit- 
Robbins) Univ of Rochester School of Medicine 
and Dentistry, Dept of Pathology, Rochester, N Y 
The npemng time of the reticulocytes has been 
measured by a technique previously described in 
anemic dogs and doubly depleted dogs (anemia and 
hypoproteinemia) Anemia is produced by blood 
withdrawal, double depletion by blood withdrawal 
plus a non-protem contaimng diet The progressive 
disappearance of the various reticulocyte groups 
IS studied in hepanmzed blood samples at body 
temperature In the anemic dogs receiving a basal 
diet contaimng proteins the ripening time is the 
same as in non-anemic dogs, regardless of the sup- 
plementary diet factors In the anemic hypopro- 
teinemic dogs (double depletion) in contrast re- 
ceiving a non-protem basal diet the npemng time 
depends upon the supplementary diet factors 
With the non-protem diet alone m these doubly 
depleted animals the npemng is almost completely 
blocked Following administration of poor supple- 
mentary diet factors (low hemoglobin regenera- 
tion) the npemng time is greatly prolonged With 
an optimum supplementary diet (maximum hemo- 
globin regeneration) the ripening time is normal 
The rate of hemoglobin regeneration in vivo and 
the npemng tune of the young erythrocytes in 
vitro coincide very well 

Histopathology of the liver following histamine 
infusion W G Nothackee and Ralph W Beauek 
(introduced by Russell L Holman) Depts of 
Pathology and Pharmacology, Louisiana State 
Untv School of Medicine, New Orleans, La When 
histamine diphosphate was infused continuously 
into the portal vein of a dog under sodium penta- 
barbital anesthesia, at such a rate as to depress the 
mean arterial blood pressure to approximately 50% 
of the initial level, there was a fall in the portal 
venous pressure, an increase m lymph flow from 
the liver, and a reduction of the rate of brom- 
sulphthalin removal from the blood plasma In 
animals sacrificed after 4 hours or more of such 


infusion, the liver was enlarged, and mottled red 
and red brown with prominent portal areas Upon 
histological examination these livers showed neu- 
trophils and lymphocytes about the portal veins, 
dilatation of piortal lymphatics, leukostasis of neu- 
trophils in the sinusoids, constriction of central 
veins and occasional hemorrhages into the portal 
areas When histamine infusion was stopped, at any 
time during the experiments, the mean arterial 
blood pressure regularly rose to the initial level 
within ten minutes or less and the animal survived 
Control amraals subjected to the same experi- 
mental procedures but infused with normal saline 
showed none of the above physiological and ana- 
tomical changes These studies indicate that his- 
tamine in sublethal doses is capable of producing 
definite liver injury 

Replacement of a portion of common bile duct 
by a segment of uterine horn Chaeles M 
O’Leabt (by invitation), William T Snoddt 
(by invitation), and B£la Halpebt Depts of 
Surgery and Pathology, Untv of Oklahoma School 
of Medicine, Oklahoma City The right uterine 
horn of the dog was resected with its blood supply 
from the ovarian artery left intact The common 
bile duct was severed near its junction with the 
duodenum and the duodenal end ligated The 
proximal end of the common bile duct was then 
telescoped into the proximal end of the uterine 
horn while the distal end of the horn was pulled 
through a longitudinal sht made in the duodenal 
wall about 2 cm antenor and medial to the chole- 
dochoduodenal junction Both ends of the uterine 
horn were secured in place by cotton sutures Of 

20 dogs surviving the operation 12 hved for 3 to 

21 days, the rest were sacrificed between 4 and 27 
weeks following the operation Detailed morpho- 
logic studies are in progress to determine the mech- 
anism by which the continuity of the flow of bile 
into the duodenum was maintained and the effects 
of the replacement of the terminal segment of the 
common bile duct on the bihary system 

Restoration of estrous cycle by alpha tocopherol 
in old rats S Y P’an, Hans Kaunitz, and C A 
Slanetz (by invitation) Depts of Pharmacology 
Pathology, and Animal Care, College of Physicians 
and Surgeons, Columbia Univ , New York City 
An inbred colony of albino rats was maintained for 
successive generations on a simplified diet con- 
taimng 3 mg (synthetic alpha tocopherol (Hoff- 
mann-La Roche) per 100 gm , this permitted a 
daily intake of approximately 300 micrograms of 
tocopherol as usually provided for laboratory rats 
Daily vaginal smears were made on 64 females of 
10-20 months for 4 weeks or more In 16, the estrous 
cycle was of 4-5 days duration, in 34, it lasted 
more than 8 days , and in 15 of this latter group, it 
lasted longer than 17 days in 80% and more than 
12 days in 20% The latter 15 females received 30- 
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60 mgs alpha tocopherol ^^eeklJ'^ bj mouth In 3 
rats, cj cles of 4-5 days and in 5, cj cles of 6-8 days 
were observed inthm 2 iveeks after treatment vas 
begun There was no change m the remaining 7 
animals It is improbable that the shortening of 
the CJ cle was due to spontaneous changes because 
4 untreated controls with cj'^cles of 9-12 5 daj'S 
were smeared during the period of observation with 
lengthemng of the cycles It seems evident that, 
in a high percentage of old rats maintained on a 
diet with ‘normal’ tocopherol supplement, length- 
ened estrous cjmles may occur which can frequently 
be shortened by additional alpha tocopherol 
Blood cholesterol value of normal men in rela- 
tion to their basal metabolic rate Annie Laueie 
Peeler (by invitation), Opal E Hepler, Velma 
Miller Killet (bj’’ invitation), Lillian E Cis- 
LER (bj invitation), and Frederic T Jung (by 
invitation) Depts of Pathology and Physiology, 
Northwestern Umv Medical School and Passavant 
Afcmortal Hospital, Chicago, III Because of the 
large range of normal cholesterol values the corre- 
lation was determined between the blood choles- 
terol of normal men and their basal metabolic rates 
Bloor’s method adapted to the Evelyn photoelec- 
tric colonmeter was used to detenmne cholesterol 
in serum Values for 73 male medical students 
ranged from 131-303 mg/100 ml of serum with a 
mean of 189 mg and a standard deviation of ±33 
Four fell below 150 and 6 above 250, leaving 86% 
with a range from 160 to 250 mg The metabolism 
tests were performed under basal conditions using 
a Benedict-Roth machine The results presented 
are the percentages above and below normal using 
the Boothbj' and Sandiford modification of Dubois 
standards Values for 73 men ranged from —24 9 to 
+10% with a mean of —9 5% and a standard devia- 
tion of ± 7 2 No correlation was foimd between 
these basal metabolic rates and cholesterol values 
as shown bj’' the correlation coefficient of — 0 10 
Both cholesterol and basal metabolic rates were 
repeated on 40 of the men after a 38-day period 
which included 2 weeks of vacation The coeffi- 
cient of correlation between the first and second 
cholesterol values was +0 73 which indicates that 
the blood cholesterol is maintained at a fairly 
stable level This was also true, to a lesser extent, 
of the basal metabolic rates which gave a correla- 
tion coefficient of -f-0 65 between the first and 
second periods 

Quantitative correlation between results of 
hepatic tests and morphologic liver cell damage 
Hans Popper, Frederick Steigmann and Paul 
B SzANTo (bj invitation) Hektoen Inst for Medi- 
cal Research of the Cook County Hospital, the 
Dept of Pathology of Xorthwestem Unic Medical 
School and the Dept of Internal Medicine of Umv 
of Illinois College of Medicine, Chicago, III The 
degree of liv er cell damage was graded 0 to 3 plus 


in 257 liver biopsy specimens obtained from pa- 
tients with various diseases, mostly hepatobiliary 
in nature The results were compared with those 
of a series of hepatic tests performed simultane- 
ously w ith the biopsy In confirmation of previous 
studies concerning correlation of presence or ab- 
sence of pathologic findings with results of hepatic 
tests, it was noted that the higher the grade of 
liver cell damage in a group, the higher the average 
of the cephalin flocculation, thymol turbidity, 
serum globulin, urinary urobilinogen, alkaline 
phosphatase, prompt reacting and total bilirubin, 
and the lower the albumin, albumin/globulin ratio 
and prothrombin time No parallelism was found 
with total serum protein, total cholesterol, non- 
protein mtrogen, sedimentation rate and fecal 
urobilinogen The described parallelism was not 
necessarily present in individual cases Moreover, 
in extrahepatic biliary obstruction without sec- 
ondarj'^ infection, cephalin flocculation and thymol 
turbidity did not parallel the degree of liver cell 
damage, the cephahn flocculation being negative 
and the thymol turbidity only slightly elevated 
even with severe damage Contranly, the results 
of these two tests paralleled the degree of hver 
cell damage if bacterial infection compheated ex- 
trahepatic obstruction To exclude hver cell dam- 
age, cephalin flocculation and urinary urobilinogen 
appeared the most valuable tests The number of 
tests with abnormal results paralleled the degree 
of liver cell damage in the different groups In 
general, the frequent exception in individual cases 
do not contradict a general tendency to a quanti- 
tative relation between functional and structural 
hepatic alterations 

Electron microscopy of clinical marrow aspi- 
rates J W Rebuck and H L Woods (introduced 
by F W Hartman) Dept of Labys , Henry Ford 
Hospital, Detroit, Mich Direct electron micros- 
copy of sternal aspirates was accomplished as fol- 
lows After aspiration of the specimen the custom- 
ary air-dned smears were prepared from a portion 
for light microscope studies The remaining material 
was utilized, with a modification of Schleicher’s 
technic, for electron microscope studies One or 
more gross marrow units were selected and affixed 
to the blunt end of a wooden applicator Imprints 
were then made by touching the marrow unit 
lightly against formvar -covered glass slides The 
marrow cells adherent to the surface of the form- 
var were fixed over osmic acid vapor and washed 
in distilled water The specimens were mounted 
directly bj the modified stripping technic which 
we have previouslj' reported Electron micrographs 
of hematocytologic features were thus obtained 
Developing neutrophil granules were observed to 
be more vacuolar than granular in structure The 
bizarre nuclear structure of leukemic reticulum 
cells from a case of reticular mj elosis was depicted 
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Supeninpoaition of small osmiophilic spherules 
was noted Myeloma cells from a case of multiple 
myeloma were micrographed A small, eirtremely 
dense particulate substance presented in the c 3 rto- 
plasm of such a ceU In one such case complicated 
bj an acquired hemolytic anemia, interesting 
structural changes were present in erythrocytes 
individually and m their agglutinated relation- 
ships Upon erythrocytic desiccation m rouleaux- 
Iike aggregates, hemoglobin shrinkage resulted in 
delineation of the isolated corpuscular ‘membrane’ 
The thickness of this human surface ultrastructure 
was measured as being between 330 and 1000 A 
with a mean of about 560 A 

Effect of antlhistamme on the localization of 
trypan blue in xylene treated areas of skin R H 
Rigdon Laby of Exptl Pathology, Medical 
Branch, Untv of Texas, Galveston, Texas Local- 
ization of dye in areas of skin injected with his- 
tamine (/ Lab and Clin Med 27 1654, 1942) and 
in areas of inflammation produced by xylene 
{Arch Surg 41 101, 1940) has been studied In 
the latter it was shown that localization and con- 
centration of this dye was determined by the 
interval between the application of xylene and 
the injection of the dye Furthermore, the local- 
ization of the dye was not related to the presence 
of hyperemia The influence of antihistamine on 
the hyperemia produced by xylene and the local- 
ization and concentration of dye in these areas 
were studied in the rabbit Pyrrolidineethyl- 
phenothiazme hydrochloride (Pyrrolazate) and 
N , N -Dimethyl-N' (alpha-pyndyl ) -N'- (alpha-the- 
ny])-ethylenediamine hydrochlonde (Thenylene) 
were dissolved in sahne (10 mg/ml ) The former 
wap given intravenously and the latter intrave- 
nously and intraperitoneally in large amounts 
The antihistamine was given frequently before the 
intravenous injection of trypan blue (10 ml of a 
0 5% solution) Xylene was applied to the skin 
with a cotton applicator at intervals preceding the 
injection of the dye Reaction to the xylene was 
the same in antihistamine treated ammals as in 
the controls Furthermore, the? locahzation and 
concentration of trypan blue was the same as in 
the controls Tr3q3an blue localized and concen- 
trated at the site of intradermal injection (0 2 ml ) 
of antihistamine It is suggested that histamine is 
not the primary factor responsible for the local- 
ization and concentration of trypan blue in areas 
of inflammation produced by xylene and, further- 
more, antihistamine, when injected intradermally 
in the rabbit, causes a localization and concentra- 
tion of dye in a manner similar to the intradermal 
injection of histamine 

Multiple injections of potassium as a test for 
adrenocortical function, with modiflcations in- 
duced by desoxycorticosterone Theodobb Rob- 
ertson (introduced bj John G Kidd) Dept of 


Pathology, New York Hospital — Cornell Medical 
Center, New York City As a means of studying the 
function of the adrenal cortex a modification has 
been made of the potassium toxicity test previously 
employed by others Four intrapentoneal mjec- 
tions of potassium chloride solution were given at 
2-hour intervals to mature rats and mice Dosage 
was calculated in milligrams of KCl/10 gm of 
body weight Significant differences were found 
when the test was applied to normal and adrenal- 
ectomized ammals For the L D 60 in normal rats 
was about 4 6 mg/10 gm , and in normal mice was 
shghtly less than 6 mg/10 gm , whereas in adrenal- 
ectonuzed ammals given salt and tested on the 
sixth postoperative day, the L D 50 values were 
approximately 2 0 and 2 6 respectively in the two 
species A consistently increased resistance to 
potassium was obtained by the administration of 
small amounts of desoxycorticosterone acetate in 
various ways to normal and adrenalectomized am- 
mals The only vanation attributable to sex was 
found in adrenalectomized rats about 11 weeks old 
When tested with 2 mg KCl/10 gm there was a 
90% mortality in males (18 of 20) and a 16% mor- 
tality in females (2 of 13) The results obtained 
with the potassium toxicity test suggest an ovarian 
influence on potassium metabolism as an addition 
to those influences previously recognized The 
test has also been appbed with interesting results 
to ammals in which a depletion of the zona glo- 
merulosa of the adrenal cortex had been effected 
by means of pellets contaimng desoxycorticos- 
terone 

Intradermal reaction to streptococcal thermal 
antibody and antigen in persons having epidemic 
respiratory infections Edwabd C Rosenow 
Bacteriological Research, Longview Hospital, Cin- 
cinnati, Ohio The solutions of thermal antibody 
and of antigen injected intradermally consisted 
of the bacteria-free supernatants of saline suspen- 
sions of streptococci isolated in studies of respira- 
tory infections The former after autoclaving 
suspensions contaimng twenty billion streptococci/ 
ml for 96 hours and adding an equal volume of saline 
contaimng 0 4% phenol , the latter after heating 
suspensions contaimng ten bilhon streptococci/ml 
at 70°C for one hour and adding 0J2% phenol 
Three hundredths ml of each and of control solu- 
tions were injected into the skin of the anterior 
aspect of the forearm of 272 persons having respira- 
tory infection and of 483 well persons Reactions 
to the ‘respiratory’ thermal antibody indicating 
specific antigen in skin or blood and of a strepto- 
coccal infection occurred in nearly all persons 
having respiratory infection The reactions were 
largest during the acute stage of the disease and 
gradually dimimshed as recovery ensued In sharp 
contrast reactions to ‘respiratory’ antigen indi- 
cating antibody were mimmal at the onset, in- 
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creased as recoverj’’ occurred and then diminished 
as antigen disappeared The incidence of signifi- 
cant reactions to the ‘respiratory’ antibody indi- 
cating antigen in well persons during summer n as 
minimal It increased in autumn and remained 
relatively high during n inter and spring but nas 
uniformly less in persons having 83 'niptom 8 of re- 
spiratory infection Reaction to the ‘respiratorj ’ 
antigen was absent or least pronounced in well 
persons remote from respiratorj' infections and 
increased with the seasonal incidence Reactions 
in well persons to ‘poliomyelitic’ streptococcal 
antibody and antigen were in reverse of those to ‘re- 
spiratory’ antibody and antigen 
Contagiousness of coccidioidomycosis Sol Roi 
Rosenthal Univ of Illinois, College of Medicine, 
Chicago, III Evpenments conducted in 3 phases 
show that coccidioidomj'cosis is a contagious dis- 
ease 1 ) Spherule containing exudates from humans 
or guinea pigs when instilled into the trachea of 
gmnea pigs produced a primary form of the disease 
very similar to that found in humans 2) Spherule 
containing exudates of humans kept in the rc- 
fngerator for periods up to 110 days failed to pro- 
duce mycelml threads and chlamydospores but 
retained their spherule forms that were infective 
to guinea pigs Spherule containing sputum exposed 
out of doors to the shade or the sun w ith or w ithout 
earth for penods up to 230 days retained their 
spherule forms, albeit in a certain percentage of 
cases mycelial forms were found 3) In a limited 
number of cases placing normal guinea pigs in the 
same cages with animals infected intratrachcally 
With the spherules of coccidioides immitis resulted 
in infection of the control animals 
Electrocardiograms of normal and malarial 
infected monkeys Arthur Ruskin (by invita- 
tion) and R H Rigdon Heart Station and Laby 
of Exptl Pathology, Univ of Texas, Medical 
Branch, Galveston, Texas Electrocardiograms in 
14 normal M rhesus monkeys weighing from 2 to 6 
kg simulated those of normal humans mth the 
following differences The QRS wave was usually 
of very low voltage in Lead I The T wave in Lead 
I was likewise usually very low It was flat in 7 
monkeys However, in 1 it was shghtly negative 
on another occasion The T wave in Lead IL w'as 
flat in 2 cases, m both shghtly negative on other 
occasions T4 was flat m 2 animals and shghtly 
ne^tive in one These findings controvert those of 
^aart and Storm Heart rate varied from 190 to 
P-R interval from 0 06 to 0 10 sec , QRS from 
0 02 to 0 04 sec , Q-T from 0 14 to 0 18 sec , the 
axis from 50“ to 116° Marked S-T segment de- 
pression occurred particularly in Lead II and III 
m 6 cases An auricular ectopic beat was the only 
arr yi,hniia noted Electrocardiograms in 12 mon- 
ejs infected wnth P hnowlest did not vary sig- 
ai cantly from normal This is consistent with 


the absence of specific pathologic lesions in the 
heart of malarial infected monkeys T waves in 
Lead I were flat in 6 of 12 infected monkeys In 2 
of the same group on different days T waves in 
Lead I were negative, however, both monkeys 
showed similar findings before infection In 2 
monkey's with severe parasitemia, the Q-T inter- 
vals were 0 20 at a ventricular rate of 188, and 0 23 
at a rate of 159 One also show cd left axis dcxuation 
of —48°, another very ill animal had an axis devia- 
tion of —40° With these three exceptions, electro- 
cardiograms in malarial infected monkeys were 
similar to normals 

X-ray induced developmental abnormalities in 
the mouse Liane Braucii Russell (introduced 
by F S Robscheit-Rorbins) Biology Division, 
Oak Ridge National Laboratory, Oak Ridge, Tcnn 
In an attempt to determine the effect of penetrat- 
ing radiation on developing mouse embryos, preg- 
nant females were irradiated at \arious stages of 
gestation Each female was given a single exposure 
to 250 k\ p x-ray total body irradiation, doses rang- 
ing from 200-500 n at an intensity level of around 
SO R/min Gestation was timed from the observa- 
tion of a vaginal plug and the stages examined 
cover almost the entire range of embryonic life 
Highly inbred C57 Black strain females, made 
pregnant by NB strain males, yielded the geneti- 
cally uniform Fi fetal population Except for a few 
cases m W'hich the litters were raised, the irradiated 
fetuses were allowed to develop only' to birth (or 
the expected date of birth), at which time they' 
w ere carefully examined externally and then proc- 
essed to give cleared and stained skeletal prepara- 
tions Our results indicate that certain structures 
are sensitive to x-ray effect only during defimte 
periods in development Dosage-effect relations at 
particular stages have proved to be interesting 
It IS hoped that the determination of sensitive 
stages for each structure, the entire sj'ndrome 
produced at a particular stage and the order in 
which certain changes are produced — all con- 
sidered in -conjunction wath the known facts of 
normal development and of hereditary abnormali- 
ties — may shed some light both on the nature of 
the radiation effect and the nature of development 

Prompt and indirect reacting serum bilirubin 
in jaundice Fenton Schatfner (by invitation), 
Hans Popper and Frederick Steigsiann From 
the Hektoen Inst for Medical Research of the Cook 
County Hospital, the Dept of Pathology of North- 
western Univ Medical School, and the Dept of In- 
ternal Medicine of Univ of Illinois College of Medi- 
cine, Chicago, III Serum bilirubin determinations 
(1 minute and total) were obtained on 195 jaun- 
diced patients with cirrhosis (162), acute hepatitis 
(171) and extrahepatic bihary obstruction (99) 
Results were correlated m 132 instances with liver 
biopsies The ratio of prompt reacting to total bi 1 
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rubin followed similar distribution curves with 
almost half the values lying between 40 and 50% 
Too few cases of hemoljsis were observed to eval- 
uate statisticall 3 '’ but in each instance the ratio of 
prompt to total bilirubin was below 15% When the 
ratio was plotted against total bilirubin, ratios 
ranged in random fashion between 12 and 73% when 
the total was below 10 mg/100 cc When above this, 
82 5% of the ratios were between 30 and 50% As 
the level rose, the ratio fell It was below 40% in 
65% of the determinations when the total was 
above 40 mg/100 cc No relation between ratio and 
degree of liver damage was noted The only sig- 
nificance of an elevated prompt bilirubin in the 
presence of jaundice is its exclusion of hemolysis 
This does not support the view that bilmibinemia 
arises in a different nianner in parenchymal and 
obstructive jaundice The evidence suggests that 
indirect bilirubin is changed to prompt reacting 
in the Kupffer cells from where it is transmitted to 
the liver cells Inability of Kupffer cells to accept 
indirect bilirubin explains the elevated indirect 
level in non-hemolytic jaundice, while leakage 
from the Kupffer cells or regurgitation explains 
the elevated prompt levels 
Preparation and properties of mammalian 
striated myofibrils Armin F Schick, (by invita- 
tion) and George M Hass Rush Dept of Path- 
ology, Presbytenan Hospital, and the Dept of 
Pathology, Untv of Ilhnois College of Medicine, 
Chicago, III A physico-chemical method for isola- 
tion and purification of myofibrils from mammahan 
skeletal and cardiac muscle has been devised 
Blocks of hving muscle were frozen and cut into 
sections with a microtome Sections were trans- 
ferred to a proteolytic enzyme buffer solution 
(O^C , pH, 7 , ionic strength, 0 25) After 30 to 45 
minutes, the myofibrils were separated by me- 
chamcal agitation Then, the segregated myofibnls 
were separated from other comjxinents of muscle 
by centrifugation The isolated myofibnls obtained 
in large quantities had charactenstic properties 
They varied in length and breadth but retained 
microscopic structural detail, plasticity and bire- 
fnngence, charactenstic of myofibnls in their in- 
tracellular location They were soluble in a slightly 
alkaline reagent (0 5 N KCl - 0 03 n sodium bicar- 
bonate) giving viscous solutions which displayed 
birefnngence of flow In buffer solutions with an 
ionic strength of 0 15, myofibnls dissolved acid to 
pH 4 0 and alkaline to pH 10 0 In phosphate buffer 
solutions wnth an ionic strength of 0 5, myofibrils 
dissolved when solutions were alkaline to pH 6 3 
In phosphate buffer solutions with ionic strength 
increased from 0 15 to 0 5 by addition of potassium 
chloride, myofibrils were soluble when solutions 
were alkaline to pH 6 0 Isolated myofibrils, al- 
though probably modified by tryptic action and 
mechanical agitation dunng isolation at O^C, ex- 


hibited property of contractility when placed in 
solutions of adenosine triphosphate Under these 
conditions, myofibnls isolated from skeletal muscle 
contracted rapidly so that long fibrillar structures 
were converted irreversibly into sphencal masses 

Electrophoretic findings in normal and ab- 
normal pregnancjr Nevtn S Scrimshaw (by in- 
vitation) and Eric L Alung School of Medicine 
and Dentistry, Univ of Rochester, Rochester, N Y 
Electrophoretic patterns of nearly 200 normal and 
abnormal pregnant women reveal a tendency for 
albunun values to be lowered in preeclampsia In 
46 of 52 mild and severe pre-eclamptics, the al- 
bumin value was below 2 80 It was below this 
figure in only 10 of 77 apparently normal preg- 
nancies The pattern in pregnancy with essential 
hypertension does not differ from that of normal 
pregnancy However, when pre-eclampsia is super- 
imposed on previously existing hypertension, the 
pattern is that of pre-eclampsia This is strong evi- 
dence that pre-eclampsia and essential hyperten- 
sion are separate conditions which frequently 
co-exist during pregnancy It is usually possible 
to determine by means of the electrophoretic pat- 
tern whether a blood pressure elevation late in 
pregnancy actually represents pre-eclampsia In 
occasional cases, the lowering of albumin has been 
noted to precede the appearance of clinical signs 
and symptoms of preeclampsia The changes in the 
globulin fractions are less consistent, but the 
shapes of the peaks as well as the absolute values 
may be of sigmficance If a small amount of normal 
hemoglobin is added to normal plasma before elec- 
trophoresis, it migrates with, or just behind, oi 
globulin In most cases of severe pre-eclampsia, 
normal hemoglobin so added, migrates more slowly , 
with 8 globulin After deliverj the migration soon 
becomes normal This phenomena has also been 
observed in all cord blood examined It has never 
been observed in plasma from pregnant women 
without pre-eclampsia 

Chorionic gonadotrophin as Inteotrophin in 
women Albert Segaloff, Cornelia J Gaskill 
(by invitation), William Sternberg (by invita- 
tion), and Richard L Coppedqb (by invitation) 
Depts of Medicine, Physiology and Pathology of 
Tulane Univ , the Alton Ochsner Medical Founda- 
tion, and the Charity Hospital of Louisiana, New 
Orleans, La Five patients were given chorionic 
gonadotrophin (A P L — Ayerst, McKenna and 
Hamson) in a dosage of 10,000 i u/day starting 
after the ovulatory rise in the cycle Preliminary 
studies and studies during treatment were made 
on the unnary excretion of gonadotrophic hor- 
mones, 17-ketosteroids, glycogen depositing ste- 
roids (cortin) and prolactin Endometrial biopsies 
were obtained m the previous cycle and during 
therapj Three of the patients required gyneco- 
logic surgery and were given the chorionic gona- 
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dotrophm up to the daj of surgc^', and the surgical 
specimen studied There were no significant 
changes in the urinarj excretion of IT-kctostcroids 
or cortin There was a small but consistent rise m 
the unnary excretion of prolactin, the significance 
of which at present is obscure, and there was a 
great increase m the excretion of gonadotrophic 
hormone due to the urinary spillage of the chorionic 
gonadotrophin In all instances, the next menstrual 
period was dela3md significantlj’', and in onh one 
instance did spontaneous menstruation occur while 
the medication was being given The endometrial 
biopsies and surgical specimens obtained during 
the administration of chorionic gonadotrophin all 
showed a definite decidual t3'pe of reaction All of 
the endometna obtained in the cycle prior to the 
administration of chonomc gonadotrophin show cd 
typical progestational phase 
Vilamin Bs deficiency in the Syrian hamster 
Gheqokt Shwahtzman and Lotte Strauss Divi- 
sion of Bacteriology, Labys of The Mount Stnat 
Hospital, New York City Male weanling S3 nan 
hamsters were maintained on a purified diet con- 
taining the essential vitamins and biotin but de- 
ficient m vitamin B This led to arrest of growi,h 
after a depletion period of 2 to 3 weeks, diminished 
food and water intake, progressive nmlnutntion, 
muscular weakness and changes of the fur In- 
creased quantities of xanthurenic acid were found 
in the urine The deficient animals did not survive 
be3ond 12 to 13 weeks showing loss of fat tissue 
and marked atrophy of the l3Tnphoid tissues, not- 
ably the thymus, even when malnutrition was 
mild There was arrest of sexual maturation Pair- 


fed controls receiving fiOy pyndoxine HCl daily 
showed arrest of groirth and atrophy of lymphoid 
tissues, but failed to develop fur changes, muscular 
weakness, or cachexia Controls fed ad libitum and 
receiving daily 50r of pyndoxine HCl showed good 
groivth and nutrition and normal activity Their 
fur was normal and there was no atrophy of the 
lymphoid tissues Upon treatment of the deficient 
animals with daily injections of 50y of pyndoxine 
HCl after a depletion period of 9} weeks, there was 
in most animals a resumption of appetite and 
growrth, deposition of fat and general return to 
normal behavior and appearance Fur changes 
vrere repaired within one week of treatment A 
single injection of pyndoxine HCl to a deficient 
animal seemed to bring about sunilar results, the 
effect lasting for about two weeks Although the 
presence of unsaturated fatty acids m the diet 
eeme o e ay the onset of deficiency symptoms, 
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Research, Rahway, N J ‘Reaction time’, the time 
necessary to elicit a response to a painful stimulus, 
appears to be a complex sum of events involving 
perception, conduction along sensory and motor 
neurons and sy naptic transmission Since a state 
of hy perexcitability of the motor nerve endings is 
known to exist in parathyroid insufficiency, it was 
thought that in parathyToidectomized rats reac- 
tion times may be measurably shortened Contrary 
to expectation it was found that reaction times 
were significantly prolonged in parathy'roidec- 
tomized rats The method of estimating reaction 
times was that of D’Amour and Smith in which 
light from a small bulb is focused by a reflector on 
the blackened tip of a rat’s tail The reaction times 
of parathyToidectomized rats, ten days after opera- 
tion, were 10-50% greater than those of controls 
Simultaneous measurements as expected demon- 
strated increased excitability of motor nerves 
The prolonged reaction times could be obtained as 
soon as two days after parathyroidectomy when 
NajHPOi (230 mg/kg) was administered orally 
The analgesic effect of methadone and the retarda- 
tion of reaction time due to parathyroid insuffi- 
ciency appear to be additive 
Effect of malnutrition on the infection of mice 
with influenza virus Douglas H Spbunt Divi- 
sion of Pathology and Bacteriology, Univ of Ten- 
nessee College of Medicine, Memphis, Tenn We 
have previously reported that adult mice, which 
were fed a diet low in protein but adequate in all 
other respects, were more resistant to infection 
with the swune influenza virus than w'ere mice 
given an adequate diet The mice were fed the 
low protein diet for 2 weeks before inoculation with 
the virus and until the end of the experiment 2 
weeks after inoculation Since this report w e have 
found that this increased resistance to viral infec- 
tions disappears if the mice are kept on the low 
protein diet for a longer period of time It has also 
been found that the resistance of immature mice 
cannot be increased by a low protein diet The 
immature mice are more susceptible to infection 
even though they are on the low protein diet In 
all these exiieriments an equal number of mice 
have been kept wnthout virus in order to see if the 
malnourished imce are dying of malnutrition In 
every instance the diet has proven adequate to 
supjxirt life At present we do not have sufficient 
data to explain the above phenomenon but believe 
it IB due to the fact that animals on a low protein 
diet call upon their reserves of protein and hence 
are not on a low protein diet until these are de- 
pleted The immature mice we believe are more 
susceptible because no appreciable reserve exists 
Determination of minimal daily essentia! 
amino acid reqmrements in protein-depleted 
male albino rats C H Steffee (by invitation), 
R W WisBLEB (by invitation), E M Humph- 
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HETS (by invitation), E P BENniir, R L Woon- 
HiDGE (by invitation), and P R Cannon Dept 
of Pathology, Untv of Chtcago, Chicago, III The 
response of a group of 24 protein-depleted rats fed 
a relatively complete ammo acid ration was used 
as the standard for determimng the quantitative 
requirements for each of the nine essential ammo 
acids for adequate regain of weight m ten days For 
this purpose 247 protein-depleted rats were used 
With different ammo acid intakes, weight gains 
11 ere directlj' parallel to changes m carcass protein 
By varying the intake of each ammo acid succes- 
sively, without altering other dietary components, 
the requirements for each were ascertained These 
requirements represent the minimal quantity of 
each essential ammo acid which, m conjunction 
with the remainder of the standard ration, pro- 
duced weight gams equal to those induced by feed- 
ing the complete standard ration Moreover, ex- 
cellent weight gams followed the feeding of an 
identical ration, containing only these minimal 
quantities used have no absolute value, except 
under these experimental conditions, the propor- 
tions of anuno acids required m relation to one 
another may have wide sigmficance For example, 
the depleting rat utilizes from one to four times the 
quantities of essential amino acids needed for 
maintenance The requirements for leucine and 
lysine are greatest, and these ammo acids are found 
in high concentrations m mammalian muscles It 
IS suggested that the variant results obtained by 
other investigators with ammo acid rations may 
be due to their use of inadequately proportioned 
mixtures of ammo acids 

Influence of nutrition on plasma vitamin A al- 
cohol Fbedekick Steigmann, Hans I Poppeh, 
Hattie A Dtniewicz (by invitation) and Irene 
A Maxwell (by invitation) Hektoen Inst for 
Medical Research of the Cook County Hospital, 
Dept, -of Pathology, Northwestern • Univ Medical 
School, and Dept of Internal Medicine, Univ of 
Illinois College of Medicine, Chicago, III The 
plasma vitamin-A level depends upon endogenous 
factors like diseases (influencing release of vitamin 
A from the liver and its intestinal absorption) as 
well as upon nutritional factors 'Thisiexplams the 
equivocal correlation between plasma vitamm-A 
level and nutritional state Recent ex-penences in- 
dicated that the vitamm-A alcohol level responds 
more readily than that of vitamm-A ester to chang- 
ing vitamin- A nutrition Therefore, vitamin- A al- 
coho and ester plasma levels were studied m 19 
patients with either conditions without known in- 
fluence upon vitamin-A metabolism (controls) or 
with liver tliseases They w^ere kept for 1 to 4 
weeks bn different levels of vitamm-A nutrition 
i;from -zero to 20,000 u) These first periods were 
alternated wuth others with increased or reduced 
vitamm-A intake Jn controls kept for more than 


one week on diets not exceeding 1600 u vitamin A, 
the alcohol level dropped, whereas, the esters re- 
vealed irregular vnnations After prolonged periods 
on low intake, nee of alcohol and ester vitamin A 
might ensue, possibly as result of release from the 
liver After complete depletion of over one week, 
intake of 10,000 u raised the alcohol level consist- 
ently without influence upon esters After a pre- 
penod of 1600 v intake, 3000 tj caused a rise m half 
the cases Secondary depletion and repletion 
periods of 1 week duration revealed less consistent 
results The curves m patients with liver diseases 
were erratic Serial follow up of the plasma vita- 
min-A alcohol level may, therefore, m normals 
with certain reservations mirror the status of vita- 
nun A nutrition and possibly permit estimation of 
the human vitamin A requirement 
Studies of leukocyte production and distribu- 
tion factors In plasma and in leukocytes Bern- 
HARn Steinberg and Ruth A Martin (by invita- 
tion) Toledo Hospital Institute of Medical Re- 
search, Toledo, Ohio One of the significant ques- 
tions in hematology concerns the mechanism which 
maintains the solid constituents of the blood at a 
constant definite level Our investigations {Proc 
Soc Exp Biol d, Med 66 60-52,1944,/ Immun 
61 421-426,1946,62 71-75,1946,63 137-141,1946) 
of the immunochemical characteristics of various 
types of leukocytes of variable ages and physical 
states suggested the possibility of the presence of 
regulating substances within the cells Normal and 
leukemic plasma with and without contact with 
normal or leukemic cells as well ns leukocytes only 
were injected into rabbits The animals were either 
normal or prepared by injections of benzene and 
extracts acting on the marrow Studies were made 
of marrow, other organs and of the peripheral cell 
content The tissues as well as the blood gave indi- 
cations that intact leukocytes contain a substance 
which IS secreted into plasma and which acts op 
the marrow to inhibit the expulsion of cells De- 
generating leukocytes, on the other hand, secrete 
a substance which accelerates cell expulsioa from 
the marrow Effect of vanous temperatures on the 
active substances were determined There is sug- 
gestive evidence that these substances are of the 
nature of enzymes Correlations were made with 
other materials such as milk, which apparently 
induce a change iniihe peripheral leukocyte picture 
by an increase in cell ex-pulsion 
Influence of chorionic gonadotrophin on the 
hilus cells of the human ovary William H Stern- 
berg (by invitation), Albert Segaloff, and 
Cornelia J Gaskill (by invitation) Depts of 
Pathology and Medicine, Tulane Univ , the Alton 
Ochsner Medical Foundation and the Charity Hos- 
pital, New Orleans, La The hilus and mesovanum 
of the human ovary normally contain nests of cells 
morphologically identical wnth Leydig cells They 
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contam hpids, acidophilic granules, lipochromc 
pigment and crystalloids of Remke as do the inter- 
stitial cells of the testis They are intimately asso- 
ciated with non-mymlinated nerves and vascular 
spaces Durmg pregnancy and at the menopause 
they are especially conspicuous We have recently 
studied 3 instances of tumor and 3 of hyperplasia 
of these cells all associated with masculinizing 
symdromes Five regularly menstruating patients 
were treated with ehoriomc gonadotrophin and 
their ovaries examined histologically The dosage 
was 10,000 XT of chononic gonadotrophin daily to 
each for periods of 12 to 19 days follomng ovulation 
This dosage usually delay s menstruation and pro- 
duces a decidual reaction Morphologic changes 
were hoted in the ovarian hilus cells The cells 
were present in larger than average numbers, and 
the cytoplasm more granular and acidophilic In 
one case mitoses were present, although mitoses 
are not ordinarily seen either in hilus cells or in 
testicular Leydig cells In 3 cases focal areas of 
degeneration were noted, including pyknosis, 
clumping of nuclei, and loss of cell outlines Similar 
changes were noted in a case of chononepithelioma 
of the uterus, and a teratoma of the ovary in which 
urinary gonadotrophin was elevated The findings 
suggest that ovarian hilus cells are responsive to 
chorionic gonadotrophin It is likely that they are 
one of the sources of androgen in the human female 
Mechanical and osmotic fragility in relation to 
age of dog erythrocytes tagged with radio-iron 
W B Stewaet, J M Stewaet, M J Izzo and 
L E Young (introduced by C L Yunm) Depts 
of Pathology and Medicine, XIniv of Rochester 
School of Medicine and Dentistry, Rochester, N Y 
The mechanical and osmotic fragihtiesof dog eryth- 
rocytes of known age tagged with radio active 
iron were measured and compared with the fragili- 
ties of the total cell population Under the stimu- 
lation of severe bleeing prior to intravenous 
a nunistration of a small dose of radio-iron, the 
ra 10 activity could be confined to a group of cells 
w ose age was known within reasonable limits As 
e cells matured and aged, measurements were 
^ e of their abilities to resist destruction by 
a ing glass beads and to resist hemolysis in 
y-^tomc solutions of sodium chloride Hemolysis 
e total cell population was determined by 
ppuIT methods and hemolysis of the tagged 
radioactivity Compari- 
of the figi^es obtained revealed that cells up 

cal + J' resistant to mechani- 

tmuma than the total ceU population The 2 

imbi identi- 

ratios then rn! increasingly fragile The 

the end. of + 1 , after the tagged cells reached 
noted m the i ^ transient drop was 

c al circulating radio-iron at this 


point corresponding to a life span of about 17 weeks 
for the tagged cells The osmotic fragility of the 
tagged cells was considerably greater than that of 
the total cell population for the first week, con- 
firming results obtained earlier by Cruz, Hahn, 
Bale, and Balfour (Am J Med Sci 202, 157, 
1941) Data for the older cells were inconclusive 
Parathormone and renal rcabsorption of phos- 
phate HEnsERTC Stoerk and Robert H Silber 
Merck Inst for Therapeutic Research, Rahway, 
N J Although it has been established that para- 
thormone (PTH) activity is not dependent upon 
renal function, evidence has been presented both 
for and against an effect of PTH upon the reab- 
sorption of phosphate by the renal tubules In the 
present experiments, the renal excretion of phos- 
phate during a 5-hour period was deterimned m 
parathyToidectomized and in intact rats after 
administration of graded amounts of phosphate 
(0, 4 and 8 mg of P as NajHPOi) and parathyroid 
extract (5-160 u, Lilly) In intact rats it was found 
that urinary phosphate excretion was not altered 
by the injection of 5 to 160 u of parathyroid ex- 
tract In parathyroidectomized rats the renal ex- 
cretion of phosphate, but not of creatinine, was 
greatly suppressed This defect was corrected by 
the administration of 20 u and no additional effect 
upon phosphate excretion was obtained with larger 
amounts of parathyroid extract (up to 160 v) 
In parathyroidectomized rats, injected with 20 or 
more u of extract, as well as in intact rats, an in- 
creased intake of phosphate led to an increase in 
urinary phosphate It therefore appears that ex- 
cessive amounts of parathyroid extract (more than 
20 u per rat) exert no additional effect on the uri- 
nary excretion of phosphate Thus the influence of 
PTH upon tubular reabsorption of phosphate is 
essentially an ‘all or none’ effect and can not be 
demonstrated in the presence of adequately func- 
tioning parathyroid tissue 
EcIampsia-Iike condition in pregnant rats in- 
jected with progesterone A Stmeonidis (intro- 
duced by H L Stewart) National Cancer In- 
stitute, Bethesda, Md Pregnant rats (24, strain 
M-520) injected with 20 mg of progesterone, in- 
tramuscularly (5 mg every day) in late pregnancy 
became ill Some of them aborted dead embryos 
followang which they recovered In other rats the 
embryo^ were absorbed Approxnnately 40% of the 
treated animals died The liver and the kidney 
showed striking gross and nucroscopic lesions re- 
sembling those of eclampsm Elevation of the non- 
protein mtrogen of the blood and albuminuria were 
found The blood pressure was sigmficantly ele- 
vated in 6 animals examined Pregnant females 
receiving the same treatment prior to the t 
day of pregnancy and virgin tested rats ai e o 

show any changes j i,vT.n 

Relations between volumes of closed hyp 
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thermal cerebral lesions and symptoms m rabbits 
C Bruce Taylor (by invitation), George M 
Hass and John E Maloney (by invitation) Rush 
Dept of Pathology, Presbyterian Hospital, and 
Dept of Pathology, Untv of Illinois College of 
Medicine, Chieago, III Acute closed cerebral 
lesions characterized by hemorrhage, necrosis and 
progressive edema vere produced hypothermally 
in rabbits without interrupting continuity of the 
calvarium or introducing vanables incidental to 
mechanical trauma The dimensions and locations 
of lesions were controlled so that they could be 
reproduced in successive animals Although hemor- 
rhage, edema and necrosis varied slightly in lesions 
otherwise identical, the variations were restricted 
to discrete volumes of injury When umlateral or 
bilateral lesions occupied less than 9 4 volumes % 
of the brain, sjunptoms were negligible WRen 
lesions occupied 9 4 to 18 5 volumes % of the brain, 
severe symptoms developed in many animals The 
minimum lethal volume of cerebral damage in 50 % 
of more than one hundred ammals was 14 3% of the 
volume of the brain Severe clinical courses with 
an average pwstoperative duration of 7 hours and 
fatal termination always occurred when lesions 
occupied more than 18 5 volumes % of the brain 
Most animals that died had a normal postoperative 
period of behavior Secondary lapse into stupor 
was a dependable indication of coma and eventual 
death within 24 hours after operation These data 
indicate that a quantitative experimental approach 
to treatment of acute exTianding closed intracere- 
bral lesions characterized by local necrosis, hemor- 
rhage and edema can now be made The postopera- 
tive duration of life can be predicted from the 
magnitude of lesions produced and this duration 
IS sufficient to permit evaluation of most thera- 
peutic methods, now used empirically in treatment 
of similar lesions in humans 

Proteinuria in dogs Roger Terry (introduced 
by G H Whipple) Dept of Pathology, School of 
Medicine and Dentistry, Unw o] Rochester, 
Rochester, N Y li homologous plasma is given 
parenterally to normal dogs for a sufficient period, 
proteinuria develops Additional experiments to 
those previously reported have been designed to 
help elucidate the mechanism of this proteinuria 
Circulating plasma protein levels must be ele- 
vated above a critical ‘threshold’, and there ap- 
pears to be a lag period between the development 
of hyperproteinemia and the onset of conspicuous 
proteinuria This suggests that the ‘threshold’ for 
plasma protein molecules may be related to a large 
accumulation of these protein molecules within 
the renal tubule cells 

Actions of 4-amino.pteroylglutamic acid in dogs 
with special reference to hematopoiesis J B 
Thibrsch and F S Philips (introduced by C P 
Rhoads) Division of Experimental Chemotherapy, 


Sloan- Kettenng Inst for Cancer Research, New 
Y ork City Accepting 4-amino-pteroylglutamic acid 
as a folic acid antagonist from studies in rats 
(Philips and Thiersch, J Pharm Exper Therap , 
in press) its actions in dogs were examined Acutely 
toxic doses proved fatal within 3 to 4 days while 
daily doses (0 06 to 0 10 mg/kg ) were fatal to 
approximately 50% of animals within 10 days 
Signs of intoxication included occasional emesis, 
anorexia, losses m weight and electrolyte, hemor- 
rhagic diarrhea, leucopenia, hemoconcentration, 
and terminal collapse In acutely intoxicated ani- 
mals serial aspirations revealed rapid degeneration 
of bone marrow Within 24 hours abnormal eryth- 
roid elements could be found including nuclear 
remnants, pathologic mitoses, and megaloblasts 
After 96 hours erythroid elements were almost 
absent Simultaneously, myeloid elements and 
megakaryocytes became decreased in number 
Pathologic metamyelocytes and myelocytes ap- 
peared In chronic intoxication, similar but less 
rapid degeneration of bone marrow occurred al- 
though megaloblasts were not found in all animals 
In poisoned dogs lymphopoiesis was less affected, 
by comparison, than was either erythro- or myelo- 
poiesis Edema of intestinal mucosa and desqua- 
mating colitis with hemorrhage were present in 
all dogs 

Thermostable inhibition of bacterial hyalaroni- 
dases by serum of normal human beings Robert 
T Thompson and Frances E Moses (introduced 
byM A Blankenhorn) Dept of Internal Medi- 
cine, College of Medicine, Univ of Cincinnati, 
Cincinnati, Ohio This study investigated the in- 
hibition of similar test strengths of hyaluronidases 
in culture filtrates of Type 3 Pneumococcus, hemo- 
lytic Staphylococcus aureus, Clostridium per- 
fnngens, beta hemolytic Streptococcus (group A), 
and purified bovine testicular hyaluronidase by 
the serum of 60 normal human beings w'ho were 
between 20 and 40 years of age Hyaluromdase in- 
hibition was measured by a mucoprotein clot pre- 
vention test using egg albumin as the protein com- 
ponent of the substrate Each serum was tested 
immediately as it was removed from the clot, and 
again after it had been heated at 56°C for 30 
minutes Results tabulated below reveal thermo- 
stable inhibition of Pneumococcus and Staphylo- 
coccus hyaluronidases by normal serum 


Hyaluronidase tested 


Pneumococcus 
Bta^ylococcufl 
Cl P^rmgens 
StreptooDcoufl 
Testicular 


No sera 
tested 

Inhibiting 

sera 

Thermo 
stable mhib- 
lUng sera 

60 

47 

45 

49 

23 

19 

60 

10 

10 

50 

13 

7 

48 

46 

3 


Tests upon consecutive daily sera of 1 person re- 
vealed consistent inhibition of the pneumococ'* 
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cus, staphylococcus, and testicular hyaluronidascs 
However, there "waa fluctuation in the inhibition 
of the Streptococcus and Cl pcrfnngens hyalu- 
ronidases, so that results of the inhibition of these 
2 enzymes tabulated above are of undetermined 
significance The inhibition of testicular hyalu- 
ronidase which disappeared after heating could 
be restored by the addition of complement to the 
heated serum The complement used was a 1 30 di- 
lution of normal guinea pig serum, w hich itself did 
not inhibit the test strength of hyaluronidase 
Association of lymphoid elements with cancer 
cells undergoing distinctive necrobiosis in re- 
sistant and immune hosts Helene W Toolan 
(by invitation) and John G ICtnn Dept of Pa- 
thology, The New Yorh Hospital — Cornell Medical 
Center, New Yorh City Regression of C3H cancers 
in ‘A’ mice proceeds inwards from the periphery, 
the tumor cells in groups in the centermost parts 
of the regressing nodules, and often those sur- 
rounding blood vessels, continuing to undergo mi- 
tosis and showing no signs of injury until their 
more peripheral fellows are overcome Scrutiny of 
the cells about the edges of the regressing tumors 
made it plain that they do not die 'en masse’, but 
instead succumb one by one, manifesting as they 
do so a distinctive type of necrobiosis This is 
charactenzed by a gradual but progressive shrink- 
age of the cell with intensified basophilism of its 
nuclear and cytoplasimc constituents, and often 
With the accumulation of fluid around it , eventu- 
allj' with further shrinkage the nuclear membrane 
breaks down and the condensed and darkly-stain- 
ing cellular remains dwindle and disappear with- 
out the mtervention of phagocytes The tumor 
cells never exhibit the necrobiotic changes just 
described until lymphoid elements provided by 
the host accumulate in force about them and at- 
tach themselves to first one and then another of 
the outlying cancer cells, adhering closely to them 
and often curving like crescents about their rims 
as they shrink, while adjacent tumor cells without 
attached lymphocytes remain unaltered Further 
studies showed that cancer cells of both types 
prohferate for a short time when implanted in ‘A’ 
mice in which they had previously grown and re- 
gressed, but with the accelerated arrival of lymph- 
oid elements they are promptly overcome as de- 
scribed above 


Passive transfer of age resistance to an ai 
malaria parasite Wiluam Tragek and R E 
CLw McGhee (by invitation) Dept of Am 
Palhology, Roclefeller Institute 
Medical Research, Princeton, N J If young eh 
are inoculated lntra^ enously with the erydhroc 
stages of Plasmodium lo^hurae they underge 
acute, se%ere infection If adult chickens are s 
larh inoculated, few of them exhibit any ap 
e parasitemia It has now been found that 


plasma of adult chickens contains a material which 
when injected into young chicks infected w'lth 
P lophurac is capable of reducing the extent of 
multiplication of the parasites One-w'eek old 
chicks were given a dosage of P lophurac sufficient 
to produce an initial parasite count of 1 to 2 para- 
sites per 100 red cells They were then given an 
intravenous injection once daily for 2 to 4 days of 
3 ml of either heparinized adult chicken plasma, 
buffered saline (pH 7 4) or 6% boxnne albumen in 
buffered saline The chicks receiving adult chicken 
plasma consistently developed less severe infec- 
tions than those recemng saline or bovine albu- 
men For examp e, in one experiment the averages 
of the peak parasite numbers were, as parasites 
per 100 red cells, 102 for the group receiving al- 
bumen, 47 for the group receiving hen plasma and 
102 for the group receiving saline The activity of 
the hen plasma was not destroyed by heating it for 
one half hour at SO^C 

Radioresistance and radiosensitmty of swnne 
exposed to atomic bomb radiation JohnL Thllib 
(introduced by F S Robscheit-Robbins) Com- 
mander, MC, U S Navy Irradiation of the total 
body with an atomic bomb source affords a fairly 
accurate method of studying the differences in 
radiosensitmty of tissues The variables intro- 
duced by the body thickness of swine and the 
differences in specific density of the tissues are 
minimized by the use of atomic bomb radiation, 
but they are by no means eliminated The most 
radiosensitive tissues in swine are the lymphoid 
elements, the bone marrow, the gonads and the 
intestinal epithelium It is significant and interest- 
ing that the reticular cells (the stem cells) of the 
lymph nodules and bone marrow, the indifferent 
cells (the stem cells) of the immature testis, the 
primordial ova, macrophages and plasma cells are 
relatively radioresistant That is to say, doses of 
total body irradiation from an atomic bomb, or 
other source of penetrating ionizing radiations, 
sufficient to kill swine often cause no morphologic 
alteration in the cells listed If treatment during 
the acute phase of the injury is successful in main- 
taimng life, there is histologic evidence that 
regeneration of radiosensitive cells can be accom- 
plished by certain radioresistant apparently-un- 
injured stem cells 

Intradermal vaccination with infectious psitta- 
cosis virus pathological changes Joseph Victor 
and John C Wagner (by invitation) Biological 
Dept , Chemical Corps, Camp DetncL, Frederick, 
Md Injection of psittacosis virus intramuscularly 
in monkeys (Rivers and Schwentker, J Exp Med 
60 211, 1934) and intradermally in guinea pigs 
has produced resistance to respiratory challenge 
Pathological effects of intradermal injection of 
guinea pigs of strain 6BC gi-own in chick embryo 
yolk sac (6BCYS) were studied at intervals during 
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5 weeks after injection Distribution of virus in 
tissues of these animals is reported elsewhere 
The infectious material produced acute inflamma- 
tion at the injected site The skin lesion later be- 
came granulomatous with fibroblast and giant cell 
formation after 3 weeks. Ceroid pigment occurred 
within histocytes and ]giant cells 3 weeks after 
injection of fiBCYS Ceroid was identified from 
its fiuorescence m U-V light, acid fastness with 
carbolfuchsm and its afifimty for basic and lipophil 
dyes Regional lymph nodes became hyperplastic 
and hypertrophied reaching maximum size at 
about 2 weeks Ceroid appeared in these nodes at 
5 weeks and seemed to have migrated from the 
skin lesion Liver contained midzonal areas of focal 
necrosis for 2 weeks After 3 weeks, collections of 
histocytes replaced the midzonal necrosis Con- 
trol ammals injected intradermally with normal 
chick embryo yolk sac or formalmized yolk sac 
infected with 6BC revealed no changes comparable 
to those treated with infectious virus Lesions in 
skin, regional lymph node and liver persisted longer 
than detectable virus No virus was found m livers 
with focal necrosis 

Comparison of two types of experimental 
ascites in the dog Wade VolwiIiEH (by invita- 
tion), Jesse L Bollman and John H Gbindlat 
Mayo Foundation, Rochester, Minn Ascites in the 
dog has been regularly produced by 1) chronic 
passive congestion of the liver from the applica- 
tion of a cellophane band to the thoracic inferior 
vena cava and 2) plasmapheresis following the 
application of a cellophane band to the abdominal 
inferior vena cava and portal vein Although portal 
and inferior caval venous pressures are elevated to 
the same moderate degree m both types of prepa- 
rations, the character of the ascites is markedly 
different The ascites accompanying Preparation 1 
is rapidly progressive, high in protein content, and 
regularly associated with marked engorgement of 
the extrahepatic liver lymphatics, whereas the 
abdominal fluid appearing in Preparation 2 is less 
extensive and difficult to maintain, low in protein 
content and without associated lymphatic enlarge- 
ment Evans blue dye injected intravenously into 
dogs of Preparation 1 is found in the ascites in one 
hour, the dye does not appear in the abdominal 
fluid of Preparation 2 in detectable amounts in 4S 
hours Assays for antidiuretic substances in the 
unne concentrates of dogs of Preparation 1 have 
been made using male rats having suprapubic cys- 
totomies for individual urine collections Since 
previous studies have shoira that the protein 
content of hepatic lymph is approximately J that 
of plasma and that the rate of flow of hver lymph 
18 markedly increased from hepatic congestion, it 
IS suggested that increased transudation of fluid 
through the dilated extra-hepatic liver lymphatics 


contributes importantly to the formation of the 
ascites associated with hepatovenous congestion 
Intradermal vaccination with infectious psitta- 
cosis virus virus distribution John C Wagner 
(by invitation) and Joseph Victor Biological 
Dept , Chemical Corps, Camp Detnck, FredencL, 
Md Production of immunity to psittacosis virus 
introduced into respiratory tract has been re- 
ported in monkeys by Rivers and Schwentker, 
following intramuscular inoculation of infectious 
virus Similar observations were made following 
mtradermal administration of psittacosis virus, 
in guinea pigs This study attempts to elucidate 
factors concerning this resistance Tissues of guinea 
pigs injected with psittacosis virus were studied 
for distribution of virus and pathological changes 
Psittacosis virus, 6BC strain, cultivated in chick 
embryo yolk sac, was inoculated intradermally in 
a concentration of 300,000 egg LDm in 0 6 ml broth 
suspension Autopsies were performed 1, 2, 3, 6, 9, 
14, 21 and 36 days thereafter Tissues were tested 
as 10% suspensions in nutrient broth by intra- 
cerebral inoculation of mice Presence of virus in 
guinea pigs was established by demonstration of 
elementary bodies in smear preparations of brains 
from injected mice that died Evidence obtained 
indicated that treated gmnea pigs harbored virus 
for 6 days at site of inoculation, for 14 days in 
regional lymph nodes and sporadically for 9 days 
in the liver Spleen suspensions yielded virus on 
the first day in only 1 of 3 ammals No virus was 
detected in suspensions of contralateral lymph 
nodes, whole blood, heart, lung or kidney Virus 
distribution data indicated that psittacosis virus 
inoculated intradermally migrated from site of 
injection to regional lymphatics and thence to 
internal organs Pathologic studies confirmed this 
Resistance to respiratory infection occurred m the 
absence of any demonstrable virus or lung lesions 
Effect of renal ischemia on the production of 
nephrosis in jaundiced rabbits W B Wartman, 
J M Tucker (by invitation), A P Rustehholz 
(by invitation) and R Jennings (by invitation) 
Dept of Pathology, Northwestern Umv Medical 
School, Chicago, III The purpose of these experi- 
ments was to test the assumption that the pres- 
ence of previous kidney damage might be a factor 
in the development of bile nephrosis Using rab- 
bits, one kidney was damaged by temjioranly 
occluding the right renal artery and vein for 16 to 
20 minutes, and the common bile duct was divided 
Lesions developed in the kidneys of approximately 
46% of animals after 3 days They were chieflj^ in 
the cortex of the kidneys and consisted of dilata- 
tion of both proximal and distal segments of the 
tubules, flattening, degeneration and necrosis of 
the limng epithelium and numerous reddish brown, 
granular, heme casts There were no clinical evi- 
dences of kidney disease No changes were dis- 
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covered in rabbits in vhich only the common bile 
duct was cut, nor in animals in ishich only the 
right renal artery and vein were obstructed, nor 
did rabbits m which the common bile duct and 
right renal pedicle were dissected out but not 
othermse manipulated show changes in the kidney 
Prolonged and severe restriction of water intake 
had no demonstrable influence on the development 
of the nephrosis It is concluded that under the 
conditions of these experiments, a peculiar type of 
bilateral nephrosis may be produced in rabbits by 
a combination of jaundice and temporary, uni- 
lateral, renal ischemia, and that it is produced 
neither by jaundice alone nor renal ischemia alone 
Restriction of flmd had no effejjt upon the develop- 
ment of the lesion 

Bactericidal action of dog blood against Br suis 
E Buist Wells (by invitation), Jean Clements 
(by invitation), AboxtD Pollack (by invitation) 
and Joseph Victoh Biological Dept , Chemical 
Corps, Camp Deinch, Fredench, Md Irwin et al 
(J Inf Dis 58 15-22 1936) have reported that 
bovine plasma had greater bactericidal activity 
than n hole blood against Br sms and Br abortus. 
The present study indicated that in the dog whole 
blood possessed great bactericidal activity against 
Br sins whereas plasma had none A standardized 
number of organisms of a virulent stram was mixed 
with either normal dog blood, red blood cells, buffy 
coat or plasma Mixtures were agitated in rotatmg 
tubes Bacterial numbers were counted by dilution 
and plating The influence on bactericidal action 
of blood of citrate, hepann, temperature, time of 
mixing, volume of blood and interval between addi- 
tion of fresh blood was studied Citrate suppressed 
bactericidal activity of blood whereas hepann did 
not Bactericidal activity of blood was the same 
both at room temperatures and at ST'C after 2 
hours In contrast, after 4 hours bacterial destruc- 
tion was greater at 37 °C than at room tempera- 
tures Repeated additions up to 4 hours of fresh 
blood to the mixtures did not influence bactericidal 
action Activity of buffy coat vras similar to that 
of whole blood Plasma was inactive Blood from 
which almost all leukocytes had been removed by 
centrifugation possessed much less activity than 
nhole blood It appeared that bactericidal power 
of dog blood for Br sms depended on the presence 
of leukocytes 

Clearance of rose bengal by livers of normal 
^d carbon tetrachloride-treated mice W Lane 
Williams Dept of Anatomy, Univ of Minnesota, 

inncapohs, Minn Livers of untreated mice nere 
clemed of rose bengal (intrapentoneal, 0 4 cc , as 
o 1% saline solution 25 gm body weight) within 4 
o 6 hours post injection Twenty-four hours after 
treatment mth 0 4 cc of CCU (subcutaneously in 
mineral oil) total clearance time was 9 to 11 hours , 
hours, 11 to 14 hours These livers showed 


typical ccntrilobular damage Nine days subse- 
quent to a single injection of 0 01 cc of CCL, livers 
showed no histological evidence of parenchymal 
damage but dye clearance time was 8 to 9 hours- 
One day after injection of the larger amount of hy- 
drocarbon all parenchymal cells (including periph- 
eral ones) were more deeply stained (cytoplasm) 
than equivalent cells in livers of untreated animals 
Greatest amount of dye was in ccntrilobular cells 
of injured livers Although these central zones 
eventually showed necrosis the deeply stained 
ccntrilobular cells were still able to excrete dye 
48 to 60 hours after injection of CCh Intracyto- 
plasmic rose bengal is difficult to detenmne in 
cytological studies because of its light pink color. 
However, the presence of a greater intracytoplas- 
mic concentration of dye transiently ‘labels’ and 
differentiates damaged parenchymal cells All such 
cells were free of dye within 8 to 14 hours after 
injection In ultraviolet light lO/i paraffin sections 
of normal livers showed a faint yellow fluorescence 
during the period of greatest dye content In CCU- 
damaged livers a definite orange fluorescence was 
observed during the interval of maximum dye 
content 

Vitamin deficiency and protein synthesis with 
special reference to riboflnvm-protein interrela- 
tionships Robert W Wissler (by invitation), 
Earl P Bbnditt, C Harold Steffee (by invita- 
tion) and Robert L Woolridge (by invitation) 
Dept of Pathology, Untv of Chicago, Chicago, III 
The onussion of all vitamins from the diet of nor- 
mal young adult albino rats produced little charige 
in weight gam or diet consumption for about SO 
days Under similar conditions protein-depleted 
rats showed poor diet consumption and weight loss 
m 2 or 3 days after being shifted to a low Yitamifl 
ration adequate in protein When each vitamin 
was removed singly from protein-repletion rations, 
groups of protein-deficient rats displayed marked 
reduction in diet consumption and weight gam 
only when the diets were devoid of riboflavin or 
thiamin Riboflavm deficiency usually began to 
become apparent in 3 or 4 days , thiamin m 7 to 10 
days Antibody production was markedly reduced 
m the nboflavm-deficient rats Pair-feeding ex- 
periments revealed that the poor weight gains 
shown by the protein-depleted rats repleting on 
nboflavm-deficient diets were not the result of 
inamtion alone Analyses of the various tissue com- 
partments revealed that the smaller weight game 
of these nboflavm-deficient rats were the result of 
interference with protein synthesis as well as fat 
storage Liver and carcass analyses indicated that 
riboflavm storage is decreased in the protein-de- 
pleted rats despite adequate riboflavin intake 
Succmic dehydrogenase and other enzymic activity 
was reduced m the livers of protein-depleted ani- 
mals and remained low m those repleting without 
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dietarj riboflavin Protein-depletion interferes 
mth enz 3 Tne activity and riboflavin storage pos- 
sibly by limiting available protein prosthetic 
groups 

Response of the rachitic metaphysis in the 
rat to excessive administration of vitamin A S B 
WoLBACH and Chablotte L Mabdock (by invita- 
tion) Division of Nutritional Research, Children's 
Hospital, Boston, Mass It has been shown (Proc 
Inst of Medicine of Chicago 16 1946 , and J Bone 
and Joint Surg 29 171, 1947) that in the growing 
young animal the administration of excessive 
amounts of vitarmn A accelerates growth and 
maturation of epiphyseal cartilage cells and the 
remodelling sequences of the bones of the skeleton 
This has been demonstrated for the rat, mouse, 
guinea pig and dog It causes rapid consumption 
of the epiphyseal cartilage and, in appropriate 
species, premature closure of epiphyses, also ex- 
cessive rapidity of remodelling processes in regions 
w hich undergo remodelhng in normal growth The 
present commumcation is for the purpose of de- 
scribing eflfects upon the accumulated cartilage in 
rachitic metaphysis which results from fa lure of 
cartilage cells to mature The rachitogemc diet 
employed was composed with the advice of Dr 
Otto A Beasey and contains all essential materials 
with the exception of adequate phosphorus con- 
tent Under the influence of excessive vitamin A 
administration there is rapid repair of rachitic 
lesions, including resumption of normal epiphyseal 
cartilage cell cytomorphosis and calcification of 
cartilage matrix and osteoid Partial to complete 
closure of the distal, femoral and proximal tibial 
epiphyses takes place in spite of the fact that in 
these locations epiphyses remain open for most of 
the lifetime of the rat Acceleration of remodelling 


sequences occurs as in rats upon normal diets and 
in conformity with normal growth patterns Our 
results support the idea that epiphyseal cartilage 
cell sequences are influenced by a factor other than 
those concerned in calcification of matrices 
Effects of protein deficiency upon natural and 
acquired immunity to Fnedlander’s bacillus 
Robebt L Woolbidge (introduced by PAtm R 
Cannon) Dept of Pathology, Umv of Chicago, 
Chicago, III The effects of protein depletion on 
natural and acquired immunity against infection 
with Friedlander’s bacillus were studied in adult 
male albino rats followung intranasal or intratra- 
cheal introduction of a standardized inoculum 
Forty-one markedly protein-depleted rats showed 
a significantly lower agglutinin resjxmse on the 
6th and 14th days after antigenic stimulation, with 
a concomitantly lower survival rate, than did 40 
Bell -nourished controls When the animals were 
sacrificed the controls had only a few focal pul- 
monary abscesses Bhereas the protein-depleted 
rats had many large chronic pulmonary abscesses 
which showed evidence of progressive enlargement 
with approximately 60% of each lung consolidated 
Marked protein depletion also lowered natural 
resistance in that an intratracheal inoculum which 
was sublethal for the control animals killed all of 
the protein-depleted rats within 54 hours, with an 
associated septicemia Histological studies re- 
vealed marked differences in the cellular response 
and degree of phagocytosis For example, in the 
protein-depleted rats the ability to circumscribe 
the infection and repair the damaged tissue was 
definitely impaired whereas the phagocytic ability 
of the control ammals during the early stage of the 
infection vas adequate to protect them until ac- 
quired immunity was developed and the infection 
localized 
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Leucine content and utilization of amino acid 
mixtures Joseph T AiAiehson (by invitation) 
and E S Nasset Dept of Physiology and Vital 
Economics, Untv of Rochester School of Medicine 
and Dentistry, Rochester, A Y The utilization of 
the N of ammo acid mixtures in the adult rat was 
investigated by the method previously described 
(Anderson and Nasset, J Nutrition 36 703,1948) 
In which a ‘complete’ ammo acid mixture simulat- 
ing egg protein is compared u ith a mixture in u hich 
a portion of one of the essential anuno acids has 
been replaced by an isonitrogenous amount of 
of glutamic acid Reduction of n-leucme to 21 1 
mg leucme N /gm total N , which is i the value m 
the ‘complete’ ammo acid mixture, caused a sig- 
nificant decrease m the utilization of the dietary 
N as indicated by a decrease m N balance index 
and an increase in N requirement for equilibrium 
Further reduction of n-leucine by one-half caused 
a further decrease in N utilization but not so great 
as would be predicted from the theory that N 
retention is limited by the supply of limiting essen- 
tial ammo acid Substitution of an equal quantity 
of DL-leucme for the n-leucine (21 1 mg leucme 
N/gm total N) resulted m no significant reduction 
in N utilization Apparently about J the main- 
tenance requirement of n-leucme in the rat can be 
filled by n-leucme 

Ammonium persulfate as a flour maturing agent 
Aaron Arnold and Pbans C Goble (by invita- 
tion) Stcrling-Winthrop Research Inst , Rennse- 
htcr, N y The need for chemical agents for 
rapidly maturmg flour is well established and ac- 
cepted Nitrogen trichloride, which has been used 
extensively for this purpose, is no longer acceptable 
in r lew of Mellanbj ’s findings of deleterious effects 
m laboratory animals fed flour thus treated This 
fact has focussed attention on the suitability of 
altcmatn e agents Ammonium persulfate has been 
know n for some time to be an effective flour matur- 
agent, and, in fact, is used extensively abroad , 
this report presents data obtained m feeding trials 
of this compound with rats and dogs In chronic 
experiments, rats were fed diets high in flour or 
mr-dried bread made from persulfate treated flour 
The le\els of treatment were 0 02 and 0 1%, i e , 
IcN els considerablj m excess of commercial require- 
ments The rats fed the treated flours or breads 


showed no adverse effects The effects were judged 
on the basis of growth and reproduction perform- 
ance and histological examination of representative 
tissues of first and second generation rats sacrificed 
after 6 months on test Dogs fed ammonium per- 
sulfate treated flour not only did not develop the 
running fits syndrome but were cured of running 
fits when transferred from a diet containing nitro- 
gen trichloride treated flour to one containing per- 
sulfate treated flour As in the case of the rat feed- 
ing trials, no adverse effects could be detected in 
dogs fed flour treated with 0 15% persulfate as 
compared with dogs fed untreated flour The effects 
were judged from weight records, kidney and liver 
function tests, and histological examination of 
representative tissues after 5 months’ feeding 
Ammonium persulfate appears to be suitable from 
all view points for use as a flour maturmg agent 
Effect of diet on treatment of parathyroidecto- 
mized dogs Aaron Arnold Sterling -Winihrop 
Research Inst , Rensselaer, N Y It has been well 
demonstrated that vitamin D and dihydrotachy- 
sterol will substitute for parathyroid hormone in 
parathyroidectomized dogs However there is a 
disagreement as to the amounts of the calcemic 
steroids required For 16 months, 2 adult thyro- 
parathyroidectomized dogs were fed a mixture of 2 
parts fresh ground meat and 1 part cereal diet (in 
percentage corn 26, wheat 26, skim milk powder 
24, linseed meal 8, casein 4, peanut oil 4, yeast 3, 
alfalfa meal 3, bone meal 1, CaCOj 0 6, and NaCl 
0 6) The composite diet supplied 0 58% Ca and 
0 73% P The dogs were given, in addition, 0 3 
gm thyroid powder daily and the usual vitamin 
supplements orally once weekly In agreement with 
the results of McChesney and Giacomino ( J Chn 
Invest 24 680, 1946), the dogs were observed to 
require approximately 0 0875 mg of dihydrotachy- 
sterol or 0 2 mg of calciferol daily per 10 kg dog 
This amount of calciferol was about 200 -fold 
greater than that found necessary by Kozelka et al 
(J Boil Chem 100 715, 1933) The requirement 
does not appear to be correlated with the dietary 
calcium and phosphorus but may be related to the 
general nature of the diet Specifically, dogs fed ft 
diet with a substantial proportion of fresh meafe 
requu-e much greater quantities of vitamin D or 
dihydrotachysterol than do dogs fed diets com. 
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posed largely of cereal grains This suggestion may 
applj also to the marked difference in the amount 
of vitamin D required to prevent the onset of 
rickets in dogs as reported by the Fleischmann 
Laboratories (unpublished data, 1936) and by Ar- 
nold and Elvehjem (J Am Vet Med Assoc 95 
1S7, 1939) 

Influence of heredity on the crude protein and 
carotene contents of corn L W Auhand (by 
invitation) and R C Millee Dept of Agricul- 
tural and Biological Chemistry, Pennsylvania State 
College, Penna Crude protein and carotene values 
have been determined on corn produced in 3 dif- 
ferent series of experiments, each of which had all 
possible single cross combinations of 10 different 
inbred lines of corn Each experiment was com- 
pletely rephcated on at least 3 experimental plots 
which had the same fertilizer treatment Separate 
samples of corn from each single cross combination 
on each plot were analyzed for protein and caro- 
tene, and average values were computed from all 
of the individual data for each single cross on each 
experiment Significant differences in the protein 
and carotene values for single crosses definitely 
reflected the influence of the breeding of the inbred 
lines on the resulting single crosses The latter had 
crude protein contents ranging from 7 96 to 12 68% 
and carotene contents Wnging from 0 53 to 1 95 
mg/lb , all values being expressed on the basis of 
15 5% moisture content of the corn The definite 
influence of inbred lines was sHown in characteris- 
tically high or low crude protem and carotene con- 
tents of the resulting single cross combinations 
Although these relationships were true for both 
crude protein and for carotene there was no cor- 
relation between the crude protein and carotene 
contents of com tested The results show a defimte 
influence of heredity on the carotene and crude 
protein content of corn and point the way for 
improvement of the nutritive value of corn by 
the plant breeder 

Nutritional requirements of men living under 
survival conditions in cold weather C G Blt 
( by invitation) , R E Johnson and C F Conbo- 
LAZio (by invitation) U S Army Medical Nutri- 
tion Laby , Chicago, Til Balance studies were con- 
ducted when 32 volunteers, fully acclimatized to 
Florida wmter conditions and unaccustomed to 
cold weather and its hardships were flown in Janu- 
ary from Florida (mean temperature -|-67°F ) 
without layover to Manitoba, Canada On arrival 
thejy were placed in a field survival situation for 12 
days (mean temperature — 3°F ), where they lived 
in one of four segregated areas, 8 men per group 
The 4 group rations (per man per day) contained 
1100 Cal (low ■'calorie control), 1650 Cal , 1940 
Cal , 4850 Cal (high calorie control) All unne 
and feces were collected daily From analytical 
data on these, together with analytical data on all 


foods and fluids consumed, nutrient balances were 
computed For these young men, well outfitted 
against the cold, with adequate clothing, fuel, and 
tentage, doing no physical work other than neces- 
sary to keep themselves comfortable, nutrient bal- 
ance could be maintained for 12 days by palatable 
rations supplying daily for an average 70 kg man 
3400 Calories , 2 7 liters water, including beverage, 
food, and metabolic water, 60 gm protein, mostly 
animal , 136 gm fat , 400 gm carbohydrate , 1 1 
gm calcium , 1 gm phosphorus , 100 mEq sodium , 
85 mEq chloride , 20 mjlq potassium These esti- 
mates are not applicable for men required to per- 
form any hard physical work 
Animal protein factor and growth of mice fed 
diets liontaming succinylsulfathiazole D K 
Bosshahdt, J W HtTFF (by invitation), WiNiEHED 
J Paul (by invitation) and R H Bakneb Dept 
of Biochemistry , Medical Research Division, Sharp 
and Dohme, Inc , Glenolden, Penna The addition 
of 2% succinylsulfathiazole to purified diets fed to 
mice caused a growth retardation that was not cor- 
rected by the feeding of biotin and pteroylglutamic 
acid nor by supplements of dehydrated, defatted 
whole liver When, however, the biotin, pteroyl- 
glutamic acid, and liver were fed together growth 
rates were obtained comparable with those of mice 
fed a succinylsulfathiazole-free diet containing 
liver Liver has been shown to contam a factor, or 
factors, referred to as the animal protem factor 
that 18 necessary for growth The results of Ott 
et al (J Biol Chem 174 1047, 1948) suggest that 
vitamin Bu w’ould replace liver in the diet of suc- 
cinylsulfathiazole-fed mice The vitamin Bu 
concentrate was prepared from liver and was found 
by microbiological assay, using Lactobacillus letch- 
mannii, to contain approximately 1% vitamin Bn 
A vitamin Bu concentrate supplied by the Merck 
Laboratories was used as a standard This prepara- 
tion when administered to lodinated casein-fed 
mice (Bosshardt et al J Nut , in press) gave a 
maximum growth response with a daily intraperi- 
toneal dosage of 0 6 iig The vitamin Bu concen- 
trate admmistered by intrapentoneal injection at 
a level of 1 ag/day to mice fed a diet containing 
biotin, pterOylglutamic acid, and succinylsulfa- 
thiazole produced a marked growth response 
However, the growth response did not appear to be 
as great as that obtamed with crude liver 
Riboflavin and nitrogen metabolism of 6 women 
writh active tuberculosis Wilma D Beewer (by 
invitation), Helen L Tobey (by invitation) and 
Maegaeet a Ohlson Dept of Foods and Nutri- 
tion, School of Home Economics, Michigan State 
College, East Lansing, Mich The riboflavin and 
nitrogen metabolism of 6 women with moderately 
advanced, active tuberculosis was studied The 
subjects were non-ambulatory patients of the 
county sanatonum and the regular hospital diet 
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-nas served throughout the experiment The ribo- 
flavin and nitrogen contents of the diets were 
varied bj adjustment of the milk intake During 
periods 1 and 2, the milk intake was restricted to 
300 gm daily and for periods 3 and 4, the intake was 
increased to 1200 gm of milk per day Daily supple- 
ments of 5 mg riboflavin were given during periods 
2 and 4 Fourteen days of dietary adjustment pre- 
ceded each 7-day balance period during which the 
intakes and excretions of mtrogen and riboflavin 
nere detenmned The urinary excretion of nbo- 
flavm following a test dose of 3 mg riboflavin was 
measured on the last day of each balance period 
The average daily intakes of riboflavin for the four 
periods were 1 35, 6 41, 2 60 and 7 79 mg The aver- 
age daily excretions were 0 31,3 63, 1 08 and 5 63 mg 
riboflavin, respectively The retentions of nitrogen 
by the tuberculousTvomen were similar to those of 
healthy women at comparable intakes All of the 
subjects were in mtrogen equilibrium or retaining 
nitrogen at intakes above 10 00 gm daily Analysis 
of covariance has been appbed to the data and the 
possible interrelationships of riboflavin and nitro- 
gen metabobsm will be discussed 
Lysine requirement for growing pigs M J 
Brinegah (by mvitation), J K Loosu, Hahold 
H WiLUAiis, and L A MAtnabd Depts of Ani- 
mal Husbandry and Biochemistry and Hutniion, 
Cornell University, Ithaca, N Y Various levels of 
1-lj'Sine monohydrochlonde were added to a diet 
containing linseed meal supplemented with histi- 
dine and methionine for pigs averaging 19 kg in 
weight The basal diet consisting of 10 6% protein 
contained 0 34% lysine as determined micro- 
biologically using Leuconostoc mesenteroides The 
experimental diets n ere made up to contam 0 34%, 
0 42%, 0 50%, 0 58%, and 0 74% pure l-lysme 
The first 4 levels of lysine were fed to 3 pigs each 
and the 0 74% level was fed to 2 pigs Protem eflfl- 


ciency ratios over a 4-week feeding period and 
biological values during a 5-day mtrogen balance 
were studied The averages of the gm gam m 
weight per gm protem consumed were 2 6, 2 85, 
3 12, 3 47, and 3 49 for each of the respective lysme 
levels of 0 34%, 0 42%, 0 50%, 0 58%, and 0 74% 
e a\ erage biological values for the correspondmg 
Ijwne lex els were 52, 51, 61, 73, and 72 Each level 
of dietary lx sine up to 0 58% increased the protem 
efficiency and the biological value, but the 0 74% 
level caused no further improvement These data 
Ehon that mth a diet contammg 10 6% protem, 
ax ing a biological x aluc of 73, growing pigs require 
approximately 0 6% of 1-lj-Bine in the ration 
AcetTlation m diabetic rats Fhkos Chaealam- 
rous (by invitation) and D Mabk Hegsted 
0 / ^ulnhon, Hanard School of Public 
ham and Dept of Biological Chemistry, Har- 
rard Medical School, Boston, Mass The ability of 
oxan-diabotic rats to acetylated p-aminobenzoic 


acid (PAB) xvas compared to thpt of normal rats 
by injecting 1 mg of PAB intrapentoneaUy, col- 
lecting the followmg 24-hour Urine, and analyzing 
the urine for total and free PAB All animals re- 
ceived a purified diet oontaining casein, salts, glu- 
cose, corn oil, cod liver oil and ribofiavin, thiaminn, 
mcotimc acid, pantothenic acid, -and pyndoxine 
Acetylation gradually decreased after the onset of 
diabetes and eventually fell to 62% of the dose as 
compared to 76% m the non-diabetic controls 
Induced diuresis in the normals did not decrease 
acetylation Acetylation in the diabetic animals 
returned to normal after the injection of insulin, 
citrate, a-ketoglutarate, succinate, fumarate, ma- 
late, oxaloacctate, diacetyl, acetylphosphate, and 
ATP Increasing the level of fat m the diet from 
5 to 30% had a similar effect, as did starvation for 
24 hours Injections of pyruvate, lactate, glyceryl 
diacetate, acetoin, butylene glycol, methyl ester 
of acetoacetic acid, phosphate salts, adenylic acid, 
and pantothenic acid failed to restore acetylation 
to normal m the diabetic rats None of the com- 
pounds tested affected the acetylation m normal 
animals These findings are in agreement with the 
in intro work of Lipmann ei al (J Biol Chem , 
160, 173, 1945) that acetylation requires high 
energy phosphate compounds It appears that in 
the diabetic animal the regeneration of such high 
energy compounds is beloxv normal 
Excretion of ascorbic acid on supplements of 
cantaloupe and crystalline ascorbic acid Shih 
Dzttng Chen (by mvitation) and Cecilia Schtjce 
Nutrition Laby , School of Home Economics, 
Purdue Univ , Lafayette, Ind Four semor college 
women majormg in nutrition served as subjects 
The study was divided into 3 periods a saturation 
period of 6 days during which time the subjects, 
while consuming their regular diets, were given 
200 mg of ascorbic acid daily in tablet form , a test 
period of 6 days on a constant basal diet supple- 
mented daily with 40 mg of pure crjTstaUme as- 
corbic acid, a second test period with approxi- 
mately the same ascorbic acid intake, but xnth 
cantaloupe as the supplement to the basal diet 
The 2,4-dmitrophenylhydrazme method for re- 
duced and dehydro ascorbic acid (J Biol Chem 
174 201, 1948) was used for the analysis of the 
diet and the cantaloupe supplement and for de- 
termining the urinary excretion Since the excre- 
tions for the first 2 days of the 6-day test periods 
reflected the large intake of ascorbic acid during 
the saturation period these xxcre not considered in 
the evaluation of the data With an intake of 74 mg 
of ascorbic acid (reduced and dch 3 'dro) the ax^erage 
daily amounts excreted during the crystalline 
ascorbic acid period by the 4 subjects were 49 24, 
47 65, 47 43, and 38^0 mg respectively Corre- 
spondmg amounts excreted during the cantaloupe 
period xnth a daily intake of 72 mg ascorbic acid 
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were 57 54, 58 63, 41 88, and 34 81 mg The figures 
show an increased excretion during the cantaloupe 
period for 2 of the subjects and a slightly decreased 
excretion for the other two 
Determination of SLR factor in the liver and 
urine of rats fed on various diets Bacon F 
Chow, Lois Hall (by invitation), Shielet De 
Biase (by invitation) and Lois Barhow s (by invi- 
tation) Division of Pharmacology, The Squibb 
Inst for Medical Research, New BrunsweicK, N J 
Protein depletion causes a marked decrease in pro- 
tein and enzyme contents of the liver This report 
deals w ith the effect of inanition on the concentra- 
tion of the SLR factor (Elvehjem, J Biol Chem 
167 86, 1947) in the liver of rats It was found that 
if the liver were homogenized with an ice cold 
saline solution immediately after its removal from 
the animal, the activity of such a suspension in- 
creased some 10-fold upon incubation at 37°C A 
maximum was, however, reached after 8-24 hours 
at this temperature The results of assay of this 
factor in the homogenized livers of normal and 
seven-days-fasted rats, after appropriate length of 
incubation, demonstrated that inanition brought 
about a marked loss in the total amount of the po- 
tential activity, when expressed in units of activity 
per hundred grams body weight of the animals be- 
fore fasting The excretion of the SLR factor in 
urine was also studied The renal excretion of this 
factor decreases on feeding a diet low in protein 
but adequate in calories and vitamins, but in- 
creases, if liver IS given as a supplement either 
orally or mtraperitoneally 
Weight of liver and liver glycogen of rats after 
dietary restriction and rehabilitation Rxjth M 
Clayton and Estheb da Costa (introduced by 
Robert E Johnson) V S Army Medical Nutri- 
tion Laby , Chicago, III Liver weights of 72 male 
rats fed during 13 weeks either a low calorie, modi- 
fied or synthetic vegetable diet and of 120 rats 
changed from these diets to either high protein, 
high fat or high carbohydrate were determined 
The glycogen of the liver of half of these rats was 
determined The average weight of 42 control 
livers was 12 16 gm with a total glycogen of 0 24 
gm The average w eights of livers following the low 
calorie, modified carrot or synthetic vegetable diet 
were 7 13, 7 5 and 5 47 gm , respectively The 
average total liver glycogens following the low 
calorie, modified carrot or synthetic vegetable diet 
were 0 12, 0 24 and 0 06 gm , respectively After 
72 hours of rehabilitation with a high protein, high 
fat or high carbohydrate diet following the low 
calorie diet were 13 2, 10 19 and 10 98 gm , respec- 
tively Average liver weights from rats refed follow- 
ing the modified carrot or synthetic vegetable diet 
followed a similar pattern of increased weight 
After 72 hours of rehabilitation liver glycogen in- 
creased in all diets but decreased after 96 hours 


After 13 weeks of rehabilitation on a highprotem 
diet, liver glycogens were at the control level, on a 
high fat diet below and on a high carbohydrate diet 
above the control level 

Function of the ceca in the domestic fowl 
J R Couch (by invitation), D R KrnoHT (by 
invitation), Harry German (by invitation) and 
P B Pearson Agricultural and Mechanical Col- 
lege of Texas, College Station, Texas Broad- 
Breasted Bronze mature turkey toms and White 
Leghorn pullets were each selected at random 
from flocks on range and killed The gastrointes- 
tinal tracts were removed and separated into two 
parts for sampling The first section was made up of 
the ceca while the second consisted of the tract be- 
low the duodenum less the ceca The contents were 
removed from each of these sections and analyzed 
for riboflavin, niacin, pantothenic acid, folic acid 
and biotin The cecal contents contained approxi- 
mately 1 5 times as much niacin, twice as much 
riboflavin, 2 5 times ns much pantothemc acid, 6 to 
8 times as much folic acid, and 10 times as much 
biotin as the intestinal contents Identification 
studies of the microflora of the two sections of the 
GI tract showed that essentially the same flora 
existed m the ceca as m the rest of the tract The 
ceca was removed from pullets which were placed 
in individual cages with raised screen bottoms 
After 2 months a 24-hour collection of feces was 
made from the cecectomized birds and from normal 
pullets There w as no difference in the nboflavm, 
niacin, pantothenic acid, folic acid and biotin con- 
tent of feces of cecectomized and normal birds fed a 
practical all-mash diet These birds were then 
placed on a low biotin diet with starch as the carbo- 
hydrate Biotin content and hatchability of the 
eggs will be reported as measures of intestinal syn- 
thesis in birds w ith and without the ceca 
Desoxypyrldoxine and development of the chick 
embryo W W Cravens and E E Snell Depts 
of Poultry Husbandry and Biochemistry, Untv 
of Wisconsin, Madison, TT'^ts Injecting 1000 pg 
of desoxypyridoxine into the hen’s egg at 0 hours of 
incubation results in nearly 100% mortality of the 
embryos by the end of the fourth day of incubation 
and all embryos died prior to hatching, 250 and 
500 /ig injected at 0 hours caused a reduction in 
hatchability, but some live chicks w ere obtained 
These inhibitory effects were prevented by 
simultaneous injection of sufficient amounts of 
pyridoxal HCl, pyridoxamine 2HC1 or pyri- 
doxine HCl The ratio of vitamin to inhibitor 
which permitted approximately 50% of the em- 
broys to produce live chicks were pyridoxal HCl 
1/20, pyridoxamine 2HCI 1/50, and pyridoxme 
HCl 1/100 In contrast to the results at 0 days, 
injection of 100 ag of desoxypyridoxine at 6 days of 
incubation was innocuous At this time the toxic 
level was found to be 2 5-5 0 mg/egg However, 
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this toMcity was not due to a competitive anti- 
vitamin action of the inhibitor since it could not 
be prevented by any of the three forms of vitamin 
Bj At similarly high levels (more than 2 5 mg/ egg) 
pyTidoxal HCl proved tovic Pyrido\ine HCl was 
somewhat less toxic while pyridoxamine 2HC1 was 
non -toxic at the highest level tested (10 mg/egg) 
Effect of dietary restriction and rehabilitation 
on serum protein of male rats Esther da Costa 
and Ruth Clayton (introduced by Robert E 
Johnson) U S Army Medical Nulnhon Laby , 
Chicago, 9, III The mean total serum protein of 
42 control rats was 6 4 gm % and the A/G ratio 
was 1 34 Seventy -two rats kept 3 weeks on a Ion 
calorie, modified carrot or synthetic vegetable diet 
had total serum protein values of 6 14, 5 41 and 
6 21 gm % and A/G ratios of 1 43, 1 16 and 1 05 
respectively After 13 weeks of rehabilitation fol- 
low ing the 3 types of restriction 120 rats were reha- 
bilitated with a high protein, high fat or high carbo- 
hjdrate diet After 48 and 96 hours of refeeding, 
the high protein and high fat rats had slightly 
higher serum proteins than the controls but the 
high carbohydrate rats had significantly lower serum 
proteins After 13 n eeks of rehabilitation all types 
of refed rats showed normal protein values During 
the first 48 hours of rehabilitation the A/G ratio 
of the rats on the high protem and high fat diets 
fell below 1 0 , 1 e due to a lowering of the albumen 
Bj 96 hours of refeeding all A/G ratios had reached 
1 0 and by 6 weeks of refeeding they returned to 
normal The rats kept on a low calorie, modified 
carrot or synthetic vegetable diet after 13 weeks 
lost an average of 39 6, 42 2 and 44 5% in weight 
but only the rats on the modified carrot diet had 
serum protein concentrations below normal 
Tryptophan— nicotinic acid relationship in the 
developing chick embryo Charles A Denton 
(b\ invitation) W L Kellogg (by invitation), 
W E Rowland (by invitation) and H R Bird 
Bureau of Animal Industry, Agr Res Adm 
U S D A , Beltsville, Md The developing chick 
embryo synthesizes nicotinic acid and at the same 
time decreases in tryptophan content The eggs 
contained on the average 36 micrograms of nicotinic 
acid, n hereas the average content of the chicks was 
lOSO roicrograms The tryptophan decreased from 
116 mgs (average content of the eggs) to 72mg 
(average content of the chicks) Injection of 25 
mg of tryptophan into the eggs on the 10th day of 
incubation resulted in a significant increase in the 
nicotinic acid content of the chicks Injection of 10 
mg of nicotinic acid into the eggs caused a slight 
incr^e m the mcotmic acid content of the chicks, 
I'ut did not change the tryptophan content 

eels of pteroylglntamic acid, injectable liver 
fact, and ascorbic acid on dietary glycine 
1.-*^ ^ Dixxtng (bv inxntation), 

'-equaK Keith (bv invitation),JoHNR Totter 


and Paul L Day Dept of Biochemistry, School of 
Medicine, Univ of Arkansas, Little Rock, Ark A 
study was made of the effect of pteroylglutamic 
acid (PGA), injectable liver extract (LE),and 
ascorbic acid on growth and fecal porphyrin excre- 
tion of rats receiving purified diet containing 10% 
glycine The purified diet without glycine was fed 
to a control group The average v\ eekly gains over 
a 5-week period for the groups were control 26 3 
gm , high glycine 5 6 gm , high glycine -f PGA 
19 8 gm , high glycine -f LE 12 9 gm , high glycine 
+ PGA -f- LE 21 1 gm , and high glycine + as- 
corbic acid 9 3 gm Both PGA and LE sigmficantly 
improved grondh when added to the high glycine 
diet (p < 0 01) PGA was more effective than LE 
in improving growth under these conditions and 
a combination of PGA and LE did not improve 
growth above the level obtamed by PGA alone 
Although addition of ascorbic acid to the high 
glycine diet improved growth slightly, the increase 
was not statistically significant The fecal por- 
phywin excretion of rats receiving the high glycine 
diet was considerably lowmr than that of the control 
rats Additions of PGA, LE, or ascorbic acid to the 
high glycine diet increased the fecal porphyrin 
excretion The greatest increase in porphyrin ex- 
cretion was obtained by the addition of a combina- 
tion of PGA and LE to the high glycine diet , fecal 
porphyrin excretion under these conditions was 
elevated above that of the control rats 
Vitamin Bu— a growth factor for young rats 
Gladys A Emerson, Euzabeth. Wurtz (by in- 
vitation) and Mary E Zanetti (by invitation) 
Merck Inst for Therapeutic Research, Rahway, 
N J The rat requires a factor which is present in 
bver and other animal proteins for normal growdh 
and successful propagation The influence of vita- 
min Bit on the progeny of rats maintained during 
gestation and lactation on a diet containing 60% 
soybean meal has been mvestigated One group of 
animals received 5y of vitamin Bit daily from 
impregnation while a like number of untreated 
females served as controls The size and birth 
weights of the litters cast by the rats in each group 
were the same However, the weaning w eights (28 
days) of the young from mothers receiving vitamin 
Bit averaged 60% more than did those from the 
untreated females The offspring from each group 
were segregated at w eaning into 2 subdivisions , in 
one the animals were given 0 Sy of vitamin Bn 
daily for 90 days and the others were unsupple- 
mented The weight increments of the males from 
the several groups were as follow s control mothers, 
young undosed, 151 gm , control mothers, young 
dosed, 257 gm , treated mothers, young undosed, 
229 gm , treated mothers, young dosed, 283 gm 
The feeding of vitamin Bi- to the young of control 
mothers resulted in body weights that w ere 100 gm 
in excess of those of the unsupplemented animals 
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Since the undosed joung of the treated mothers 
grew for 2 months at a rate approMmating that 
of the dosed young from the control mothers, it 
w ould appear that vitamin Bi- is stored during the 
suckling period The red and white cell counts of 
the individuals of all groups fell within the normal 
range 

Relation of choline intake to survival in rats fed 
p-dimethylaminoazobenzene R W Engel Lab 
of Animal Nutrition, Alabama Polytechnic Inst , 
Auburn, Ala When immature male and female rats 
of approximately 200 gm body weight were sub- 
sisted fpr 2 months on a low-protem diet deficient 
in choline, they gained an average of 1 2 gm/rat/ 
week Inclusion in the diet of p-dimethylamino- 
azobenzene at the 06% level for a subsequent 

7 -week feeding period resulted in the^ death of 7 of 

8 rats with an average survival period of 28 days 
When the diet was fortified with choline (2 
gm/kg ) , the average body weight gain during the 
initial 2-month feeding period was 3 0 gm/rat/w'eek 
and 8 of 5 rats survived the subsequent 7-week 
feeding period when p-dimethylanunoazobenzene 
was included in the diet at the 00% level All the 
ammcds receiving the choline deficient diet ex- 
hibited gross evidence of liver cirrhosis and a 
marked accumulation of a clear serous fluid in the 
body cavities at autopsy Only mild kidney damage 
was evident The livers of the control animals re- 
ceiving choline were normal in appearance, and no 
gross pathologic changes w ere evident in any tissues 
at autopsy after 7 weeks of p-dimethylammoazo- 
benzene feeding The basal diet employed consisted 
of alcohol-extracted casein 2, alcohol-extracted 
peanut meal 10, sucrose 63 5, salts 4 4, L-cystine 
0 1, lard 19, and cod liver oil 1, and was fortified 
wuth knowm accessory factors 

Chronic vitamin A deficiency in 3 uthred strains 
of mice Paul F Fenton (by invitation), Ruth 
E Shhader (by invitation) and George R Cow- 
gill Yale Nutrition Lahy , Dept of Physiological 
Chemistry, and Dept of Anatomy, Yale Univ , 
New Haven, Conn Weanling mice of the Cst, A 
and I strains were fed an artificial diet contaming no 
added vitaimn A Grow th rates of the Cw mice were 
less than those of the A strain although substantial 
growth occurred in both strains Growth was more 
senously retarded w hen the corn oil of the diet was 
replaced by hydrogenated cottonseed oil and vita- 
min E was omitted A striking early feature of 
vitamin A deficiency in Csr mice was the graying 
or bronzing of the normally black fur Distribution 
of the fur changes differed markedly from that seen 
in pantothenate deficiency The vitamin A content 
of the livers was reduced to a very low level Most 
mice survived many months wuthont outward 
symptoms of deficiency A substantial group was 
sacrificed when about 9 months old and organ 
weights determined The most consistent findings 


regarding the blood picture were reductions in the 
red cell counts, hemoglobin levels and hematocrit 
values Infectidn was frequently present IMany 
animals retained rextensive fat depiots despite 8 
months on the xleficient diet Histological and 
histoohfemical studies were carried out on liver, 
kidney, spleen, thymus, testes and adrenals, and, 
when necessary ,''on other tissues Several vitamin 
A-deficient male mice were injected with three 
doses of estradiol benzoate Two months later the 
accessory reproductive structures were found to be 
greatly distended They presented a histologic pic- 
ture similar to that seen in mice treated for a long 
time with large doses of the estrogen 
Unidentified vitamins of the B complex required 
by certain’ insects G Fraenkel (mtroduced by 
H E Carter) Dept of Entomology, XJniv of Illi- 
nois, Urbana, III Many insects which normally 
live on grain or flour can be easily grown on ‘syn- 
thetic’ diets and are excellent material for nutri- 
tional studies It IS now an established fact that in- 
sects in general require all the known vitamins of 
the B-complex, including biotin and pteroylglu- 
tamic acid, with the exception of paraammobenzoic 
acid and possibly inositol Some insects seem to 
develop optimally on ‘synthetic’ diets in the ab- 
sence of any sources of unidentified factors With 
the mealworm, Tenebno mohtor, there is clear-cut 
evidence for the need of one additional factor pres- 
ent in yeast or liver, tentatively called Bt, which is. 
not adsorbed on charcoal and has proved very elu- 
sive in all attempts to be precipitated from the 
aqueous phase In this respect, and certain chemi- 
cal characteristics as well, it bears a close resem- 
blance to strepiogenin, though the absence of Bt 
activity m casein excludes identity of the two fac- 
tors The need for at least 2 other unidentified 
members of the B-complex has been demonstrated 
for the flour beetle, Tnboltum confusum Growth 
on a ‘symthetic’ diet is slow by comparison with an 
optimal natural diet— wholemeal flour A certain 
improvement is achieved by adding 2J% of the 
water-insoluble fraction of yeast, but a stillgreater 
improvement results from adding 1% dry yeast 
For reasons still unexplained these deficiencies are 
more marked if starch is used as the carbohydrate, 
as compared with glucose Bt concentrates failed 
to have any effect on Trtbohum m diets deficient 
in one or two of the missmg factors 
Effect of gossypol on the body weight of rats 
Alpeeu H Free and Helen M Free (by in- 
vitation) Miles Research Labys , Elhhart, Ind 
Gossypol IS an organic comjiound present in the 
pigment gland of the cottonseed It has long been 
recognized that the inclusion of large amounts of 
unheated cottonseed meal in the diets of animals 
has a detrimental and toxic effect which has been 
ascribed to gossypol Zucker and Zucker (Abstracts 
of Papers, 111th meeting, American Chemical So- 
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cietj , page 47B, 1947) ha\ e suggested that gossypol 
lias a 'specific efiect mreducing food intake Further 
c\periments have been earned out in this labora- 
torj to detemune the effect of gossjTxil on the body 
M eight of rats Gossypol was prepared from whole 
cottonseeds b> the method of Boatner et al (Jour 
Am Chem Soc 69 1268, 1947) Growth studies 
n ith young rats were made in which the animals 
were maintained on a standard diet and were given 
dadj supplements of gossjTwl suspensions by stom- 
ach tube In 7 expenments of this tj^ie employing 
3 different preparations of gossypol, uniform results 
n ere obtained in which animals on higher intakes of 
gossjTXil died, whereas those on mtakes that were 
i or 4 of the toxic amount grew at rates comparable 
to the control group which did not receive gossypol 
Adult rats showed no significant weight change 
i\ hen given a daily supplement of gossypol that was 
one-half the toxic amount Starvation experiments 
u ith rats indicated that the weight loss of animals 
receiving minimal lethal quantities of gossypol was 
much less than the u eight loss of animals dying of 
starvation 

Rat-repletion studies with amino acid solutions 
R61e of non-essential amino acids Douglas V 
Fnosr and Habbt R Sandt (by mvitation) Nu- 
(nixoml Research Divmon, Abbott Ldbys , North 
Chicago, III Weight response of adult protein- 
depleted rats to dry proteins, liqmd protein 
hj droliTatcs or solutions of ammo acids fed sepa- 
ratelj from protem-free diet was studied at con- 
trolled critical levels of mtrogen A 6% solution 
uas fed to supply twice Cannon’s essential ammo 
acid minima of tryqitophan 13, phenylalanme 37, 
leucine 77 , isoleucine 66, methiomne 35, threonme 
45, Iraine 51 , histidine 22 and valme 53 mg/rat/day 
Discoimtmg the n-isomers of isoleucine, threonme 
and valine, this provided about 100 mg N/day 
Onlj half of the liquid allotment representing this 
mixture was consumed and the weight response was 
low Intake and response were nearly doubled by 
isomtrogenouE replacement of 10 parts of essentials 
b\ arginme or gljcme Nitrogen efficiently ratios 
were high m each instance and compare favorably 
M ith the highest x alues calculated for standard pro- 
teins Glutamic acid, m presence of argmine, glj - 
cinc and alanine, led to a further improvement m 
acccptabilitj and weight response Complete hj- 
drolx-sates of fibrin fortified with tryptophan were 
taken with greater anditj than ammo acid noix- 
lures, cxen though nitrogen efficiencj was some- 
what lower for the former These effects were 
checked b\ repeated experiments m paired groups 
The data suggest tliat absence of mtrogen other 
tUn essential ammo acid N imposes a phx-siologic 
hu-den which IS reflected m decreased appetite, 
hut not in decreased nitrogen efficiency Possible 
irhibiton effects of the n-amino acids mav account 


in part for -the lesser avidity for ammo acid mix- 
tures than for complete protein hydrolysates 

Decrease in the storage of thiamine in tissues 
from supplementing the diet with live bakers’ 
yeast- Fung-Haan Fung (by invitation), Ruth J 
Aaness (by mvitation) and HeIjEN T Pabbons 
Dept of Home Economics, Univ of Wisconsin, 
M^ison, Wis It has been established that when 
live bakers’ yeast is mgested by human subjects, 
not only the yeast thiamine but also food thiamme 
consumed simultaneously fails to be returned m the 
urine m normal amounts, presumably because it is 
taken up in the digestive tract by yeast cells How- 
ever, about 80% of the mtrogen of the yeast cells 
was returned m the urme of the subjects The hy- 
pothesis of an anti-enzyme analogous to folic acid 
anti-conjugase was untenable masmuch as free 
thiamme was itself influenced by live yeast Hence 
it became important to establish by direct proof 
whether or not absorption and storage of thiamme 
were actually interferred with by live yeast 
Weanling pigs were found to be satisfactory test 
ammals Those fed hve bakers’ yeast m addition to 
the basal ration stored only about i as high a per- 
centage of the total thiamme intake as pigs without 
this supplement In all anunals tested, about A of 
the total storage occurred m the skeletal muscles 
Supplementmg with live yeast depressed the uri- 
nary thiamme and mcreased the fecal values quite 
comparably with previous results m this depart- 
ment on college women This fact, considered with 
the decrease m thiamme storage m the tissues of 
pigs fed the yeast dose, substantiates the earlier 
conclusion that the mgestion of live bakers’ yeast 
interferes with the absorption of thiamme by 
human subjects 

Biotm deficiency in ducklings and the histo- 
pathology of the heart James W GonnABn and 
Robebt E Olson (introduced by Predebick J 
Staee) Dept of Nutrition, Harvard School of 
Public Health, Boston, Mass Studies m biotm- 
deficient ducks (J Biol Chem 175 503, 1948) have 
shown that the respiration, pyruvate and succinate 
utilization of cardiac muscle shoes in vitro is mark- 
edly depressed below normal In view of this the 
histopathology of the heart in biotin deficiency was 
mvestigated Biotm deficiency was induced m one- 
day old ducklmgs by feeding a purified diet low in 
biotm and supplemented w ith 20% egg white Defi- 
cient ducks were lulled by decapitation at intervals 
after their grow-th had ceased and perosis devel- 
oped, the hearts removed, weighed, fixed in ioto m 
Romeis’ fixing fluid and paraffin sections stamed 
with Alasson’s tnchrome, Alallory’s phospho- 
tungstic acid hematoxylin, and Heidcnham’s iron 
hematox-y hn Grossly, the hearts from the deficient 
ducks were larger, heavier (50%) and paler than 
those from j>air-fed controls Alicroscopically , the 
hearts from the deficient ducks showed disruption 
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and lysis of myocardial fibrils, disintegration of 
anisotropic hands, and granularity and vacuolation 
of the muscle fibers The Purkmje cells showed 
marked disorientation and disappearance of them 
myofibrils In severe cases, these myofibrils and 
even v hole Purkmje cells were replaced by connec- 
tive tissue The endocardial cells showed occasional 
hyperplasia, chiefiy in areas over involved Purkmje 
cells, and desquamation The pericardium and 
vessels were essentially negative 

Resurvey of nutritional status In Norris Point, 
Newfoundland Grace A Goldsmith, William J 
Darbt, Ruth Steinkamp (by invitation), Anne 
Stockell (by invitation) and Ellen McDevitt 
(by invitation) Dept of Medtctne, Tulane Untv 
School of Medicine, New Orleans, La , Depts of 
Biochemistry and Medicine, Vanderbilt Umv 
School of Medicine, Nashville, Tenn Evaluation of 
the nutnture of 126 persons from 4 population seg- 
ments— pre-school, pre-adolescent, mothers of chil- 
dren under 2 years, and other adults— was made m 
Norris Point, Newfoundland, m July, 1948 Follow- 
ing a comparable study m 1944 (J Lab Clm Med 
30 476) compulsory enrichment of fiour was insti- 
tuted Dietary patterns were similar m the 2 
studies, i or more of the calories of half the subjects 
being derived from flour and cereals Low intakes of 
ascorbic acid, calcium, vitamin A and riboflavin 
occurred m 25 to 50% of the examinees The inci- 
dence of subjective complaints attributable to mal- 
nutrition was essentially the same in both surveys 
Physical findings m 1948, as compared to 1944, 
shoved somewhat less nasolabial seborrhea, thick- 
ening and pigmentation of pressure points, circum- 
corneal mjection, neurologic changes, and a definite 
decrease m the incidence and seventy of lingual 
lesions The same or increased incidence was noted 
for cheilosis, conjunctival injection, dental canes, 
gingival changes, follicular keratosis and angular 
fissunng Less conjunctival thickening was ob- 
served m pre-school children, an equal amount m 
other groupis Serum protein, hemoglobin, and vita- 
nom A levels were generally satisfactory Distribu- 
tion of serum ascorbic acid was 0 13, 0 39, and 0 65 
mg/ 100 cc for the first, second, and third quar tiles, 
respectively Four-hour unnary excretion, after an 
oral test dose of vitamins, was frequently low for 
nboflavin, but usually comparable to that m a 
group of normal laboratory subjects for thiamine 
and N'-methylmcotinanude Correlations between 
dietary intake, physical signs, and laboratory find- 
ings will be presented and the significance of the 
data discussed 

Interrelation of age, serum cholesterol, and 
basal metabolism of women Mary R Gram (by 
invitation) and Ruth M Leverton Human 
Nutrition Research Laby , Univ of Nebraska, 
Lincoln, Neb Serum cholesterol and basal meta- 
bolic rate were determined on 130 women between 


the ages of 18 and 70 years and living on self-cho 
diets Total serum cholesterol was determined 
fasting blood samples by the Liebermann-Burch 
reaction modified by Hoffman Basal metabolic r 
was determined with a Benedict-Roth respirat 
calorimeter and the results compared v ith non 
values calculated on the basis of ideal weight by 1 
method of DuBois as modified by Boothby a 
Sandiford The women studied were in the folio 
ing age groups 18-25 yr , 52 subjects , 30-40 yr , 
subjects , 40-60 yr , 28 subjects , 50-60 yr , 32 su 
jects, and 60-70 yr , 20 subjects The mean seni 
cholesterol for each age group was 177 4, 200 
207 7,250 6, and 257 4 mg % respectively Analyi 
of variance indicates this increase of cholesterol , 
serum with increasing age is significant The mei 
basal metabolic rate for all women vas 7% belo ' 
the standard The means of the basal metabol 
rates for each age group were not significantly di 
ferent The relationship of basal metabolic rate 1 
serum cholesterol and other blood values is bein 
investigated for each age group 
Goiter in West Virginia Isidor Greenwaix 
Dept of Chemistry, New York Umv College o 
Medicine, New York City In 1928, Kimball, rely 
mg upon statements by ‘older physicians’ ii 
Charlestown, claimed that goiter had been ‘exceed 
ingly rare’ in the Kanavha valley before 1900 anc 
that the high incidence in 1922 was due to replace - 
ment of local salt by a refined product, “the only 
change in food or water’’ that had occurred in the - 
interval The Journal of the American Medical"^ 
Association has recently reiterated that claim (135, 
434, 1947) The onlj' information available regard-- 
ing the iodine content of the local salt is given by 
Grimsley (West Virginia Geological Survey, Re- 
piorts, vol 4) the brine of the one V ell open in 1909 
contained only one part of Nal per 61,400 parts of ' 
NaCl Moreover, Drake, VTiting from ‘among the 
upper waters of the Kanawha’ in 1850, stated t- 
“Goitre Cases are scattered here and there I 
think they are not more numerous in proportion to , 
the population than in the valle}^ of the Scioto and i 
Cuyahoga’’ (Western Lancet 11 668) Earlier re- - 
ports of goiter in West Virginia are mentioned by 1 
Barton (Memoir Concerning Goiter, 1800) In 1893, 
goiter had disappeared from many parts of the ^ 
country in which it had been endemic (Osier, Am i 
J Med Sci 106 503) Later, the disease reap- 
peared This sequence was well illustrated at Ed- ^ 
monton There, too, an ‘older physician’ denied 
that the disease was present before 1900 However, i 
cretins and large goiters were common in 1820 and i 
many young girls had goiters as late as 1863 (Green- ^ 
wald, Bull His Med 17 229, 1946 ) 

ECTect of various amino acids on rats receiving 
niacin-trjrptophan deficient rations L V Hankes, i, 
L M Henderson (by invitation) and C A , 
Elvbhjem Dept of Biochemistry , College of Agrt- y 


March 1949 


AI^IERICAN INSTITUTE OF NUTRITION 


385 


ciiUure, Untv of Wtsconsin, Madison, TT'^is Previ- 
ous work has shown that 0 078% DL-threonme or 
0 204% DL-phenjlalanme will cause a growth inhi- 
bition in rats on a 9% casein sucrose ration deficient 
in niacin The active isomers were found to be 
L-threonine and D -phenylalanine When the 0 2% 
L C 3 stinc, which is normally included in the ration 
uas onutted, almost normal growth was obtained in 
the presence of 0 078% DL-threonine, 0 208% DL- 
phenjlalamne, 2% acid hydrolyzed casein, or 2% 
glj'cme However, the addition of 0 2% L-cystine 
u ith any of the abo% e materials caused growth inhi- 
bition When 0 2% DL-methiomne replaced 0 2% 
L cjstine a growth inhibition occurred only with 
0 078% DL-threonme or 2% acid hydrolyzed casein 
Urine excretion studies indicated that acid hydro- 
lyzed casein did not affect the amounts of 
N'methylnicotinanude or nicotinic acid excreted 
DL-threomne (0 078%) in the presence of either 
L-cj'stine or DL-methionine did not affect the nico- 
tinic acid levels in the urine Since rats on a 9% 
casein dextrin ration showed a growth inhibition 
onlj with 6% gelatin, and not with 0 078% DL- 
threomne or 2% acid hydrolj'zed casein, the effect 
of coprophagy on growth inhibition was studied 
Six % gelatin caused a gron th inhibition when the 
rats v,ere in a square cage, but not when in a tube 
cage Feces n ere analj'zed for macm 
Use of enriched cereals in certain diets con- 
sumed In the south Harriet A ELarun and Beu- 
lah D Westerman (introduced by Martha M 
Ivramer) Depl of Foods and Nuintion, Kansas 
Agr Exp Sla , Kansas Slate College, Manhattan, 
Kan Growth studies were made on jmung albino 
rats fed diets based upon the food consumed by 
certain Ion mcome groups in the South, to deter- 
mine the significance of the use of enriched flour *s 
a source of the B vitamins The Negro tenants of 
the Mississippi Delta consume diets made up pn- 
manlj of molasses, fat, cereals and black-eyed-peas 
n ith small quantities of eggs, vegetables, fruits and 
milk ^^^lcn 58% of the calories in such a diet nas 
dern cd from cereals, the growth of the rats con- 
suming the diets containing enriched flour as the 
cereal component was greater than those consuming 
an equal quantit j of non-ennehed flour WTien 45% 
of the total calones were derived from cereal, there 
was no difference in the growth gams made bj the 
rats on the diets contaimng enriched and non- 
ennehed flour Certain people in South Carohna 
consume diets consisting of limited quantities of 
fat, meat, milk, eggs, vegetables, fruits and large 
quantities of cereals When such diets were fed to 
rats and 50% of the total calones of the diet was 
furnished bv enriched flour the animals wuth en- 
nehed flour in the diet made on the av erage 10 gm 
greater grow th gains than did those with non-en- 
riched flour m the diet When the ennehed and 
non-ennehed flour were fed at a lev el of 40 and 33% 


of the total calories in the diet no difference was 
noted in the average w'eight gains of the rats 

Concurrent feeding of ammo acids Richard 
Henderson (by invitation) and Robert S 
Harris Nutritional Biochemistry Labs , Mass- 
achusetts Inst of Technology, Cambridge, Mass 
Groups of weanling rats were fed a basal diet 
containing casein (30), corn starch (65 4), hydro- 
genated fat (10), tryptophan (0 17), histidine 
(0 13), saltmixture (4) and vitamm mixture (0 36) 
Control groups received the basal diet -f- 1% lysine 
Test groups received the basal diet and the basal 
diet -b 2% lysine at alternate feedings The lysine 
replaced equal weights of corn starch in the diet 
Groups were fed (1) one hour and fasted 7 hours, 
(2) one hour and fasted 5 hours and (3) one hour 
and fasted 3 hours throughout successive experi- 
ments lasting 27 days A time-interval feeder was 
devised for the automatie opening and closing of 
the feeding jars Significant differences were noted 
m mtrogen retention and in body weight gam, 
weight gain/gram of diet eaten, weight gain/gram 
of lysme eaten These differences were greater as 
the feeding intervals lengthened Thus a delay of 3 
hours or longer, in the feeding of lysine as a supple- 
ment to a lysine-low diet interfered w'lth metabo- 
lism Lysine must be fed concurrently with other 
ammo acids in the diet for most eflScient utilization 
by the rat 

Vitamm Bu m swine nutrition A G Hogan and 
G C Anderson (by invitation) Depis of Animal 
Husbandry and Agricultural Chemistry, Univ of 
Missouri, Columbia, Mo Si-x pigs were taken from 
their mothers at 2 days of age and transferred to 
cages wuth wide-mesh wire floors They w'ere reared 
on synthetic milk which mcluded ‘vitamin-free’ 
casein, sucrose, corn starch, lard, mineral salts, and 
generous supplies of vitamins A, D, E, K, thiamine, 
riboflavin, pyndoxine, pantothenic acid, niacin, 
choline, biotm, folic acid and inositol Three of the 
pigs were given intramuscular injections of crystal- 
line vitamin Bi* (^lerck) at S-daj' intervals, until 
they w ere 38 days old One pig received a total of 
60, a second received 100, and the third received 200 
meg All 6 pigs grew at about the same rate for the 
first 6 weeks In the following 4-week period the 
pigs that received the injections made an average 
gain of 26 8 lb , the others gained 15 9 lb In the 
following 6-w eek period one pig that did not receive 
vitamin Bi- died, unexpectedly, and one has not 
gained consistentlj The third began to decline and 
when injected with a total of 15 meg of vritamin Bjj 
it began to gam at a moderate rate The 3 that had 
received the vitamin injected grew at a uniform 
rate with an av erage gain of 58 8 lb , w hich is excep- 
tional for that age Three sows in all have been 
reared on svmthetic diets Two farrowed but were 
unable to rear their litters The third nev er became 
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pregnant, presumablj because of a constriction m 
each Fallopian tube 

Role of methionine in the protein metabolism of 
the rat Cecile Hoover (by invitation), Pearl 
Swarson\ and Helen Merriam Stewart (by invi- 
tation) Nxdntion Laby , Foods and Nntnhon 
Section, Iowa Ayr Exp Sta , Iowa State College, 
Ames, Iowa Methionine, vhen added as a supple- 
ment to a nitrogen-poor diet offered to rats for a 
period of 21 dajs, exerts a marked body -sparing 
action It has been postulated that in its absence, 
the body raids its on n tissues to secure this com- 
pound for the fabrication of an essential metabo- 
lite (s) This hypothesis is being tested by studies 
of the partition of urme excreted by rats under 
various experimental conditions The reduced ex- 
cretion of urinary nitrogen resulting from the 
dietary addition of methionine is due to a marked 
decrease in both the total and relative amounts of ■ 
urea nitrogen Effects induced by the supplemen- 
tary feeding of certain analogs of methionine also 
have been investigated An accelerated catabolism, 
for example, accompames the administration of 
ethionine Although the quantity of nitrogen ex- 
creted is increased by 148 mg , the excretion of urea 
remains constant Ethionine apparently acts hke 
an antagonistic substance, thereby indicating that 
methionine occupies a key piosition is some meta- 
bolic reaction, and is important in this connection 
as a whole molecule rather than by virtue of specific 
constituent groupmgs With caloric restriction, the 
elimination of fat from the test ration of rats results 
in a stnkmg increment in urinary nitrogen due to 
increased quantities of urea The addition of methi- 
onine averts the catabolic action of the Ion fat diet 
under these conditions The ameliorative influence 
of dietary fat appears to rest on its ability to reduce 
the catabolism of compounds, the end products of 
which shov up in the non-urea nitrogen fraction of 
urine 

Fatal lung hemorrhage and liver damage in rats 
prevented by vitamin EEL Hove, D H Cope- 
land (by invitation) and W D Salmon Laby of 
Ammal Nutrition, Alabama Polytechnic Inst , 
Auburn, Ala Young rats died suddenly after an 
average of 53 days on a Vitamin E-free, low -casein, 
high-fat diet A sex difference in incidence vas 
apparent death came to 80% of the males (30/37) 
but only 30% of the females (3/10) No spiontane- 
ous deaths occurred among 28 litter mate controls 
receiving 7 mg DL alpha tocopherol u eekly The 
diet contained water-v ashed casein 10, lard 19, cod 
liver oil 1, salt mixture 4, sucrose 66, choline 0 2, 
andanabundanceofB vitamins Necropsy revealed 
3 major types of lesions massive hemorrhage in the 
lungs , distension of small and large blood vessels 
of the body , and grossly evident liver damage which 
histologic section shov ed to be zonal necrosis Evu- 
dence of Vitamin-E deficiency v\as shown by 


blanching of the teeth, testicular atrophy, creatin- 
urea, and depressed growth (0 86 gm/day as com- 
pared with 1 26 gm/day for controls) Methiomne, 
cystine or theophylline (0 1%) did not protect, al- 
though a higher casein level did With 18% casein 
in the E-low diet, growth was optimum, and the 
rats remained in apparent good health for a year 
The protective factor in casein could be destroyed 
by hydrogen peroxide Death and liver damage 
occurred in 5 of 6 rats on E-low diets containmg 18% 
oxidized casein fortified with tryptophane and 
methionine The DL-methionine requirement for 
maximum growth was over 1% although this level 
did not protect against the acute Vitamin-E defi- 
ciency 

Influence of vitamin E on the creatine and creat- 
inine excretion of rats poisoned with CCh E L 
Hov'e Laby of Animal Nutntion, Alabama Poly- 
technic Inst , Auburn, Ala A sharp increase in 
creatine excretion and a reduction in creatimne 
excretion has been observed in rats jxnsoned wnth 
CCh The same condition occurs as the result of a 
chronic vitamin-E deficiency Therefore a study 
was made of the influence of vitamin E on the crea- 
tine-creatinine excretion pattern following CCh 
Groups of rats on a 10% casein. E-low diet were fed 
0,0 6,2 Sand 12 6 mg of DL, alpha tocopherol daily 
for 10 days prior to injections of single doses of 1 cc 
of CCh/kg body weight The maximum creatine 
excretion level, expressed as mg/rat/day, was 25 
for the E-free group, but only 7 for the group fed 
the highest tocopherol level The fall m the creat- 
inme excretion w as delayed in the tocopherol fed 
group and the return to normal values was more 
rapid The lower tocopherol levels gave intermedi- 
ate values Half of the E-free control group died as 
the result of CCh None of the tocopherol-fed rats 
died The values given for the creatme-creatinme 
excretion of the E-free group are based on sur- 
vivors 

Role of the gastrointestinal tract in the conver- 
sion of tryptophan to nicotinic acid James M 
Hundley (introduced by F S Daft) Experimen- 
tal Biology and Medicine Inst , National Inst of 
Health, Bethesda, Md Several investigators have 
advanced evidence mdicating that the intestinal 
bacteria can supply a part or perhaps all of the re- 
quirement for mcotinic acid in certain species 
Smee tryptophan is known to be a dietary precur- 
sor of nicotinic acid, the idea has been advanced 
that intestinal bacteria may convert tryptophan to 
nicotinic acid To test this possibility, we have 
studied the efficiency of conversion of tryptophan 
to mcotimc acid in rats before and after surgical 
removal of the gastrointestinal tract The amount 
of urinary N'-methylnicotinamidc (NMN), ex- 
pressed as Y per 100 gm of rat in 24 hours, w ns used 
ns an index of the amount of nicotinic acid synthes- 
ized 100 mg of L(-)tryptophan given subcutane- 
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ouslj in 10 cc of saline T,as the test dose m all 
instances 26 male rats n eighing about 250 gm each 
mere maintained on a basal purified ‘nicotinic acid 
free’ diet The rats excreted 120 y of NMN on this 
diet alone Trj-ptophan increased the excretion to 
1274 y After surgical removal of the entire intes- 
tine, excepting the stomach, the basal excretion of 
NMN nas 246 T Tryptophan increased the excre- 
tion to 2156 7 After gastrectomy only, the basal 
excretion mis 182 y nhich tryptophan increased to 
1864 7 These data have been interpreted to mean 
that neither the stomach nor the bacteria of the 
intestinal tract are involved in the synthesis of 
nicotinic acid from trjTitophan 
Comparison of sugars in the purified diet of baby 
pigs S R Jo^^so^ Dept of Animal Industry, 
hmv of Arkansas, Fayetteville, Ark Five litters 
of babj pigs nere fed ‘synthetic’ milk m which all 
nutrients nere in purified form When the carbo- 
Iijdrate nas sucrose, acute diarrhoea quickly de- 
X eloped, resulting in rapid n eight loss and death 
n ithin 48 hours unless a ration change supervened 
Hemorrhagic kidney sjndrome, probably like that 
obserx'cd in joung rats on low choline sucrose-base 
diets, resulted from the use of sucrose When the 
ration mis quickly changed to cons’ milk, recovery 
occurred If the pigs n ere started on cows’ milk and 
changed very gradually to the sucrose-base diet, 
fhej tolerated the sucrose Addition of 16% yeast, 
0 4% d-1 methionine, or a double allowance of pure 
Mtamins did not prevent the sucrose syndrome 
Glucose (‘Ccrelose’) instead of sucrose in the puri- 
fied diet resulted in uneventful growth with little 
or no diarrhoea or kidney damage Lactose nas 
‘=atisfnctorj in the starting ration but pigs on the 
lactose-base diet cvcntuallj developed chronic di- 
arrhoea, gren moreslonl3 than those receiving glu- 
cose, and one pig continued on the lactose diet 
dc\ eloped jirobable biotin deficiency Lexailose was 
uiwatisfaclorj as the carbohj^dratc (2 cases), and 
addition of sucrase enzjane to the sucrose-base diet 
did not improxe performance (2 cases) Baby pigs 
could be started xerj successfully nith onlj one 
small nursing of colostrum, cons’ milk wJiile learn- 
iiif, to drmk the first da\ , then nith the purified 
diit nith either glucose or lactose as the carbo- 
hxdratc 

Percplration as a factor influencing (he iron 
roomrement FnxxcEs \ Joiixsrox and Guadis 
t H\r IX (1,1 lu^itatiou) V } State College of 
Ho i lanov c<^, Cornell Unu , Ithaca, X T In 
Mudn V of the iron requirement the loss of iron in 
p' r-piniifin is not u'^ualh taken into consideration 
L 11 ' tb( !o-s 1^ cxlrcmoh sm dl it nail raise the 
Jxim-, icm ^pprcriihh be cause of (he Ion per- 
n of m.n d.sorln d from the diet The problem 
^ 1' free of contvimiiiation is 

‘ 1 '-h lb u ,11 could do n IS obtain a xalue 
' ' I ■ ' mid a amount of iron 


that might be present The iron content of filtered 
water collected from washing 2 subjects after per- 
spiring for 2 hr at 100°F and 69—67% relative 
humidity was 0 02, 0 02 mg respectively This 
would amount to 0 24 mg for 24 hr of profuse per- 
spiration Since perspiration seldom continues at a 
profuse rate for 24 hr , a loss as large as this W'ould 
be unusual Perspiration induced by high tempera- 
tures and humidity and collected without dilution 
was found to contain a mean value of 0 06, 0 05, 0 03, 
0 02 and 0 04 mg/1 for each of 5 subjects Except 
under extreme conditions of temperature, humidity 
or activity, the excretion of perspiration probably 
does not exceed 1 1/day Thus, under normal Imng 
conditions in the north temperate zone, the loss of 
iron in perspiration is negligible and probably does 
not exceed 0 02 to 0 06 mg/day The possibility that 
perspiration contains no iron can not be ignored In 
3 of the 19 samples collected from the 5 subjects no 
iron was present 

Color measurement m products of nee milling 
Mahinus C Kik Univ of Arkansas, Fayetteville, 
Ark Whole kernel samples of mill products (brown, 
first break, second break, and head or white nee) 
of Blue Rose, Zenith, California Pearl and Nira, 
tested for color mth the Hardy self-recording pho- 
toelectric spectrophotometer, gave average per- 
centage reflectances at 460 my and at 660 in,u for 
brown nee, 25 and 61 , for first break, 33 6 and 59 2 , 
for second break, 36 2 and 61 3 and for head nee, 
36 1 and 60 6 In the whole visible region (especially 
in the yellow), reflectance values between brown 
and w'hite nee differed considerably, were small 
between first break and nonappreciable between 
second break and white The photovolt photoelec- 
tric reflectometer, with blue, green and red filters, 
gave similar results Blue and green filters were 
more effective than the red filter In these latter 
studies rice samples mth different bran removal 
(1 to 10%) were tested for color The widest spread 
of readings between samples of one variety is ob- 
tained when measurements are made wuth ‘sup- 
pressed zero ’ Using the blue filter and for brown 
nee a setting at 0, gave readings for first break, 
second break and head nee of 50, 58 and 69 respec- 
tively The results of these reflectometer studies 
might find application in government grading, in 
description of standards for rice and in controlling 
nec milling to a specific degree of whiteness 
Pteroj Iglutamic acid studies on patients with 
tropical sprue Factors affecting urinary excretion 
levels Elizabeth M Kxorr and Ram6x M 
Slauez (introduced bj R R Wiliiams) School of 
Tropical Medicine, San Jnan, Puerto Rico The 
urinarx excretion of pterox Iglutamic acid has been 
ass^ixed with Lactobacillus casei, for 313 24-hour 
specimens and 2-37 2-S-bour collections, from 65 
indixiduals Patients with tropical sprue \ ere diag- 
nosed in accordance wnth the criteria defined bx 
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Sudrez, et al (Ann Int Med 26 643, 1947) Re- 
sults are reported as micrograms The average total 
daily excretion for sprue patients was 1 109 (range 
for 6 patients 0 166-0 778, and 4 patients 1 180- 
3 068) Eight staff members averaged 1 693 (range 
0 920-4 100) Two non-sprue, anemic patients ex- 
creted 0 418 and 0 243 on a low protein diet, in- 
creased to 0 650 and 0 433 when macm was added, 
and increased to 1 544 and 1 273 vhen given the 
regular hospital diet Three anemic patients on a 
diet high in protein and vitamins, plus injections 
of liver extract, excreted an average of 4 340 (range 
3 909-4 715) The night rate of excretion, in Mg/hr , 
was 0 022 for sprue patients, 0 057 for other hospital 
patients, and 0 076 for staff members During fast- 
ing in the morning, the rate of excretion decreased 
for sprue patients to 0 016, but increased to 0 094 
and 0 119 for the other hospital patients and staff 
members One staff member, although receiving an 
excellent diet, excreted amounts of pteroylglutaimc 
acid comparable to the lower figures for sprue pa- 
tients, and had a tendency for repeated episodes of 
a spruelike syndrome Women during the last tri- 
mester of pregnancy had mght excretion rates of 
0 068 and fasting rates of 0 101, but decreased to 
0 049 and 0 091 during the first week postpartum 

Paradoxical relationship between serum level 
and liver content of vitaimn ARE Keausb (in- 
troduced by H B Piehce) Dept of Btochemtslry, 
College of Medicine, Umv of Vermont, Burlington, 
Vt An exammation has been made of the relation- 
ship between serum level and liver content of vita- 
min A in normal rats and those under the influence 
of varying degrees of vitamin-A depletion An in- 
verse relationship has been found between the blood 
and liver levels of vitamin A in normal rats and in 
depleted ammals whose liver content ranged as low 
as 600 lu/total liver However, under conditions of 
more severe depletion when the total liver content 
fell below 600 itt, there was a parallelism between 
blood and liver levels This evidence supports the 
hypothesis that there is a regulatory mechamsm 
controlling blood vitamin-A levels of the rat nhich, 
under the conditions described above, operates to 
give an inverse relationship between blood level 
and liver content of vitamin A This mechamsm, 
however, fails to function under conditions of ex- 
treme depletion 

Some inter-relationships of thiamine and fat in 
the nutrition of the rat M M Krider (by invita- 
tion) and N B Guereajvt Dept of Agricultural 
and Biological Chemistry, Pennsylvania State Col- 
lege, State College, Penna Studies, with regulated 
intakes of isocaloric diets, designed to clarify the 
probable inter-relationship of the thiamine and fat 
intake of the rat and the amounts of thiamine and 
fat sfored in the rat’s body have yielded data that 
permit the following conclusions 1 ) Increasing the 
thiamine intake from 2 to 1000 yg daily had less 


effect on increasing the bodj -weights of rats than 
did increasing the fat content of the diet from 0 to 
20% This increase in body-u eight was due primar- 
ily to greater fat deposition attained by the rats 
receiving the fat-contaming diets 8) The cardiac 
thiamine of rats was found to depend primarily on 
the thiamine intake and was not markedly affected 
by the fat content of the diet 3) Under the condi- 
tions of the experiments, the fat content of the 
rat’s body was found to increase with the fat con- 
tent of the diet and nas not markedly influenced 
by the thiamine intake where the intake of this 
vitamm vas 50 /ig or more/day 4) The index of 
refraction of the body fat of rata was found to vary 
with the fat (Crisco) content of the rat’s diet and 
to decrease vuth an increase in the amount of fat 
present in the rat’s body 

Effect of dietary restriction and rehabilitation 
upon the spontaneous activity of rats Harbt 
Kkztwicki and Esther Da Costa (introduced by 
Robert E Johnson) U S Army Medical Nutri- 
tion Laboratory, Chicago 9, III During an average 
of 14 weeks, a control group of 12 male rats fed ad 
libitum gained 121% in weight with an average food 
intake of 14 9 gm/rat/day and showed an average 
activity of 1101 rotary cage revolutions/rat/day 
Eighteen rats fed a quantitatively restricted but 
othermse complete diet lost 42% in weight with a 
food intake of 8 gm/rat/day and an average activity 
of 7854 cage revolutions/rat/day The peaks in ac- 
tivity of the restricted rats occurred during the 
6th, 9th and 10th weeks Six rats fed 8 gm/rat/day 
of a low protein, high salt diet lost 32% in weight 
and showed an activity of 3351 cage revolutions/ 
rat/day During dietary rehabilitation, spontane- 
ous activity decreased promptly^ and showed an 
average of 1143 revolutions/rat/day with a high fat 
diet, 1176 revolutions/rat/day with a high carbo- 
hydrate diet and only 640 revolutions/rat/day for a 
high protein diet Thus both tyqies of food restric- 
tion caused increased activity but different, types 
of ref ceding led to significantly different reductions 
of spontaneous activity 

Nitrogen excretion of women related to the dis- 
tribution of animal protein in the daily meals 
RuthM Levbrton and Mart R Gram (by invi- 
tation) Human Nutrition Research Laboratory, 
Untv of Nebraska, Lincoln, Neb This study is a 
preliminary investigation of whether the time ele- 
ment in the feeding of complete proteins affects the 
utilization of the nitrogen by human subjects 
Fourteen college-age girls were kept on a constant 
diet which furnished 62 gm of protein daily for 36 
days During the first 18-day period a fruit-bread 
products-coffee breakfast, which furnished no pro- 
tein from animal sources, was served and all of the 
animal protein v as given in the noon and evening 
meals During the second 18-day period a glass of 
milk was taken from the evening meal and added 



March 19^9 


AMERICAN INSTITUTE OF NUTRITION 


389 


to the breakfast Metabolism data were secured on 
all subjects for the last 9 dajs of each of the 2 
periods The average dailj excretion of nitrogen for 
all subjects for the first and second periods \\ as 9 07 
and S 57 gm respectn eh for urinar\ nitrogen, and 
057 and 0 54 gm respectn eh for fecal nitrogen 
Differences betneen dailj nitrogen excretion of the 
2 penods were not alnajs st itisticallj significant 
On the same level of protein intake there w as, hon - 
e\er, a persistent trend tonard a loner nitrogen 
excretion vrhen the animal protein from a glass of 
milk was in the breakfast than when the animal 
protein was present onlj in the noon and cxening 
meals All subjects were in nitrogen equilibrium 
during the first period and retained an axerage of 
1 03 gm nitrogen dailj during the second period 
Studies inTohing protein stores in man Stax- 
let Levet, John E Hauroex and CuAniri J 
SuTTH (introduced bj Arthur IT Smith) ll a>/nc 
County General Hospital, Eloisc, Mtc/itgan,and the 
Depts of Physiological Chemistry and Medicine, 
Wayne Univ College of Medicine, Detroit, Mich 
The plasma volume (dj e method) , total circulating 
proteins and albumin were determined before and 
30 minutes after the infusion of 1000 ml of jilu sio- 
logical saline in 4 normal, health} males and in 0 
male patients exhibiting xarious degrees of iindcr- 
nutntion The undernourished subjects were then 
placed on a high caloric (4000-5000), high protein 
(2 0 to 4 0 gm/kg/do} ) diet for a poi lod of at least 
3 weeks after which the above procedure uas re- 
peated The subjects u ith normal nutrition demon- 
strated a constant response to the saline infusion 
characterised by an increase in plasma xolumc, 
approximately 350 ml , a decrease in serum protein 
concentration, but an incicasc in total circulating 
proteins The albumin changes did not follon a con- 
sistent pattern The response to the saline infusion 
exhibited by the malnourished patients n as chai - 
actenzed by decrease in both the protein concen- 
tration and in the total circulating proteins , in spite 
of an increase in plasma volume The nialnourishcd 
subjects nho were followed through the controlled 
dietary period demonstrated an increase in circu- 
lating proteins after the saline infusion similar to 
the normal controls The major interest of this 
stud} centers on the changes in the circulating pro- 
teins following the saline infusion The increase in 
circulating proteins demonstrated by the normal 
patients is explained by a w-ashing into the circula- 
tion of proteins from a labile protein store The 
decrease in circulating proteins exhibited by the 
undernounshed patients is explained by a lack of 
labile protein stores The change from the mal- 
nourished to the normal pattern after the period of 
dietary treatment demonstrates the repletion of 
the protein stores 

Human urinary and fecal elimination of vitomm 
Be and 4.pyndoxic acid on a controlled diet 

I 


IlELi.rx LixKffviiLEn and Mai S Retnolds (in- 
troduced bj Ilri-rx T Parsoxs) Dept of Home 
Economic^, U nil o/ II isfoniiin, l/ndison, 11 is The 
pxridoxinc intake and the pxridoxinc and 4-p\n- 
doxicncid cliiniintioii b} 12 iiornnl human subjects 
on a controlled dictarx intake ha\c been deter- 
mined Tlie diet furnished from 0 5 to 1 0 ing of B» 
and from 19 to 32 gm \cgct able protein per da} b} 
annhsis Supplements of thiamine, nlKiflaMii, nia- 
cin and calcium lactate were guen Calorics were 
adequate to maintain weight A period of 9 daxs 
with no pyrnloxinc supplement w is followed In a 
9-dax period during which 15 mg pxndoxine per 
dax were gixcn In the first period, the pxndoxine 
and 4 px ridoxic acid eliminated ranged from 0 S5 to 
3 7 mg III excess of the pxndoxine intake l-p\n- 
doxicacid accounted for approximatclx S0%of this 
total excretion Intestinal exiithcsis of B* in man 
has been assumed In other inxcstigators but has 
not been iircxioiislx demonstrated Studies of the 
effect of siilfasiixadinc on sx nthesis arc in progress 
IMicn tlic diet w is supplemented with 15 mg of 
pyndoxine IICI dailx onU 50 to G0% of the total 
intake was eliminated 4-pxridoxic acid excretion 
during this period ranged from 75 to S0% of the 
total mctaliolitcs dctcrinincd 
Age and calcium utilization C M McCxx, F 
E Loxrmcr (b} imitation), C II Liu (bx inxi 
tation)aiulG KxxL(bx inxitation) Laboratory of 
Animal Nutrition, Cornell Lnn , Ithaca, N Y 
Rvts, stirting at 3S da}s of age stored 90% of the 
calcium from a diet containing 0 3% Ca, until the 
animals w ere 1 10 da} s old Vt ICO da} s of age these 
rats stored 55-95% of the Ca Littcrniato rats fed a 
similar diet contaiiiing enough oxalate to tic up J of 
thcdictar} C.i stored onl} the free Ca until 70 da} s 
of age After this ige the utilization improxcd until 
S0% of all diet ir} Ca w-is stored at 100 d i} s of age 
After this Ci Stonge was onl} 10% below the con- 
trols 111 sjutc of the presence of oxalates If oxalates 
were fed w ith meat in the morning and calcium fed 
as milk 6 hours later, the utilization of Ca wais im- 
jiroxcd during tlic months shortl} after weaning, 
when assimilation of Ca was difficult Analogous 


studies with }ouiig puppies gax'C similar results 
111 order to dctci mine the effect of the lipids of the 
diet upon the xxastage of dictar} calcium in old 
rats, balances were run upon animals ranging 
from 450 to 900 da} s of age On a w eight basis the 
fat in the diet was xmried from 2 to 30% Under 
conditions of a constant but marginal daily intake 


f Ca, the higher fat levels created a greater 
egntive balance A similar effect was found when 
he percentage of Ca in the diet was kept constan 
ut the Ca ingested wais increased, due to the con 
umption of more of the low fat food 
Effect of carbohydrate on the nutrit , 

if heated protein IvanJ Mader (by i^'^ ^ 

.AWEENCE J SCHBOEDEB (bv inxutat.on) 
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Arthur H Smith De-pt of Physiological Chemis- 
try, Wayne Umv College of Medicine, Detroit, 
Mich A nitrogen balance study was used to deter- 
mine the possible role of carbohydrate in altering 
the nutritive value of heated protein A synthetic 
diet containing all the known dietary essentials 
was fed to three adult female dogs Commercial 
and ‘carbohydrate-free’ lactalbumin, heated under 
various conditions, served as the protein nitrogen 
sources All diets fed were isocalonc and daily 
nitrogen intakes kept at a constant minimal level 
for each dog Based on the partition of nitrogen 
excretion between the urine and feces, no changes 
in digestibility or nutritive index occurred when 
the protein was dry-heated at 120° Using the orig- 
inal lactalbumin as a criterion, significant de- 
creases in both digestibility and nutritive value did 
occur when the lactalbumin was autoclaved This 
decrease in nutritive value was propiortional to the 
severity of heat treatment Commercial lactalbu- 
min contains large amounts of reducing sub- 
stances, chiefly lactose Water extraction allowed 
almost complete removal of the carbohydrate The 
extracted lactalbumin, heated in the same manner 
as the commercial lactalbumin, was fed m another 
senes of experiments After removal of the carbo- 
hydrate, an increase was observed in both the 
digestibility and nutritive index of the autoclaved 
protein The extracted lactalbumin was reconsti- 
tuted with lactose with respect to the carbohydrate 
content of the original protein Upon heating, the 
carbohydrate content dinumshed and severe nega- 
tive nitrogen balances resulted Decreased digesti- 
bility of the autoclaved lactalbumin, as evidenced 
by increased fecal nitrogen, accounted for the 
decrease in its nutritive xalue Utilization of ab- 
sorbed nitrogen remained uniformly high in all 
cases 

Effect of various degrees of starvation on 
gonadotrophic and lactogenic content of rat 
pituitarles Joseph Meites and J 0 Reed (in- 
troduced by C F Huffman) Dept of Physiology 
and Pharmacology, Michigan SUite College, East 
Lansing, Mich Five groups each of intact and ova- 
nectormzed mature rats were put on full, i, i, i 
and no-feed regimes The first 4 groups were 
killed at the end of 14 days and the 5th group at the 
end of 7 days Pituitary gonadotrophic content was 
determined by injecting an aqueous aliquot of 6 
pituitaries from each group into 5 immature female 
rats during a 6-day period, and weighing the ovaries 
and uteri on the 6th day Lactogenic potency was 
measured by injecting an aqueous aliquot of 2 
pituitaries from each group intradermally ovei the 
crop glands of 5 pigeons during a 4-day period, and 
rating the crop responses on the 5th day Regard- 
less of the degree of starvation in either intact or 
ovariectomized rats, there was no reduction in 
pituitary gonadotrophic content This occurred 


despite the marked atrophy of the ovaries and uteri 
of the intact rats, and the high initial pituitary 
gonadotiophic content of the ovariectomized rats 
Pituitary lactogenic potency was reduced in both 
intact and ovariectomized rats on the J and no- 
feed regimes, corroborating the report of Meites 
and Turner {Mo Agr Exper Sta Res Bui 416, 
1948) that mother rats starved during lactation 
show a decrease in pituitary lactogenic content 
It 18 concluded that during starvation, pituitary 
gonadotrophic content is not and pituitary lacto- 
genic content IS an accurate index of the amount 
of hormone released into the blood stream 
Folic acid deficiency and the respiration and 
pyruvate utilization of duckling erythrocytes and 
cardiac muscle 0 Neal Midler (by invitation), 
Robert E Olson (by invitation) and Fredrick 
J Stare Dept of Nutrition, Harvard School of 
Public Health, and Dept of Biological Chemistry, 
Harvard Medical School, Boston, Mass Folic acid 
deficiency was induced in 4-day-old white Pekin 
ducklings by feeding a purified diet supplemented 
W'lth Bulfaguamdine After the onset of anemia, the 
deficient birds were taken for respiration studies 
by the direct method of Warburg Controls fed the 
deficient diet plus folic acid were tested simul- 
taneously Blood was drawn from the jugular vein 
into heparinized syringes, centnfuged, and washed 
once wnth cold phosphate-saline at pH 7 4 Slices of 
heart ventricle from the same birds were prepared 
The washed red cells and the cardiac muscle slices 
were then incubated at 37°C for 1 hr after equi- 
libration in an atmosphere of oxygen When pyru- 
vate was added as substrate, it W'as initially present 
in the medium The disappearance of pyruvate and 
formation of lactate was determined chemically 
and the net pyruvate utilization, i e , the con- 
version of pyruvate to non-lactate products, cal- 
culated Data obtained wnth heart muscle slices 
are expressed in terms of (Q) while that obtained 
with the red cell suspensions are expressed in 
terms of microliters of substrate or oxygen utilized 
per ml of Btandard blood (hematocrit = 38) 
Slices of ventricle from folic acid deficient ducks 
showed no depression in oxygen consumption be- 
low that of controls either wnth added pyruvate 
(QOj = 12) or wnthout pyruvate (Qoi = 9) The 
conversion of pyruvate to lactate, however, was 
increased, and the conversion of pyruvate to non- 
lactate products was decreased approximately 20% 
by the deficiency The erythrocytes from deficient 
birds showed a decrease in both respiration and 
p^TTivate utilization 

Fate of ascorbic acid, dehydroascorbic acid 
and diketogulonic acid in the animal body Mart 
B Mills (by invitation), Charlotte M Dam- 
ron (by invitation) and Joseph H Roe Dept of 
Biochemistry, School of Medicine, George Wosk- 
ington Umv , Washington, D C Normal guinea 
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pigs nvaintaiDsd on a stock diet Bupplcinciitcd \\ itli 
cabbage Here injected or fed bi stoinnch tube with 
pure solutions of ascorbic acid, fresbh jircpircd 
debi'droascorbic acid, or a calcium dikctogulouatc 
After 1 or 2 hours, the animals ivorc sacrificed and 
the vanous tissues analjzcd for ascoibic acid, 
dehydroascorbic acid, and dikctogulonic icid 
Ascorbic acid was rccoicrcd as sucli to llie extent 
of about 40-50% of the amount ndmiiiistcicd 
Dehydroascorbic acid was iccovcicd to nlioul 30- 
40% of the amount given and sonic w is reduced 
to ascorbic acid or converted to dikctogulonic acid 
in the animal body Dikctogulonic acid was re- 
covered to about 25-30% of the amount gi\cn and 
there was no evidence of transforniitioii to the 
other two compounds being anah zed Young gmuc i 
pigs about 50-100 gm in size were used ns .i check 
upon the total recoveries obtained with adult jugs 
The animals were injected with the test coiniiound 
and killed 1 or 2 hours after injection The animal 
was skinned and the carcass was ground into i 
slurrj in the Waring blcndor under 10% stannous 
chloride solution containing CO; The slurrj was 
made to a satisfactory volume with 5% IIROj and 
analyzed for total ascorbic, dclij droascorbic and 
dikctogulonic acids Recoveries were a little higher 
with ascorbic and dchj droascorbic acids, and a 
little lower with dikctogulonic icid, than those 
obtained wnth adult animals The data obtained 
with young guinea pigs confirmed the observa- 
tions on the fate of the three comjiounds in adult 
animals 

Essentiallt} of vitamin Bu for the babj pig, 
with preliminarj quantitntnc data A L Nfu- 
MAKN (by invitation), Marian F Jamls (bj invi- 
tation), J L Khider (bj invitation) and B 
CkiNNOB Johnson Dept o/ Animal Science and 
Division of Animal Kitlrtlion, Univ of Illinois, 
Urbana, III Isolated soybean protein ‘synthetic 
milk’ fed to baby pigs was improved by supplemen- 
tation with a vitamin Bj; concentrate, both from 
the standpoint of growth and of physiological well- 
being Forty-two microgi-oms of vitamin Br/kg 
dry matter in the diet produced the maximum 
growth response and improved hematopoiesis 
Grossly, the vitamin Bj. deficient pigs were ex- 
tremely irritable, sensitive to touch, sluggish in 
their movements, and a number of the pigs wcio 

unable to stand upon their rear legs All the vita- 

Mn Bi 3 pigs on the two highest levels fed giew 
better and showed none of the above symptoms 
ne group fed a manure factor concentrate show ed 
the same gross symptoms as the xatamin B,j de- 
ficient pigs but grew almost as rapidly as those fed 
e iigher levels of vitamin Bi; Hematopoiesis was 
rather severely strained in all the pigs fed the Bi» 
e "went diets as well as in those fed the manure 
factor, as indicated by bone marron and blood 
8 u les, even though 0 4 gm pteroylglutanuc acid 


w IS included jicr kg drj matter in Ihi diet Histo- 
logical informnlioii on the ncrics, gasiro intestinal 
trict and other organs will be presented, as well 
us data on the blood and Ixinc marrow condition 
Tlic growth eflcct of the injection of rrxstallinc 
xitaniin Bi- in bil)\ pigs fed the same basal diet 
will also he rcjiortcd us well ns some iircliminarx 
diti on n plcro\lglutainie iicid xitaniin Bj- rc- 
latioiisliip 

Biochemical studies on primigraMdac on sclf- 
Bclcctcd diets differing grcatlj in nutntiic value 
111 1 1 N Oi nil \M, Blumci Bi,r m Shi it (lix inv ita- 
tioii) and Tin IMA Ponxi n DrpI of Home Eco- 
nomics, I nil of Chicago, Chicago, III Pnini- 
gnividni , Ining it home on self ‘^elected diets, were 
studied foi 10 da\ periods during each of the list 
5 inontlis of jiregnuncx Ml food eitcn during the 
first 7 davbof c icli period was wciglicd and samples 
were saved for thiamine, nlionavin, niacin, nitro- 
gen and trvptophane inilvscs Int ikes of other 
nutrients were cilculitcd Coinjilctc collections 
of cxcrcl 1 were made during the 7 dnvsand aliquots 
an ilj red On the 7th, Sth, 0th and 10th d ivs, after 
identic d breakfasts, 1 hour urine specimens were 
collected Tlmt on the 7th dav served as a control 
and those on the Sth, 9th and 10th davs as a meas- 
ure of nlmflaviu, niacin ind thiamine test doses, 
rcspcclivclv , which were given with breakfast The 
average dailv intakes of the diflcrcnt subjects 
ranged as follows calorics, 400 to 2300, protein, 10 
to 100 gm , Cl, 0 1 to 2 7 gin , iron, 4 to 150 mg , 
vitniiim A, GOO to 1G,C00 lu , vit uniii D, 500 to 3000 
lu , ascorbic acid, G to IGO mg , ihmminc, 0 35 to 
19 mg , riboflavin, 0 23 to 20 nig , macin, 4 to 8G 
mg Higli intakes of vitamins and minerals were 
due for the most jiait to xoluntarj supplementa- 
tion , the low , to poor dictarj habits The propor- 
tion of the thiamine intake which was excreted 
was icl ilivcly constant whcicas that of riboflavin 
varied directly with the intake Test dose returns 
of Ixitli tliiammc and iiboflavun wcic verj low on 
low intakes Excictiou of niacm metabolites on 
low intakes usually exceeded the amount of macin 
ingested, sometimes bj ns much as 100% Niacin 
test dose rctui ns of these subjects also tended to be 
high Consistently negative nitrogen balances w ere 
found only when the av'cragc dailj protein intakes 
w ere less than 30 gm 

Metabolism of radioactive acetate and pyruvate 
by cardiac muscle from normal and pantothenic 
acid-deficient ducklings Robert E Olson (bj" 
invitation) and Fredrick J Stare Dept of 
Nutrition, Haivard School of Public Health, and 
Dcpl of Biological Chcnmtiy, Haivaid Medical 
School, Boston, Mass Acetate labeled in the car- 
boxyl watli C“ and 2 isomers of pymvmte, labeled 
respectively m the carboxyl group and the alpha 
carbon atom were synthesized Slices and dilute 
homogenates of heart ventricle from noimal and 
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pantothenic acid-deficient ducklings were incubated 
with these substrates in Warburg flasks The gas 
phase in the slice experiments ivas Oj, in the ho- 
mogenates, air Total pyruvate disappearance and 
lactate appearance were determined chemically 
and the conversion of pyruvate to non-lactate pro- 
ducts expressed as net — QpyrnvatB The rate of oxi- 
dation of the labeled carbon atom in the respective 
substrates was determined by counting the C*‘Oi 
trapped in the center well All substrates were 
tipped in from side arms after equilibration and 
gave a final concentration of 6 mu/l The follow- 
ing representative data were obtained in a senes of 
normal ducklings 


1 

! 

1 

Net -Q 
Pyruvate 

Qci'Oi 

Pyruvate 

Car- 

boxyl 

1 

1 Qcho, 

pyruvate 

o-carbon 

Qc»o. 
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Car- 

boxyl 

Slice ! 

Homogenate 1 

6 2 

3 8 

2 8 

3 7 

1 8 

2 2 

1 1 

0 7 


These data indicate that in the slice, but not in 
the homogenate, considerable amounts of added 
pyruvate are metabolized to non-lactate products 
without the loss of COj The oxidation of added 
pyruvate in slices of ventncle from pantothenic 
acid-deficient ducks was essentially' normal In 
homogenates of deficient ventricle, however, there 
was a marked depression in pyruvate oxidation 
The oxidation of the alpha-carbon atom was re- 
duced more than the rate of decarboxylation The 
oxidation of acetate was reduced in both slices 
and homogenates 

Relationship of riboflavin deficiency to adreni- 
cortical function as shown by carbohydrate metab- 
olism in anoxia Bluebell RBAunCby invitation) 
and Agnes Fat Morgan Labj; of Home Eco- 
nomics, Univ of California, Berheley, Calif 
Young rate were subjected fasting to anoxic anoxia 
after 1, 3, 5, 8 and 12 weeks on riboflavin-deficient 
diet After the test period of 24 hours, blood sugar, 
liver glycogen and muscle glycogen were deter- 
mined Comparable animals kept at sea-level under 
the same conditions were similarly examined, as 
nere rats given the same diet plus riboflavin under 
anoxia and at sea-level The total carbohydrate 
content of the deficient animals was greater than 
that of those on normal diet through the third n eek 
but this decreased rapidly' below the normal fast- 
ing level in the 5th to the 12th week Injection of 
0 1 mg riboflavin immediately before, or of 2 ml 
cortin in the 24 hours just preceding the test 
period, restored the carbohydrate-producing 
capacity of the deficient rats Injection of desoxy- 
corticosterone, 5 mg in oil, in the 48 hours pre- 
ceding the test had little effect Adrenalectomized 
rats on the control diet were not enabled to in- 
crease their carbohydrate content by injections of 


0 1 mg riboflavin Pair-fed normal controls ex- 
hibited increased gluconeogenetic capacity above 
that of the full-fed positive controls The behavior 
of the deficient animals corresponded with that 
described by Selye as ‘alarm reaction’ during the 
first part of the deficiency and ‘collapse’ in the 
latter part This may indicate that the state of 
riboflavin deficiency involves increased adreni- 
cortical activity at first followed by adrenal cortex 
exhaustion Either the complete cortical extract, 
cortin, or riboflavin substituted for, or restored 
adrenicortical function 

Relation of age to ascorbic acid metabolism in 
guinea pigs Mart Elizabeth Reid Expt’l Biol 
and Med Inst , jY I H , Bethesda, Md Two 
groups of inbred male guinea pigs, one slightly over 

2 months of age and the other ranging from 1 to over 

3 years, were fed a commercial pelleted diet, sup- 
plemented mth 1% of powdered yeast, vitamin E, 
and a small amount of fresh carrots Daily intra- 
peritoneal injections of ascorbic acid (5 mg/100 
gm ) were given for at least 3 weeks before the 
experiments were made At periods varying irom 
J to 24 hours after the usual daily injection, blood 
samples were taken, following which the animal was 
killed The liver, kidneys, spleen, adrenals, and the 
contents of the gastrointestinal tract were re- 
moved, assayed for ascorbic acid and the responses 
of the young and old groups to the experimental 
procedure were compared The basal, pre-injection 
levels in the blood and liver were found to be lower 
in the young animals Following administration of 
the vitamin, the levels in both groups rose rapidly 
in the blood, kidneys, and liver but showed no 
consistent variations in the adrenals and spleen 
The rapidity of increase and the subsequent return 
to basal levels varied from organ to organ The 
young animal showed a more rapid increase in the 
liver content but it also decreased earlier The 
kidneys of the young ammal maintained a high 
level much longer than the older group suggesting 
the possibility of greater tubular reabsorption 
Assay of the contents of the digestive tract yielded 
no evidence of more rapid excretion and destruc- 
tion in the younger group It is known that the 
dietary requirements of vitamin C for young and 
old animals is approximately the same per unit of 
weight However, these present results together 
with the results of earlier studies suggest that the 
younger ammal actually stores and uses more 
vitamin C than the older animal The evidence 
indicates that there is greater wastage in the older 
anunals 

Germ-free chick nutrition development on 
synthetic-type diets J A Retniers (by invita- 
tion), T D Lucket (by invitation),? C Trex- 
LER (by invitation), R F Ervin (by invitation), 
M Wagner (by invitation), H A Gordon (by 
invitation) Germ-Free Life Division, LOBUND, 



March IS49 


AJMERICAN INSTITUTE OF NUTRITION 


393 


Notre Dame, Indiana, R A Broun, G J M\n- 
KEBiNG (by invitation) and C J Camtoenii (bj 
mnfatioa) Research Labys , Parle, Davis cC Co , 
Detroit, Mtch The role of intcstiml micro- 
orgnnisms in nutrition research is of considerable 
theoretical and practical importance Attention has 
been largelj directed tonurd the possible 53 nthcsis 
of vitamins b} the intestinal flora Tins rcjwrt 
records a studa to determine uhetber germ-free 
clucks require a dietar} source of unknou n i ita- 
mins Chicks u ere obtained and reared germ -free 
according to the method of Rc} nicrs cl a1 
(LOBUND Reports, No 2) The anininls ucre 
fed autoclared water and S3 nthctic-t3pc diets 
(with and w ithout liver and 3 east) for 4 to 9 w ceks 
Bacteriological tests (microscopic and cultural) 
showed the chicks to be free from all demonstrable 
Irnng microorganisms The diets used were ado- 
quateas shown b3’- chemical and biological methods 
The percentage of nutrients lost during nuto- 
ckaing at 122®C for 25 minutes is as follows 
thiamin, 90, ribofla\nn, 16, niacm, 3, pantothenic 
acid, 45, p3TidoMne, 31, biotin, 0, choline, 12, 
folic acid, 64, vitamin A, 19, vitamin E, 46, aita- 
min K, 38, l3sm, 0, tr3'ptophane, 8 Feather de- 
velopment eras excellent in the gcrm-frcc chicks 
When 4 weeks old, the3' were somewhat heaMcr 
than the control chicks fed the same diet in 4 of 
7 experiments The presence of liver and 3 east 
powder or fresh hver extract did not significanth 
increase growth rate or hemoglobin formation 
Hematopoiesis was normal except for some devia- 
tions m the white blood cell picture Porosis oc- 
curred in some of the germ-free birds The results 


indicate that the nutritional requirements of germ- 
free chicks are similar to those of the controls 
Therefore if the search for unknown vitamins is to 
be carried further, it is exndent tliat cither the 
diets or the animals used mil have to be changed 
Amino acids and vitamin Bj- as supplements to 
plant proteins for growing chicks L R RiciiAnn- 
^N, L G Blatlock (b3 invitation), H L 
Gerxlxn (by inxntation) and R M Sherwood 
(b3 invitation) Texas Agricultural Expcrimeni 
Station, College Station, Texas Amino acids and 
ntamm Ej. were investigated as supplements to 
commercial cottonseed meal low m gossypol and 
to SOI bean meal for growing chicks The protein 
concentrates were added m quantities to supply a 
total of 20% protein in the diet One typical diet 
rontamed com meal, protein concentrate, steamed 
bone meal, manganese sulfate and all vitamms re- 
quired bx growing chicks Another contained cere- 
i^e instead of gram and nuneral mix-ture instead 
m bone meal The e\-penmental period was 4 w eeks 

^ V cottonseed meal diet 

weighed an ai erage of 160 gm w hile those receiving 

e same^et plus 0 S% of l(-}-) l3-8ine weighed 
gm When the basal diet contained 3% sardine 


meal the chicks weighed an average of 200 gm 
without and 252 gm withhsiiic The further addi- 
tion of 0 1% of m (nptoplnn and 0 2% of or- 
methioninc (o the cottonseed mod sardine nieil 
diet increased the weight to 2S2 gm A vitamin Bn 
concentrate was investigated ns a supplement to 
cottonseed and sovbeaii meals Three clucks re- 
ceiving a ccrclosc cottonseed meal diet supple- 
mented with 0 8% of m-lvsmc in addition to 
tr3ptophnn and methionine weighed an average of 
22s gm while 3 receiving the same diet plus 40 
Mcg/kg of vitamin Bj- weighed an average of 
300 gm Two groups of 17 chicks each receiving 
the ccrclosc E03bean meal diet weighed an aver- 
age of 250 gm without and 2S5 gm with vitamin 
Bi, 

MctnbollBm of p-animobenzoic acid and some 
of its conjugates b) the rat Thomas R Riggs 
( by invntation) and D Mark Hbgsted Dcpl of 
Nutnlwii, Hart'ord School of Public Health, Dcpl 
of Biological Chcmisinj, Hartard Medical School, 
and Dept of Biochcmisirij and Nuiniion, Tufts 
College Medical School, Boston, Mass The acety lo- 
tion of p-aminobcnzoic acid (PAB) in rats ims been 
shown to bo diminished m pantothenic acid de- 
ficiency (J Biol Chem 172 539, 1948) and also to 
be influenced by deficiencies of thiamine and ribo- 
flavin and by the amount of PAB admimstcred 
(J Btol Chem in press) Since PAB can be con- 
jugated at the carboxyl group (with glycine) as 
well as at the amino group, it appeared that the 
extent of acetylation of the ammo group would 
probably be influenced by tlic extent of conjuga- 
tion of the carboxyl group Determinations of 
PVB, p-amiiiohippunc acid (PAH), and their 
respectiv c acety 1 dcriv ativ'cs w ere earned out on 
the urines collected for 24 hours after intrapen- 
tonoal injection of various amounts of these 
compounds Results showed intiaconvmrsion among 
the 4 substances, so that all four appeared in vary'- 
ing proportions after PAB, PAH, or acety I-PAH 
were injected No acety I-PAH was found after 
acety 1-PAB was given Tlie latter observation in- 
dicated that conjugation at the carboxyl end was 
prevented once conjugation had occurred with the 
ammo group Whenever the extent of acetylation 
of PAB was diminished by nutiitionai deficiency 
or by increasing the dose, conjugation at the car- 
boxyl group wws reciprocally increased so that the 
total proportion conjugated at one position or the 
other remained constant The extent of acetylation 
as affected by pantothenic acid deficiency and by 
gljcine supply (modified by preadministration of 
benzoic acid or of glycine) has been studied after 
administrating PAB, PAH, and sulfanilamide 
Availabilitjr of panthenol and calcmm panto- 
thenate in relation to food intake S H Rubin, 
L Drbkter (by invitation), M E Moore (by 
invitation) and R Pankopf (by invitation) 
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Nulriiion Laboratones, Hoffmann-La Roche Inc , 
Nutley, N J Previous work in this laboratory 
(J mdriiion 35 499, 1948) has indicated that 
the availability of calcium or sodium pantothenate 
to humans at elevated dosage levels is depressed by 
food intake to a considerably greater extent than is 
that of panthenol Further study of this effect in 
rats by an excretion technique (J Am Pharm 
Asm 37 498, 1948), at dosage levels within the 
linear a orking range of 1 to 10 mg/kg permits the 
following conclusions to be drawn 1) During ad 
libitum feeding, panthenol is approxiimtely 200% 
(range 193-267%) as available as equivalent 
amounts of calcium pantothenate at all doses fed 
(A value of 100% denotes equal availability ) g) 
Starvation for 24 hours (postabsorptive state) en- 
hances the absolute urinary excretion of panto- 
thenic acid in response to the ‘loading’ test doses at 
all levels, especially after calcium pantothenate 
S) The relative availability of panthenol and cal- 
cium pantothenate in this postabsorptive state is of 
the order of 220, 140 and 116% at the respective 
dosage levels of 10, 5 and 2 mg/kg 4) In contrast 
With Silber’s results with calcium pantothenate 
in dogs (Arch Biockem 7 329, 1945), the post- 
absorptive urinary responses are not profoundly 
affected by the administration of food with the 
dose However, a significant increase in fecal 
pantothemc acid does occur when 10 mg/kg of 
calcium pantothenate is given with food, but not 
With 5 or 2 mg/kg These results confirm and extend 
the previous findings in humans that the avail- 
ability of panthenol is better than that of calcium 
pantothenate under conditions of higher dosage and 
ad libitum feeding, and is more nearly equal in the 
postabsorptive state at lower doses 
Vitamin A requirement of the turkey poult fed 
a purified diet Walter C Russell, M Wight 
Taylor and Robert Van Reen (by invitation) 
Deft of Agricultural Biochemistry, New Jersey 
Agr Exf Sfa , Rutgers Univ , New BrunswxcL, 
N J Poults fed a purified diet in which protein 
was supplied as casein and gelatin and vitamin A 
as the acetate, required at least 3000 lu of the 
vitamin per kg of diet (1360 lu/lb ) for normal 
growth 6000 lu/kg of diet (2270 lu/lb ) nas re- 
quired to prevent all external signs of the de- 
ficiency, such as ruffled plumage, staggering gait, 
and cloudiness of the inner eyelid After 6 weeks on 
experiment, no liver storage was found even at a 
level of 6000 lu/kg of diet (2720 lu/lb ) In all of 
the groups receiving the purified diet, the bning 
of the esophagus and crop presented a white fur- 
rowed appearance Histological studies showed 
the development of very large cells in the epithelial 
layer n ith considerable ex-foliation It is not known 
whether this condition was the result of inadequate 
vitamin A or due to the physical character of the 
punfied diet On a practical mash the furrowed 
condition did not occur For normal groivth and 


external appearance, 5000 luof vitamin A per kg of 
diet (2270 lu/lb ) are considered adequate 
Metabolism of tryptophan labeled with radio- 
active carbon Dattabeya Rao Sanadi (by invi- 
tation) and David M Greenberg Division of 
Biochemistry, Univ of California Medical School, 
Berkeley, Calif DL-tryptophan (200 mg ) labeled 
with C^'' at the beta-carbon was administered 
subcutaneously to rats made diabetic with phlor- 
hizin From the subsequent 24-hour urine collec- 
tion, glucose was obtained as the phenylglucosazone 
which was then converted to the phenylgluco- 
sotrmzole by treatment wuth cupnc sulphate The 
ketone bodies were obtained first as the mercury 
acetone complex and then as 2 4-dinitrophenyl- 
hydrazone The glucose exhibited radioactivity but 
the acetone was inactive The activity in the COj, 
obtained by treating the urine with urease, was 
too low to explain the activity in the glucose as 
being entirely due to COj fixation Upon degrading 
the glucosotriazole by oxidation with sodium 
periodate it was found that approximately one- 
fourth of the activity of the glucose molecule was in 
carbon 6 and another one-fourth in carbons 4 and 5 
From the present knowledge of the products of 
tryptophan metabolism and from the isotopic dis- 
tribution in glucose it appears that a two carbon 
unit with C'* in the alpha-position is formed from 
tryptophan and is incorporated in the tricarboxylic 
acid cycle directly, but this two carbon unit does 
not form acctoncetate in the diabetic animal 
Oxidative deamination and subsequent oxidative 
decarboxylation of kynureninc would yield the 
compound NH- C«H* CO C'< H- COOH In the 
phlorhizinised animal, this compound may break 
down to anthranilic acid and a two carbon deriva- 
tive The formation of such a derivative has been 
confirmed by giving a normal rat 10 yc (about 12mg) 
of the radioactive tryptophan together with p- 
amino-benzoic acid The excreted p-acetylamino- 
benzoic acid was radioactive 
Vitamin nutriture and tryptophan metabolism 
in man Herbert P Sarett and Grace A Gold- 
smith Nutrition Research Laby , Tulane Univ 
School of Medicine, New Orleans, La Further 
studies have been conducted on the excretion of 
mcotimc acid and tryptophan compounds by sub- 
jects maintained on a wheat diet, which provides 
about 40 gm of protein and 6 mg of mcotimc acid 
per day (J Biol Chem 167 293, 1947) The addi- 
tion of DL-tryptophan to this diet leads to an 
increase in excretion of N'-methylnicotinamide 
which IS not affected by supplementing the diet 
wnth 50 mg of nicotinamide per day or w ith a com- 
bination of the other B vitamins The high level 
of nicotinamide does not decrease the conversion 
of tryptophan to mcotimc acid compounds The 
addition of DL-tryptophan to the diet leads to an 
increased excretion of two other compounds, one 
has tryptophan -like activity for Lactobacillus 
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containing ethanol extracted casein (56-60°C for 
72 hours) in place of the soybean protein and 
methionine but otherwise the same components 
These rats were bred and their young were fed the 
soybean ration On the soybean ration the 6 weeks 
post weaning weight gains were for the parent 
generation, males (12) 172 gm ± 15 4 (SD) , fe- 
males (26) 123 gm =b 8 4, for the Fi generation 
males (31) 175 gm ± 13 6, females (32) 112 gm ± 
12 5, not sigmficantly lower than those on a casein 
contaimng ration To date from 46 pregnancies 
there were 3 probable resorptions and 43 litters 
with 14 dead and 263 live young Of the latter 
14 whole litters and 101 young failed to survive 
the third day after birth Of 162 lats surviving 
the third day, 163 (94 4%) were weaned at 21 days 
with a mean w eight of 35 6 gm The cause of the 
high early mortality is not known but in no case 
could it be ascribed to failure of the young to obtain 
sufBcient milk smce lactation performance in all 
cases was excellent 

Nutrition of women during normal and abnormal 
pregnancy m Panama and the Canal Zone Nevin 
S ScBiMSHAW (by invitation), Martha J Thoma- 
son (by invitation), Robert P Bays (by invita- 
tion) and Estelle E Hawley Dept of Obstetrics 
and Gynecology, Univ of Rochester, School of Medi- 
cine and Dentistry, Rochester, N Y The dietary 
intake of 308 pregnant women representing 5 dis- 
tinct economic or racial groups in Panama and the 
Canal Zone was studied by diet interviews The 
incidence of pre-eclampsia for each of these groups 
in over 12,000 deliveries did not indicate a true 
tendency for this condition to occur more fre- 
quently in groups mth a Ion er average nutritional 
intake Furthermore, nhen the diet histones of 75 
women with pre-eclampsia were analyzed, there 
was no reasonable statistical possibility that their 
diets were poorer than those of their own racial or 
economic group in general Blood samples from 242 
pregnant women representing the above 6 groups 
and 2 intenor nllages were analyzed for total pro- 
tem, vitamin A, carotene, free and total riboflavin 
and alkaline phosphatase Alkaline phosphatase 
showed little vanation with diet and economic 
status, increased with gestation, and appeared to 
be lower in the white Americans than in the groups 
with greater skin pigmentation Of the 5 groups 
studied in detail, the one with the lowest estimated 
protein intake had significantly higher serum total 
protem values than did the others Women in the 
villages of La Gartanta and Parita had serum total 
protein values considerably above those reported 
for the United States or the Canal Zone, despite a 
lower protein intake Hovever, the women from 
these villages average much lover in serum caro- 
tene values These and other biochemical data are 
discussed in relation to the diet histones and the 
clinical states represented 

Vitamin C deficiency in the ringtail monkey 


James H Shaw School of Dental Medicine, Har- 
vard Umv , Boston, Mass The ringtail or brown 
capuchin monkey (Cehus fatuellus) is of interest in 
dental investigations because of its relatively small 
adult size and its tractability Investigations of the 
ringtail monkey’s need for various nutrients have 
been conducted in this laboratory to determine how 
similar its nutritional requirements were to those 
of man and the rhesus monkey In a study of 
whether vitamin C vas required in the diet, 10 
young adult ringtails were offered a purified diet 
which was believed to be adequate m all known 
nutritional essentials but deficient in ascorbic acid 
These monkeys maintained their original body 
weight, normal appearance and activity reasonably 
well for periods of 12 to 20 weeks when the classical 
manifestations of a chronic state of scurvy began to 
appear The deficiency was characterized by 
rapidly increasing debility, moderate decreases in 
body weight, extreme tenderness of the joints and 
extensive hemorrhages over large areas of the head, 
arms and legs Oral lesions v ere particularly severe 
and rapidly progressing, with widespread hyper- 
emia, hypertrophy and necrosis of the gums accom- 
pamed by extensive destruction of alveolar bone 
and sloughing of the teeth The injection or oral 
admimstration of crj'stalline ascorbic acid soon 
after gross manifestations of scurvy appeared re- 
sulted in extremely slow but complete recovery 
Administration of ascorbic acid at later stages was 
ineffective Comparable ringtail monkeys offered 
the same diet supplemented with adequate ascorbic 
acid were maintained in normal health throughout 
the experimental period 
Nutritional evaluation of the iso-oleic acids 
Blaidic, petroselinic and petroselinelaidic acids 
Henry Sherman (by invitation) , Laura M Camp- 
ling (byinvitation), WllltLu^ge (by invitation) 
and Robert S Harris Nutritional Biochemistry 
Lab , Massachusetts Inst of Technology, Cam- 
bridge, Mass Male weanling rats were fed diets 
consisting of 20% casein (Labco) 61 5% cornstarch, 
14% fat, 4% salts and liberal quantities of 14 vita- 
mins The fat in each of four diets varied as follows 
olive oil randomized with an equal quantity of a) 
tnelaidm (A**” trans), b) tripetrosehmn (A*"^ 
cis),c) tripetroselinelaidm (A*’’’ trans) or d) pure 
olive oil Olive oil vas used because it contains 80- 
85% A' CIS oleic acid Distilled water and diets 
were supplied ad libitum for 42 days and rats were 
weighed biweekly Before sacrifice data were taken 
for body surface calculations The fatty acids ex- 
tracted from the various groups of pooled carcasses 
were analyzed for iodine value, neutralization value 
and arachidonic acid content The results indicate 
that rate on a grew less rapidly, had smaller body 
surface and the carcass fat contained less arachi- 
donic acid than rats fed d Rats fed 6 grew better 
than those fed c and their carcass fat contained 
more arachidonic acid Rats fed c grew less and de- 
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posited less arachidonic acid than those fed d Rats 
fed 6 grew as well as those fed d, but their carcass 
fat contained less arachidonic acid Cis isomers of 
and A’ oleic acids appear to be more nutriti- 
ous than their respective trans isomers, and the 
A**^ trans isomer more nutritious than the A 
trans isomer 

Influence of dietary protein and fat on the to\ici- 
ties of tnnitrotoluene (TNT) and 2,4.dlnitrotolu- 
ene (DNT) for the rat Maurice E Shies and 
Leonard J Goldwater (introduced by C G 
King) Division of Industrial Hygiene, School of 
Public Health, Columbia Umv , New York, N Y 
Conflicting reports have been published on the ef- 
fect of diet on the closely related compounds TNT 
and DNT A study was made of the comparative 
effects of protein, fat and carbohydrate on both 
TNT and DNT toxicity by feeding to rats diets 
which contained low and high levels of each of these 
nutnents The intahe of each toxic compound n as 
kept equal for each group The growth inhibiting 
effect of DNT (fed imtially' at 300 mg % level in 
low fat diets and 600 rag % level in high fat diets) 
was less pronounced when the fat content of the 
diet was increased from 6 0% of the dietaiy calorics 
to 60 0% The beneficial effect of fat nas noted on 
both the high and low protein diets Variations in 
fat intake had little effect on the grow th of rats on 
low protein diets recemng TNT (fed initially at 
160 mg % level in low fat diets and 300 mg % level 
in high fat diets) The DNT and TNT-treated rats 
and their controls on the diets containing protein 
eqmvalent to 25% of the calories all grew at better 
rates than similarly treated animals on diets con- 
tammg protein at half this level The treated 
groups grew less than the controls but since the 
absolute increases in weight of each of these three 
groups m response to the higher protein intake was 
of the same order of magmtude, it appears that pro- 
tein has little or no specific effect in overcoming the 
growth inhibition of the toxic compounds How- 
ever, at the higher protein intake there were no 
deaths m the DNT-poisoned rats as compared to a 
high mortality on the low protein diets 
Radioactive phosphorus in the study of caries- 
resistant and susceptible albmo rats Rai L 
Shiblet (by invitation) and Carl A Hoppert 
Kedzie Chemical Laboratory, Michigan State Col- 
lege, East Lansing, Mich In 1931-32 Hoppert et al 
demonstrated that dental canes could be developed 
in rats by feeding diets contaimng coarsely ground 
corn or nee Subsequently, a genetic study was 
undertaken with Hunt in which two distinct strains 
of Albmo rata were developed that vary markedly 
in their susceptibility to dental canes The present 
study^ ivas undertaken to compare some chemical 
TOnstituents of the teeth of these developed strains 
he canes resistant and susceptible rats have been 
demonstrated in this investigation not to differ 
Significantly' in the following respects a) weight of 


teeth, b) % ash, c) % phosphorus on the basis of 
dry weight, and in the ash, d) rates of deposition 
and removal of radioactive phosphorus in the teeth 
when the isotope was injected into the peritoneal 
cavity, c) occurrence of radioactive phosphorus in 
the teeth of offspring of females that were injected 
intrapcritoncnlly with the isotope dunng preg- 
nancy,/) the in vitro adsorption of the isotope by 
the teeth from aqueous solution The data obtained ' 
indicates that the differences in susceptibility to 
dental canes of the rats used in this study are not 
due to differences in the phosphorus metabolism of 
the teeth 

Determination of vitamin-D activity in the rat 
bymeans of radioactivephosphorus R H Snyder 
(by invitation), Harold J Eisner (by invitation) 
and Harry Steenbock Dept of Biochemistry, 
Univ of Wisconsin, Madison, Wis In the course of 
an investigation of the mechanism of vitamin-D 
activity' it was found that the response of the ra- 
chitic rat to the administration of radiophosphorus 
could be directly' quantitated to small amounts of 
vitamin D The vitamin was administered orally in 
a single dose a short time before the tracer was 
given intrapcntoncally' An external ‘count’ of the 
forepaw of the anesthetized rat was chosen as the 
simplest technique of measurement A relatively 
simple apparatus was designed for placing a rat in 
a reproducible position under a mica end-window 
G M tube for counting Though a difference m the 
external count due to D developed almost immedi- 
ately after admmistration of the P“ it was found 
that the best time to take the counts w as from 8 to 
10 day's later The counts of groups with different 
doses were compared with a control group which 
received no vitamin D, oi with a group receiving a 
known dose, and/or with previously established 
reference curves Although no attempt was made 
to develop the method exhaustively, the collected 
data indicate quite defimtely that it is possible to 
determine vitamin D accurately over a range of 
from one-half to 40 units with groups of 10 animals 
each Good results were obtained using a prepara- 
tory period as short as 14 days on ration 2965 
An unidentified dietary factor concerned in 
human growth Selma E Snyderman (by invita- 
tion), Rosa Lee Nemir (by invitation) and L 
Emmett Holt, Jr Dept of Pediatrics, New York 
Umv and the Children’s Medical Service, Bellevue 
Hospital, New York City In the course of studies 
designed to measure the requirements for B vita- 
mins we have had occasion to feed a number of in- 
fants on purified diets The diets were constructed 
from vitamin-free casein, cnsco and a special de- 
vitaminized dextnmaltose , they provided 16% of 
the calories as protein, 36% as fat and 60% as carbo- 
hydrate This was supplemented by a mineral mix- 
ture, a fish oil concentrate to supply fat soluble 
vitamins and a mixture of water soluble vitamins 
contaimng ascorbic acid, thiamine, riboflavin, nico- 





398 


FEDERATION PROCEEDINGS 


Volume 8 


tinamide, pyridovine, pantothenic acid, inositol, 
choline and p-amino benzoic acid Biotin and 
pteroyl glutamic acid nere added in more recent 
studies Only one component of the vitamin mix- 
ture, that vhich was being studied, was varied at 
a time Barring a few intercurrent infections, the 
infants remained in good health and gained weight 
normally It was observed, however, that if the 
experimental diet was continued for more than 5 to 
6 months a cessation of weight gain would occur 
regularly, although the infants still gave every 
appearance of health Attempts to supplement the 
experimental diet wath amino acids or by increasing 
the quantities of B vitamins failed to restore weight 
gain The addition of Brew'er’s yeast caused re- 
sumption of weight gam in from 5 to 23 days, but 
the weight gam was in some instances subnormal 
Liver preparations have given inconclusive results 
Return to natural food caused resumption of normal 
weight gam at once 

Influence of dietary proteins on the urinary ex- 
cretion of ammo acids by human subjects Betti 
F Steele (by invitation). May S Retnolos (by 
invitation) and C A Baumann Dept of Biochem- 
istry and Home Economics, College of Agriculture, 
Univ of Wisconsin, Madison, Wts Two separate 
controlled diet studies were made In the first 
study 3 adults ingested diets containing 25, 50 and 
100 gm of protein/day for periods of 6 days The 
principal sources of protein in this study were eggs 
and cottage cheese In the second experiment 4 sub- 
jects consumed diets containing 25, 100 and 200 gm 
of protein/day for 6 days The mam sources of pro- 
tein were ground beef, white bread and milk 
Tw enty-four hour samples of urine were collected 
and analyzed microbiologically for 18 amino acids 
Both ‘free’ and ‘total’ amino acids were deterrmned 
in the urines, and the amino acid contents of the 
diets ingested w ere also determined Large amounts 
of ‘free’ histidine and cystine were present in the 
urine samples Glutamic acid, glycine, histidine, 
aspartic acid, serine, prolme, threonine, trypto- 
phan and methiomne were present in fairly large 
quantities in samples of hydrolyzed urine Increas- 
ing the protein intake four fold caused roughly a 
2-fold increase in the excretion of alpha amino 
nitrogen Of those ammo acids present in large 
amounts, histidine and threonine excretion ap- 
peared to bear a positive relationship to intake 
Glutamic acid, aspartic acid, tryptophan and 
methionine excretion seemed to be independent of 
the amount of the ammo acid ingested Many of the 
other ammo acids were present in urine in only low 
concentrations 

Ascorbic acid metabolism of older adolescents 
Claba a Storvick, Bessie L Davbt (by invita- 
tion), Ruth M Nitchaes (by invitation), Ruth E 
Coffey (by invitation) and Margaret L Fincke 
Nutrition Research Laboratory , Agr Exp Sta , 


Oregon State College, Corvallis, Ore In 1946-47, 4 
levels of ascorbic acid intake were studied during 
periods of 7 days each, and in 1947-48, 3 levels were 
studied during periods of 10 days each The sub- 
jects, 8 girls and 8 boys, were 16 to 19 year-old 
Freshmen During the first year, 1946-47, the sub- 
jects received the followung for periods of 7 days 
each 1 ) their usual diets , S) a daily supplement of 
200 mg of crystalline ascorbic acid m addition to 
the ascorbic acid in the food, S) the total daily 
ascorbic acid intake as recommended by the Na- 
tional Research Council , and 4) 10 mg of ascorbic 
acid less than they received during the third 
period During the second year, 1947-48, the sub- 
jects received the following for periods of 10 days 
each 1) a daily supplement of 200 mg of crystalline 
ascorbic acid in addition to the ascorbic acid in the 
food, 8) the total daily ascorbic acid intake as 
recommended by the National Research Council, 
and S) 10 mg less than they received during the 
second period The i ecommended allowance of the 
National Research Council did not maintain mean 
plasma values as high as their respective means 
during the saturation period when they received 
200 mg supplements of crystalline ascorbic acid 
A decrease m ascorbic acid intake to 10 rag less 
than the recommended allowance resulted in a sta- 
tistically significant decrease in plasma ascorbic 
acid concentration for only 2 of the 8 girls and for 1 
of the 7 boys (values for one boy were not included 
because of illness) 

Role of pjTidoxine m economy of food utiliza- 
tion Barnett Sure and Leslie Easterling (by 
invitation) Univ of Arkansas, Fayetteville, Ark 
Twenty four male and 24 female albino rats were 
depleted of pyridoxine In 26 to 59 days 15 pairs 
developed dermatitis which were used for this 
study which was conducted in pairs In each pair 
the positive control , w hich received 25 ug pyndox- 
ine dailj , W'as allowed the same amount of food 
consumed by its litter mate, which received no 
pyridoxine The average results were as follow s, — 
P representing the pathological or pyndoxine-defi- 
cient animals, and C the litter mate controls which 
received pjrridoxine Food consumption P, 325 
gm , C, 317 gm , gains in body w eight P, 37 6 gm , 
C, 77 3 gm , gains in w eight/100 gm food intake , 
P, 11 4 gm , C, 25 2 gm , changes in chemical com- 
position of body gains fat P, —0 24 gm , C, -f 8 1 
gm , protein P, 9 3 gm , C, 17 6 gm , ask P, 2 2 
gm , C, 3 4 gm 

Synthesis of amino acids in the rumen W E 
Thomas (by invitation), J K Loosli, Pent H 
Ferris (by invitation), Harold H Williams and 
L A Maynard Depts of Animal Husbandry and 
Biochemistry and Nutrition, Cornell Univ , Ithaca, 
N Y Growung goats and sheep were fed purified 
diets that contained, at a 10% protein-equivalent 
level 1 ) casein , 8) casein hydrolysate plus trypto- 
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phan, and S) urea as the only source of nitrogen 
Normal growth nas obtained mth diets 1} and 2) 
and i normal mth diet S') Biological values, deter- 
nuned from nitrogen balance studies, ncre higher 
for diets /) and 2) than foi 3) The content of 10 
amino acids (those that have been shonn to be 
essential for rats) of the feeds and of rumen and 
excreta samples nas determined microbiologically 
The results showed that the essential amino acid 
content of the rumen material v\ as similar for the 
urea and casein diets Although traces of amino 
acids Mere found in the purified diet vliere urea 
was given as the sole source of nitrogen, the 
amounts in the rumen per gram of total nitrogen 
were 9 to 20 times that ingested Furthermore the 
dailj loss of each of the essential amino acids in the 
excreta more than accounted for the traces found 
in the purified diet These data together v ith the 
surpnsing growth of the animals indicated a rc- 
marlmble sjmthesis of amino acids from urea nitro- 
gen by rumen organisms 

Nutrition of L Bifidus, predominant intestinal 
organism of the breast fed infant R M Toma- 
BEiii (bj invitation), R F Norris (by invi- 
tation), Paul Gtorgt Umv of Pcnnsylvama 
Bosptial, Philadelphia, J B Hassinen (by invita- 
tion) and F W Bernhart (by invitation), Wyeth, 
Inc , Mason, Mich In the isolation of strains of 
bifidus anaerobically from breast fed infant stools 
it was observed that better growth was had if milk 
were added to the conventional liver infusion 
medium Skimming did not decrease activity An 
ether soluble fraction was isolated whose activity 
could be replaced by Tween 80, methyl oleate, 
oleic, hnoleic or vaccenic acid The exact nature of 
the factor m milk is unknown at present The vari- 
ous strains of bifidus could be grown on a synthetic 
medium contaimng acetate buffer if milk or oleate 
were added Human milk contains approximately 
4 times as much activity as cow ’s milk With citrate 
^ the buffer, milk, but not oleate, yielded growi,h 
Citrate proved toxic to the organism, the toxicity 
being neutralized by the addition of Ca of the milk 
The strains varied in their sensitivity to citrate 
toxicitj Citrate toxicity is the result of the bind- 
ing of essential minerals Mn appears to be the only 
^eral affected, since removal of Mn but not of 
e nor Mg from the acetate medium decreased 
growth The utilization of glucose and especially 
of lactose was influenced by the autoclaving of the 
^rboh} drate with the medium Unautoclaved lac- 
ose Was not utilized even after 64 hour incubation 
en sterile milk was used as a source of unauto- 
c a\ ed lactose, growth was had m 40 hours indicat- 
ing t e presence of a factor in milk that rendered 
ac ose available Several strains of bifidus were 
a that required unknown growth factors in 
enzxTnatic digest of casein 


Relation of factor In a methanol extract of liver 
and ptcroylglutnmic acid in mink S B Tove (by 
invitation) and C A Emeujem Dept of Biochem- 
istry, College of Agncullurc, Univ of Wisconsin, 
Madison, Ills The prcviouslj reported (Froc »Soc 
Exp Biol (C. Med C2 169, 1946) ptcroylglutamic 
aeid (PGA) deficiency s}ndromc in mink can be 
relieved by the administration of a methanol ex- 
tnet of fresh liver (fed at a level of 1 ml/100 gm 
ration) which contains only 27 PGA/nil If this 
level of extract is added to the ration from the 
start, 6j mptoms of a PGA deficiency fail to occur 
The addition of 0 3% of a crude antagonist (7- 
meth}'! PGA) to a diet containing 0 1 mg PGA/100 
gm ration resulted in rapid loss of bodj weight and 
hemoglobin When the inhibitor is added to a ration 
containing the extract, no deficiencj sj'ndromes 
were seen Microbiological assaj of the PGA con- 
tent of the blood, urine and feces of mink receiving 
0 0, 0 025, 0 1 mg PGA/100 gm ration, and the ex- 
tract in addition to the low and high levels of PGA 
indicate that the extract caused an increase in the 
PGA greater than can be accounted for by the PGA 
in the extract Mink receiving the basal diet or this 
diet supplemented with PGA fail to respond when 
given vitamin Bi: preparations or commercial liver 
extracts used in pernicious anemia therapy, but 
w hen the methanol extract is given a response is ob- 
tained It IS thus apparent that the methanol ex- 
tract factor, which is different from vitamin Bu, 
has a sparing action on ptcroylglutamic acid 
Tyrosine excretion in rheumatoid arthritics and 
normals E B WAumAFF (by invitation), C A 
Stephers (by invitation), A Borden (by invita- 
tion), P Holbrook (by invitation), D Hill (by 
invitation), L J Kent (by invitation) and A R 
ICemmerer Dept of Nutrition, Univ of Arizona, 
and Southwestern Cltmc and Research Institute, 
Tucson, Ariz Increased tyrosine excretion in preg- 
nancy has been reported (LawTie, Biochemical J 
41 41, 1947) The relief of the rheumatoid arthritic 
syndrome during pregnancy has occasioned investi- 
gations to determine the possible mechanism of 
relief Using a slight modification of the microbio- 
logical procedure for urines of Woodson et al (/ 
Biol Chein 172 613, 1948) and the medium of 
Henderson and Snell (J Biol Chem 172 15,1948), 
tyrosine was assayed in 24-hr urine specimens from 
rheumatoid arthritics and normals as well as preg- 
nant rheumatoid arthritics and pregnant normals 
It appears that tyrosine w hich is bound so as to be 
microbiologically unavailable without hydrolysis is 
higher in rheumatoid arthritic urine than in normal 
urine Diet analysis for caloric and protein intake 
indicates no significant differences between the two 
groups The difference may in part be due to differ- 
ences in assimilation of protein, or may piossibly be 
due to metabolic abnormality Studies on excretion 
of other amino acids are in progress 
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Studies on the enzymatic hydrolysis of the cap- 
sular polysaccharide of Klebsiella pneumoniae 
Type B Edgak E Baker (by invitation) and 
WAiyrHEE F Goebel Laboratories of The Rocke- 
feller Institute for Medical Research, New York 
City It has been observed that the capsular poly- 
saccharide of AZ pneumoniae Type B (FrB), when 
administered to embryonated eggs is capable of 
inhibitmg the multiplication of mumps virus In 
order to obtain degradation products of FrB which 
could be used for studying the mechanism of this 
mhibitory action, a search has been made for a 
specific enzyme A motile, gram-negative, spore- 
fonrung bacillus has been isolated from soil, which 
elaborates an enzyme capable of hydrolyzing the 
polysaccharide Although the microorganism w ill 
grow in a medium contaming di- or trisacchandes, 
but not monosaccharides, it can elaborate the en- 
zyme only when FrB is present Ammomum or 
mtrate ions, casamino acids or peptone may serve 
as sources of nitrogen Growth factors are not re- 
quired The enzyme may be obtained from culture 
filtrates of the microoi^anism grown in the pres- 
ence of 0 1% FrB It may be prepared more eco- 
nomically, however, by first culturing the bacilli 
in a medium containing sucrose and then resus- 
pending the organism in a small volume of medium 
containmg FrB The enzyme specifically hydro- 
lyzes solutions of FrB The former can be deter- 
mined quantitively by observmg the rate of change 
of viscosity at 30° and at pn 6 0 The drop m vis- 
cosity of the polysaccharide is followed by a loss of 
serologic activity If the hydrolysis proceeds to 
completion, the liberation of reducing sugars 
occurs It IS not yet known whether the depoly - 
menzation of the carbohydrate and its hydrolysis 
are caused by a single enzyme 
Comparison of methods of determining differ- 
ences in virulence for mice of strains of salmo- 
nella typhosa H C Batson, hlAtmicE Landt and 
Martha Brown (introduced by Marion C 
Morris) Dept of Biologic Products, Army Med- 
ical Dept Research and Graduate School, Army 
Medical Center, Washington, D C Methods em- 
ployed for determmmg the virulence for mice of 
strains of S typhosa have been of two main types 
The first, as utilized almost exclusively by British 


workers, is based on the mtrapentoneal injection 
of graded doses of the organisms suspended in sa- 
line The second, as employed by most American 
workers during the past decade, is essentially sim- 
ilar but mcorporates the use of 5% hog gastric 
mucin as a suspending medium A third method 
which has shown some promise is based on intra- 
cerebral injection without the aid of an adjuvant 
A direct comparison of the efficacy of these methods 
in detecting differences in virulence of strains of 
S typhosa previously has not been made Such a 
comparison was the objective of this investigation 
Strains of S typhosa grown under different but 
defined nutritional conditions were tested for their 
virulence for mice by the 3 methods described 
Differences in virulence of the strams could not be 
determined satisfactorily by the intracerebral 
method Fatalities resulting from different strains 
of organisms were comparable but in each case were 
only poorly related to the size of challenge dose 
employed Differences between the strains were 
more distmct when the organisms were adminis- 
tered intrapentoneally as salme suspensions Fur- 
thermore, mortality was more clearly dependent 
upon the size of the challenge dose With the use of 
mucin as an adjuvant, differences in virulence of 
strains of organisms were amplified markedly and 
became readily apparent The effect of dosage on 
mortality' was greatly accentuated It appears that 
assessment of the virulence of strains is dependent 
upon the method of testing employed The method 
incorporating the use of mucin as an adjuvant was 
the most sensitive in detecting differences m viru- 
lence, the intracerebral method was the least 
sensitive 

Further study df toxins and antigens of Shigella 
dysentenae Daniel A Boroff and Beatrice P 
Maori (by invitation) Camp Detnck, Frederick, 
Md , Dept of Bacteriology , and George Washington 
Univ , Washington, D C In previous studies of 
serological and immunological properties of toxins 
and antigens of Shigella dysentenae (Boroff, D A , 
Fedeiation Proc 7 301, 1948) a suggestion was 
offered that there may be only 1 dominant antigen 
m S dysentenae In these studies the data obtained 
in active protection experiments indicate that it is 
possible to immunize rabbits with either smooth 
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or rough whole organisms of Shgella dyscnlenae 
or with their respective toxins and thus induce 
active protection against lethal doses of these sub- 
stances Not only whole organisms or solutions of 
whole organisms afford protection against each 
other but both chemically and physically purified 
toxins protected the animals and induced the 
formation of identical and reciprocally absorbable 
antibodies This phenomenon of cross protection 
IS not in accord w ith the concept that 2 toxins and 
2 distmct antigens exist in S dysentcnae It is, 
however, ex-plainable by the presence of 1 dominant 
antigen m the organism Furthermore, the protec- 
tion afforded rabbits against the n hole organisms 
of the smooth variant bj immunization w ith toxic 
lysates of the rough variant lends additional sup- 
port to the latter hypothesis 
Immunologic relations and comparative in- 
vasiveness of strains of poliomyelitis from re- 
cent epidemics Gordon C Brown (by invita- 
tion), Thomas Francis, Jr and John D Ainslie 
(by mvitation) Dept of Epidemiology, School of 
Public Health, Univ of Michigan, Ann Arbor, 
Mich The immunologic relationship of strains of 
pohomyelitis virus was determined by means of 
virus neutralization tests performed in monkej's 
The strains of virus had been obtained from the 
followmg epidemics Cleveland, 1941 , Texas, 1943 , 
Buffalo, 1944, Rockford, Ulmois, 1945, Tennessee, 
1945, Ann Arbor, 1945, and Minnesota, 1946 Sev- 
eral ddutions of each virus were mixed with serum 
obtained from monkeys convalescent to infection 
with the various strains under study Complete 
reciprocal testing between strains has not been 
possible but the results clearly demonstrate that 
all the viruses, with the exception of the Tennes- 
^ stram, are closely related immunologicaUy 
rule stud 3 ung each of these strains of vmis 
certam characteristic differences in mvasiveness 
^ere noted After compihng data from all monkeys 
' ®'^tod with each strain it was observed that 
'anation occurred in the jiercentage showing 
®'er, the height and duration of fever, the per- 
centage, type and degree of paralysis and other 
c mical signs Certam of these variations were 

c ractenstic as to partially identify the strain 
of iTrus 

Evidence for the controlling influence of pro- 
ease-inhibitors in allergic phenomena Kenneth 
UBDoN Dept of Bacteriology and Immunology, 
College of Medicine, Houston, Texas 
unn theories about allergy, based entirely 
and° ^ omount and distribution of antibodies, 
site supposedly crucial importance of the 

ne\ ° j^^^'Son-antibodj’’ union m the body, have 
diie« adequate to explam satisfactorily the 
and ^ of hypersensitivity m man 

sal u°r) , ammal species Yet some umver- 
’ ^ ®^ljung mechanism must operate There is 


increasing evidence that such a mechanism is to 
be found in the system of natural proteases, their 
inhibitors and activators, present in body fluids 
According to this concept, allergic reactions arc 
initiated by the sudden activation of natural pro- 
teases, following antigen-antibody combination, 
and are prevented by the action of protease- 
inhibitors New support for this view has been ob- 
tained by use on an extended scale of a greatly 
improved procedure permitting the strictly quan- 
titative titration of the antitrypsin in samples of 
blood serum and other fluids by a rapid, routine 
test Results w ith several hundred specimens from 
allergic persons and normal controls, and from 
sensitized guinea pigs , have shown a sudden drop in 
antitrypsin in the first seconds of anaphylactic 
shock, a rise following sub-lethal reactions, and a 
consistent association of an especially high tryp- 
tase-inhibitor titer with the ‘desensitized’ state, 
whether this condition was induced by specific 
or by non-specific means It was demonstrated that 
the ‘anergy’ to tuberculin exhibited at times 
by some tuberculous men and animals is always 
accompanied by a markedlj'' mcreased antitryptic 
power of the blood 

Prophylactic immunity to experimental enteric 
cholera William Burrows and Lawrence Ware 
(by invitation) Dept of Bacteriology and Parasi- 
tology, Univ of Chicago, Chicago, III It was shown 
earlier that experimental enteric cholera in the 
guinea pig produced by overw helming doses (viz , 
20 mg ) of the vibrios is sharply modified by prior 
active immunization, in the immunized animal 
the percentage vibrios of the total fecal flora is 
reduced from 50-70% to 1-10% and the period of 
excretion shortened from 2-3 weeks to 5-7 days If 
the moculum is reduced both of these effects are 
observed m the normal animal but the ratio of 
total vibrios excreted to those moculated becomes 
very large, many thousand fold, indicating that a 
true infection is produced With progressive reduc- 
tion a mimmal dose infecting 50% of the animals 
(EDio) may be calculated by the usual methods, 
in this case by inverse probability The ID(o dose 
for the normal 300-400 gm guinea pig has been 
found to be 0 08 mg (32 million vibrios) In am- 
mals immunized with 0 vaceme and infected 4 
days after the last of 3 inoculations, the IDso is 
raised to 1 13 mg , a 14 1 fold increase over the 
normal Two weeks later the immunity has fallen 
off so that the IDto m 0 170 mg , an 8 7 fold increase 
over the normal Following passive oral immuniza- 
tion the EDso 18 immediately raised to 0 36 mg , a 
4 05 fold mcrease, and rises to 0 51 mg , or a 6 4 
fold mcrease 2 weeks later, the latter coinciding 
with maximum excretion of absorbed antibody 
It IS concluded that the presence of antibody in 
the feces is associated with prophylactic i mm u ni ty 
to experimental enteric cholera in the gumea pig 
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Purification of antibodies by specific methods 
Dan H Campbell and Leonard Lehman (by 
invitation) Gates and Crellin Laby of Chemistry, 
California Inst of Technology, Pasadena, Calif 
Methods have been developed for the efficient re- 
moval and purification of antibodies from serums 
These methods are based on the removal of anti- 
body vith soluble or insoluble antigens and sub- 
sequent dissociation with simple specific hapten or 
dilute acid or both Recent experiments with ad- 
sorption columns or suspensions of R-azo-coagu- 
lated egg nhite and R-azo-phenol -formaldehyde 
resins indicate that such systems usually remove 
more antibody than is realized by use of soluble 
precipitating antigens Studies have been made 
chiefly vith rabbit antibodies against ovalbumin 
and p azophenyl arsonate, and include quantita- 
tive studies on specific adsorption 
Interference with induction of the anaphylactic 
state by prior feeding of a hapten-Iike allergenic 
chemical Merrill W Chase Roclefeller Inst 
for Medical Research, New York City The feeding 
of aUergemc chemicals, such as 2 4 dinitrochloro- 
benzene and picryl chloride to guinea pigs that 
have not previously encountered the respective 
substance, conditions the animals so that the out- 
come of subsequent attempts to induce hyper- 
sensitivity IS profoundly modified The conditioned 
animals fad to respond, or they respond abortively, 
to various sensitizing procedures effective in nor- 
mal ammals This inhibitory effect is observed not 
only when attempts are made to develop a specific 
dermal sensitivity of the ‘delayed type’ but also 
when anaphylactic sensitization is undertaken 
Guinea pigs that have been fed picryl chloride, for 
example, and have then been treated with an 'arti- 
ficial antigen’ made by coupling the proteins of 
guinea pig serum with the picryl radical as the sero- 
logically determinant grouping show no or scarcely 
any anaphylactic effects ujxm challenge with other 
conjugates having the same determinant grouping 
There exists, accordingly, a specific mechanism 
that can modify the outcome of sensitizing proce- 
dures and that results in a certain level of toler- 
ance , the influence of this mechanism is probably 
encountered also in natural exposures of human 
beings to sensitizing agents 
Comparative response and persistence of im- 
munity in mice vaccinated intra-abdominally or 
by gavage with Shigella sonnet Merlin L Coop- 
er, Helen M Keller and Agnes M Hart (intro- 
duced by Albert B Sabin) Children’s Hospital 
Research Foundation and Dept of Pediatrics, 
College of Medicine, Univ of Cincinnati, Cincin- 
nati, Ohio One group of mice was vaccinated mtra- 
abdominally with one injection of 100 million killed 
Shigella sonnet as broth vaccine A control group 
was given intra-abdominally 1 injection of an 
equal volume of uninoculated broth medium 


Another group of mice was given by gavage, daily 
for 15 days, one bdlion killed Sh sonnet as broth 
vaccine A control group was given by gavage, 
daily for 15 days, an equal volume of uninoculated 
broth medium One week, 6 weeks and 12 weeks 
following completion of vaccination, mice from the 
2 vaccinated groups and the 2 control groups 
were challenged intra-abdominallj’’ with the 
homologous Sh sonnet suspended in 3% sterile 
mucin The mice vaccinated intra abdominally 
withstood after 1 week more than 24,000,000 LDso 
doses of culture, after 6 weeks 5,000,000 LDw 
doses and after 12 weeks 1,700,000 LDso doses The 
mice vaccinated by gavage withstood after 1 week 
263,000 LDso doses, after 6 weeks 5,600 LDjo doses 
and after 12 weeks 85 LDco doses The range of 
LDjo doses of culture withstood by the groups of 
control mice w'as from less than 1 0 to 3 0 Data 
will also be presented regardmg the passive mouse 
protective pow ers and agglutinative titers of sera 
obtained from each group of mice 1, 6 and 12 weeks 
following completion of vaccmation 

Antisheep agglutinins in infectious mononucleo- 
sis, further studies I Davidsohn and Chito 
Kashiwagi (by invitation) Mount Sinai Medical 
Research Foundation and Chicago Medical School, 
Chicago, III In over 200 patients with infectious 
mononucleosis antisheep agglutinins were studied 
in the serum Earlier observations on the ability 
of certain antigens to remove the agglutinins were 
confirmed beef erythrocytes completely absorbed 
the agglutinins present in infectious mononucleo- 
sis, w hereas guinea pig kidney was unable to do so 
In more than | of the tests, the guinea pig antigen 
removed from 50-75% of the originally present 
agglutinins, less than ^ of the tests showed a 
maximum absorption of 87 5% , and in no instance 
of infectious mononucleosis was complete removal 
of the agglutinins observed According to recent 
reports bovine albumin as diluent raises the titer 
of antisheep agglutimns in infectious mononucleo- 
sis This problem was reinvestigated by studying 
the effect of several diluents on the titers of the 
agglutinins Under standard conditions, bovine 
albumin and human plasma used instead of saline 
as diluent lowered the titers m both the absorbed 
and unabsorbed serums, or left them unchanged 
Investigation of the effect of tune and temperature 
of incubation showed that prolonged incubation 
at ice-box temperature increased the titers, and 
hence the sensitivity of the test This effect was 
mdependent of the diluent Studies are also re- 
ported on the preparation of the guinea pig kidney 
and beef red cell antigens used in the differential 
test 

Polysaccharides isolated from tissues of nor- 
mal, immune, and immunologically paralyzed 
mice Lloyd D Felton, Benjamin Prescott 
( by invitation), Gladys ICauffmann (by invita- 
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tion) and Babbara OiriNGEn (bj' invitation) 
Laby of Infectxous Diseases, Microbiological 
Insi , National Inst of Health, Beihesda, Md 
A preliminary observation has been reported that, 
when mice were inoculated with a large dose (0 5 
mg ) of pneumococcus antigenic polysaccharide, 
their immunological S3'stem was ‘paralj'zed’ so 
that the} failed to respond to a subsequent im- 
mumzuig dose From the tissues of such mice it 
was possible to separate a soluble antigen which 
was antigenic in both precipitin and active im- 
munit} tests In continuing this stud} , a compar- 
ison has been made of the polysaccharide w Inch has 
been obtamed from the tissues of a) normal mice of 
CjH strain, b) mice immunized with 0 002 mg of 
antigemc pol}'saccharide of each t}pc, I, II, and 
III respective!}, and c) miceimmunologically 
paral}zed with t}'pe I, II, and III The tissues 
studied included blod, heart, lung, liver, kid- 
ney, spleen, l}'mph, thymus, stomach, bone 
marrow, muscle, and skin Like tissues from 10 
mice of each of these groups were pioolcd, ground, 
and a pol}'Bacchande obtained b} methods em- 
ploied for isolating antigenic pol} saccharide from 
pneumococci The product, a dr} white powder, 
was soluble in 7 5% trichloracetic acid and at neu- 
tral PH, and insoluble m alcohol In all alike, tests 
for gl}cogcn and protein were negative The poly- 
saccharide so obtained from tissues of normal mice 
failed to demonstrate antigenic activity The im- 
munized mice gave low }ield8 of polysaccharide 
which showed a comparatively low titer immunity 
in 9 of the 12 tissues of the type I mice, in 10 of the 
tiTie II tissues, and in 6 of the t} pe III tissues The 
unmunologically paralyzed mice, on the other 
nd, yielded greater amounts of polysaccharide 
nrthermore, the immunizing titer was appre- 
cia 1} higher m the polysaccharides from the 
issues of these ‘paralyzed’ mice 
cocaine penicillin and sulfonamide antag- 
oni^ H Fishback (by invitation), H Welch, 
y luAG (bymntation), J Leiune (by invita- 
'on), Phice and W A Randall Federal 
Agency, Food and Drug Administration, 
as tngton,D C Procaine has long been know n as 
an agonist of the sulfonamides This antago- 
m may result through direct action of the pro- 
e as such or through conversion of the 


to 


procaine 


accepted ratio of 
than "tT action is much low er 

troduct ^ ■^■'^■^t;isulfonanude action The in- 
neutiP P^^cauie-pemcillin as a chemothera- 
sufficip^^*^^ raised the question as to whether 
formed*^ P^caine or procaine derivatives w ould be 
sulfnnn,l^j ^ antagonistically toward 

m U '^"“bined therapy Accord- 

aqueous' units of procaine penicillin for 

uals administered to 37 indmd- 
nn was drawn for examination 3 hours 


after the injection The penicillin levels were de- 
termined and the serum examined for procaine, 
p-aminobcnzoic acid and an acylatcd derivative of 
p-aminobcnzoic acid The concentration of peni- 
cillin varied from 0 5-8 0 u/ml , averaging 2 5 
tr/ml The blood concentration of procaine was 
approximately 0 1 /ng/ml in 68% of the cases None 
could be detected in the remaindei A level of 0 1 
fig/ml , foi PABA was found in only 18% of the 
cases How ever, previous reports indicate that this 
concentration of PABA is sufBcient to antagonize 
the therapeutic action of sulfanilamide but insuffi- 
cient to interfere significantly with the therapeu- 
tic action of sulfathiazole or sulfadiazine An 
acylated derivative of PABA was found in each of 
the 37 individuals in quantities ranging from 0 2- 
1 0 /ig/ml In VIVO experiments are now under way 
to determine the actual antagonism when exqieri- 
mental infections arc treated with combined 
therapy 

Neutralization technique m Tsuisugamushi 
disease (scrub typhus) and the antigenic differen- 
tiation of Rickettsial strains John P Fon (intro- 
duced b} P K OnTSKv) International Health 
Board, Rockefeller Foundation, New York, City 
Neutralization of R on entahs by homologous anti- 
serum w'as most effectively demonstrated when 
mice were inoculated by the intraperitoneal route 
with mixtures of undiluted antiserum and serial 
dilutions of infective material Satisfactory results 
could not be obtained by employing a constant 
infective dose and serial dilutions of antiserum nor 
by using the subcutaneous or intracerebral routes 
of inoculation Furthermore, neutralization w'as 
independent of complement Evidence was ob- 
tained to suggest that neutralization depends 
principally upon a union of antigen and antibody 
in vitro, however, passive unmumty may best 
explain the zone phenomenon often observed 
The satisfactory expression of the neutralizing 
capacity of an antiserum w as rendered difficult by 
the above mentioned zone phenomenon and by the 
otherwise frequently irregular pattern of mouse 
survival observed in neutralization tests In spite 
of this difficulty, it was possible on the basis of a 
large series of cross-neutralization tests to distin- 
guish 4 cleaily differentiated antigenic tyqies and 
a possible Sth tyqie among the 8 strains of R onen- 
talis included in the study The strains and the 
grouping observed were as follow's 1 ) Karp (from 
New Guinea), 2) Queensland (from Australia), 
Raub (from Malaya), Seerangayee (from Malaya) , 

3) Calcutta (from India), Imphal (from India), 

4) Gilham (from Assam-Burma border) , 5) Pesca- 
dores (from Pescadores Islands) These results 
augment evidence previously reported by others 
as to the antigenic heterogeneity of strains of R 
oneniahs, a fact of importance epidemiologically 
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and from the standpoint of developing vaccines of 
proper antigenic composition 
Streptococcal anti-hyaluronidase in rheumatic 
fever Susanna Habeib Oiy invitation) and T 
N Hahbis Children’s Hospital of Philadelphia, 
Dept of Pediatrics, School of Medicine, Untv 
of Pennsylvania, Philadelphia, Penna The oc- 
currence of antibodies to streptococcal hyaluron- 
idase, as measured by the mucin-olot-prevention 
test, nas studied m groups of convalescents from 
streptococcal infection, in patients with acute 
rheumatic fever and in the normal population 
In preliminary studies the optimal relations of 
hj'aluronidase, the substrate (hyaluronic acid) 
and neutralizing antibody were determined , the 
potency of the enzyme as measured by mucin- 
clot-prevention (in vitro) was compared with 
spreading activity (tn vivo) in the rabbit’s skin, 
and the serologic specificity of neutralizing anti- 
bodies was established by comparative studies 
against hyaluronidase of testicular, clostridial and 
pneumococcal origin It was found that antibodies 
to streptococcal hyaluronidase occurred with in- 
creasing frequency in the normal population from 
infancy up to the adult age group Following strep- 
tococcal infection there was an increase in the titer 
of antibodies to streptococcal hyaluronidase and 
in acute rheumatic fever the titer was found to be 
still higher In a comparative study of the anti- 
body response to 4 streptococcal antigens, hyalu- 
ronidase, hemolysin, and 2 somatic fractions, the 
cydoplasmic particles and supernate proteins, 
it was found that the mean titers to all of these 
antigens were elevated in both iheumatic and 
streptococcal infection The mean titer was some- 
what higher in rheumatic than in streptococcal in- 
fection, in the case of 3 of these antibodies In the 
case of the 4th, anti-hyaluronidase, this difference 
w ns considerably greater The anti-hyaluromdase 
titer showed better correlation with changes in 
the activity of the rheumatic infection than did 
the other tests There was, however, no striking 
correlation betw'een this titer and the seventy of 
the illness The possible implications of these 
data, both diagnostic and etiologic, are discussed 
Hlstochemical evidence for the synthesis of 
protein by lymphocytes following parenteral 
injection of antigen T N Harbis and Susanna 
Harris (by invitation) Children’s Hospital of 
Philadelphia, Dept of Pediatrics, School of Medi- 
cine, Univ of Pennsylvania, Philadelphia, Penna 
Recent developments in histochemistry have indi- 
cated that cells which are actively formmg new 
protein are characterized by large amounts of 
nbonucleic acid in their cytoplasm Since there is 
considerable immunologic evidence of the produc- 
tion of antibody by the piopliteal lymph node of the 
rabbit following the injection of antigens in the foot 
pad, and since a tissue in which antibody is being 


formed could be expected to show evidences of 
protein synthesis, it seemed feasible to attempt to 
identify the cells involved by histochemical 
methods A study was therefore undertaken of the 
locahzation and concentration of ribonucleic acid 
in the cells of the popliteal lymph node in corre- 
lation with the production of antibody by that 
node Antigens were injected into the foot pads of 
rabbits, and at vanous intervals thereafter the 
draining lymph nodes were examined histologically 
and chemically Diffuse hyperplasia was found in 
the cortex of the lymph node, involving transi- 
tional forms betw een reticulum cells and lympho- 
cytes, as well as young Gargo) lymphocytes Large 
numbers of these cells show^ed pyronine stainmg 
granules (ribonucleic acid) in the cytoplasm, which 
were abolished by previous incubation of the sec- 
tions with protease-free ribonuclease or with hot 
trichloracetic acid solution Pyronme -staining 
nucleoli and crescents of cytoplasm were also seen 
in these cells Chemical analysis of the nodes 
showed an increase in nbonucleoprotein but not 
in deso\ 3 Tibonucleoprotein These changes reached 
a maximum intensity just before the time of max- 
imal antibodj content of the node 
Dissociation of antigen-antibody complexes 
and their bond energy Felix Haurowitz and 
Lale Etili (by invitation) Dept of Chemistry, 
Indiana Univ , Bloomington, Indiana, and Dept 
of Medical Chemistry, Istanbul, Turkey Experi- 
ments 4 6 ml rabbit immune serum against 
anthranil-azo-beef serum globulin, mixed with 10 
mg antigen, kept at 37° for 30 minutes and at 
— 12°C for 24 hours, gave 27 8 mg precipitate, 
containing 3 0 mg antigen No precipitate resulted 
with 160 mg antigen When the precipitate pro- 
duced by 10 mg antigen was kept at 37° for 30 
nunutes with 140 mg antigen, a considerable part 
was dissolved The weight of the undissolved pre- 
cipitates (in bracket antigen) was 95 (3 7), 88 (3 3) 
and 12 1 (4 6) mg in 3 experiments The precip- 
itates were isolated and analyzed as described 
previously (J Immunol 43 331, 1942) —Results 
6 of the 8 antibody molecules bound per antigen 
molecule in the original precipitate are split off by 
the antigen excess No antigen is split off —It is 
assumed that the irreversibly bound antibody 
molecules are attached to antigen molecules by the 
whole area of the determinant site If an area of 60 
A* IS assumed for the bis-azophenylcarboxylic 
group and 100 A- for the species-specific group of 
the globulin, a total bonding area of 160 A’ results, 
corresponding to 14 w ater molecules per layer The 
bond energy between antigen and antibody must 
be higher than that of the w ater displaced from this 
area If it is assumed that only 1 layer of water 
molecules is displaced, a bond energy of 70 kcal 
1 antigen-antibody bond or ~ 0 47 kcal 1 A’ re- 
sults The loose linkage of those antibody molecules 



March 191)9 


AMERICAN ASSOCIATION OF IMMUNOLOGISTS 


405 


vrbch are split off by the antigen excess is attrib- 
uted to Btenc hindrance by the firmly bound anti- 
body molecules and/or to imperfect complemen- 
tariness of the specific sites Both factors cause 
increase of the distance between bonding groups 
If this distance mcreases from 3 to 4, 5 or 6 A, the 
bond energy will decrease from ^ 0 47 to approxi- 
mately 0 25, 0 15 and 0 10 kcal /A* respectively 
Indirect complement-fixation test for psitta- 
cosis-lymphogranuloma venereum group anti- 
bodies m chicken ahtisera M R Hiuleman and, 
R J Heuioud (introduced by Annabel WAimEB) 
Bept of Finis and Rtcletlsial Diseases, Army 
Medtcdl Dept Research and Graduate School, Army 
Medical Center, Washington, D C It is well estab- 
lished that antisera prepared in certain mammals 
and birds are incapable of fixing complement in the 
presence of homologous antigen even though anti- 
body can be demonstrated m them by other tech- 
mques Such sera may contain blocking antibodies 
which, m the presence of homologous antigen, pre- 
vent fiixation of complement by ordinary antibodies 
that are capable of bmdmg complement Sera from 
chickens immumzed against mruses of the psitta- 
cosis-lymphogranuloma venereum group do not fix 
complement m the usual type of test Such sera 
have now been shown to possess blocking antibodies 
which interfere with the bmdmg of complement by 
mammalian antibodies m the presence of homolo- 
gous antigen The technique of the indirect comple- 
ment-fixation test has been used to determme 
whether under these conditions chicken antisera 
provide the broad group reaction displayed by 
m a mm a l ian antisera in complement-fixation tests 
■with this group of agents, or whether they follow 
the highly stram specific reaction found when 
chicken antisera are used m neutralization tests 
It would appear that when the indirect comple- 
ment-fixation techmque is employed, the chicken 
sera approach the broad type of group reaction char- 
acteristic of mammalian sera in direct fixation tests 
with this group of viruses 
Tissue reaction to foreign particulate matter 
altered by presence of adsorbed antigen Howard 
C HoppsandALFBEDM Shideler (bymvitation) 
Dept of Pathology, School of Medicine, Umv of 
OUahoma, Oklahoma City, OUa Rabbits were 
giien intradermal injections of finely particulate 
aluminum hj droxide, activated carbon, magnesium 
silicate (talc) and silicon dioxide (flmt) Tissue re- 
actions uere studied at 7, 14, 28 and 56 days A 
second senes of intradermal injections was made 
similar to the first, mth the exception that horse 
serum was absorbed upon the particulate matter 
pnor to Its administration Tissue reactions in this 
^up of lesions were compared with those of the 
former group with special attention to the character 
of inflammatory ex-udatc, ratio betueen macro- 


phages and fibroblasts, occurrence of focal necrosis 
and cellular degenerative changes 
Effect of previous experience with homologous 
and heterologous types of poliomyelitis virus upon 
the alimentary carriage of virus by the chimpan- 
zee Howard A Howe (by invitation), David- 
Bodian (by invitation) and Isabel M Morgan 
Poliomyelitis Research Center, Dept of Epidemiol- 
ogy, The Johns Hopkins Umv , Baltimore, Md 
Eighty oral inoculations have been carried out in 
chimpanzees with 4 strains of poliomyelitis virus 
representmg 2 major immunologic types, the Brun- 
hilde, Hotter and Frederick strains comprising 1 
type, and the Lansing strain the other The first 
experience wuth virus was provided by oral inocula- 
tion in the majority of the animals but toward the 
end of the ex-perunent 14 anunals were vaccinated 
with active Lansmg virus given intramuscularly 
Evidence of response to the immumzation was ob- 
tained by testing for virus in stools or for rises in 
serum antibody titer The control group consisted 
of 27 animals of which all responded positively, 2 
with paralysis Challenge w'as carried out at 1 
month or later following first virus contact by the 
oral administration of titrated pools of rhesus mon- 
key cords In many instances 2 or 3 homotypic 
viruses were given to the same anunal Animals 
which became paralyzed or carried virus in the 
stools after the first post inoculation week were 
considered to have shown no evidence of unmumty 
No animal was considered negative unless no evi- 
dence of activity was found in at least 4 stool speci- 
mens collected during the 2-4th weeks and tested 
in 2 monkeys each by intranasal inoculation The 
results were as follows Of 9 animals receiving 
homologous challenge, 1 subsequently produced 
virus m the stools This result differs m no essential 
respect from the results of 22 homotypic challenges 
in which 1 animal had virus in the stools on the 
second week Twenty-two anunals were immu- 
nized with Lansing virus either by mouth (8) or by 
intramuscular vaccination (14) Subsequent oral 
challenge was earned out with the heterotypic 
Brunhilde stram, following which 3 anunals became 
paralyzed while 13 showed virus in the stools Al- 
though the tests are not qmte complete the infec- 
tion rate appears to be 15/22 or 68% 

Universal serologic reaction with lipid antigen 
m tuberculosis Reuben L Kahn Serology Laby , 
Umv Hospital, Ann Arbor, Mich It was previ- 
ously shown that it is possible to demonstrate posi- 
tive reactions with the serums of normal human 
beings by special precipitation techmques with 
tissue extract antigens (Kahn, Kohner, cardio- 
lipin) A standardized precipitation techmque 
based on different NaCl concentrations, serum dilu- 
tions and mcubations was then developed with 
Kahn antigen, known as universal serologic tech- 
mque With this technique normal human beings 
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(giving negative Eahn reactions for syphilis) give 
precipitation reactions of characteristic serologic 
patterns It nas observed that, in Ifahn-negative 
patients ivith acute tuberculosis, precipitation in 
the universal reaction is increased above the normal 
level and, as the patients gradually improve, pre- 
cipitation IS correspondingly decreased This find- 
mg indicates that the universal serologic technique 
might prove helpful as an indicator of tuberculous 
activity No increase in precipitation above the 
normal has been noted in far advanced and terminal 
cases of tuberculosis 

Development of the specific antibody for a dis- 
tinctive constituent of Brown-Pearce carcinoma 
cells Bernabd Kaufayan (by invitation) and 
John G Kidd Dept of Pathology, New York Hos- 
pital, Cornell Medical Center, New York City 
Certain rabbits implanted with Brown-Pearce tu- 
mor cells develop an antibody that reacts specifi- 
cally vith a distinctive constituent of them, as 
previous work has shown (J Exper Med 71 335, 
351, 1940) In ordinary market-bought hybrid rab- 
bits the specific Brou n-Pearce antibody was fre- 
quently masked by the presence of induced tissue 
antibodies, v hich react w ith extracts of a variety of 
normal and neoplastic rabbit tissues (J Exper 
Med 82 21, 1946), though about half of the inbred 
‘blue-cross’ rabbits implanted with Brown-Pearce 
tumor cells developed the specific antibody in high 
titer, usually without the concomitant develop- 
ment of the induced tissue antibodies (J Exper 
Med 82 41,1945) In recent experiments the spe- 
cific Brovt n-Pearce antibody appeared in the blood 
of every one of 17 Havana and 23 Chocolate-Dutch 
(Havana x Dutch hybrids) rabbits implanted with 
the tumor cells, often reachmg titers of 1 512 or 
higher The induced tissue antibodies, by contrast, 
were present in titers of 1 8 or less in a few speci- 
mens but were entirely absent from most of them 
Normal rabbits of both breeds provided sera that 
V ere devoid of the specific Broii n-Pearce antibody 
and of the induced tissue antibodies 

Quantitative measurement of antibody to a 
whole bacterial antigen Marian Koshland (in- 
troduced by William Bubhows) Dept of Bacteri- 
ology and Parasitology, Univ of Chicago, Chicago, 
III A quantitative method for the measurement of 
the antibody^ response to a whole bacterial antigen, 
the cholera vibno, has been developed The method 
depends upon the colorimetric determination of 
specific complement fixation using the 60% hemo- 
lytic unit The excess complement procedure, pro- 
posed by Heidelberger and his co-workers, v as em- 
ployed in this study, and was adapted to the 
requirements of a uhole bacterial antigen The re- 
sults obtained using a n hole bacterial antigen have 
been compared from a theoretical and practical 
point of view with those involving viral or bacterial 
extract antigens The method has been used to 


determine the antibody levels produced in the 
serum and the feces of guinea pigs, either actively 
immunized with the cholera vibno or passively 
immunized v ith anti-cholera rabbit serum 
Equilibrium studies on the reaction of antibody 
with hapten Leonard Lehman (introduced by 
Dan H Campbell) Gates and Crellin Laby of 
Chemistry, California Inst of Technology, Pasa- 
dena, Calif Quantitative studies have been made 
on the combination of antibody with a simple mono- 
haptenic substance Antibody was specifically puri- 
fied from rabbit antiserum homologous to the 
p-azophenydarsonic acid hapten by precipitation 
with a simple trihaptemc antigen, followed by dis- 
sociation of the washed precipitate with a mono- 
haptenic substance A cellophane bag containing 
the purified antibody solution was immersed in a 
buffered solution of normal rabbit gamma-globulin 
(at the same protein concentration) together with 
a dialysable monohaptenic dye After continuous 
agitation at constant temperature for about 24 
hours the dye concentrations in the 2 solutions 
were measured colorimetricaUy to obtain the equi- 
librium composition in terms of bound and unbound 
hapten Prom measurements at varying ratios of 
hapten to antibody the free energy of combination, 
the maximum binding capacity, and related quanti- 
ties have been determined Under vanbus condi- 
tions the free energy change is of the order of —7 6 
to —8 0 kcal per M of hapten bound 
Some properties of purified diphtheria toxoid 
Leo Levine and Louise Wyman (introduced by 
Geoffrey Edsal) Antitoxin and Vaccine Laby , 
Massachusetts Dept of Publie Health, Boston, 
Mass Crude toxoid, obtained as the detoxified fil- 
trate of diphtheria bacillus culture grown on 
Mueller’s semi-synthetic medium, modified m this 
laboratory, has been purified by a simple 2-stage 
salt fractionation, and has been evaluated with re- 
spect to purity, antigenicity, and stability Prepa- 
rations have been obtained assaying 2100 Lf/mg of 
protein mtrogen Prehminary laboratory studies 
have indicated that stability of the toxoid protein 
IS impaired by addition of glj cine to the diluent in 
the usual quantities, whereas gelatine appears to 
increase stability Injections of 11 Lf have pro- 
tected gumea pigs against the standard challenge 
dose of 10 M Jj D Potency tests with varying 
amounts of antigen indicate that the antigemcity 
per Lf unit increases as the purity is increased A 
linear relationship has been observed between the 
logarithm of the flocculation tune (Kf) and that of 
the dilution (or of the Lf ) at the equivalence piomt 
These observations supjxirt the evidence of previ- 
ous w orkers that a relationship may be established 
between antigenic efficiency and flocculation tune 
This product is now' on chmcal trial , the practical 
significance of the findings presented will be dis- 
cussed 
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Allergenic fraction of ragweed pollen prepared 

by electrophoresis-convection (Nielsen-Kirkwood 

cell) Maby Hewitt Loveless and Robert Best 
(by invitation) Neio Yorh Hospital and the Dept 
oj Medicine, Cornell Umv Medical College, New 
Yorl City The principle of electrophoresis-convec- 
tion has been applied to the problem of fraction- 
ating ragweed extract, with the eventual aim of 
obtaining a single allergen from pollen The Niel- 
sen-Kdrkwood apparatus affords a gentle means of 
separation and larger yields of fraction than are 
available from the Tiselius cell used by Abramson 
Preliminary results with products obtained from 
one or more runs in the Nielsen-Kirkwood appa- 
ratus reveal that the electrophoretically immobile 
material (called ‘top’ fraction) is simplified over 
the onginal extract This m evidenced by a) the 
almost complete removal of color from this fraction, 
b) reduction in precipitable nitrogen as well as in 
carbohydrates, c) a decrease in reagin-binding ac- 
tivity roughly related to its loss of precipitable 
nitrogen, d) immunological crosstests which 
showed removal of some antigemc constituents 
Despite the purification of ‘top’ fraction, it um- 
formly elicited the characteristic immediate re- 
sponses in allergic skin and conjunctiva, as well as 
producing the typical Prausmtz-Kustner reaction 
with pollen-allergic sera Occasional sera were en- 
countered which contained reagins for only those 
antigens which remained in the ‘top’ fraction Pa- 
tients w'ho were given a course of therapeutic 


technique described by Landsteiner and Miller, 
even when the w'hole process was perfected in an 
incubator room at 37 ‘’C These purified agglutinin 
solutions reacted with human red cells, suspended 
in saline, at room temperature, but not at 37 C y 
red cells suspended in albumin were clumped at 
37‘’C as well The agglutinin solution, furthermore, 
agglutinated and hemolyzed rabbit red cells sus- 
pended in saline at both temperatures 
Relation of complement to thermolabile hyal- 
uronidase inhibitor of serum Stanley AIarcus 
and John K Fulton (by invitation) Rackham 
Arthritis Research Unit and Dept of Medicine, 
Umv of Michigan, Ann Arbor, Mich A modifica- 
tion of a biological technique (streptococcal decap- 
sulation) for the quantitative determination of 
hyaluronidase using testicular or streptococcal en- 
zyme has been used By this method and turbidi- 
metric assay also, it was found that sera heated at 
56°C for 20 minutes lost their enzyme inhibiting 
capacity Activity of the enzyme inhibitor de- 
creased during refrigeration These findings 
suggested an analogy to complement (C') function 
Loss of inhibition following heating wms replaced by 
addition of lyophilized guinea pig C' While fresh 
guinea pig serum contained inhibitor, reconstituted 
lyophilized serum did not It was concluded that 
inhibition depends upon a thermostable component 
lost upon lyophilization and a thermolabile com- 
ponent surviving this process Pooled guinea pig 
serum was fractionated to yoeld C'3 and C'4 defi- 


injections with ‘top’ fraction produced ‘protective,’ 
or thermostable, antibodies in their blood streams 
and show ed increased tolerance toward the fraction 
when tested intracutaneously and by conjunctival 
test Furthermore, a sigmficant proportion of them 
proved to be resistant clinically w hen exposed to 
natural pollination This clinical immumty tended 
to be selective since some individuals responded 
much better to the fraction than they had to whole 
extract in prior years, while for others the reverse 
was true 

New observations on an autoagglutlnin H H 
LunixsKi and D jMendel (by invitation) Patho- 
logical Laby and Dept of Medicine, Jewish General 
Hospital, Montreal, Canada The serum of a patient 
suffering from hcmolj tic anaemia and belonging to 
Blood Group A contained an autoagglutmm which 
had the following chamctcnstics BTen serum di- 
lutions md red cell suspensions were made with 
normal saline, clumping of red cells was observed 
at room temperature, but not at SI'C, clumps dis- 
>X)h ed if warmed to incubator temperature When 
instead of saline 30% beef albumin solution was 
used agglut mat ion also occurred at incubator tem- 
perature L'sing human serum or plasma clumping 
occurred onli at room temperature The autoanti- 
Iwdic^ could be adsorbed on human cells of Group 
A or 0 and transferred into normal saline with the 


cient C' Both C'3 and C'4 deficient fractions 
lacked enzyme inhibitory capacity Although 
heated guinea pig serum (C'3, C'4) plus ammonia 
or zymin-treated serum did not show inhibitory 
capacity, heated serum plus ammonia and zymin- 
treated fractions of C' had fully restored inhibitory 
ability It has been assumed, therefore, that serum 
inhibitor of hyaluronidase depends upon the pres- 
ence of the 4 characterized C' components plus still 
another thermostable component Although it is 
demonstrable by turbidimetnc procedure that 
heated serum does not inhibit enzyme action, pre- 
liminary data indicate that C' will not reactivate 
the thermolabile inhibitor measured by this tech- 
nique This IS believed to be further evidence that 
different procedures may measure different stages 
in the hydrolysis of hyaluronic acid There was no 
fall m inhibitor concentration of guinea pig serum 
following anaphylaxis whereas C' concentration 
was decreased C' concentrations of human sera 
could not be correlated with inhibitor titers The 
implications of these findings w ill be discussed 
Effects of ghotoxm and other sulfur-containing 

compounds on tumor cells in wtro JohnW Mason 
(by invitation) and John G IGnn Dept of Pathol- 
ogy, New York Hospital, Cornell Medical Center, 
Ara lork City Ghotoxm, held in brief contact 
with tumor cells in vitro, inhibits their subsequent 
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proliferation upon implantation in susceptible 
hosts, as previous work has shown (Science 106 511, 
1947) Two other compounds havmg unusual sulfur 
linkages (4-acetanudo-5, 6-dimethyl-l , 2-dithio- 

lane-3-one and 4 methyl-6-methylinuno-l,2-di- 
thiaeohdone-3— S 3 mthesized and made available by 
Professor John R Johnson) have likewise proved 
highly effective against lymphosarcoma cells in 
mice, inhibitmg them growth after 1 hour’s contact 
^n vitro m concentrations of 1-6 pig/cc , the effective 
level of gliotoxm in concurrent tests being 1 /ig/cc 
or shghtly less Two additional compounds of simi- 
lar sort (4-benzamido-5,6-dimethyl-l,2-dithiol- 
ane-3-one and 4-methyl -6-methylimino-3-thio-l, 2- 
dithiazolidone-3), were somewhat less soluble, but 
were also mhibitory m low concentrations Desthio- 
gliotoxin had no effect on tumor cells m concentra- 
tions of 800 jug/cc Simple monothiol compounds 
(cysteme, glutathione, and monothioglycerol) had 
no inhibitory effect on the lymphosarcoma cells in 
concentrations up to 800 ;ug/cc , while two di- 
thiols, BAL and dithiobiuret, were inhibitory at 
100-200 /ig/cc When nuxtures containing low con- 
centrations of gliotoxm and high concentrations of 
the mono- and dithiol compounds were allowed to 
mteract for a few minutes and then tested against 
tumor cells, the inhibitory effect of the gliotoxm 
was diminished or abolished This effect of glitoxm 
was not modified, however, when very large 
amounts of cysteme, glutathione, monothioglj cerol 
and BAL vere brought into contact with tumor 
cells that had previously been exposed for 1 hour to 
gliotoxm m a concentration of 10 Atg/ml 
Immunogenic difference between two related 
strains of poliomyelitis virus Joseph L Melnick 
Section of Preventive Medicine, Yale Univ School 
of Medicine, New Haven, Conn By means of vac- 
cination and neutralization tests the 2 strains of 
poliomyelitis virus— Lansmg and Y-SK— are im- 
munologically related The Lansmg strain, iso- 
lated m the monkey from the CNS of a fatal case m 
Lansmg, Mich , m 1937, was successfully estab- 
lished by Armstrong m cotton rats and mice When 
used m the present experiments, the strain had 
been through 260 serial passages m mice and still 
retained its pathogenicity for monkeys The Y-SK 
stram, isolated by Trask and Paul from the stools 
of an abortive case m New Haven, Conn , m 1937, 
was subsequently found to produce m mice, cotton 
rats, and hamsters a myelitic disease The virus 
transferable m these rodents was shown to be im- 
munologically the same as the parent smuan stram 
At the time it was used for these experiments, this 
strain had been passed through 20 transfers m mon- 
keys and 16 m cotton rats and mice It too remained 
pathogenic for primates Previous work had estab- 
lished that single or multiple feedmgs of the Y-SK 
virus to cynomolgus monkeys usually result m the 
production of antibodies either by the first day of 


paralysis or by the 4th week in the asymptomatic 
animals When the Lansmg virus was fed repeat- 
edly to a group of cynomolgus monkeys, none of 
them responded either by apparent disease or by 
the development of neutralizing antibodies When 
these same monkeys were then fed Y-SK virus, 
they agam remamed m apparent good health, but 
they were now found to have developed neutraliz- 
ing antibodies Subsequent challenge by the mtra- 
nasal route mdicated an appreciable degree of re- 
sistance among the group Thus m contrast to the 
Lansing stram of poliomyelitis virus, the homo- 
typic Y-SK stram is capable of engendering anti- 
bodies when it IS administered orally to cynomolgus 
monkeys and such monkeys may have an increased 
resistance to virus instilled mtranasally 
Resistance to endotoxins of enteric bacilli in 
patients convalescent from typhoid and paraty- 
phoid fever Herbert R Morgan and Franklin 
A Neva (introduced by Thomas Francis, Jr ) 
Dept of Epidemiology, School of Public Health, 
Untv of Michigan, Ann Arbor, Mich Patients 
convalescent from enteric fevers due to infection 
with Salmonella typhosa or S paratyphi were 
shown to be more resistant than normal mdividuals 
to the pyrogenic and general systemic effects of the 
toxic, somatic antigens (endotoxins) of S typhosa 
or Shigella dysenteriae following their intravenous 
administration The significance of these findings 
m regard to the clinical course of the disease and 
the process of recovery will be discussed 
Precipitin tests for the diagnosis of Chagas’ 
disease, with special reference to the specificity 
of polysaccharides A Packchanian and L Turck; 
(by invitation) Dept of Bacteriology and Lahy of 
Microbiology , Univ of Texas, School of Medicine, 
Galveston, Texas Trypanosoma cruzi antigens for 
diagnosing Chagas’ disease by the precipitm test 
were prepared from washed, packed Tr cruzi grown 
in vitro The cytol 3 ^is of the trypanosomes was 
accomplished by various means, and the active 
principle for the precipitin test was extracted by 
several methods The first antigen, a crude aqueous 
extract, was found to be specific and gave positive 
precipitm reactions with both Tr cruzi antiserum 
and sera from known human and anmml cases of 
Chagas’ disease Inasmuch as the precipitm titer of 
this aqueous antigen was low, further studies were 
conducted to isolate from the cellular substance of 
Tr cruzi the active component, which proved to be 
the polysaccharide complex Several veil knoan 
immunochemical methods of isolatmg polysaccha- 
rides from microorganisms, such as Avery’s, Fel- 
ton’s, Fuller’s and Sevag’s methods, were employed 
in the preparation of Tr cruzi ‘polysaccharide anti- 
gens’ The spiecificity and potency of these antigens 
were determined and compared These antigens 
gave much higher precipitm titers than the crude 
aqueous extract Quantitative studies of serological 
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cross reactions betoreen tbe Tr cruzi antigens and 
several antisera and serum samples from other 
tr}-panosonuases, leishmaniases and bacterial in- 
fections were made Likewise, poli’saccharides iso- 
lated from several species of trypanosomes, leish- 
mania and bacteria were tested with Tr cruzi and 
homologous antisera The relative merits of the Tr 
cruii antigens for the precipitm test m the diag- 
nosis of Chagas’ disease have been evaluated 
Ammo acids, analogues and the propagation of 
Theiler’s GD Vn nms in mouse brain tissue cul- 
ture Haboij> E Peahson and Richard J Winz- 
LEH (by invitation) Depts of Bacteriology and 
Btochemisiry , Univ South Calif School of Medi- 
cine and thehahy Div , Los Angeles County Hospi- 
tal, Los Angeles, Calif The effects of various ammo 
acids and certam analogues on the propagation of 
the GD VII stram of Theiler’s mouse encephalo- 
m} ehtis virus in cultures of mmced, one day mouse 
brain nere studied Tissue suspended m Simm’s 
solution at pn and contained m 50 ml Erlen- 
mejer flasks was incubated for 2-3 days at SS^C 
The titer of virus attained in cultures as tested by 
intracerebral injection of mice was reduced slightly 
bj the presences of 1 mg/ml L-lysme monohydro- 
chlonde but not by L-argmme monohydrochlonde, 
L-cjstine, L-cysteme hydrochloride, glycme, L- 
histidine monohydrochlonde, L-leucine, L-prolme, 
DL-alamne or DL-phenylalamne The titer was 
markedlj reduced by the presence of 3-5 mg/ml 
DL ethionme, beta-2-furjl-DL-alanme or beta-2- 
thicnjl-DL-alamne, the addition of DL-phenyl- 
alanine in the same concentration did not reverse 
the actions of the last 2 compounds Glutathione 5 
mg/ml but not 1 mg/ml also reduced the titer of 
virus in cultures 

Effect of lithium penodate on crystalline bovine 
scrum albumin GehtbudeE PebuiIahn (by invi- 
tation) and WAnrHEa F Goebel Labys of The 
Rod cfcllcr Inst for Medical Research, New York 
City When certain biologically active proteins are 
subjected to the action of dilute lithium periodate 
at physiological values of pn, their activities are 
rapidly altered and finally destroyed In order to 
gam an insight into the nature of the chemical 
changes which occur, a study has been made of the 
action of 0 03 vi lithium periodate on crystalline 
bovine plasma albumin It has been found that 
after contact with the reagent the ultraviolet ab- 
rorption spectrum as well as the electrophoretic 
behav lor of the protein has been radically altered 
In addition, the solubility of the protein in salts 
has been changed, as has its solubility in the acid 
range of pn values At a pn of approximately 3 5 the 
protein is entirely insoluble, but dissolves as the 
solution becomes more acid The cystme, cysteine 
and IvTosine content of the protem has been greatly 
lowered, and the tryptophane appears to be com- 
pletely destroyed following treatment with 0 03 m 


lithium periodate at room temperature over a 
period of 72 hours 'These chemical and physico- 
chemical changes are accompamed by a complete 
loss in the ability of the oxidized protein to incite 
antibodies m experimental animals, yet the changes 
are not so profound as to cause loss in precipita- 
bility of the oxidized albumin in an antiserum pre- 
pared against the native protein 

‘Nonspecific’ complement- fixing activity of 
cloudy avian sera Chbibtine E Rice Div of 
Animal Pathology, Science Service, Dominion Dept 
of Agriculture, Animal Diseases Research Inst , 
Hull, Quebec, Canada Whereas inactivated 
chicken and turkey sera do not ordinanly fix com- 
plement with homologous bacterial or viral anti- 
gens, an atyTiical type of complement-fixing 
activity has been observed with higher dilutions of 
sera collected from birds during periods of active 
egg-production Since fixation of complement was 
recorded with normal as well as immune sera and 
was noted with various unrelated antigens, it ap- 
peared to be ‘nonspecific’ in nature The fact that 
fixation was most pronounced with cloudy sera sug- 
gested that serum lipids may have played some r61e 
in the reaction The results of chemical analyses 
seemed to support this supposition The possible 
relationship of such activities to certain ‘non- 
specific’ reactions enemmtered m the serologic 
diagnosis of human infection will be discussed 
Relationship between catalase activity and viru- 
lence in pasteurella pestis Morris Rocken- 
MACHEB (introduced by A P Krueger) Office of 
Naval Research Task V, Dept of Bacteriology and 
V S Naval Medical Research Unit No 1, Univ 
of California, Berkeley, Calif The catalase activity 
of virulent and avirulent strains of Pasteurella 
pestis was measured by an adaptation of the proce- 
dure of Huddleson (Umv of Michigan Techmeal 
Bulletin 182 January 1942) Optimal conditions for 
enzymie activity in these orgamsms, as shown by a 
study of the kinetics of the reaction, were used 
Catalase activity was expressed as ml of 0 1 n 
hydrogen peroxide decomposed in 60 minutes by a 
standardized suspension of orgamsms A minimum 
of 2 separate measurements was made for each 
strain Enzyme actmty appeared to follow the 
curve for a mono-molecular reaction The catalase 
actmty of virulent strains was greater than that of 
avirulent strains In the 14 virulent strains 
studied, enzyme activity ranged from 12 9 to 19 9 
ml , with a mean value of 16 7 ± 0 4 For 11 aviru- 
lentstrains,valueBof2 1to8 6ml were found wuth 
a mean value of 5 1 ± 0 5 The difference between 
the mean values of the virulent and avirulent 
organisms was significant Virulence titrations 
were simultaneously performed by the subcuta- 
neo^ moculation of the suspension of organisms 
used fm catalase testing into 7- to 12-week old 
mice The resultant LD50 values ranged from 6 to 
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5000 virulent organisms Avirulent strains caused 
no deaths when 20,000 organisms were injected 
subcutaneously 

Intradermal antibody-antigen and antigen-anti- 
body reactions in persons having poliomyelitis, 
contacts and non-contacts in relation to poliomye- 
litis Edwaed C Rosenow Bactenologtcal Re- 
search, Longview Hospital, Cincinnati, Ohio The 
solutions of thermal antibody and of antigen in- 
jected intradermally consisted of the bacteria-free 
supernatants of salme suspensions of streptococci 
isolated m studies of poliomyelitis The former 
after autoclaving suspensions containing twenty 
billion streptococci/ml for 96 hours and addmg an 
equal volume of saline contaming 0 4% phenol , the 
latter after heating suspensions contaimng ten 
billion streptococci/ml at 70°C for one hour and 
adding 0 2% phenol Three hundredths ml of each 
and of control solutions n ere injected mto the skin 
of the anterior aspect of the forearm of 432 persons 
having poliomyelitis, of 434 contacts and 2193 non- 
contacts Reactions of 5 sq cm or more to ‘poho- 
myelitis’ streptococcal thermal antibody indicating 
specific antigen and a correspondmg streptococcal 
infection occurred in all persons having poliomye- 
litis, m nearly all contacts and non-contacts during 
September and in almost no one in spring and win- 
ter remote from poliomyelitis Reactions mdicating 
antigen nere greatest, alike m males and females, 
and reactions indicating antibody were least at the 
onset of poliomyelitis Antigen diminished and 
antibody increased during recovery far more 
rapidly in persons having mild attacks than in per- 
sons severely paralyzed and antibody titers were 
uniformly higher in females than in males corre- 
sponding to the lower incidence of and mortality 
from poliomyelitis in females ‘Poliomyelitic’ 
streptococcal antibody titers in September were 
strikmgly greater in persons recovering, in persons 
that had recovered from mild poliomyelitis and in 
well persons that had previously been exposed to 
epidemic poliomyelitis than in corresponding per- 
sons not previously exposed 
Antigenic relationship of dengue and yellow 
fever viruses with those of west-Nile and Japanese 
B encephalitis Albeet B Sabin The Children’s 
Hospital Research Foundation, Umv oj Cincinnati 
College of Medicine, Cincinnati, Ohio Rhesus mon- 
keys moculated intracerebrally with human serum 
containing various immunological types of dengue 
virus (Hanaii, New Guinea ‘B,’ ‘C’ or ‘D’) devel- 
oped complement-fixing antibodies not only for the 
Havaii dengue virus (benzene extracted 20% 
mouse brain antigen) in titers of 1 64 to 1 128 but 
also for the Japanese B and West Nile viruses in 
titers of 1 16 to 1 64 and to a lesser degree for the 
virus of yellov fever, but not for the St Louis, 
Western equine or Rift Valley fever viruses The 
serum of human volunteers residing in the USA 


who recovered from infection with the Hav an type 
of dengue virus by mosquito bites or inoculation of 
human serum, also had C-P antibodies for the 
Japanese B, West Nile and yellow fever viruses, but 
not for the St Louis, Western equine, or Rift 
Valley fever vuuses Rhesus monkeys inoculated 
with yellow fever virus (French neurotropic or 
Asibi viscerotropic strains or both) nhich devel- 
oped C-F antibodies for the yellow fever vuus m 
titers of 1 64 to 1 266 also regularly developed C-F 
antibodies for the Japanese B and West Nile viruses 
in titers of 1 4 to 1 32 and occasionally also for the 
Hawaii dengue virus, but not for the St Louis, 
Western equine or Rift Valley fever viruses A 
Japanese B antiserum prepared m mice with a 
homologous C-F titer of 1 256, had a titer of 1 128 
with West Nile, 1 32 with yellow fever, 1 4 with 
Hawaii dengue, 1 2 with St Louis encephalitis 
virus, and yielded negative results with similar 
antigens prepared from the Western equine and 
Rift Valley fever vuuses The common antigen (or 
antigenic groups) possessed by the dengue, yellow 
fever, Japanese B encephalitis and West Nile vu- 
uses IS present in low concentration and can be 
demonstrated only in the most potent preparations, 
although it IS not necessarily proportional to the 
number of homologous antigenic units Thus, while 
a Japanese B antigen with 128 homologous units had 
only 4 units v hen tested with a dengue antiserum, 
the West Nile antigen with 16 homologous umts 
was as active as the Japanese B antigen in its reac- 
tion v ith the antisera for the related viruses 
Differences in antigenic capacity among influ- 
enza virus strains Jonas E Salk, Angela M 
Laithent (by invitation) and Rachel C McGin- 
nis (by invitation) Virus Research Laby , Dept of 
Bacteriology, Umv of Pittsburgh School of Medi- 
cine, Pittsburgh, Penna In the course of studies 
carried out in 1947-48 employing influenza vuus 
vaccines containing the FAll strain (Tyqie A- 
prime), it was observed that the antibody response 
in man to the FMl component of the vaccine was 
noticeably less than v as the response to the other 
two components, PR8 (Type A) and Lee (Type B) 
For this reason studies n ere undertaken to investi- 
gate the hypothesis that strains of influenza vuus 
differ in their antigenic capacity Because of the 
importance of this question, in relation to continu- 
ing field studies of vaccination, a study was made, 
in man as n ell as in expermiental ammals, of the 
antigemc capacity of selected strains The studies 
in man n ere carried out by inoculating groups of 
individuals with univalent vaccines containing 
comparable amounts of virus hemagglutinin Deter- 
minations were then made of the titer, in the pre- 
and two-v eek post-vaccination sera, of hemag- 
glutination-inhibition antibody, measured vith 
homologous and heterologous antigens Similarly, 
groups of mice veie inoculated intraperitoneally 
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■with the uIU^aIeIlt ^acemes, diluted serially, to 
determine antigenic extinction titer The latter is 
an index of the highest dilution of vaccine that is 
capable of inducing, m the mouse, the formation of 
neutralizing antibody measured in ovo Both m 
man and in the mouse, marked differences mere 
found in the effectiveness of different strains in 
callmg forth antibod} It mas of further interest 
that different lines of the same strain differed in 
this respect The implication is evident of the 
significance of these findings in relation to the prob- 
lem of selecting strains of virus to be included in 
laccmcs for use in man 

Loss of hemolytic complement and of granulo- 
cytes folloming reinjection of an antigen into the 
rabbit A B Stavitskt (bj invitation), R Sta- 
nrsKT (bj imitation) and E E Ecker Inst o/ 
Pathology, Western Beserve Umv , Cleveland, Ohio 
The decrease of complement obsem ed in anaphy- 
laxis, serum sickness and certain infectious dis- 
eases has been attributed to its fixation by an anti- 
gen antibodj complex in vivo To determine 
whether such fixation occurs, the folloming experi- 
ments mere performed Vanous antigens mere in- 
jected into rabbits and their serum complement 
estimated immediately before and after the mtra- 
\cnous reinjection of each antigen Thirty and 60 
minutes after the reinjection of the antigens, such 
as 01 albumin, etc , a great reduction of hemolytic 
complement actmty was noted This reduction 
occurred both in the presence and absence of ana- 
phi laxis Since it did not occur m the absence of 


Immun 51 421-426,1945,52 71-75,1946,53 137- 
141, 1946) that various types of mature and imma- 
ture INTACT leukocj tes possess specific antigenic 
substances and that each cell typo can be demon- 
strated by agglutination Normal and leukemic 
leukocytes u ere found to be antigenicall3^ similar, 
uhereas cells from Ijunphosarcomn were antigcni- 
cally dissimilar from those of Ijunphatic leukemia 
These findings suggest an immunochemical differ- 
ence between normal and leukemic cells on one 
hand and malignant cells on the other In the pres- 
ent study, the antigenic similaritj of the plasma 
cell in relation to other leukocytes was investi- 
gated In addition, leukocytes of various stages of 
immaturity were tested for antigenic specificity 
Antisera w ere developed for granulocytes, lympho- 
cytes, monocy'tes and plasmocytes of mature and of 
several phases of immaturity Agglutinations of in- 
tact leukocytes mdicated individual mriations but 
with a group specificity for all immature forms of a 
given type of cell Plasmocytes w ere found to be 
antigemcally' dissimilar from granulocytes, lym- 
phocytes and monocytes 

Metabolism of Browm-Pearce rabbit carcinoma 
cells in normal and immune serum W H Strai- 
MERSON (by invitation) and John G Kidd Depis 
of Biochemistry and Pathology, Cornell Umv Medi- 
cal College, New Yorh City The metabolism of vi- 
able Bronn-Pearce rabbit carcinoma cells was 
studied in the presence of normal rabbit serum and 
of rabbit serum that contained high titers of the 
antibody that reacts writh a distinctive constituent 


extracellular antibody it is most likely that com- 
plement was bound by an extra-cellular antigen- 
nntibodi complex i a luro A similar mechanism may 
be assumed to mediate the loss of complement m 
allergic and infectious diseases The ‘Complement 
Reduction Reaction’ may prove to be useful for the 
detection of extracellular antigens and antibodies 
It IS highU specific and sensitive, apparently'’ un- 
affected by excess antigen or antibody, and may 
require rclatnely little antigen for its production, 
but IS not ns net quantitatiie A granulocytopenia 
gcncralU nccompanies the drop in complement 
Thin renponsc appears to be related to anaphylactic 
and nnnphyhctoid reactions as well as to an in vivo 
antigen nntilxidi combination This response may 
be iniplon cd for the carh detection of the anaphy - 
krtie tipe of In persensitmty to a gn en antigen 
The Mgnifieance of the loss of antibods , comple- 
ment ami gr-inulocy tes dunng the early part of the 

negunc idn^c’ in immunization dcsenes further 
ehnfication 

Intigcn-antibodr reaction of intact leufcocvtes 

1 Plasma cell, 2 'anable specificitr of maturing 
colls Bl-RXIUnDSTEIXTlEHGandRcTHA Maetix 
do imuuion) Toledo Hospital Inst of M^l 

^oo Exp Biol d- Med 56 50-52, 1^^ j 


of the Brown-Pearce ceU For the immune sera, the 
relation between the number of cells and the vol- 
ume and titer of serum used w as such that an excess 
of the specific antibody was present Measurements 
were made of oxygen consumption, R Q , aerobic 
and anaerobic glycolysis, glucose utilization, and 
lactic acid production, over a 3 to 4-hour period, 
under physiological conditions of temperature and 
pH No sigmficant effect of the immune sera on 
these metabolic characteristics of the Brown- 
Pearce cell was exident, even though control bio- 
assays demonstrated that incubation of the cells 
with immune sera under conditions similar to those 
used in the metabolism studies rendered the cells 
incapable of giving nse to new tumors when im- 
planted m susceptible host rabbits 
Antigenicity of staphylocoagulase Morris 
Imager and Harriet B Hales (by invitation) 
■Oepi of Bacteriology, Yale Umv School of Medi- 
cine, A ew Haven, Conn Although the antigenicity^ 
of coagulase has been a matter of controversy, 
in erest in this problem has been reopened by 
s u indicating that many' human sera inhibit 
coagulase activ'ity , that similarly most plasmas 
" degrees of resistance, and that 

c nges in inhibitory properties of sera may follow 
staphylococcal infection Using standardized and 
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concentrated coagulase purified 3(X)-fold (activity 
to nitrogen ratios) and showing 2 mobile compo- 
nents on electrophoresis, rabbits were inoculated 
with a) coagulase alone , h) coagulase plus Wood 46 
alpha lysm as adjuvant , and c) the lysin only Five 
of 6 test rabbits developed an mcrease in serum 
neutralization, increased plasma resistance to coag- 
ulase action, complement fixing bodies, and agglu- 
tination of coagulase-coated coUodion particles 
The 3 controls and 1 test animal failed to respond 
The antigenicity of the coagulase, and the speci- 
ficity of the responses observed, is further sup- 
ported by such considerations as the high degree of 
purity of the injected coagulase, the consistently 
better response of the animals treated with the 
adjuvant toxm as well as the coagulase, by the 
sharp anamnestic reaction followmg a single booster 
dose, and by the specific removal of neutralizing 
bodies by adsorbtion on coagulase-coated collodion 
particles Although the findings warrant the con- 
clusion that antibodies n ere produced to coagulase 
m 5 or 6 rabbits, there are data mdicating that 
coagulase activity may be blocked by other mecha- 
nisms as well 

X-irradiation on antibody decline William H 
Taliafebbo and Lxtct G Taliafebeo (by invita- 
tion) Dept of Baclenology and Parasitology, 
Univ of Chicago, Chicago, III Changes in hemoly- 
sin titer have been followed by photometric meth- 
ods in 3 series of rabbits after receiving per kg 1) 
2 X 10’ sheep red cells in one injection, 2) 2 \ 10* 
cells in one injection , and S) 17 x 10® cells m 12 in- 
jections After the antibodies began to decline, half 
of each series was irradiated twice (1 or 2 weeks 
apart) w ith 400 r hard X-rays (0 6 mm copper and 
1 mm aluminum filters) In no animals i\as there 
a significant rise in hemolysin titer after irradia- 
tion At this level of irradiation there is marked 
destruction of Ijrmphocytes but the macrophages 
are highly phagocytic and show no evidence of in- 
jury In view of the accumulated evidence mdicat- 
ing that lymphocytes contain large amounts of 
antibody, these negative results raise questions as 
to I) the relative importance of the macrophages 
and l 3 rmphocytes in producmg and storing anti- 
bodies at this stage of immumzation, and S) the 
possibility that the particular method used to de- 
stroy lymphocytes may lead to the destruction of 
antibody 

Tuberculostatic activity of the blood and urine 
of animals given ghotoxin Ralph Tompbett (by 
invitation), Walsh McDebmoot (by invitation), 
and John G Kidd Depts of Medicine and Pathol- 
ogy, The New York Hospital, Cornell Medical Cen- 
ter, New York City Two samples of purified glio- 
toxin, generously provided by Professor Johnson, 
have regularly inhibited the growth of virulent 
tubercle bacilli of human origin m concentrations 
of 0 01-0 04 jig/ml in various hquid media These 


samples were likewise effective against mouse 
l 3 Tnphosarcoma cells in vitro in concentrations of 
1 0 pg/ml or slightly less, as indicated in the pre- 
ceding abstract The purified ghotoxin was much 
less active against a number of other bacterial 
species, the inhibitory concentrations ranging 
from 250 /ig/ml for Ps aeruginosa to 8 0 and 4 0 
fig/ml for Sir vtrtdans and Pneumococcus respec- 
tively Concentrations within this range were m- 
hibitory to strains of Enterococcus, Streptococcus 
(Group A), Staphylococcus, B subtilis, A Aero- 
genes, and E coli From five to fifteen minutes 
after the oral or parenteral administration of glio- 
toxm to mice, guinea pigs and rabbits, the plasma 
of the animals inhibited growth of tubercle bacilli 
in dilutions as high as 1 320, and significant degrees 
of activity persisted for at least tno hours there- 
after in most instances Urine procured from 
animals of all three spiecies two to three hours after 
they have been given gliotoxin proved inhibitory 
to the growth of tubercle bacilli m dilutions from 
1 320 to 1 1280 Despite prolonged administration 
of gliotoxin in doses calculated to provide inhibi- 
tory concentrations in the blood for a large part of 
each day, no favorable influence on the course of 
tuberculosis in nuce a as demonstrable 
Inactivation of influenza virus by oxidizmg 
agents Robebt R Wagneb and Ieven B Stact, 
Jh (introduced by LaVeene A Babneb) Naval 
Medical Research Inst , Bethesda, Md The PE8 
strain of influenza A virus is inactivated tn vitro 
by dilution in various oxidizing agents Infectivity 
was determined by inoculation of chick embryos 
and the hemagglutinating capacity of harvested 
allantoic fluid P-benzoquinone, piotassium per- 
manganate and sodium periodate n ere effective in 
inactivating up to 60,000 I D of virus Oxygen, 
ammonium lodoxybenzoate and cytochrome C were 
ineffective and it appears that this inactivation is 
associated i\ ith dehydrogenation Glucose counter- 
acts the effect of periodate but not of qumone, 
permanganate or hydrogen peroxide L-ascorbic 
acid, in equimolar concentration, is antagonistic 
to the action of all 4 compounds, 1-cysteine pro- 
tects only against qumone and peroxide The de- 
gree of activity of these agents is roughly associated 
with the redox potentials, except for qumone a hich 
appears to exhibit greater specificity These com- 
pounds, at 0 001 M concentration, destroy the 
capacity of the virus to be adsorbed onto chicken 
erythrocytes , this also correlates with loss of m- 
fectivity However, virus treated with qumone at 
lower concentrations, although rendered non-in- 
fective, will retain its ability to be adsorbed 
Furthermore, inactivation by low concentrations 
of qumone can be reversed by cysteine and gluta- 
thione but not by ascorbic acid These preliminary 
results indicate that at 0 001 M concentrations 
these oxidizing agents act as denaturants of PR8 
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the virus and that this reaction 
adsorbabihty and is reversible 
Antibody against encephalomyocarditis vims 
in the sera of American wild rats Joel Wabhen, 
SuDiE B Buss and Helen Jeffries (introduced 
bi Joseph E SiiAUEL) Dept of Virus and Rtclelt- 
swl Diseases, Army Medical Dept Research and 
Graduate School Army Medical Center, Washing- 
ton, D C In the search for natural reservoirs of 
the viruses of the encephalomj’ocarditis group 
(Columbia-SK, , E 31 C and Alengo vu-uses) 
sera from various species of wild-caught rodents 
Im e been examined for the presence of neutraliz- 
ing antibodj for Ell C virus Seventy-nine of 
440 sera from Ratlus norvegicus and Railus alexan- 
dnnus jxisscsscd considerable amounts of neu- 
tralizing substances for E3I C virus Tests per- 
formed intraperitoneallj in mice showed that 
such sera ncre capable of neutralizing 1,000 to 
100,000 MLD’s of the agent The geographic dis- 
tribution of immune rats varied considerably For 
example, of 40 rat sera collected in rural areas of 
the state of Mississippi 39 were positive, whereas 
onh 9 of 75 from Florida and 9 of 64 from Georgia 
contained this antibody In the state of California 
11 of 32 rats from Orange county were positive 
while onlj 2 of 49 from San Diego county had anti- 
bod\ In general, the incidence of rats with EMC 
antibody was greatest in southern areas and least 
in northern regions Indeed, none of the 38 sera 
from rats caught in the states of hlichigan or 
M ashington or in British Columbia possessed im- 
mune substances None of the sera from a group of 
Cl rodents made up of jack rabbits, squirrels, mar- 
mots and chipmunks contained neutralizmg anti- 
lx)d\ , c\ en though they \\ ere trapped in regions 
n here there were a number of E M C immune rats 
It appears that wild rats constitute one of the nat- 
ural rcserioirs of the E3I C group of viruses 
Role of cathepsin II in the mechanism of casea- 
tion m experimental tuberculosis of rabbits 
Crxrles Beiss and Julius Schultz (by invita- 
tion) Lahys of the Jewish Hospital, Phila- 
delphia, Penna One senes of rabbits was infected 
intratracheally with 0 001 mg of a nrulent (Rave- 
nel) culture of If tuberculosis and killed at intcr- 
mIs of from 5 to 20 weeks A second senes was 
‘=cnsitized nith 2 successive weekly intravenous 
injections of 1 mg of a non-x irulent Hi strain , rein- 
fected intratracheally 2 weeks later with a Rave- 
nel culture, and treated similarly Sections of lung 
xnd kidnoi show cd histologically x arnng amounts 
c cascauon.u-^uallx surrounded bx granulomatous 
1 "Uf Weighed 
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there were statistically significant decreases in 
the hydrolysis of BAA by the livers and kidneys of 
rabbits killed 5 weeks after primary infection 
The lungs, now weighing 2 to 10 times their normal 
values, had 2 to 10 times the normal enzymatic 
activity bsised on total organ content The animals 
which were first sensitized v. ith Hi cultures and 
then remfected with a virulent strain, show cd de- 
creases in the liver and marked increases in the 
kidneys and lungs, if killed 4 to 5 months after 
reinfection Thus, the cathepsin II activity ex- 
pressed as the first order reaction constants or K/ 
gm N, were for normal liver, kidney, and lung 
28 ± 2 1,24 ± 1 9, and 8 6 ± 0 8 while those for the 
immunized and reinfected animals xiere 17 ± 2 1, 
38 ± 6 0, and 2 1 ± 2 9, respectively In explana- 
tion the following is suggested The liver is an or- 
gan of high natural immunity to mfection with 
tubercle bacilli, hence, the bacilli of reinfection do 
not multiply actively there and do not call forth 
an intense mononuclear infiltration The kidneys 
and lungs, on the other hand, possess much less 
natural immunity, therefore permit a greater 
multiplication of tubercle bacilli and a much more 
rapid and intense mobilization of inflammatory' 
cells which are probably the source of much of this 
added enzyme 

Color reactions with malignant sera Emil 
Weiss Tumor Clinic, Michael Reese Hospital, 
Chicago, Til A number of aniline dyes in dilu- 
tions 1 10,000 do not show any color changes on 
addition of malignant sera Sera of normal indi- 
viduals, those afflicted with various diseases or 
benign tumors turn the original blue color of the 
same dy'es green The glassware must be clean and 
free of any acid or dye The sera must be fresh and 
thoroughly centrifuged Hemolyzed or icteric sera 
can not be used The dyes are kept in 0 1% stock 
solutions of rubbing alcohol (70% isopropyl alco- 
hol) The stock solution is diluted with distilled 
water 1 10 before use To 0 5 cc of the diluted dye 
0 5 cc of serum is added, the tube is shaken for a 
few seconds and the color changes are noted A 
positive control containing a known malignant 
serum and a negative control containing a known 
normal serum are handled in the same maimer A 
dye control correspondingly diluted with water 
also IS used The tubes are placed overnight or for 
12 hours in the refrigerator and then the final 
reading is made Eventual color changes become 
more distinct after standing several hours Over 
300 sera xxere examined with the above technic 
Positive (blue) reactions were obtained in 89 1% 
of malignant sera Azur II, toluidine blue, tryqian 
blue and victoria blue were found to be equally 
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useful This method applies to all types of malig- 
nancy Hodgkin’s disease and various forms of 
leucemia give consistently positive results 
Immunochemical studies on egg white proteins 
L R Wetter, M Cohn and H F Dehtsch (in- 
troduced by A M Pappenheimer, Jr ) Dept of 
Physiological Chem , Uni of TTTsc Medical School 
and Dept Microhiolbgy , New York Univ , Col- 
lege of Medicine, New York City Although 
chicken egg white (EW) possesses at least seven 
electi ophoretic components, only ovalbumin has 
been extensively characteiized Immunochemical 
methods were used to furmsh information con- 
cerning the minor and poorly understood com- 
{Kincnts of chicken EW The curve describing the 
quantitative precipitin reaction between EW and 
rabbit antisera is extremely complex Neverthe- 
less, when purified preparations of ovalbumin, 
conalbumin, ovomucoid and lysozyme were used 
as precipitinogens, various portions of the curve 
could be ascribed to reactions between these pro- 
teins and their respective antibodies Although 
ovalbumm comprises 60% of EW, when the latter 
was used for immunization only a small proportion 
of the total antibody ivas directed against it 
Conalbumin induced greater antibody production 
than ovalbumin although it comprises only 16% 
of the total protem A very small proportion of the 
total antibody was directed against lysozyme and 
ovomucoid The major portion of the antibody was 
not directed against the above four components, 
which comprise approximately 95% of the total 
protein, but rather against the remaining 6% 
Rabbit anti EW sera were used to study the cross 
reactions of the antigens in chicken EW uith the 
corresfionding antigens in egg whites of turkey, 
guinea hen, goose and duck It was demonstrated 
that several other components cross react in addi- 
tion to ovalbumin, especially those comprising the 
minor portion of chicken EW 
Anaphylactic studies in mice A H Wheeler, 
E Brandon, and H Petrenco (introduced by 
Reuben L Kahn) Serology Laby , Umv Hos- 
pital, Ann Arbor, Mich As is well known, mice 
do not respond typically to anaphylactic shock 
Experiments were earned out in this laboratory- 
showing that, if mice are injected y ith egg albuimn 
plus Freund’s adjuvant and then challenged with 
the egg albumin, fatal anaphylactic shock occurs 
in about 60% of the animals Generally only about 
10% fatality occurs in the control animals injected 
with the protein alone It was also observed that, 
following a challenge, abortion occurs more fre- 
quently in sensitized pregnant mice than in non- 
sensitized ones This finding suggests that in mice, 
abortion may prove a more sensitive indicator of 
anaphylaxis than anaphylactic death 
Demonstration, occurrence and significance of 
iso-immunization against the A and B factors 


during pregnancy Ernest Witbbsky Dept of 
Bacteriology and Immunology, Mtdical School, 
Buffalo, N Y Fifty cases of heterospecific preg- 
nancies were examined for immune anti-A and 
immune anti-B isoantibodies Their presence was 
demonstrated by 2 methods One consisted in the 
replacement of salme solution by undiluted human 
serum and the second method by neutralization of 
the isoantibodies by means of the purified blood 
group specific substances followed by titration in 
saline solution as well as in indiluted human serum 
More than half of the cases examined did not re- 
veal any trace of isoimmunization , others in vary- 
ing degrees from slight to strong antibody forma- 
tion Even in those few instances in w hich a potent 
immune antibody was found, the baby upon de- 
livery proved to be normal In a senes of investi- 
gaions earned out independently from the 50 
cases mentioned, 2 umbilical cord bloods were 
found whose cells proved to be sensitized when sus- 
pended in normal adult serum (9-drop method) 
The only clue which could be found for the cause 
of this phenomenon was isoimmunization against 
the A and B factor respectively It was interesting 
to note that in both instances the Coombs test was 
negative in our hands Only in one baby w'as there 
slight evidence of hemolysis and jaundice The 
only case of fatal erythroblastosis presumably 
caused by isoimmunization against the A factor so 
far experienced by us was that of a baby of blood 
group A born to a mother belonging to the blood 
group B (5th child) A potent immune anti-A 
antibody was found in the mother’s circulation 
The baby’s umbilical cord serum also contained 
an immune anti-A antibody whose strength roughly 
compared with the immune anti-A antibodj pres- 
ent in the mother’s serum following tntntro neu- 
tialization with A substance It is apparently 
much more difficult to neutralize immune anti-A 
antibodies than normal isoantibodies By compar- 
ing the cord serum with the mother’s serum the 
impression was gained that the baby’s body acted 
invivo similar to the addition of A substance to the 
mother’s serum in the test-tube The titer of both 
sera was somew hat alike The conclusion is there- 
fore drawn that isoimmunization against the A and 
B factors is only a rare cause of erythroblastosis 
The demonstration of increasing antibody titer 
or even the presence of immune antibodies in the 
mother’s serum is insufficient evidence to predict 
erythroblastotic changes in the newborn 
Relationship of blood sugar and hypoproteine- 
mia to antibody response in diabetics Michael 
G Wohl, S O Waife, Stanley Green, and 
George B Clough (introduced by MLyx B 
Lurie) Philadelphia General Hospital, Phila- 
delphia, Penna Diabetic patients liave a lessened 
capacity to form antibodies The low antibody re- 
sponse to antigenic stimulation appears to bear 
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